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FOREWORD

TuE THREE-voLUME Minerals Yearbook for 1959 is being issued in
this, the 50th anniversary year of the Bureau of Mines. Although the
Bureau of Mines was established in 1910, the Minerals Yearbook is
much older, having appeared originally in 1867 as “Reports Upon the
Mineral Resources of the United States” under the seal of the Depart-
ment of the Treasury. Over the years, the series has appeared vari-
ously as “Mineral Resources West of the Rocky Mountains,” as part
of the “Annual Report of the Geological Survey,” and as “Mineral
Resources of the United States.” Under the last-named title, the
series first appeared under Bureau of Mines authorship. That
was in 1927, and the statistical coverage was for the year 1924.

In 1933, the publication assumed its new and present title of “Min-
erals Yearbook.” Beginning with the 1952 edition, the presentation
became a_ three-volume issue to meet the expanded and specialized
needs of the mineral industries and others.

The three-volume issues of the Yearbook follow this pattern :

Volume I includes chapters on metal and nonmetal mineral com-
modities except mineral fuels. In addition, it includes a chapter re-
viewing these mineral industries, a statistical summary, chapters on
mining and metallurgical technology and employment and injuries,
and a new chapter on technologic trends.

Volume IT includes chapters on each mineral fuel, an employment
and injuries presentation, and a mineral-fuels review chapter that
summarizes developments in the fuel industries.

Volume III contains chapters covering each of the 50 States, plus
chapters on island possessions in the Pacific Ocean and the Common-
wealth of Puerto Rico and island possessions in the Caribbean Sea,
including the Canal Zone. Volume III also has a statistical summary
chapter, identical with that in Volume I, and a chapter on employment
and injuries.

The data in the Minerals Yearbook are based largely upon informa-
tion supplied by mineral producers, processors, and users, and
acknowledgment is made of this indispensable cooperation given by
industry. Information obtained from individuals through confidential
surveys has been grouped to provide statistical aggregates. Data on
individual producers are presented only if available from published or
other nonconfidential sources, or when permission of the individuals
concerned has been granted.

MarriNG J. ANKENY,

Director.
m
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duction in the minerals industry in 1959. Because of an excellent

first half of the year and rapid recovery of production after the
steel settlement, most statistical indicators were higher than the reces-
sion-recovery year 1958.

Domestic production of metals declined by 9 percent, but nonmetals
(except fuels) increased by 8 percent. Ferrous-metal mine production
was down 8 percent, and base-metal mine production was off 11 per-
cent. Employment was high during the first half of the year, but
averaged lower than in 1958. Stocks continued to decline as a whole,
but crude metal ore stocks actually increased. The indexes of stocks
at yearend were still high as compared with 1955. Prices were firm
throughout the year. A new index of average unit mine value is
presented for the first time in this review; it showed a very slight
decline in average mine realization for 1959. The percentage share of
supply from imports increased in some commodities, due in large part
to the shutdown of domestic iron, steel, and copper industries.

Activity under the Defense Mobilization Program was at low level.
The Tariff Commission rejected applications by the fluorspar,
tungsten, and cobalt industries for relief under the national security
clause.

World mineral markets followed closely those in the United States.
Ocean freight rates rose during the last half of 1959.

STRIKES in the steel and copper industries adversely affected pfo-

t Some fuels are covered in this chapter but only where specifically indicated and in general where mining-
industry data were not available for both nonfuels and fuels components,
2 Assistant chief economist,

1
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DEFENSE MOBILIZATION
Prepared by Gabrielle Sewall

Defense Production Act.*—Of the $2.1 billion authorized borrowing
authority under the Defense Production Act (DPA) all had been
allocateg to the delegate agencies at the end of 1959 except $316,000,
which remained available for new programs ($724,000 available at
the end of 1958). The volume of deliveries under existing contracts
necessitated cash payments exceeding the $2.1 billion. Accordingly,
Congress appropriated an additional $108 million to meet the esti-
mated cash requirements through 1960 and at the end of 1959 the au-
thorized borrowing authority stood at $2,208 million. Gross transac-
tions certified for all programs, $8.3 billion, were 1 percent lower
than at the end of 1958; gross transactions contracted (or consum-
mated) were reduced during the year by less than 0.05 percent from
the $8.0 billion of the previous year; $6.5 billion of the amount was
completed, canceled, or terminated. For the metals and minerals
programs, $4.1 billion was contracted for, an increase of 18 percent
over the year before. Deliveries to the Government were $2.6 billion
($2.5 billion in 1958). The remaining $1.5 billion ($1.4 billion for

+1958) represented obligations that the Government was not required
to accept, due largely to sales of contractors to purchasers other than
the Government, nonexercise of some contractors’ “put” options, and
cancellation or reduction of some contracts. The probable ultimate
net cost of the metals and minerals program covering purchases, loans,
and grants as of the end of 1959 was $804 million, a 6-percent decrease
from 1958, accounted for mostly by reductions in the copper and
aluminum programs.

National Strategic Stockpile Program.>—Deliveries to the strategic
stockpile during 1959 were about $38 million, of which about $29 mil-
lion exceeded stockpile objectives. Commitments for deliveries of
nearly $17 million of strategic materials were canceled during the
year. New procurement was limited to amosite asbestos, small dia-
mond dies, and jewel bearings. On October 29, chrysotile asbestos
was substituted for amosite. The latter was transferred to the list for
acquisition through barter for delivery to the supplemental stockpile
inventory. FEarly in the year, when mica requirements decreased,
active procurement of foreign mica was curtailed.

Supply-requirements studies for interim objectives by the Office of
Civil and Defense Mobilization (OCDM) resulted in several changes
in the status of stockpile commodities. Ruby, sapphire, and corun-
dum were transferred from Group II to Group I (those for which
there are official objectives) and objectives established for them.
Kyanite-mullite was returned to the List of Strategic and Critical
Materials for Stockpiling after an absence of 5 years. Mineral com-
modities removed from the list were abrasive-grade bauxite, natural
cryolite (not stockpiled since World War IT), diamond dies (other

3 General economist.

4+ Executive Office of the President, Office of Civil and Defense Mobilization, Report on
Borrowing Authority : Deec. 31, 1958, pp. 11-15, and 1959, pp. 10-15.

s Executive Office of the President, Office of Defense Mobilization, Stockpile Report to
the Congress, January-June, 1959, pp. iii-11 and July-December, 1959, pp. iv-14.
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TABLE 1.—Summary of Government inventories of raw materials, at acquisition
cost and at market value, December 311

(Million dollars)
Inventory, December Inventory, December
31, 1958 31, 1959
Excess Excess
Total over Total over
. stockpile stockpile
Type of acquisition objective objective
Acquisi- [Market| Acquisi- | Acquisi- | Market| Acquisi-
tion cost 2| value 3 | tion cost | tion cost?| value | tion cost
National stockpile (Public Law 520):
Stockpile grade 5,947 | 8,777 2,218 5897 | 6,127 1,925
Nonstockpile materisls_ 244 244 313 151 313
Total 6,191 2,462 6,210 | 6,278 2,238
DPA inventory (Public Law 744):
Stockpile grade. 861 632 750 951 756 826
Nonstockpile materials- 412 412 459 132 459
Total 1,273 .1,162 1,410 888 1,285
Supplemental stockpile (Public Law 480):
Stockpile grade 320 327 303 618 609 462
Nonstockpile materials.- 17 17 27 18 27
Total 337 320 645 627 489
Department of the Interior (Public Law 733):
Stockpile grade. 22 13 22 0] (8 ()
Nonstockpile materials. 4 4 (1) ) @)
Total 26 26 0] (0] [0)
Commodity Credit Corporation inventory
(Public Law 608):
Stockpile grade_ 243 245 230 125 131 63
Nonstockpile materials- 2 2 10 4 10
Total 245 232 135 135 73
Federal Facilities Corporation (Public Law
608): Stockpile grade tin______._ .. .. 10 9 10 10 9 10
Subtotals:
Stockpile grade. - oo ooooeooooo. 7,403 | 7,003 3, 533 7,601 | 7,632 3,286
Nonstockpile materials. - 679 679 809 304 809
Total 8,082 | 7,003 4,212 8,410 | 7,937 4,095

1 iSA Summary of Raw Materials inventories, December 31, 1958, and December 31, 1959, DM-76-0C,

2 Acquisition cost of inventories includes open-market purchases at contract prices, intradepartmental
transfers at market prices prevailing at time of transfer, transportation to first permanent storage location,
beneficiating and processing costs, but does not cover cost of research, administrative and interest expenses,
accessorial cost, storage and handling.

3 Because of mixed nature of individual commodities (types, quality, and grades) and lack of active trading
in these materials, the market value of commodities not meeting stockpile specification and of inventory
not having stockpile objectives was not calculated.

4 Transferred to supplemental stockpile after termination of Public Law 733.

than small), ground steatite talc, and titanium sponge (none in the
strategic stockpile).

During the year 16 basic objectives were increased, and 20 decreased ;
17 maximum objectives were increased, and 18 decreased. Other
revisions involved upgrading Government-owned materials to include
advanced forms for use in emergency, such as oxygen-free copper,
tungsten carbide powder, molybdic oxide, ferromolybdenum, and fer-
rovanadium. For the 75 materials on the strategic stockpile list as of
December 31, 1959, inventories of 54 met or exceeded maximum objec-
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tives, and another 10 inventories at least met basic objectives. Quanti-
ties of materials in other Government-owned inventories, if transferred
to the strategic stockpile, would have increased to 62 the number of
maximum objectives and to 70 the number of basic objectives met by
total Government inventories.

TABLE 2.—National stockpile objectives and inventory*

(Value in million dollars at market prices)

Objectives Inventory
Objectives In effect Dec. 31 On hand Dec. 31
1958 1959 1958 1959
Basic. — 2, 900 2,400 2,800 2,300
Maximum. .. 1, 600 2,300 900 2,000
Total objectives.. e miemm 4, 500 4,700 3,700 4, 300
Excess over objectives. - - - 2,000 1,800
Outstanding commitments___.____ - - - - 67 15

1 Executive Office of the President, 0CDM, Stockpile Report to the Congress, July-December 1958 and
July-December 1959.

Surplus Disposal.*—As a result of the downward revisions of the
stockpile brought about by Defense Mobilization Order (DMO) V-7,
issued June 30, 1958, many commodities proved to exceed objectives,
and the stockpile situation changed from one of mainly acquisition to
one of disposal of excess materials. OCDM was responsible for ap-
proving plans for disposing of surplus materials after consultation
with other interested agencies. The proposed plans for sale were
worked out by the General Services Administration (GSA) in accord-
ance with the provisions contained in the Strategic and Critical
Materials Stock Piling Act (Public Law 520), the Defense Production
Act (DPA), and the disposal policies set forth in Defense Mobiliza-
tion Orders DMO V-3 and DMO V-7. In general these provisions
were intended to protect producers, processors, and consumers against
disruption of usual markets, and when the quantity was substantial a
public announcement well in advance of sale was required. Sales from
the strategic stockpile required Congressional approval unless the
materials were either obsolete or subject to deterioration.

On September 9, 1959, Congress approved the disposal of diamond
gems, platinum-group metals, and zircon. Materials not requiring
Congressional approval were prepared for release : alumina, aluminum,
cadmium-magnesium scrap, chromite, synthetic cryolite, kyanite-
mullite (subspecification grade), quartz crystal, rare earths and
thorium fractions, alloy tin, titanium, zinc oxide, and zirconium ore.
In April approximately 136,000 tons of surplus copper from the DPA
inventories was proposed for sale at the rate of 5,000 tons per month.
Opposition came from copper producers, and the Senate passed Reso-
lution 101, restraining sale until some later date.

8 Joint Committee on Defense Production Activities, 9th Ann. Rept., House Rept. 1193,
86th Cong., 2d sess., Jan. 13, 1960, pp. 48—49; work cited in footnote 5, July—December

1959, p. 1.
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On December 10, 1959, a revised edition of DMO V-7 was issued,
which canceled DMO V-3, and elaborated on the 3-year emergency
period by stating that “Until such time as the essential needs of the
nation in the event of a nuclear attack (including reconstruction) can
be determined, the maximum objective shall not be less than 6-months’
usage by industry in the United States in periods of active demand.”
For many materials the strategic-stockpile inventories alone were
adequate to meet the maximum objectives in effect at the end of 1959,

Change in the DMO provided that settlements for cancellation or
reduction of commitments could (1) include payment of the premium
portion of premium-price contracts; (2) be made by payment-in-kind,
a means of reducing the cash outlay as well as the quantities on hand
in the Government inventory; and (3), also be made by convertin
cash contracts involving excess materials to barter contracts witl%
surplus agricultural commodities. Excess materials were to be used
by Government agencies. The new order included interagency con-
currence in disposals and certain administrative controls for disposal
of DPA inventories not otherwise subject to restriction.

TABLE 3.—Commodities delivered under U.S. Government purchase regulations !

Quantity dfe]ivered

as o Total
Commodity December 31 authorized
purchases
1958 1959
Public Law 206, 83d Congress:
Berylore ... """ short tons.__ 2,144 2, 487 4, 500
Manganese ore, domestic small producers, carload pro-
Sram...__...___________________ thousand long ton units.__ 22,134 28,070 28, 000
Mica: Block, film, and hand-cobbed (hand-cobbed equivalent)s
short tons__ 16,172 19, 479 25,000
Def §e) Production Aect: Mercury (76-pound flasks, prime
virgin):
Domestie. - 24,320 26, 891 155, 000
Mexican..___________ 2,153 3,274 95, 000
Public Law 733, 139, 886 156, 603 175,815

1 GSA Report of Purchases under Purchase Regulations, as of December 31, 1958, and December 31, 1959.
Only commodities listed for which purchases were made during 1959.

Tax Amortization Program.’—All goals in the metals and minerals
expansion program continued closed at the beginning of 1959, in-
cluding the goal for uranium, on which action had been suspended by
AEC.  In March OCDM Regulation 1-B was issued to announce that
primary uranium-processing facilities were eligible for certification.
During the year four certificates of necessity, totaling $9 million, were
certified.

Except for some aluminum and iron ore projects, all metals and
mineral facilities that had been expanded through the 5-year tax
writeoff program were completely installed by the end of 1959, in-
cluding those for uranium begun before 1959. Value reported in
place was 96 percent of the total goal certified for aluminum and 88
percent for iron ore.

7 Unpublished records of Defense Materials Service, GSA, Bureau of the Census, U.S.
Department of Commerce,
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MILL 1ON DOLLARS
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Fieure 1.—Cumulated amount certified for tax amortization for metals and
minerals, 1950-59, by commodities.

Office of Minerals Exploration (OME).S——Exploration for new sources
of strategic and critical materials continued to be encouraged by Gov-
ernment assistance under the program set in motion early in the year,
although the ;{)ro ram under DPA was closing out. Of 69 applica-
tions received by %)ME under the new program for matching Govern-
ment funds by the end of the year, 13 contracts were executed for
copper, lead, zinc, mercury, fluorspar, and mica projects in 9 States.

By the end of the year only 33 contracts executed under the De-
fense Minerals Exploration ‘Administration remained in force, com-
pared with 106 in force a year carlier. Of the 1,159 contracts execut-
ed by DMEA, discoveries or developments were certified on 386
by the end of 1959. The 36 projects certified in 1959 covered anti-
mony, asbestos, cobalt, columbium, manganese, rutile, tantalum, tin,
tungsten, and uranium in 17 States. With respect to 381 projects
certified and terminated, the total contract value was $26.1 million;
the Government contractual share was $16.2 million of which $13.2
million, was spent. Comparable amounts for the 340 at the end of
1958 were : Contract value, $22 million ; Government share, $13.9 mil-
lion; Government expenditure, $11.4 million. The potential ore re-
serves of all 386 certified projects were estimated to have a net recov-
erable value of $800 million at prevailing market prices.

Barter Program.’—The list of minerals eligible at the beginning of

8 OME, monthly reports.
°§Vortk cited in footnote 6 pPD. 45-48; U.S. Department of Agriculture reports on barter
contracts.
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the year for barter on an equivalent basis with CCC-owned (Com-
modity Credit Corporation) surplus agricultural commodities (pri-
marily wheat and corn) was reduced, as quotas were reached, from

9 mineral products to 24 by May and further reduced to 16 by Sep-
tember. At the same time, other changes in the program were an-
nounced by the U.S. Department of Agriculture.” The commodity-
country destinations were increased to include 105 destination areas
as barter outlets for the surplus agricultural commodities, instead
of the 85 on the list in November 1958, These modifications were
made to direct barter efforts increasingly toward countries less able
to pay cash and toward those that had not been major markets his-
torically for agricultural commodities.

By ’geoember there were 14 minerals considered eligible for bar-
ter, a list that at any one time was dependent on such factors as U.S.
national interest, requirements, existing commitments, and market
conditions: antimony, refractory bauxite, beryl, bismuth, refractory
chromite, columbite, metallurgical fluorspar, metallurgical manga-
nese, mica (muscovite block, film, and splittings), nickel, tanta-
lite, and tin. As of December 31, 1959, strategic materials acquired
through barter and held in CCC inventory pending transfer to the
stockpiles were valued at $103.4 million.

TABLE 4.—Barter operations by the Commodity Credit Corporation ?

(Million dollars)
Materials delivered Contracts negotiated
Period Exports
Strategic | Nonstra-| Total Strategic | Nonstra-| Total
tegic tegic
July 1, 1949-December 31, 1957. 637.6 7.7 710.3 849.2 134.2 983.4 898.8
lggg - 159.6 32.3 191.9 95.5 [ o_____ 95.5 65.0
1959:
First quarter..._____.______ 23.5 9.7 33.2 59.6 [o..__.__ 59.6 33.5
Second quarter. 54.9 . 7.4 62.3 60.0 2.6 62.5 58.1
Third quarter._ 42.3 7.9 50.2 4.4 (o 34.4 53.2
Fourth quarter. 49.6 2.8 52.4 35,2 [eooo___ 35.2 3.7
Total ... ________ 170.3 27.8 198.1 189.2 2.5 191.7 176.5
July 1, 1949-December 31, 1959. 967.5 132.8 | 1,100.3 | 1,133.9 136.7 | 1,270.6 | 3 1,140.3

1'U.S. Department of Agriculture reports on barter operations.
2 All quantities and excﬂnge values based on operating records are subject to adjustment upon final

accounting.
3 July 1, 1954-December 31, 1959, from inception of Public Law 480,

Research and Development.’>—Tn compliance with a request of OCDM
for reports from interested Federal agencies on developments that
might have a bearing on the demand-supply situation for high-tem-

erature and other special-property materials, reports were received
guring the year from four agencies—Business and Defense Services
Administration, Department of Defense, Department of the Interior,
and Materials Advisory Board of the National Academy of Sciences.
In February, the National Academy of Sciences also appointed a
special committee on scope and conduct of materials research, to re-
view the total materials research needs of the country, to ascertain the
adequacy of present research programs to meet the needs, to appraise

10 Work cited in footnote 6, pp. 18-28,
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the available manpower resources and facilities, and to make recom-
mendations for overcoming deficiencies. Committee report and recom-
mendations were submitted in the fall of 1959.

DOMESTIC PRODUCTION

Value of Mineral Production.—The production value of metals, non-
metals, and mineral fuels was 4 percent higher than in 1958. This in-
crease was registered despite a decline in metals resulting from the
long steel and copper strikes, which also reduced the market for fuels,
especially coal. Virtually all the changes in total value resulted from
physical volume changes, as unit prices were steady compared with
1958.

TABLE 5.—Value of mineral production in United States by mineral group 1

(Millions)

1950-54 Change

*Mineral groups (aver- 1955 1956 1957 1958 1959 in 1959
’ age) from 1958
(percent)

Mfetai’lss and nonmetals except
uels:

NonmetalS -o—--mmemeooammm $2, 209 $2, 957 $3, 266 $3, 267 $3,346 $3,720 +11
MetalS_ coccommmmcmame e 1,594 2,055 2,358 2,137 1,593 1,570 -1
Total. - oo 3,803 | 5012 5,624 5,404 4,939 5,290 -+7
Mineral fuels_ - o ccocemcemmeme- 9, 652 10, 780 11,741 12,709 11, 589 11,794 +2
Grand total . j-ooo-m--- 13,455 15,792 17,365 18,113 16, 528 17,084 +3

1 Beginning with 1953 Alaska and Hawaii are included.

Volume of Mineral Production.—The Bureau of Mines index of physi-
cal volume of mineral production increased almost four points in 1959,
a 3-percent rise. The index was at the same point achieved in 1955
after the 1954 low, but still well below the record of 1957. Rise in the
index was caused entirely by nonmetals and fuels, as metal production
declined 9 percent, compared with 8 and 3 percent increases in non-
metals and fuels, respectively. The Federal Reserve Board (FRB)
indexes showed a similar rise overall. These indexes (table 7) have
been completely revised and rebased on 1957. Revision of the FRB
index resulted in generally higher increases since 194749 than had
been indicated by the earlier version. Weight differences between this
index and that of the Bureau of Mines, as well as some differences in
coverage, can result in differential movements between the indexes, but
the newly revised FRB index follows that of the Bureau more closely
than did the earlier version.

The major advantage of the Bureau’s index is that it is available on
a comparable basis since 1880. However, FRB indexes are available
monthly and on a seasonally adjusted basis. The monthly indexes
clearly reflect the work stoppages beginning at midyear in the metal
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mining industry and indicate that nonmetals enjoyed increasing pro-
duction throughout most of the year, continuing recovery from the
1957-58 recession.

TABLE 6.—Indexes of the physical volume of mineral production in the United
States, by groups and subgroups?!

(1947-49=100)

, Metals : Nonmetals
All
Year min- Nonferrous Fuels
erals Con- | Chem-
Total | Ferrous Total | struc- | ical | Other
Total | Base NtIone- Other tion
ary

119.2 | 82.2| 72:8| 88.9| 8.0 | 80.7 | 1426 | 190.7 | 211.5| 153.7 | 125.5 | 114 6

1 For description of index see Minerals Yearbook 1956, vol. I, Review of the Mineral Industries, pp. 2-5.
2 Revised figure.
3 Preliminary figures.
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TABLE 7.—Indexes of production of metal and mineral miningf metals, non-
metallic products, and total industrial production

(1957=100)
Metal, Clay, glass Total
Year stone, and | Ironand | Primary | and stone industrial
earth steel metals products | production
minerals

1952. 76 86
1953.. 82 102 100 91
1954.. 79 80 81 85
1955. 91 106 106 97 9%
1956. 98 103 104 102
1957.. . 100 100 100 100 100
1958 91 75 78 95 93
1959.. 94 86 89 110 105

1 Federal Reserve Bulletin, February and May 1960, and Selected Advance Work Tables of Revised
Monthly Industrial Production Indexes for Industry Groupings, 1957=100, April 1960.

TABLE 8.—Monthly indexes of production, metal mining, and stone and earth
minerals, seasonally adjusted *

(1957=100)
Metal mining Stone and earth minerals
Month
Change Change

1958 1959 from 1958 1958 1959 from 1968

(percent) (percent)
January - - - e eemen 98 102 +4.1 97 101 +4.1
February 94 101 +7.4 89 101 +13.5
March 91 101 +11.0 91 103 +13.2
%/[D -- - 78 99 -+26.9 93 109 +17.2
ay. 69 102 +47.8 96 109 +13.5
June 74 94 +27.0 98 109 +11.2
July.. 75 73 —-2.7 101 111 +9.9
August__ 76 48 —36.8 100 111 +11.0
September 81 39 —51.9 104 109 +4.8
October. 85 42 —50.6 104 108 +3.8
November 90 68 —24.4 105 110 +4.8
December. ... 93 80 —14.0 101 113 +11.9
Annual average. .--cocceemcaoae 84 79 —6.0 98 108 +10.2

1 Federal Reserve Bulletin, February and May 1960; and Selected Advance Work Tables of Revised
Monthly Industrial Production Indexes for Industry Groupings, 1957=100, April 1960.

NET SUPPLY

Net Supply—The net supply ** of minerals and metals generally
increased in 1959. Even though the domestic iron mines were shut
down during much of the productive season, the net supply was larger
than during the 1958 recession. Recovery from that recession is evi-
dent in most of the principal commodities shown in table 9. The de-
clines that occurred can be explained by the special circumstances of
the steel strike and the lead-zinc import-quota program. The net-
sg;g)ly analysis clearly indicates that the recovery begun in 1958 car-
ried strongly through 1959, in spite of the widespread labor-manage-
ment difficulties.

1 Sum of primary shipments, secondary production, and imports, minus exports.
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Sources of Supply.—Imports continued to increase in importance as
a source of supply, most markedly in the ferrous group. Copper,
antimony, beryl, cadmium, and mercury imports also increased sig-
nificantly. Of the commodities shown in table 9, the import contribu-
tion of 16 increased, 8 decreased, and 8 showed no change. :

Sources of Imports.—Canada and Mexico increased their share of the
market in 12 principal commodities, lost in 7, and maintained their
position in 5. The “Other free world” showing declines in 9 com-
modities and gains in 12 also increased in importance. The largest
shifts were in iron (eqlélivalent), tungsten, tin, beryl, mercury, and
potash. The U.S.S.R. bloc became a significant supplier of chromite,
maintained its position in cadmium, but lost most of its potash sales.

TABLE 10.—Percentage distribution of imports of principal minerals consumed in
the United States, by country group of origin *

Canada East and Other Other free | U.S.S.R.
and South Western world bloc 3
Commodity Mexico Pacific 2 Hemisphere
1958 | 1959 | 1958 | 1959 | 1958 | 1959 | 1958 | 1959 | 1958 | 1959
Ferrous ores, scrap, and metals:
Iron (equivalent)4..____ 10 ®)
Manganese (content)- 64
Chromite (CrzO3 content) 93
Cobalt (content) . _.._____ - 93
Nickel (content) - . -.__________ 2
Tungsten ore and concentrate
(W content)...._.oo_o_..__. 10 1 33 32 49 21 8
Other metallic ores, scrap, and
metals: ’
Copper (content).__________.___ 29 31 42 44 4 3 26
Lead (content).-____.__..__ 33 39 45 38 2 1 20
Zinc (recoverable content) 68 65 18 21 1] ) 13
Aluminum (equivalent) ¢ 11 6] (9 (%) 86 85 3
Tin (content).. ... ) 1 ¥ 10 ® 90
Antimony (re
tent) 7 19 21 10 13 ®) 2 70
Beryl ore (BeO content). . - - .o {ooo_ oo ___ 36 66 64
Cadmium (content) 8. 78 78 7 E: 2 IO R 16
Mercury . ..._..._______ 41 12 4 5 (O J a—— 54
Platinum-group metals_..._____ 18 251 (3 ®) 3 3 65
Titanium concentrates: Rutile,
ilmenite and slag (TiO3 con-
tent) oo . 33
Nonmetals:
- 91
62
Fluorspar, finis! 65
Gypsum, crude. . 82
Mica (except scrap)._ (8)
Potash (K320 equivalent). )
Sulfur (content)..o.....______ 100

! Data are based on imports for consumption and are classified like net new supply shown in table 9.

2 West coast of South America (Salvador, Chile, Bolivia, Peru, and Ecuador), New Zealand, New Cale-
donia and Australia.

3 U.8.8.R., Bulgaria, East Germany, Albania, Czechoslovakia, Hungary, Estonia, Latvia, Lithuania,
Poland, Rumania, China, and North Korea.

4 Includes iron ore, pig iron, and serap.

5 Less than 0.5 percent.

¢ See footnotes 12 and 14, table 9.

7 Excludes antimony from foreign silver and lead ores.

8 Metal and flue dust only.
CONSUMPTION

Patterns.—Consumption of minerals increased across the board in
1959, marking the recovery of the economy. All commodities listed
in tables 11 and 12 showed increases. Percentage increases of 80 per-
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cent or more were recorded in 8 commodities, 10 to 29 percent in 18, and
less than 10 percent in the remainder. The steel-associated minerals,
generally, increased less than the others. The consumption analysis
clearly indicates that the 1959 recovery was general and widespread,
covering the entire range of mineral commodities.

TABLE 11.—Reported consumption of principal metals and minerals in the
United States

Change
Commodity 1958 1959 | from 1958
(percent)
Antimony ! thousand short tons_.| 11,880 13,317 +12
Barite, crude. do 1,196 1,396 +17
Bauxite. thousand long tons, dried equivalent._ 7,034 8, 621 +23
Beryl short tons, BeO content. . 6, 002 8,173 +-36
Chromite. - thousand short tons, gross weight. . 1,221 1,337 “+10
Cobalt thousand pounds. . 7, 542 9, 899 +31
Copper, refined. thousand short tons.- . 1,251 1,463 +17
Fluorspar, finished do._.. 494 590 +19
Iron ore thousand long tous, gross weight_.| 91, 900 93, 662 +2
Lead thousand short tons.__ 986 1,091 +11
Magnesinm, primary . short tons..| 35,352 1,200 +17
Manganese ore. thousand short tons, gross weight.__ 1,498 1, 603 +7
Mercury. 76-pound flasks..| 52,617 54, 895 4
Mica splittings._ thousand pounds._ 5,329 7,223 436
Molybdenum, primary products$______.. thousand pounds, Mo content..| 24,231 32, 350 +34
Nickel, exclusive of scrap. . short tons__| 279,017 | 112,661 ~+43
Platinum-group metals (sales to consumers)...._._ thousand troy ounces. .. 690 896 +30
Tin long tons__| 72, 585 77,373 +7
Titanium concentrate: X
Tlmenite and slag__._.. thousand short tons, estimated TiO; content._ 2 462 578 +25
Rutile...__ . do.... 21 22 +5
Tungsten trate short tons, W content._. 2, 660 4,918 +-85
Zine, slab. thousand short tons__ 868 956 +10

1 Includes antimony content of antimonial lead produced at primary lead smelters and antimony content
of alloys imported.

2 Revised e.

3 Comprises ferromolybdenum, molybdic oxide, and molybdenum salts and metal.

TABLE 12.—Apparent consumption of metals and minerals in the United States?

Change
Commodity 1958 1959 | from 1958
(percent)
Aluminum 2 thousand short tons_.| &2,092 2,487 +19
Asbestos, all grades 3_ do__.. 685 754 +10
Boron minerals and compounds 4..____ thousand short tons, gross weight._ 203 366 +25
Bromine and bromine in compounds. - _______.__.______ million pounds.. 166 186 +12
Cadmium, primary. thousand pounds, Cd content. . 8,177 11,474 +40
Clays. thousand short tons_.| & 43,462 49,070 +13
Gypsum, erude._ _ do 13, 16,735 +21
Phosphate rock thousand long tons, P;05 content 8. 3,760 4,079 48
Potash thousand short tons, i{go equivalent__ 2,281 2,373 -+3
Salt, common thousand short tons..| 822,160 25, 761 +16
Sulfur (all forms). - thousand long tons, S content__{ 55,263 5,917 +12
Tale and allied minerals. .. thousand short tons.. 694 782 +13

1 Covers commodities for which consumption is not reported.

3 Includes shipments to Government in 1958, 323,000 short tons and in 1959, 73,000 short tons.
3 No adjustments for national stockpile acquisitions.

4 Reported as finished products.

5 Revised figures.

¢ Estimated at 31 percent of gross weight.

Sales and Orders.—Seasonally adjusted sales of primary metals in-
creased sharply until midyear, when the steel strike occurred. Never-
theless, the year showed sales up 16 percent over 1958, an increase of
$3.6 billion. Sales of the stone, clay, and glass manufacturing indus-
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try were up 13 percent despite a decline in the last 5 months of the
year. As expected because of the strike, new orders in the primary-
metal industry were higher than deliveries during most of the year,
trailing sales only in May, June, July, and December. New orders
increased 29 percent, or $6.5 billion, over 1958.

TABLE 13.—Sales, primary metal industry and stone, clay, and glass industry, and
. new orders, primary metal industry *

(Miltion dollars)

Primary metal Stone, clay,
and glass
Year and month
Sales Net new Sales
orders
1956. 28, 339 29,628 8,982
1957. 27, 852 25, 504 8,489
1958 22,949 22, 504 7,658
1959. 26, 567 28,978 8, 687
1959:2
January _ 2,230 2,727 668
February. 2,421 3,236 677
March, 2, 580 2, 681 731
April___ 2,792 2,826 756
May. 2,858 2,479
June - 2,916 2,578 768
July. 2,104 2,018 805
August... 1,227 1,689 751
September 1,212 1,957 718
October. 1,186 1,870 704
November 1,956 2,141 662
December. 2, 802 » 682 729

M‘ U.lf.l 9](.;)(?pam;meni; of Commerce, Office of Business Economics, Survey of Current Business: Vol. 40,
arcl .
*Seasonally adjusted data; therefore will not add to 1959 total.

STOCKS

Indexes of Stocks.—Bureau of Mines indexes of physical stocks held
by mineral manufacturers, consumers, and dealers at yearend and
stocks held by primary producers at yearend declined in 1959 as com-
pared with 1958. Crude mineral stocks of rimary producers de-
creased quite substantially. The total minerall)s index fell 12 points;
the decline was caused by a sharp drop in nonmetal stocks; crude metal
ore stocks actually increased. Mineral stocks of manufacturers, con-
sumers, and dealers also fell, but not as substantially as crude stocks.
1}1&})1, 1unlike the crude metal stock index, met:aly stocks declined
shghtly.

The indexes were developed by the author. The following com-
modities are included in the index of stocks of manufacturers, con-
sumers, and dealers: Aluminum, arsenic, bauxite, bismuth, cadmium,
cement, chromite, copper, ferrous scrap and pig iron, fluorspar, iron
ore, lead, manganese ore and ferromanganese, mercury, molybdenum
primary products, nickel, platinum-group metals, tin, titanium con-
centrates, tungsten concentrates, and zinc. The index of stocks of

rimary ﬂproducers includes the following commodities: Antimony,
Eauxite, uorspar, gypsum, iron ore, mercury, molybdenum, phosphate

rock, potassium salts, sulfur, titanium concentrates, and tungsten.
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TABLE 14.—Indexes of stock of minerals of mineral manufacturers, consumers,
and dealers as of yearend :

(1955=100)
Total Metals
metals
Yearend and non- Nonmetals?
metals 1 Total Iron Other Base Other
ferrous nonfen;ous
81 81 78 72 84 89 77
75 75 79 68 72 70 102
94 86 87 288
2105 105 105 108 106 103 112
101 2117 95 2101
100 100 100 100 100 100 100
111 111 102 98 117 136 1
130 129 2126 122 122 182 2161
3130 3129 131 3130 122 161 1
3128 3126 127 3155 116 158 |- 173

1 Excluding fuels.
2 Revised figure.
3 Figure not strictly comparable; tungsten concentrate figure omitted to avoid revealing individual

company data.

TABLE 15.—Index of stocks of crude minerals at mines or in hands of primary
producers as of year end

(1955=100)
Metals
Total
Yearend minerals Nonmetals
Total Iron ore Other Other
ferrous

87 116 134 128 63 75
91 121 131 149 83 79

99 121 129 197 72
105 135 133 326 73 93
114 146 165 163 87 100
100 100 100 100 100 100
1123 123 128 152 198 124
14 158 1158 405 172 138
2137 2142 164 2207 63 135
3125 3147 172 2 149 475 117

1 Revised figure. .
2 Figure not strictly comparable; tungsten concentrate figures omitted to avoid revealing individual

company data.
3 Figure not strictly comparable; tungsten concentrate and antimony ore and concentrate figures omitted
to avoid revealing individual company data. .

4 Figure not strictly comparable; antimony ore and concentrate figures omitted to avoid revealing in-

dividual company data.

Primary market prices of each commodity were used as weights in the
first index ; average mine value was used in the second.

The indexes measure changes in the physical volume of stocks. The
importance of any commodity in the index is a result of the physical
stock of that commodity valued at 1955 prices. Movements in the
indexes, therefore, reflect movements in the physical volume of stocks.
These indexes are the same type as the indexes of physical volume of
mineral production presented earlier in this review.

Value of Inventories.—The value of inventories held by firms in the
primary-metal industry and in the stone, clay, and glass industry,
seasonally adjusted, was stable throughout the year, standing slightly
above December 1958 at yearend.
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TABLE 16.—Seasonally adjusted book value of inventory, primary metal industry
and stone, clay, and glass, December 1956-58 and monthly 1959 *

(Million dollars)

Year and month Primary | Stone, clay, Year and month Primary |Stone, clay,
metal and glass metal and glass
3,975 1,171
4,269 1,270 4,312 1,254
24,111 1,200 4,201 1,276
4,120 1,357 4,108 1,270
4,180 1,207 3,980 1,261
4,267 1,207 3,923 1,277
4,341 1,216 3,870 1,320
4,368 1,235 3,986 1,336

1U.8. Department of Commerce, Office of Business Economies, Survey of Current Busiiless: Vol. 40,
February and March 1960.
2 Revised figure.

LABOR AND PRODUCTIVITY

'Employment.—Total employment in the mineral industries declined
in 1959 because of strikes in the iron and copper mining industries.
By midyear, employment had come within 18,000 employees of the
1957 high, but dropped sharply in metal mining the last half of the
year. Nonmetal mining employment increased rather steadily during
the year and averaged slightly higher than in 1958. The same pattern
was evident in mineral manufacturing. Employment in the fertilizer
and cement industries increased slightly ; that in the primary metals
was substantially lower.

The following tabulation shows major changes in average employ-
ment in 1959 as compared with 1958:

' Percent
All industries. +3
Mining (including fuels) — —6

Metals and minerals (except fuels) _— —6
Metal mining__________ —14
Nonmetal mining and quarrying +1
Fuels —6
Mineral manufacturing _— —3

For the second successive year the mineral industries fared poorly,
compared with all industries, but for very different reasons. Except
for the strike during the second half of the year, these industries would
have shown substantially better employment increases than that for
all industries.

Hours and Earnings.—Average weekly hours of production workers
in the mining industry reversed a 3-year downward trend and in-
creased in 1959. Hourly earnings also increased, so that average
weekly earnings in 1959 were 6.5 percent above 1958.

All categories of mining showed similar rises in average hours and
earnings; copper mining had the greatest increase in weekly earnings
(12 percent). Mineral manufacturing industries also registered in-
creases in hours and earnings, led by the 13-percent rise in weekly
earnings in blast furnaces, steelworks, and rolling mills.
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TABLE 17.—Total employment in the mineral industries (nonfuel) in the
continental United States, by industry*

(In thousands)
Mining
Year and month Nonmetal- Metal
lic mining
Total and
quarrying [ Total? Iron Copper | Lead and
zine
224.0 115.2 108.8 35.1 33.3 17.4
224.5 113.3 111.2 38.9 32.6 16.7
202.4 109.3 393.1 30.8 28.6 12.9
196. 2 102.6 93.6 30.8 30.2 12.7
194.9 101. 4 93.5 311 30.5 12.5
197.8 104.3 93.5 32.5 29.3 12.5
205.3 109.6 95.7 33.9 30.5 12.3
8 112.3 96. 5 34.9 30.7 12.3
210.9 113.2 97.7 35.4 3L1 12.6
211.2 113.8 97.4 35.2 3L.0 12.7
177.7 115.7 62.0 10.6 20.1 12.9
161.9 115.2 46.7 9.7 8.9 1.5
160.7 114.2 46.5 9.7 8.7 11.4
181.4 114.2 67.2 30.0 8.0 12.0
181.1 111.6 69.5 32.3 8.1 12.1
190.7 110.7 80.0 27.2 22.3 12.3
Mineral manufacturing
Year and month Blast fur- | Smelting and refining of
Cement, |naces, steel nonferrous metals
Fertilizers | hydraulic | works, and
rolling
mills Primary | Secondary
- 36.0 43.6 630.2 67.8 14.0
35.8 42.0 642.7 68.1 13.2
35.6 42.0 3536.7 56.2 1.5
1959: .
January. .. 35.2 39.4 569.3 54.9 1.9
February - occceccccc oo 36.7 38.5 591.7 54.9 12.0
arch._.... 41.9 40.6 618.4 54.7 12.1
April 46.4 42.0 633.5 54.1 12.2
May.._..- 45.6 42.6 643.4 54.9 12.3
JUNC. - o e 34.1 43.2 651.8 56.3 12.5
July. 31.6 43.5 630. 8 56.9 12.5
August. - - 32.4 43.6 242.2 55.7 12.8
September.. 35.0 43.2 229.0 45.2 12.0
October.. .- 34.8 41.1 222.8 44.9 119
November 34.1 41.8 597.3 44.3 12.0
December- - 35.0 41.4 634.1 49.7 12.4
Year (aVerage) -c--cocccceceemaa- 36.9 41.7 522.0 52.2 12.2

1 U.S. Department of Labor, Bureau of Labor Statistics. Published in Monthly Labor Review, Em-
ployment and Earnings. Data are based on reports from cooperating establishments covering both full-
and part-time employees who worked during or received pay for any part of pay period ending nearest 15th
of month. Data are for “all employees,” those for “production and related workers™ also available in
above publications.

1 Includes other metal mining, not shown separately.

3 Revised figure.

Labor Turnover—Work stoppages in iron and copper mining dur-
ing the second half of 1959 clouded the analysis of labor-turnover
rates. However, the higher annual average accession rate in lead-
zine and total metal mining and lower average separation and layoff
rates, indicate that recovery of the mining industry in 1959 was sub-
stantial, compared with 1958.
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TABLE 18.—Average hours and gross earnings of production and related workers
in the mineral industries (nonfuel) in continental United States, by industries *

Mining
Metal
Total 2
Year Total 3 Iron
Weekly— Weekly— Weekly—
Hourly Hourly Hourly
earnings earnings earnings
Earnings{ Hours Earnings| Hours Earnings| Hours
4 $86. 52 43.4 $2.00 $92. 42 42.2 $2.19 $92. 86 40.2 $2.31
491.06 443 4 42.10 96. 83 4.1 2.30 96. 71 39.8 2.43
493.21 442.4 42.21 98.74 40.8 2.42 103. 49 39.5 2.62
492.62 441.3 42.26 496.22 438.8 2.48 | 4100.27 436.2 2.77
98. 66 42.3 2.34 103. 31 40.2 2.57 107.34 37.4 2.87
Metal—Continued
Nonmetallic mining and
quarrying
Copper Lead and zine
4.1 $2.17 $83.82 41.7 $2.01 $80. 99 4.5 $1.82
43.6 2.30 89. 24 41.7 2.14 85. 63 4.6 1.92
40.9 2.39 8.97 41.0 2.17 87.80 43.9 2.00
39.1 42.42 485.93 439.6 2.17 489,63 443.3 2.07
42.3 2.51 9. 63 40.1 2.26 95. 48 43.8 2.18
Mineral manufacturing
Fertilizer Cement, hydraulic Blast furnaces, steel works,
and rolling mills §
1955 ... $63. 90 42.6 $1.50 41.5 $1.90 $95.99 40.5 4$2,37
1956....... 67.68 42.3 1.60 83.84 41.3 2.03 102. 06 40.5 2.52
1957 ... 71.83 42.5 1.69 87.91 40.7 2.16 104. 79 39.1 2.68
1958 ... 474.03 442.3 41.75 92.92 40. 4 2.30 | 4108.00 37.5 2.88
1959 ______ 78.12 43.4 1.80 40.9 2.42 122.28 39.7 3.08
Electrometallurgical products Other Primary smelting and refining
of nonferrous metals $
$87.14 41.3 $2.11 | 4$96.39 40.5 $2.38 $84. 66 40.7 $2.08
88.22 40.1 2.20 102. 47 40.5 2.53 91.46 41.2 2.22
93.26 40.2 2.32 105. 1 39.1 ) 2.69 95. 82 40. 6 2.36
99.79 440.4 42,47 | 410809 437.4 2.89 499 05 440.1 42,47
104. 64 40.4 2.59 122 67 39.7 3.09 105. 93 40.9 2.59
Primary smelting and refining | Primary refining of aluminum Secondary smelting and refin-
of copper, lead, and zinc ing of nonferrous metals
40.6 $2.01 $89.28 40.4 | 4$2,21 $81.45 42.2 $1.93
41.5 2.14 95.34 40.4 2.36 85.04 4.1 2.02
40.5 2.22 103.68 40.5 2. 56 87.53 40.9 2.14
439.7 2.27| ¢111.91 440.4 42.77 488.84 40.2 2.21
41.0 2.34 117.68 40.3 2.92 94.16 41.3 2.28

1 U.8. Department of Labor, Bureau of Labor Statistics,

vol. 6, No. 11, May 1960, pp. 112-113.
2 Weighted average of data for metal

of chapter, using figures for production workers as weights.
3 Includes other metal mining, not shown separately.

4 Revised fi;

gure.

$ Italicized titles are components of this industry.

Employment and Earnings: Ann. Supp. Issue,

mining and nonmetallic mining and quarrying, computed by author
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TABLE 19.—Monthly labor-turnover rates in the mineral industries 1958 average,

and 1959 by months?
(Per 100 employees)

Primary
Blast smelting
Hydraulic| furnaces, | and re-
Turnover rate steel fining of Lead
products | works, | nonferrous | Total Copper| and
and roll- | - metals: metal mining | zine
ing mills | copper, mining mining
lead, zine
Total accession rate:
1958 AVerage . -« --ccouee 3.0 2.1 2.9 1.8 2.6 2.6 2.1
1959:
January - ccococemenn 3.3 2.0 4.1 1.8 3.6 4.6 2.9 1.9
February---cocoo---- 3.3 2.5 5.3 1.0 2.0 2.2 1.9 1.8
Marcho oo 3.6 3.7 4.5 2.0 3.1 4.7 2.4 2.1
April_ . 3.5 3.9 3.1 2.5 3.9 5.8 2.6 2.3
May. e 3.6 2.1 2.3 2.7 2.9 2.3 3.7 3.0
JUne. i ceaaa 4.4 3.5 2.2 3.1 3.4 2.3 3.0 4.9
July oo 3.3 1.9 ®) 1.7 2.3 ®) 2.8 3.8
August.__.. 3.9 1.7 ®) 1.8 2.2 () 3.1
September.. 3.9 1.1 ®) 1.6 1.8 ®) 2.8
October-__- 3.1 1.1 (3) 2.0 2.7 ®) 2.9
November.__ 3.0 2.1 ®) 1.2 2.1 ®) 2.7
December_ ... 3.8 .9 2.1 2.1 2.9 3.2 2.7
Average_ ... 3.6 2.2 43.4 1.9 2.7 2.8
Total separation rate:
1958 average . —o----—---- 3.6 2.9 3.4 2.5 3.9 3.7
1959:
January - - -coocoeeeaen 3.1 3.8 1.4 1.6 2.9 2.5 3.9
February- 2.6 1.4 1.1 1.4 1.7 1.7 2.0
March 2.8 1.3 1.2 1.3 2.8 2.0 3.7
April. 3.0 1.3 1.3 2.2 2.9 2.5 3.8
May. 2.9 1.5 1.2 1.8 2.8 2.6 2.5
June_ 2.8 1.2 1.6 2.1 2.7 3.2 3.1
July.... 3.3 1.2 (3) 2.2 2.6 3.0 2.3
August.___ 3.7 2.0 ®) 1.7 2.7 4.5
September.. 4.3 3.7 ®) 2.9 4.3 3.5
October.- _ - 4.7 3.0 () 1.3 1.8 2.1
November. 4.1 2.1 @) 1.0 2.2 1.8
December_ ... 3.1 2.7 1.8 1.7 2.2 1.4
Average._._._._.___. 3.4 2.1 41.4 1.8 2.6 2.9
Layoft rate:
1958 average. - ---c----- 2.3 2.0 2.8 1.5 2.2 2.2
1959:
January 1.7 3.2 .7 .5 .9 .4 2.3
February.. 1.3 *.8 .3 .6 .3 .2 .4
March 1.3 .4 .3 .2 .8 .2 1.7
April 1.3 .3 .3 .1 .3 .2 .2
May.. 1.1 .3 .2 .2 .1 .2 .1
June._. 1.0 .3 .4 .4 .7 .9 .4
July 1.4 .2 ) .6 .2 .1 .2
August 1.4 .5 (O] .2 .8 2.3
September_..._.__.___ 1.5 1.1 ®) .5 1.6 .4
October____. 2.8 2.0 ) .2 .3 .3
November 2.6 1.3 ®) .1 .9 .2
December. ... 1.7 1.9 .4 .4 .4 .1
Average. ..--coaeo-- 1.6 1.0 4.4 .3 .6 7

1 Department of Labor, Bureau of Labor Statistics, Monthly Labor Review, and unpublished reports.

2 Revised figure.

3 Not avai.lable,'because of work stoppage.

+ 7-month average.
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TABLE 20.—Wages and salaries in the mineral industries in the United States?

(Million dollars)
Change Change
Industry 1958 from 1957 1959 from 1958
(percent) (percent)
All industries. - - ool 239, 673 +.5 258, 206 +7.7
All mining._ e 3,774 —10.9 3 +1.6
Nonfuel mining —_— ——— - 1,043 —9.7 1,067 —+2.3
Metal mining._ .. 493 —18.7 479 —2.8
Nonmetallic mining and quarrying. 550 +.2 588 +6.9
Fuel mining___ ——— J— 2,731 —11.4 2,767 +1.3
Manufacturing - R e 76, 701 —4.9 84,723 +10.5
Primary metal industries_____ 6, 516 —12.9 7,237 +11.1

1 U.S. Department of Commerce, Office of Business Economics, Survey of Current Business: Vol. 40,
No. 7, July 1960, p. 28, table V1-2.

TABLE 21.—Average annual earnings in mining and primary metal industries?

1958 1959
Industry
Change Change
Average from 1957 Average from 1958
(percent) (percent)
Allindustries . - o oo eaeee $4, 347 +3.4 $4, 553 +4.7
All mining_ 5,220 +.1 5,540 +6.1
Nonfuel mining. . .o eieecaen 5,318 +1.0 5,444 +6.0
Metal mining. 5,418 —. 8 5,841 +7.8
Nonmetallic mining and quarrying____.________________ 4,911 +3.8 5,158 -+5.0
Fuel mining. [, 5,252 —.3 5, 579 -+6.2
Manufacturing 4,939 +3.3 5,214 +5.6
Primary metal industries 5,854 +3.0 6,321 -+8.0

1U.S. Department of Commerce, Office of Business Economics, Survey of Current Business: Vol. 40,
July 1960, p. 29, table V1-15.

Productivity.—Productivity generally increased in metal mining ex-
cept for declines in recoverable metal per man-hour and production
worker in iron ore mining. Indexes for lead-zinc and copper reached
record highs.

In 1956 an index of lead-zinc production per man-hour was derived
to fill a void left when the Bureau of Labor Statistics ceased publica-
tion of that index. They have now published the index through 1957
on a 1947 base.’? The following comparison between the index com-
puted by the author for this chapter and the Bureau of Labor Statistics
index converted to a 1949 base shows little difference between the two.
The computed index, since it is timely, will continue to be used in this

review.

127.8. Department of Labor, Bureau of Labor Statistics, Indexes of Output per Man-
Hour for Selected Industries, 1919 to 1958 : April 1959, p. 3.
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Bureau of
Bureau of  Labor
Mines Statistics

index index
Year : (1949=100)

1949 100 100.0
1950 110 110.7
1951 101 101.4
1952 98 96.9
1953 100 101.1
1954 100 99.9
1955. 103 101.7
1956. 102 102.1
1957 105 107.2
1958 (%)

1959 15 (?)

1Revised figure.
2 Not available.

TABLE 22.—Labor-productivity indexes for copper- and iron-ore mining*
(1947-49=100)

Copper Iron

Year Crude ore mined per— Crude ore mined per—

Production | Man-hour | Production | Man-hour
worker worker

1950-54 (average) 120.9 118.7 115.4 118.0
1955 et 134.2 134.3 132.7 133.4
1956. 135.4 137.2 133.1 135.3
1957 138.1 149.0 131. 4 134.4
1958 2 142.7 161.2 116.6 129.8
1959 3 167.5 174.7 125.3 135.4

Recoverable metal ¢ per— | Recoverable metal ¢ per—

Production | Man-hour | Production | Man-hour

worker worker
1950-54 (average) ... 115.0 112.8 107.9 104.8
1955 121.8 122.0 118.2 118.9
1956. —- 116.1 117.6 2109.7 2111.5
1957. 118.0 127.3 107.0 109.5
1958 2. e emmmmm——o e ————— 124.5 140.6 88.8 99. 4
19593 e m——————— 136.0 141.9 88.3 95.4

Nl U2.S. Department of Labor, Bureau of Labor Statistics, Monthly Labor Review: February 1956, vol. 79,
0

2 Revised figures.

3 Preliminary.

4 Figures refer to usable ore rather than recoverable metal. For iron, usable ore is that product with the
desired iron content (by selective mining, mixtures of ores, washing, jigging, concentrating, sintering).

PRICES AND COSTS

Index of Mine Value—Table 28 gives, for the first time, an index of
average unit mine value of minerals produced in the United States.
Tt is believed that this index fills an important gap in mineral economic
statistics. It differs from other mineral-price indexes and from the
Bureau’s value of mineral-production series in that it attempts to re-
flect actual mine value and not refined value of recoverable metal for
copper, lead, zine, gold and silver. These indexes were developed by
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estimating the changing differential smelter overtime so as to reflect
the actual value of the ore as it leaves the milling stage.

The average unit mine value of all minerals (including fuels) was
slightly lower in 1959. However, decline in the total mineral index
was due entirely to a decline in the fuels index. Both the metals and
nonmetals index showed increases above 1958. These increases were
general in both groups; every subgroup also increased except monetary
metals, which were unchanged.

TABLE 23.—Index of average unit mine value of minerals produced in the United
States, by group and subgroup

(1947-49=100)
Metals Nonmetals
All
Year | min- Nonferrous
erals | Total |[Ferrous Total | Con- | Chem- Fuels
struc- | ical | Other
Total | Base | Mone- | Other tion
tary
61 61 64 60 57 70 101 73 70 81 88 59
64 59 64 57 55 63 102 77 75 85 89 63
55 55 63 52 49 61 108 75 72 86 87 52
53 56 62 54 51 62 109 76 73 86 83 49
54 63 66 61 62 56 108 77 74 85 81 50
51 53 67 47 46 52 104 74 71 85 77 48
40 45 66 36 31 50 93 74 71 84 75 36
40 39 62 30 22 52 79 71 68 81 73 37
38 46 68 37 26 66 80 73 70 80 70 33
47 56 68 51 30 100 72 69 81 72 43
47 57 65 53 32 102 83 70 67 79 70 42
49 60 67 57 37 103 85 70 66 80 71 45
52 67 75 64 49 99 90 71 68 81 7 48
51 61 73 56 97 80 71 67 80 75 47
48 64 75 59 42 99 89 68 64 78 73 43
48 67 63 47 99 115 67 63 78 74 44
53 67 71 66 51 98 120 70 67 78 74 49
56 69 70 69 57 97 115 75 73 82 76 52
60 74 71 75 66 97 115 79 78 84 78 55
62 75 71 78 71 98 107 83 82 85 80 58
63 76 72 78 72 98 113 84 82 88 85 59
70 84 79 86 100 105 89 88 90 87 66
87 95 87 100 100 101 97 97 97 97 96 85
107 103 99 106 107 99 102 101 101 102 101 109
105 103 114 95 93 100 100 102 103 101 103 106
105 109 126 98 101 91 104 104 104 108 105
109 128 140 120 124 100 121 109 107 111 122 107
110 132 155 117 119 103 114 111 108 113 127 107
115 137 171 113 114 104 122 116 111 125 124 112
115 140 175 116 117 106 132 117 110 130 126 111
116 156 180 138 144 104 144 119 111 135 131 111
120 171 195 154 163 104 148 122 114 136 142 114
127 157 207 121 121 109 161 124 115 1 148 123
123 150 213 105 102 111 147 124 115 137 146 120
122 158 216 117 116 111 152 126 119 135 147 118

Since 1925, the average unit mine value of minerals has increased
somewhat more rapidly than all wholesale prices. The Wholesale
Price Index has increased from 67.3 in 1925 to 119.7 in 1959—a 78-
percent rise; the average mine value index has increased by 100 per-
cent. The long-term increases are especially marked in ferrous metals,
which increased b{)238 percent.

The difference between this index and others currently published
is illustrated by the monetary-metal index. Treasury price of gold
and silver does not change from year to year, but this index varies.
The variations are caused by movements in the differential between
smelter purchase price for ore and refined metal prices. It is believed
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that this index reflects more accurately the actual per-unit mine re-
turns. The index is provisional, and work is being continued to
strengthen the underlying estimating procedures involved.

Prices.—Prices of mineral commodities were higher in 1959, except
for the continued decline in iron ore and a slight drop in fertilizer
minerals. Nonferrous metals and iron and steel scrap showed the
greatest increase in annual average prices; the former showed the
greatest increase January to December 1959. All commodities listed
except bituminous binders showed greater variations in price than the
average for all commodities, but the variations were much smaller
than they have been in recent years.

Costs.—Most cost items increased in 1959 as compared with 1958.
The increases were especially marked in gas fuels and in lumber.
Slight declines occurred in coal and in petroleum and its products.

TABLE 24.—Price relatives for selected metals and mineral commodities, January
and December 1959, and annual averages®

(1947-49=100)

1959 Change Annual average Change

Commodity from from

January 1958
January | December | (percent) 1958 1959 (percent)
Iron ore. 172.9 168.4 —2.6 2177.0 169.9 —4.0
Iron and steel SCrap-cocoeoeocomeoao 101.6 103.3 +1.7 .7 100. 2 +6.9
Iron and steel 172.0 172.2 +.1 168.8 172.0 +1.9
Nonferrous metals. 133.2 140.7 +5.6 127.7 136.1 +6.6
Clay produets. ... 159.3 160.7 +.9 156. 5 160. 2 +2.4
-ypsum products 133.1 133.1 |- 132.1 133.1 +.8
Concrete ingredient 140.2 140.4 +.1 139.0 140.3 +.9
il lime. 141.4 143.1 +1.2 135.5 142.8 +5.4
Insulation material 103. 5 102.9 —.6 104.0 103.1 —.8
Asbestos-cement shingles_ 160.8 167.0 +3.9 160. 8 166. 1 +3.2
Bituminous binders. _ ... 100.0 100.0 foooooeo 100.0 100.0 |ooooees
Fertilizer materials. 107.6 107.0 —.6 108.0 106.9 -1.0

All commodities (minerals and all

other) 119.5 118.9 —-.5 119.2 119.5 -2

1 7.8, Department of Labor, Bureau of Labor Statistics, Wholesale Price Index: Annual and monthly
releases; also published currently in Monthly Labor Review.
2 Revised figure.

TABLE 25.—Price relatives for selected cost items in nonfuel mineral production,
January and December 1959 and annual averages, 1958-1959*

(1947-49=100)
1959 Change Annual average Change
Commodity from from
January 1958
January | December | (percent) 1958 1959 (percent)
Coal - 125.3 124.1 -1.0 122.9 122.7 —-.2
COKE - o e 163.1 170.4 +4.5 161.9 169.8 +4.9
Gas fuels. _ 112.7 115.5 +2.5 101.7 110.9 +9.0
Petroleum and produets_ ... ._______ 118.2 114.3 —3.3 117.7 116.6 —.9
Industrial chemicals_ ... ______.__ 124.0 124.0 oo 123.5 123.8 +.2
Lumber. 121.0 125.9 +4.0 118.0 127.1 +7.7
Explosives. - 140.0 145.1 +3.6 139.6 143.6 +2.9
Construction machinery and equip-
ment__ 170.7 172.9 +1.3] 2166.1 172.0 +3.6

1U.8. Department of Labor, Burean of Lator Statistics, Wholesale Price Index: Annual and monthly
releases; some commodities also published currently in Monthly Labor Review.
2 Revised figure.

A
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Relative Labor Costs.—The index of labor costs per pound of re-
coverable metal increased in copper, lead-zinc, and iron-ore mining
in 1959, but because of an increase in copper and lead-zinc prices, la-
bor costs per dollar of recoverable metal declined in these two indus-
tries. The declines, however, were from the very high levels of 1958,
and the indexes were very high in 1959 as compared with the last 10
years. The 131 index for iron-ore mining is the highest reached
since the index has been computed, while that for lead-zinc is ex-
ceeded only by the 1958 index.

Index of Metal Mining Expenses.—This index, presented for the first
time in the 1958 Review chapter, does not represent changes in total
unit costs of metal mining since it excludes capital costs and con-
tract work. It does, however, gage the impact of labor costs and

roductivity changes as well as changes in prices of supplies and
uels used by the mining industry. Reflecting the increased costs
of supplies and labor (adjusted for productivity), the index increased
sharply in 1959 to a new high. This marked the fourth straight
increase from the 1955 low. The 10-point increase in labor expense
accounted for most of the increase in the total index.

TABLE 26.—Indexes of relative labor costs, copper-, lead-zinc-, and iron-ore

mining
(1949=100)
Labor costs per pound of Value of recoverable metal Labor costs per dollar of
recoverable metal ! per man-hour 2 recoverable metal 3
Year
Copper | Lead- Iron Copper | Lead- Iron Copper Lead- Iron
. zine ore zine ore zine ore
100 100 100 100 100 100 100 100 100
91 93 96 128 109 114 83 94 90
97 112 100 146 130 132 77 87 88
108 124 115 146 116 130 86 105 95
122 122 129 160 89 150 82 137 97
126 120 153 166 89 130 82 135 113
119 124 128 233 102 168 62 125 93
129 133 143 254 106 170 60 128 96
124 133 158 194 96 176 81 144 101
4115 4124 184 4190 487 159 485 4159 118
117 125 203 226 93 148 73 155 131

1 Index computed by author from data in tables 18 and 22. . .

2 Index computed by author from data in table 22, multiplied by price of electrolytic copper, average lead
and zine, and iron ore, and rebased. . .

3 Index computed by author using above index of value and data in table 18.

¢ Revised figure.
TABLE 27.—Index of principal metal mining expenses*
(1947-49=100)
Year Total Labor Supplies Fuels
1950. 96 94 100 101
1951 106 101 116 102
1952 13 114 114 102
1953 120 125 114 104
1954 128 136 115 104
1955 120 124 117 102
1956, 129 136 121 101
1957 133 140 127 105
1958 138 1146 129 106
1959. 144 156 130 106

1 Indexes constructed by author, using weights derived from the 1954 Census of Mineral Industries.
1 Revised figure.

567825—60——3
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INCOME

National Income Originated.—Income originated in metal mining
dropped by 5 percent in 1959 as compared with 1958, the third con-
secutive yearly decrease. However, the declines in 1957 and 1958
were caused by the recession in general business conditions; that in
1959 was attributable to the long steel and copper strikes. Metal
mining was the only group listed in table 28 to show a decline.
Nonmetal industries increased by 9 percent, the same as for all
industries.

TABLE 28.—National income originated in the mineral industries in the United
States, 1957-1959 * )

Million dollars
Industry
Change
19572 1958 2 1959 from 1958
(percent)
All industries_ . 366, 943 367, 686 399, 648 +9
Metal mining. 951 757 716 -5
Nonmetallic mining and quarrying 789 771 844 +9
Total mining except fuels. . ... 1,740 1,528 1, 560 +2
Total mining ineluding fuels. .. 6,238 5,357 5,471 +2
Primary metal industries. 11,293 9,052 10, 326 +14
Stone, clay, and glass products 3,871 3,715 4,492 +19
Percent
All industries._ . 100. 00 100. 00
Metal mining .26 .21
Nonmetallic mining and quarrying ... .- occaccoooaan .22 .21
Total mining except fuels_. _ .47 .42
Toteal mining including fuels. . 1.70 1.46
Primary metal industries. 3.08 2.46
Stone, clay, and glass products 1.05 1.03

17U.8. Department of Commerce, Office of Business Economics, Survey of Current Business, July 1960,
p. 13, table I-10. To arrive at national income, depletion charges are not deducted; this affects data for
mining industries.

2 Revised figures.

Profits and Dividends.—The annual rate of profit in 1959 on stock-
holder’s equity (after corporate income taxes) was sharply higher
than in 1958 for the mineral manufacturing corporations. ~Although
dividends distributed by these corporations also increased, they did
not rise as sharply as did profits. The annual profit rate of 8 percent
in primary metals was not as high as the 10.8 percent reached in
1957. These data are summarized in table 29.

Business Failures—Mining failures continued to increase, but cur-
rent liabilities of the firms that failed decreased by one half. The
decline wis the first recorded since 1955.
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TABLE 29.—Annual average profit rates on shareholder’s equity, after taxes, and
total dividends, mineral manufacturing corporations *

Annual profit rate Total dividends
(percent) (million dollars)
Corporations
Percent Percent
1958 1959 change 1959 1958 1959 change 1959
from 1958 from 1958

All manufacturing 8.6 10. 4 +21 7,383 7,908 +7
Primary metals 6.8 8.0 +18 878 941 +7
Primary iron and steel. . cceoo- 7.2 8.0 +11 608 638 5
Primary nonferrous metals......-- 6.0 8.0 +33 270 302 +12
Stone, clay, and glass produets..-..-.-- 10.1 12.7 -+ 269 297 +10

1 Federal Trade Commission and Securities and Exchange Commission, Quarterly Financial Reports
for Manufacturing Corporations, 1st Quarter 1959 and 1st Quarter 1960, tables 4 and 8.

TABLE 30.—Industrial and commercial failures and liabilities*

Industry 1957 1958 1959

Mining: 2

Number of failures 75 86 91

Current liabilities. thousand dollars._. 11, 588 17,619 8,363
Manufacturing:

Number of failures. - 2,336 2,594 2,374

Current liabilities thousand dollars_. 185, 253 227,979 199,373
All industrial and commercial industries:

Number of failure: 13,739 14, 964 14,053

Current liabilities thousand dollars._. 615, 293 728,258 692, 808

1 Dun & Bradstreet, Inc., Monthly Business Failures: New York, N.Y., Jan. 19, 1960.
2 Including fuels.

INVESTMENT

New Plant and Equipment.—Expenditures for new plant and equip-
ment by fuel- and nonfuel-mining firms rose $46 million in 1959
compared with 1958, but were still $256 million under 1957. This in-
crease of 5 percent did not quite match the slightly more than 5-per-
cent rise in all manufacturing. Reflecting the good business condi-
tions in 1959, expenditure in the mining industry rose steadily during
the year. However, metal-manufacturing firms as well as all manu-
facturing firms showed declines in the third quarter because of the
widespread work stoppages, and the annual total was lower for metal
manufacturing firms. The largest increase in expenditure was by
firms in the stone, clay, and glass products industry, a gain of $130
million, or 33 percent.

Issues of Mining Securities.—The mining industry (including fuels)
was the source of 1.7 percent of all new corporate securities offered in
1959, well below the 2.1 percent recorded in 1958 and 1957. The per-
centage distribution between types of securities remained unchanged
for mining as compared with 1957, but the other groups shifted
towards common-stock financing. The total gross proceeds from cor-
porate offerings were down by $1,810 million, compared with 1958;
mining proceeds dropped $86 million. The 35-percent decline in pro-
ceeds in mining greatly exceeded the 16-percent drop in total corporate
but was not as high as the 41-percent drop in manufacturing.
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TABLE 31.—Expenditures on new plant and equipment by firms in mining and
selected mineral manufacturing industries?

(Million dollars)

1959
Industry 1957 1958 1959
January-| April- | July-Sep- | October-
March June tember | December
Mining 2. ______________________ 1,243 941 987 213 243 256 275
Manufacturing. 15,959 | 11,433 | 12,067 2,456 3,021 3,019 3,571
Primary iron and steel.....__ 1,722 | 1,192 | 1,036 208 273 219 336
Primary nonferrous metals___ 814 441 313 71 86 70 86
Stone, clay, and glass prod-
uetS_ o .. 572 399 529 113 135 133 148
Chemicals and allied prod-
ucts. - 1,724 | 1,320 | 1,235 | 260 302 310 363
Petroleum and coal products_| 3,453 | 2,431 | 2,491 518 619 629 725

1 U.S. Department of Commerce, Office of Business Economics, Survey of Current Business: Vol. 40,
No. 3, March 1960, p. 16.
2 Including fuels.

Prices of Mining Securities.—The index of common-stock annual av-
erage of mining securities increased in 1959, as did the composite and
manufacturing indexes. Increase in the mining index reversed a
3-year decline. When compared with 1958, the indexes increased 3
percent in mining, 22 percent in manufacturing, and 23 percent in the
composite.

TABLE 32.—Estimated gross proceeds of new corporate securities offered for cash
in the United States in 19591

Total corporate Manufacturing Mining 2
Type of security
Million | Percent | Million | Percent | Million | Percent
dollars dollars dollars
7,190 74 1,519 73 86 54
531 5 103 5 2 1
2,027 21 451 22 73 45
9, 748 100 2,073 100 161 100

1U.8, Securities and Exchange Commission, Statistical Bulletin, vol. 19, No. 5, May 1960, p. 3. Sub-
stantially all new issues of securities offered for cash sale in the United States in amounts over $100,000 and

with terms to maturity of more than 1 year are covered in these data.
2 Including fuels.

TABLE 33.—Indexes of common-stock annual average prices?

(1939=100)
Year Composite 2 | Manufac- Mining 3
turing
1955...... - 304.6 374.4 312.9
1956 345.0 438.6 357.5
B 331.4 422.1 342.3
1958..... c——— 340.9 426.4 313.8
1959 420.2 521.7 321.8

1 Council of Economic Advisers, Economic Indicators (prepared for the Joint Committee on the Economic
Report): May 20, 1960, p. 32. Indexes are yearly averages of weekly closing-price indexes of common stock
on New York Stock Exchange, published currently in U.S. Securities and Exchange Commission Monthly
Statistical Bulletin. i

2 In addition to mining and manufacturing, covers transportation, utilities, trade, finance, and service.

3 Including fuels.,
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TRANSPORTATION

Data on rail and water transportation are not available for 1959,
since they are not published until the late fall of the year after the
year reported. Therefore the data in tables 34 and 35 cover 1958.

TABLE 34.—Indexes of average freight rates on carload traffic, 1957-58, and
average revenue per ton, originated or terminated, 1956-58, in the United

States

Indexes ! Average revenue per ton 2
(1850=100) (dollars)
Item
1957 1958 1956 1957 1958
110 115 2.96 3.1 3.16
115 126 2.07 2.19 2.39
Clay and bentonite._____________________________ 119 129 6. 58 7.34 7.79
Sand, industrial - ____________ 113 121 3.05 3.28 3.53
Gravel and sand, n.o.s 110 116 1.29 1.40 1.35
Stone and rock, broken, ground and crushed..___ 111 117 1.57 1.68 1.72
Fluxing stone and raw dolomite_._______________ 117 129 1.58 1.73 1.89
Salt___ - 1069 112 6.37 6.76 6.96
Phosphaterock_ . __________._____ . 108 111 2.32 2.47 2.34
Mineral manufactures and miscellaneous. . ..__.._____ 112 119 10. 68 11.52 11.85
Fertilizers, n.0.8. oo ____ 112 119 7.62 8.11 8.37
Tron, pig. oo oo 117 125 4.49 5.34 5.30
Cement: Natural and portland_ 102 105 4.14 4.31 4.03
Lime, n.0.s - 116 125 5.73 6.10 6.46
Scrap iron and scrap steel__._..__._______ 113 122 3.97 4.13 4.39
Furnace slag R 109 116 1.88 1.98 2.08
Nonmineral categories:
Products of agriculture__________________________ 112 117 8.48 8.71 8.66
Animals and produets.-- 116 123 22.34 23.73 24.21
Products of forests..._- 117 124 7.58 8.04 8.35
Forwarder traffic. ... 115 124 40. 67 45.33 45.39
All commodities_ . ________ 112 118 6.32 36.63 6.96

1 U.8. Interstate Commerce Commission, Bureau of Transport Economics and Statistics, Index of Aver-
age Freight Rates on Railroad Carload Traffic 1949-57: Statement R1-1, 1949-57, August 1959. Indexes
are based on the Commission’s 1-percent waybill sample. 1959 data are not available.

2 U.8. Interstate Commerce Commission, Bureau of Transport Economics and Statistics, Freight Com-
modity Statistics, Class 1 Steam Railways in thefUnited States:EStatement 57100,k1956;E58100, 1957; 59100,

1958, table 5.
3 Revised figure.

The Maritime Administration, U.S. Department of Commerce,
published a comprehensive tabulation of data called “Domestic Ocean-
borne and Great Lakes Commerce of the United States 1955-58.”
This publication gives detailed data on shipping by port of origin and
port of destination by commodity. The United States is divided into
10 coastal areas: North Atlantic, South Atlantic, Gulf, California,
Pacific Northwest, Great Lakes, Puerto Rico, Hawaii, Alaska and
Pacific Islands. Foreach area,data are given by dry cargo and tanker,
commodity, and port.



30 MINERALS YEARBOOK, 1959

TABLE 35.—Rail and water transportation of mineral products in the United
States, by products

(Thousand short tons)
Rail ! Water 2
Product on Ch
ange ange
1957 1958 |from 1957| 1957 1958 |from 1957
(percent) (percent)
Metals and minerals, except fuels:

Tron ore. 122, 596 77,132 —37 86, 663 54,114 —38

Iron and steel SCrap.------occoooemnan 25,281 16,623 —34 2,209 1,631 —26

Metals and alloyS..------ 12,993 9, 599 —26

Other ores and concentrates......--—- 21,821 17,831 —18 3,015 2,339 —22

Other scrap. 2, 509 1,852 —26

Sancd anid gravel e el Bh Dl ol @
and and gravel . oo —-oooococmmaaon 3 3 - _

Stone, crushed except limestone......-- 53,603 | 53,774 0] } 59,928 | 55,512 7

Limestone, crushed 19, 625 14,054 —28 31,269 24,134 —23

Cement oo 32,148 33, 487 +4 5,225 5,141 —2

Phosphate rock 19, 352 19,994 +3 2,776 - 3,122 +12

Clays. 10,000 9,196 —8 2,198 2,174 -1

Sulfur__ 4,016 3,649 -9 4,349 3,927 —10

Other. 29, 600 24, 539 -17 3,904 3,646 -7
Total. ... 426,354 | 351,681 —18 | 201,536 | 155,740 -23

Mingosgl fuels and related products: '
Anthracite 8 __-ooocccoocomoaen 6 30, 285 23,770 —22 1,261 865 =31
Bituminous 8. . o ceeeeeeeeee 372,194 | 307,492 —17 | 151,161 | 126,688 —16

Coke 5_ 19, 564 12,635 —35 480 279 —42

Crude petroleum _ _ o ocoocoooaeoooo 2,046 1,196 —42 74,090 67,888 -8

Disallats fie o1l a8 | 80| 6l WoR| mam| Tb

ate fuel 0il--ocoomoomaooeoaan y 5

e ————— }oess| s -1 { g | 24 3
erosene. - 3 ]

Other } 19,038 | 18,134 =5 { 13,105 | 14,237 o
Total ... 461,533 | 380,068 —18 | 452,720 | 426,502 —6
Total mineral products. . ... 887,887 | 731,749 —18 | 654,256 | 582,242 -11
QGrand total all products_ ...--——--- 1,370,196 (1,181,457 —14 | 772,862 | 695,665 =10

Mineral products, percent of grand total:

Metals and minerals, except fuels. .- 31 30 |-ammmmme- 26 b7

Mineral fuels and related produets..-- 34 b2 . 59 (3 N R——
Total mineral produets. ..--.------ 65 [ [— 85 -7 ) [——

1 Revenue freight originated excluding forwarder and less-than-carlot shipments, for which data are not
available. Source: Interstate Commerce Commission, Freight Commodity Statistics, Class I Steam Rail-
waysin the United States, for years ended Dec. 31, 1957 and 1958: Statements 58100 and 59100.

3 Domestic traffic—all commercial movements between any point in continental United States or its
territories and possessions and any other such point. Traffic with Panama Canal Zone, Virgin Islands, and
Defense Department vehicles carrying military cargoes excluded. Source: Department of the Army,
gVaterb})irne Commerce of the United States, calendar year 1957 and calendar year 1958, pt. 5, National

ummaries.

3 Not separately classified.

4 Less than 0.5 percent.

s Figures for rail shipments include briquets. For water shipment, briquets not reported by type of
material; included with “Other.”

6 Includes “Anthracite to breakers and washeries” (thousand short tons): 1957—11,852; 1958—10,587.

The Great Lakes had almost 85 percent of the dry cargo tonnage of
domestic water commerce ; coastwise traffic had 90 percent of the tanker
tonnage. The following tabulation indicates the importance of min-
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erals, including fuels, in Great Lake shipping (in millions of short

tons) :

Commodity : 1955 1956 1957 1958
Iron ore 88.7 76.1 85.6 52.7
Bituminous coal and lignite . _________ 36.4 38.5 38.2 32.2
Crushed limestone 28.6 28.1 28.3 20.4
Building cement 1.6 1.7 2.1 1.9
Sand and gravel 1.9 1.8 1.6 1.0

8.5 8.3 8.0 5.9

All other commodities
Total 165.7 154.5 163.8 114.1

The mineral groups listed supplied 95 percent of the traffic in each of
the 4 years covered in the data. '

FOREIGN TRADE

Value.—Value of imports of nonfuel minerals increased in 1959 but
did not reach the levels attained in 1957. Exports also increased for
first time since 1957. Iron ore and concentrates continued to show in-
creased imports value and reached a record high. The increase in
exports, $20 million, was the result of a large increase in iron and steel
serap, molybdenum, and aluminum exports.

TABLE 36.—Value of minerals and mineral products imported and exported by the
United States, 1957-59 by commodity groups and commodities, in thousand
dollars

[U.S. Department of Commerce]

Imports for consumption 2 Exports of domestic
SITC merchandise 3
No. Group and commodity
1957 1958 1959 1957 1958 1959
CRUDE METALLIC MINERALS ¢
281-01 | Iron ore and concentrates___.._.._. 285,062 | 231,563 | 312,415 | 49,227 | 34,426 | 33,824
282-01 | Iron and steelscrap___.___________ 10,168 10, 095 11,639 | 217,938 | 97,447 | 167,239
Ores of nonferrous base metals and
concentrates:
283-07 M 99, 828 76, 364 74,810 724 700 819
283-11 34, 525 11,960 4,235 227 17 5
283-06 118 11,244 23,282
283-01 70,238 74, 561 98, 437 9, 964 5,865 1,808
283-08 56, 661 28, 206 31,853 53 49 3,084
283-05 Zine -| 89,075 51,902 39,292 ) N PR, 1
283-03 Bauxite (aluminum ore) and
concentrates__ o oocooocoo_. 60, 951 70,142 73,203 4,847 968 2,672
283-04 Lead 61,617 51,856 27,019 257 252 54
5283-19 Columbium 3,038 2,346 2,652 44 37 13
28302 Nickel. o oo 5,300 1,855 1,770 |--- 1
) 19 ﬁtaﬁ%te 10,317 6, 766 7,991
R L s s f
Rutile i 1,843 4,53| 2 943} 218 172 290
5283-19 Cobalt. 1,320 543
528319 Molybdenum.__________________ b5 5,530 |-ooooo-- 32,428 | 15,045 | 24,778
$283-19 Other. 11, 516 7,472 9,302 683 9,223 1,900
Nonferrous metal scrap:
284-01 Aluminum._._.__.. — 5,396 2, 969 3,299 6,435 5,595 | 10,485
01d and serap coppe: ———- 3,039 2,676 1,654 | 28,414 9,429 5,292
Old brass and bronze and clip-
" pings. 2,393 1,852 698 | 632,968 {610,456 | 812,497
Other, not elsewhere included.. 4,932 3,663, 3,277 5,852 3,285 3,494
285-02 | Platinum-group metals.____.__.______ 11,240 8,735 9, 618
Total crude metallic minerals_| 837,632 | 666,270 | 739,380 | 390,340 | 192,967 | 268,798

See footnotes at end of table,
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TABLE 36.—Value of minerals and mineral products imported and exported by the
United States, 1957-59 by commodity groups and commodities,' in thousand
dollars—~Continued

[U.8. Department of Commerce]

Imports for consumption 2 Exports of domestic
SITC merchandise 3
No. Group and commodity .
- 1957 1958 1959 1957 1958 1959
METALS (UNWROUGHT) 47
681-01 | Pigiron and sponge iron______..... 14,525 12,750 36,621 | 57,158 6,928 773
681-02 | Ferroalloys:
Ferromanganese .- ----eo-ee-- ) 11,046 14, 067 1,869 464 388
Ferrochromium. 7.818 29, 750 2,419 1,012 2,096
Other_ el 1,276 2,390 3,639 2,730 4,024
682-01 | Copper 133,234 | 146,805 | 212,515 | 191,932 | 93,142
687-0L | Tin.__ 90,381 | 103,298 1, 526 1,336 1,890
684-01 | Aluminum 117,297 | 111,259 | 14,051 | 24,220 | 53,518
683-01 | Nickel (including scrap)----------—- 156, 786 87,565 | 111,485 | -
686-01 | Zinc - 63, 947 35,625 34,002 2,618 797 2,841
685-01 | Lead 89,993 76,217 71, 506 1,345 661 943
Cobalt. 32, 559 28, 664 35,926 ® ®) ®
689-01 |3 Mercury. 9,333 3.914 5,992 484 95
: Other nonferrous base metals. . _____ 32,643 21,785 62, 521 9,479 8,123 | 12,787
671-02 | Platinum-group metals, including
unworked and partly worked._.___ 24,492 16, 237 27,295 2,804 2,812 2, 563
Totalmetals_________________ 1,018,114 | 643,819 | 792,917 | 309,907 | 241,110 | 175,057
Total metals and metallic
minerals_ - oo coooo 1,855,746 |1,310,089 |1, 532,306 | 700,247 | 434,077 | 443,855
CRUDE NONMETALLIC MINERALS
(EXCEPT FUELS)
Diamonds:
5672-01 Gems, roughor uncut_ ... 77,142 72,430 94,299 424 478 607
8272-07 Industrial - 50,870 23,680 62, 530 544 537 844
Total. - - eees 128,012 | . 96,110 | 156,829 968 1,015 1,451
272-12 | Asbestos, crude, washed, or ground. , 58,314 65,007 340 407 763
271-02 | Sodium nitrate. .. 17,107 13,431 13,322 182 |cccceeeceeee
272-13 | Mica, unmanufactured (including
scrap) 10,910 13,477 14,089 46 91 126
5272-14 | Fluorspar__ o 16, 031 9,777 13,368 81 191 69
272-11 | Stone for industrial uses, except
dimension.__ oo ... 8,882 7,890 12,927 763 921 641
272-06 | Sulfur, 12,232 13, 551 13,901 | 44,966 | 41,367 | 42,000
271-03 | Phosphates, natural, ground, or
unground . - 3,090 2,944 3,421 | 28,189 | 25,234 | 28,602
272-04 | Clay. 2,938 2,900 3,288 | 13,528 | 12,129 | 13,474
(® | Other nonmetallic minerals (except
JL01C) ) 30, 884 44,248 35,039 | 26,590 | 26,375 | 30,686
Total crude nonmetallic min-
erals (except fuels) ... 290,226 | 262,642 | 331,191 | 115,653 | 107,730 | 117,812
Grand total, minerals and
metals (except fuels)_____._.. 2.145,972 11,572,731 |1,863,497 | 815,900 | 541,807 | 561,667

1 Grouping of commodities is based upon Standard International Trade Classification (SITC) of
the United Nations. Basic data were compiled by Office of the Chief Economist, Bureau of Mines, from
copies of unpublished tabulations prepared by Bureau of the Census for the United Nations; tabulations
represent a tentative conversion of U.S. import and export classification to SITC categories. Revisions in
these data have been made by Office of the Chief Economist insofar as possible to (1) include for various
classifications latest revisions compiled by Mae B. Price and Elsie D. Page of Bureau of Mines, from
records of U.S. Department of Commerce; (2) incorporate in all years shown changes in assignments of
classifications to SIT'C categories made by Bureau of the Census; and (3) in a few instances make other changes
in such assignments that would make the data more comparable or more in line with SITC. .

As could be expected, individual commodities and groupings shown or omitted will not in all instances
be in accord with usual Bureau of Mines practice as followed in individual commodity chapters in this
Minerals Yearbook. In afew cases, values will differ from those for the same commodity in corresponding
chapter because of reclassifications, exclusions, or other reasons usually explained by footnotes in chapter.

2 Includes items entered for immediate consumption, items withdrawn from bonded storage warehouse
for consumption, and ores, etc., smelted and refined under bond—included at time smelted or refined product
is withdrawn for consumption or for export. A .

3 Includes both mineral products of domestic origin and foreign mineral products that have been smelted,
refined, manufactured, or otherwise processed in United States.

¢ Excludes gold and silver. . . .

8 Part of SITC category indicated is covered; remainder of category is covered elsewhere in major grouping.

6 Copper-base alloy scrap (new and old) including brass and bronze.

7 Includes alloys.

8 Exports, if any, are negligible and included with “Nonferrous metal scrap, other” (284-01; see “Crude
metallic minerals’).

9 Includes all SIT'C numbers 271-04* 272-01, —02, -03, —05, -08, 15, -16, and -19; and those parts of numbers
672-01, 272-07 and -14 not shown separately above.
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Tariffs—The U.S. Tariff Commission issued a report March 2, 1959
on its investigation of iron ore, conducted under section 332 of the
Tariff Act of 1930. This report described the domestic industry and
discussed domestic and foreign production of iron ore, imports, ex-
ports, domestic consumption, channels of distribution, price of do-
mestic and imported ore, and U.S. customs treatment since 1930. 'The
Commission announced August 4, 1959, that it was undertaking on its
own initiative a study under section 332 of the trend of imports of
various lead and zinc products not subject to the quota imposed on
unmanufactured lead and zine since October 1, 1958. On September
1, 1959, the Commission announced a broader study of the omestic
lead and zinc industry, pursuant to Senate Resolution 162 of the 86th
Congress, adopted August 21, 1959. The report on these investiga-
tions was not issued by yearend. The Commission rejected an In-
dustry request for formal review of the lead-zinc quotas on December
15, 1959, citing the above investigation adequate and the request un-
timely. A section 332 investigation of fluorspar was also instituted
September 1.

‘After application from a group of domestic producers, an investi-
gation under the “escape clause” was instituted on zinc sheets. The
report of this investigation was not issued by yearend.

During the year, the Director of the Office of Civil and Defense
Mobilization rejected the pending applications of the fluorspar,
tungsten, and cobalt industries under section 8 of the Trade Agree-
ments Act, the so-called “national defense” clause.

WORLD REVIEW

World Production.—United Nations index of world mining produc-
tion (including fuels) increased to 122 in 1959 as compared with 116
in 1958 (1953=100). The 5-percent increase was higher than the 3-
percent rise for the United States.

TABLE 37.—Index of world metal-minilig industrial production*

(1953=100)
: Free North Latin Asia: East
Year World America 2 | America3 |and S%l}th- Europe §
eas

1955. - €110 6108 6111 6107 112
1956 - - 6117 6113 6117 6115 120
1957 .. 6125 6122 6129 6114 6128
1958. €116 6108 6117 6102 6123
1959 120 107 120 108 119
First quarter. 116 108 106 99 118
Second quarter._ 132 136 128 108 123

hird quarter. 116 94 122 109 114
Fourth quarter 7o e ccocmccccmeeeeeee 116 89 123 115 122

1 U.N. Monthly Bulletin of Statistics: Vol. 14, May 1960, pp. 10-14.
3 Canada and United States.
3 Central, South America, and Caribbean Islands.
4 Burma, Cambodia, Ceylon, Federation of Malaya, and Colony of Singapore, Hong Kong, India, Indo-
nesia, Japan, South Kores, Laos, Pakistan, Philippines, China (Taiwan), Thailand, and South Viet-Nam.
: g:cludes Albania, Bulgaria, ézechoslovakia, East Germany, Hungary, Poland, ﬁmaﬂa, and U.S.S.R.
vised e.

7 Provisional.
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TABLE 38.—Index numbers of production in mining and quarrying, and produec-
tion in basic metal industries in selected OEEC countries®

(1953=100)
Al
mem- | Aus- | Belgium- Ger- Nether- | Nor- | Swe- | Tur- | United
Year ber | tria | Luxem- | France| many, | Greece | Italy| lands | way | den | key | King-
coun- bourg ? West dom
tries
MINING AND QUARRYING
1952____. 99 93 101 104 97 58 88 100 | 389 99 83 100
1953 100 | 100 100 100 100 100 | 100 100 | 100 | 100 | 100 100
1954 ... 101 | 109 66 103 104 123 | 110 100 | 101 91 88 101
1955_..._ 105 | 116 100 110 110 132 | 123 101 {3111 | 104 97 100
1956 108 | 120 100 113 115 150 | 139 102 1 123 | 115} 107 100
1957 ... 3112 | 127 398 120 119 195 | 156 1058 124 | 120} 110 100
1958 110 | 124 92 3128 119 205 | 159 110 13123 | 112 (0 95
1959..... 111 | 120 79 147 115 [O] 171 13 ) 118 110 93
BASIO METAL INDUSTRIES

1952_.___ 104 91 111 112 105 90 | 101 811 308 102 3102
1953...._ 100 | 100 100 100 100 100 | 100 100 | 100 | 100 100
1954_.___ 1131 119 108 114 116 103 | 119 117 13103 | 110 108
1955..... 131 | 140 125 133 141 98 | 148 133 3127 | 125 117
1956 139 | 151 135 140 150 102'] 162 131 {3154 | 137 119
1957 ... 145 | 167 131 153 154 120 | 182 135 3167 }3140 |- 120
1958_.___ 139 | 165 126 158 146 132 | 3171 134 3170 |3138 J.____. 109
1959 .__ Q] 175 136 O] 159 ® 184 ® 192 | 157 )

1 (Z,rgsanization‘for European Economic Cooperation (OEEC), General Statistics, No. 2, March 1960,

pD. 4, 8.
2 Weighted average, computed by authors, using OEEC weights.
3 Revised figure.
4 Data not available.

World Prices.—Prices of metal ores were slightly lower than in 1958
but were stable for the year, increasing slightly in the last quarter.
Price indexes for minerals and primary commodities both were some-
what softer and failed to show the last quarter increase.

Ocean Freight Rates.—Indexes of ocean freight rates began to move
upward during the last half of 1959 but were still very low as com-
pared with the 5 years preceding 1958.

TABLE 39.—World trade price and freight-rate indexes*

(1953=100)
Price indexes Trip charter freight rate indexes 2
Year
Primary Total Metal | General
congnodi- minerals ores €argo Ore Fertilizers
ies
1955 - 99 102 103 165 144 141
1956. 100 109 110 203 174 159
1957. 102 114 107 145 138 131
1958 396 108 100 87 90 83
1959. 94 103 99 93 90 75
First quarter 93 105 99 88 91 68
Second quarter. - 94 102 99 87 87
Third quarter. 95 102 99 91 ?)
Fourth quarter.. 95 102 100 106 94 4)

! U.N. Monthly Bulletin of Statistics, March 1960, special tables A and C.
2 United Kingdom indexes based upon weighted average of quotations by all nations on routes important
to United Kingdom tramp fleet in 1951.
4 Revised figure.
4 Data not available,
U.S. GOVERNMENT PRINTIKG OFFICE: 1980



Review of Metallurgical Technology
By Rollien R. Wells?, Ecrl T. Hayes ?

HERE are two recognized methods of recording the state of the

metallurgical art. One involves delineation of individual ad-

vances reported in the literature. This approach is used effec-
tively in the excellent annual reviews published by some of the leadin,
technical journals and in the technology sections of the individua
commodity chapters in this volume. In an effort to more clearly
indicate the current trend of metallurgical research and development,
the authors of this chapter chose the method of discussing generally
selected items of interest brought to their attention during 1959.
Since technology cannot be confined by dates on a calendar, most of the
items mentioned have been in the process of development for several
years. No attempt was made to identify the sources of information
used here. Material was drawn from many sources: Nonconfidential
correspondence and conversations with authorities of the metallurgical
fraternity, papers delivered at technical meetings, and articles noted
in the technical press, including particularly Engineering and Mining
Journal, Metal Progress, Journal of Metals, Mining Engineering, In-
dustrial and Engineering Chemistry, Chemical Engineering, Chemi-
cal and Engineering News, Chemical Week, Materials in Design En-
gineering, Review of Metal Literature, the Canadian Mining and
Metallurgical Bulletin, the Mining Journal (British), and the Journal
of the Institute of Metals (British).

During the last decade, much metallurgical research was directed
toward discovery and preparation of materials suitable for use in
atomic reactors. Now we %a,ve entered an era in which metallurgi-
cal research is dominated by the urgent need to keep pace with the
materials requirements of an accelerating space research and develop-
ment program. Man has made striking progress in creating fan-
tastically complicated missiles that surge from their launching pads
and hurl themselves into space. Problems concerned with materials
of construction are many: Materials must be found to withstand
erosive, corrosive, high-temperature combustion products of liquid
and solid fuels; materials for a missile framework must be light, yet
must maintain high strength at elevated temperatures; skin material
must be able to withstand extreme temperatures for short periods
in an oxidizing atmosphere, must maintain usable strength at high
temperatures, and must not go through a brittle range before reaching
maximum surface temperature. As rocket motors and fuel technol-

1 Assistant chief metallurgist.
2 Chief metallurgist.

35



36 MINERALS YEARBOOK, 1959

ogy improve, speed possibilities continue to increase, thus giving
rise to more stringent requirements for construction metals. For
example, it has been predicted that continuous aircraft speeds in
atmosphere will reach 2,500 to 2,700 miles per hour during the next
10 years. Skin temperatures at this speed will reach 2,000° F. and
reentry velocities will create short-duration temperatures as high as
10,000° F. All this has brought about a multimillion dollar research
program to evaluate metals and alloys as to weight, corrosion, opera-
tional heating, aging characteristics, resistance to rough handling,
and ease of fabrication.

The gross weight of a missile is vitally important, since each added
pound results in a significant decrease in range. Hence, the relation-
ship of strength to weight is one measure of the usability of a con-
struction material. By this standard, some of the newer aluminum
alloys are of interest because of strength-weight ratios far superior
to steel; unfortunately, these higher strength aluminum materials
cannot be welded satisfactorily. The heat-treated titanium alloy,
6A1-4YV, is reported to have a strength-weight ratio at room tempera-
ture superior to all other materials. It is suitable, however, for
only sgecia,l agplications such as fuel-storage tanks, because its
‘strength drops drastically above 800° F. Promising recent develop-
ments include titanium alloys that maintain high strength up to
1,000° F., but the use of these materials is restricted by high price
and the necessity for special fabrication techniques, such as inert-
atmosphere welding to prevent embrittlement.

Beryllium, because of a high strength-density ratio and the ability
to withstand temperatures up to 1,200° F., will find limited use in
air frame construction—after formidable fabrication problems are
solved. Many researchers currently are working to combat berylli-
um’s extreme brittleness and toxicity. Beryllium also is favorably
considered for use as missile nose cones of the heat-sink type, although
some experts have predicted that, to keep space vehicles from burning
when reentering the earth’s atmosphere, the use of ablating (vaporiz-
,in%) ceramics and plastics will soon outmode the heat-sink approach.

ome of the newer stainless steels exhibit ultimate tensile strengths
as high as 250,000 p.s.i. at room temperature and retain strengths of
up to 130,000 p.s.i. at 1,000° F. One of the newest developments is an
yttrium-stainless steel alloy (1 percent Y in 446 stainless) that is re-
ported to be resistant to oxidation at 2,500° F. and to have improved
workability, weldability, and resistance to recrystallation at elevated
temperatures. High strength characteristics, coupled with good
corrosion resistance and ready response to standard fabrication tech-
niques, have resulted in the increasing use of stainless steels in missile
construction. The related family of superalloys (high in nickel,
cobalt, and chromium) is more oxidation- and heat-resistant than
stainless steel and displays considerably higher strength above 1,000°
F. The old standby, Nichrome, is still one of the best oxidation-
;esistalila materials made, but is deficient in temperatures above

,300° F.

Molybdenum has been used extensively in space-vehicle construction
because of several favorable properties. It has a high melting point
(4,760° F.) high recrystallization temperature (about 2,065° F.),
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high modulus of elasticity, very low coefficient of expansion, and high
thermal conductivity. Although its density is higher than is desired,
it is relatively cheap compared with other highly refractory metals.
Its chief drawback is that 1t oxidizes readily, and above 1,450° F. the
molybdenum tri-oxide volatilizes and completely destroys the metal.
Much research has been, and is being, conducted to develop metal,
intermetallic compounds or ceramic protective coatings for molybde-
num and molybdenum alloys. Nickel and chromium, plated in
alternate layers, provide a good combination of diffusivity, melting
point, and cost and show promise for service up to 2,000° F.

Use of vanadium and its alloys has been deterred by the fact that
at 1,250° F. in air a liquid oxide forms, thus making processing under
protective conditions necessary. Plated nickel coatings, however, in-
hibit the formation of oxides and allow some use of vanadium alloys
up to 1,700° F. These alloys are ductile and easily fabricated and
in addition have thermal conductivity double that of stainless steel—
an important factor for some missile applications.

One of the most significant recent developments contributing to
an increased interest in columbium as a construction metal has been
the commercial production of high-purty columbium, using electron-
beam furnaces, at the Wah Chang Corp. plant at Albany, Ore.
Ingots up to 12 inches in diameter and weighing 3,100 pounds were
produced. This metal is considered to be a promising base for highly
refractory alloys for use above 2,000° F., although it is conceded

enerally that 2,500° F. will be their limit. Reappraisal of resources
indicates that the world supply of columbium is ample, a reversal
to the belief of only 5 years ago. Columbium has several properties
indicating its usefulness in space research; high-temperature
strength, ready fabricability, and resistance to liquid-metal corro-
sion. On the other hand, columbium is a getter for oxygen and be-
comes brittle with oxygen pickup; unless alloys can be developed
that are resistant to oxygen passage, columbium, like molybdenum,
will require protective coatings. '

Tungsten, like molybdenum, is subject to catastrophic oxidation
(but at a higher temperature), difficult to arc-melt in large quantities,
and is extremely hard; the commercial grades are brittle at room
temperature. Also, like molybdenum, it suffers from ductile-to-
brittle transition behavior above room temperature, possibly due
to the presence of oxygen. Regardless of these drawbacks, tungsten
is finding use in the missile field because of high hardness, corrosion
resistance, and the highest melting point (6,170° F.) and recrystal-
lization temperature (about 2,850° F.) of all metals. Development
of tungsten alloys is in the embryo stage, but research in this field
has been accelerated rapidly during the last 2 years. Most of the
effort has been directed toward development of new alloys and new
fabricating techniques. Fansteel Metallurgical Corp. has developed
hot-forging (3,000° F.), machining and spinning procedures;
Stauffer-Temescal Corp. has produced ductile tungsten in an electron-
beam furnace; Kennecott Copper Corp. among others has made duc-
tile tungsten alloys by combination with 50 percent rhenium ; Oregon
Metallurgical Corp. has commercially arc-melted tungsten alloys.
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Tantalum generally is not considered for extensive application
because of the limited supply available in the earth’s crust. Also, its
price and density are higher than thiat of its sister metal, columbium.
Currently, much interest is being generated by new tantalum-tungsten
alloys. Fansteel National Research Corp., and Stauffer-Temescal
have announced the development of Ta-W alloys. One such alloy,
containing 90 percent tantalum and 10 percent tungsten, reportedly is
as strong as tungsten metal up to 4,500° F., much more resistant to
oxidation than tungsten, and, after electron-beam melting, is readily
fabricated, using conventional steelworking techniques. The tan-
talum-tungsten alloy is envisioned for use as rocket nozzles in
operational missiles.

“The demands of space engineering not only have stimulated work
in the development of metals and alloys for construction use but also
have led to increased study of fabrication and structural methods.
The trend in this field is reflected by the increased use of built-up or
composite structures. Such structures include corrugated panels,
trusscore panels, honeycomb, and clad units. For example, phenom-

_enal strength-weight ratios have been achieved with honeycomb struc-
tures built from beryllium foil, using an ultrasonic welding technique
for fabrication. The difficulty encountered in machining and finish-
ing units composed of ceramics, carbides, and the hard materials and
their alloys has resulted in the cievelopment of new finishing methods,
including ultrasonic milling, chemical milling, mechanical erosion, and
electroerosion. Casting-method research has led to advances in con-
sumable arc welding and has allowed successful casting of molyb-
denum by the Bureau of Mines and of columbium by the Union
Carbide Metals Corp.

Most solid propellant units designed for missiles and rockets have
no coolinf systems. The reactant gases of a missile are extremely hot
and highly corrosive and erosive; thus severe conditions that occur in
the nozzle entrance and throat sections require special materials.
Excellent thermodiffusivity of graphite and its high deterioration
temperature (6,000° F.) allow its use in the nozzle throat section, but
its poor resistance to erosion have led to extensive programs to perfect
suitable materials other than graphite for this unit. Ceramics have
been tried, but they have low strength, are brittle, and have little
resistance to thermal shock. Some fiber-reinforced phenolic-resin
materials show promise. One answer to the problem may be the use
of a tungsten metal liner in the graphite unit. Lack of oxidation
resistance should not hamper tungsten in this application, since the
discharge gases create a reducing atmosphere and operation times are
short. Fabrication of a liner from tungsten sheet would be im-
practical, if not impossible, but refinement of low-temperature vapor
deposition (developed by the Bureau of Mines) may prove to be
useful for this purpose. By this method, high-priority tungsten of
theoretical density can be deposited on irregular surfaces by reduction
of tungsten hexaguoride with hydrogen gas at about 1,100° F.

It is only natural that the rapidly expanding missile-research pro-
gram of the last few years, with its need for high-temperature
materials and high mach-number wind tunnels, necessitated simul-
taneous development of equipment capable of producing high temper-
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atures needed for simulated environment studies. Thus, the plasma
jet—a laboratory curiosity for many years—won recognition almost
overnight as a research and production tool. The plasma jet consists,
basically, of a small tube in which a stream of gas is heated by an
electric arc. The gas emerging from the device resembles an open
flame, but since no combustion takes place, temperatures are not
limited by internal heats of reaction and are much higher. By add-
ing electric energy continuously, the plasma jet can develop gas
temperatures as high as 30,000° F.; combustion of hydrocarbons with
oxygen develops a maximum of 5,600° F. The tool has found ready
use for furnishing high-temperature air in excess of 6,000° F. for
wind-tunnel nozzles for simulated missile-reentry problems. Plasma
jet torches have been found valuable for cutting materials like tung-
sten, Inconel-X, and graphite; 1-inch steel plate can be cut at twice
the speed and half the cost of a commercial oxygen torch.

The plasma jet also has been the basis of the inexpensive solution
to many industrial wear problems—flame-spraying metallic or
metallic oxide coatings on units subject to excessive wear. Flame-
spray equipment is now being sold commercially. Production jobs
range from coatings on gas-turbine blades and large rolls for paper
mills to valve seats and butcher-knife edges. Recent research in
a relatively unknown field has shown some unusual properties of
stratified coatings produced by flame-spray techniques. Resulting
from such studies has been the production of nickel-aluminum oxide
mixtures possessing good thermal shock properties.

Thermoelectricity is, in its simplest terms, the use of thermocouples
for converting heat to electricity, and vice versa. A thermocouple
is “a union 0% two conductors, as bars or wires, of dissimilar metals
joined at their extermities”. When such a junction is heated, a small
electric current is generated, proportional to the temperature. This
principle has been used for many years in controlling electric fur-
naces and other industrial uiFment. Until fairly recently, it was
almost forgotten that Jean Peltier, back in 18385, demonstrated to
the French Academy of Sciences that if direct current were passed
in one direction through such a thermocouple a drop of water could
be made to boil, and that if the current were reversed the water
would freeze to ice. Since the efficiency of conversion was extremely
low, the effect was dismissed with a shrug for more than a century.
In the last 5 to 8 years, however, scientists have been successful in
raising the efficiency of conversion of heat to energy from about 5
to 18 percent; in some areas this is nearly competitive with steam
generation, which is in the order of 30 percent. It seems that even
today thermoelectric home-refrigeration units could compete with the
older motor-driven-compressor, gas-expansion type. Air-condition-
ing units could be practical under certain conditions.

Although other combinations of conductors have been used experi-
mentally, bismuth-tellurium couples seem to be the most efficient for
thermoelectricity conversion. So tellurium and bismuth, cursed as
nuisances by every smelter operator since man began separating
metals, suddenly became the center of attention for many of the non-
ferrous extractive metallurgists of the world. Already this new-
found use has consumed the accumulated stocks of tellurtum; and no
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supplement has yet been found to the principal source of this metal—
tankhouse sludge from electrolytic copper refineries.

A continued marked increase in the use of the new oxygen-converter
process for steelmaking was noted in 1959. This process, unused by
American steelmakers %efore 1954, now is employed to produce more
than 4 million tons of steel annually—nearly 3 percent of the steel
industry’s total capacity of 148.6 million tons. It is reported that
further substantial oxygen-converter installations are being built.
Electric furnaces, once used only for fine alloys, now are employed
widely for production of carbon steel. The annual capacity of elec-
tric furnaces was increased during the year by almost a million tons—
to a total of 14.4 million tons. This capacity is double that of 19
years ago and constitutes almost 10 percent of the total steel capacity
of the United States. Steelmaking by the Bessemer process continues
to decrease. About 85 percent of the Nation’s steel is made in open-
hearth furnaces; it is worthy of note, however, that during the last
year open-hearth capacity of the industry increased by only about
100,000 tons—less than one-tenth of the combined expansion in electric
and oxygen furnaces.

Successful tests at Strategic-Udy’s Ontario pilot plant led to the
announcement that the Udy process will be employed to treat copper
smelter slag at two new western integrated steel plants. Webb and
Knapp Strategic Corp. plans to have the first plant on stream by late
1961 to treat material from the United Verde smelter slag dump at
Clarkdale, Ariz. The 30-million-ton dump contains about 33 percent
Fe, 0.5 percent Cu, and 2 percent Zn. The company plans to produce
semisteel, finished steel, fabricated mill products, and byproduct
copper and zine. In addition, the final slag will be processed into
lightweight aggregate and building materials. The initial capacity
will be 500 tons of steel per day. Webb and Knapp also have ar-
ranged to purchase the 3,000-ton daily production of hot slag from
the Anaconda copper smelter at Anaconda, Mont., and the 40-million-
ton slag dump there. A similar Udy process plant is expected to be
completed at Anaconda in 1963. The Quebec South Shore Steel Co.
has announced that it will use a like process developed by Strategic-
Udy to produce steel and recover titanium from titaniferous iron ores
in a 150,000-ton-per-year plant at Montreal, Canada to be completed
in 1961.

Allis Chalmers Manufacturing Co’s. grate-kiln system has been
hailed as the answer to many problems involved in the agglomeration,
heat-treating, or processing of many raw materials such as iron ore
and concentrates, magnesite, cement, phosphate rock, dolomite, and
limestone. Basically, the treatment consists of hardening green balls
or pellets (prepared in a conventional balling drum or pan) in a mov-
in%-grate drying furnace with heat supplied by kiln exhaust gases,
followed by induration at about 2,400° F. in a rotary kiln. It is
claimed that the grate-kiln system produces uniform, hard, durable
pellets; that fuel efficiency is excellent; and that dust losses are low.
The system apparently has found favor with lime and cement pro-
ducers; several plants using this method reportedly are to be con-
structed. Meanwhile the iron-producing companies, which offer the
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largest potential market for the system, are continuing their investi-
gation of this and other agglomerating systems. .

Man’s age-old dream of recovering gold from sea water was revived
again with announcements about the processes of “foam separation”
and “ion flotation.” Both processes take advantage of the fact that
in a liquid mixture surface-active components (solutes which lower
surface tension) are preferentially adsorbed at gas-liquid interfaces,
while surface 1nactive components concentrate in the bulk liquid.
Passage of gas through the liquid creates foam, which is easily re-
moved, thus concentrating the surface-active materials. Solutions
of metal ions normally are not surface-active; for separation by
foaming methods the metals must be associated with some surface-
active material such as anionic surface actants, organic chelating
and complexing agents, or negatively charged materials exhibiting
surface activity. Radiation Applications, Inc., in the fall of 1958
announced results of work conducted by Dr. E. L. Gadden and associ-
ates at Columbia University. R.A.I. work primarily has been con-
cerned with the removal of strontium and cesium from radioactive
waste. The company reports that they have investigated a number
of foaming and complexing agents including aromatic sulfonates,
simple amino acids, fatty a,cigs, polypeptides, and various amino
acid derivatives. Ion flotation, which Armour Industrial Chemical
Co. has publicized, was developed by Professor Felix Sebba of the
University of Witwatersrand, Johannesburg, South Africa. Profes-
sor Sebba’s description of his process would indicate that it is limited
to the use of those surface actants that will form insoluable soaps
with the ion to be removed.

The processes are not effective above 10 molar concentration but
increase in effectiveness as the concentration becomes less. R.A.IL has
reported successful removal of strontium to a molar concentration of
10-°. Thus it seems that the methods are particularly effective in
the concentration range where methods such as chemical precipita-
tion, absorption, and ion exchange become impractical.

Foam separation and ion flotation have yet to progress beyond the
laboratory stage, and for many applications seem to be economically
impractical. Professor Sebba, however, predicts eventual economic
recovery of copper, cobalt, aluminum, uranium, and gold from sea
water. Applications such as the removal of trace impurities from
high-purity metal salts and concentration of trace-metal impurities
to allow application of standard analytical techniques are readily
visualized.

Research by the Bureau of Mines resulted in reappraisal of the
potential of another half-forgotten treatment method—the segrega-
tion process for recovery of copper from oxide and sulfide ores. A
similar method was developed in 1923 by Minerals Separation, Ltd.,
of London, England, for treatment of the oxidized ores of the copper
belt in northern Rhodesia and the Belgian Congo, but commercial
installations -never were made. Briefly, the process comprises heat-
ing crushed ore with salt and coke or other carbonaceous material at
about 700° C. to produce fine particles of metallic copper, which
subsequently are recovered by flotation methods. Small-scale batch
and continuous tests by the Bureau of Mines showed that the process

567825—60——4
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has merit for treating oxidized and mixed oxide-sulfide copper ores
and demonstrated that ores having caleareous, siliceous or bentonitic
gangue can be processed with good recovery of copper. Tests of two
ores revealed that the process is technologically feasible on a continu-
ous scale. Conventional sulfide-flotation procedures can be used to
recover the copper from the heat-treated ore, but considerably larger
quantities of reagents are required than for conventional copper sul-
fide flotation. The Bureau is continuing research in an effort to
improve the process and to define the proper conditions for optimum
segregation. The method meanwhile is being tried on pilot-mill scale
by a Mexican mining firm. An Arizona company has announced that
it will construct a 500-ton-per-day segregation plant to treat a copper
silicate ore; initial production of 500 tons per day by spring of 1960
is planned, with an eventual increase to 1,000-ton capicity.

The successful commercial application of a new method for the
beneficiation of rock salt was announced. The method, developed at
Battelle Memorial Institute in 1957, consists of heating gangue parti-
cles of a salt-gangue mixture by radiant heat, followed by separation
on a belt coated with a heat-sensitive resin. The heated particles ad-
here to the resin and are rejected ; the unheated salt particles are col-
lected as high-grade concentrate. The plant, installed in the Detroit
mine of International Salt Co., treats hourly 35 tons of material in
the size range of 14 to % inch. The method was developed specifi-
cally for rock salt, but it 1s believed that the principles involved may
be applicable to other separation problems.

The biggest news during 1959 in the uranium-processing field
was the commercial application of a combined alkaline leach and
resin-in-pulp method of uranium recovery. Solvent extraction and
ion-exchange recovery methods were developed primarily for acid
leach processes. Alkaline leaching uses less reagent than acid leach-
ing, but autoclaving is required; normally uranium is recovered by
chemical precipitation from filtered leach liquor. KEconomic analysis
of the capital and operating costs of an alkaline filtration versus
the alkaline resin-in-pulp ion-exchange process showed that ores con-
taining high bentonitic slime can be treated more economically by
the alkaline-R.I.P. method. As a result, Uranium Reduction Co. of
Moab, Utah, announced the conversion of 880 tons per day of its
plant to alkaline leach for the treatment of ores containing 10 to 15
percent lime; one section will be maintained for acid leaching of
low-lime ores. The alkaline leach-R.I.P. process was pioneered at
Grand Junction by National Lead Co. and used at the Government-
owned Monticello mill until it closed in January 1960.

Of more than passing interest is development of the D.S.M. “sieve
bend” screen, which may replace vibrating screens at many mineral-
dressing plants. This unit, originally developed by the Dutch State
Mines, 1s a stationary bar-type screen, which may be operated in
closed circuit with a ball or rod mill. Pulp is fed tangentially onto
a concave screen surface of stainless steel wedge wire, with the bars
perpendicular to the direction of flow. A split at 835-mesh is effected
with an opening of about 16-mesh, and screen blinding is thus mini-
mized. Proponents claim that the additional advantages are that it
requires very little floor space, has no moving parts, gives high
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screening efficiency, and has extremely high capacity per foot of
screening surface. Successful tests in commercial plants on iron
ores and nonmetallics have been reported.

Commercial operation of a zinc blast furnace was used for treat-
ment of complex lead-zinc ores by the Imperial Smelting Corp. at
Avonmouth, England. Success of the operation is due to mainte-
nance of a high carbon dioxide-carbon monoxide ratio in the furnace
and to development of a lead splash condenser, which allows con-
densation of zinc from the blast-furnace gas. The process depends
on the solution of zinc vapor in liquid lead and subsequent removal of
the zinc at a lower temperature because of the decrease of the solubility
of zinc in lead. Early work, using a furnace atmosphere high in
carbon monoxide gas, was unsuccessful because of low thermal
efficiency and reduction of iron oxides.

Updraft sintering of lead concentrate—a treatment developed inde-

ndently and simultaneously by the Broken Hill Associated Smelters
in Port Pirie, Australia, and the Lurgi Gesellschaft fur Chemie und
Huttenwesen, Frankfurt-am-Main, Germany—has resulted in many
advantages compared with the downdraft process it replaced at both
plants. Some of the advantages are listed as higher output, lower
power consumption, less wear on equipment, higher sulfur dioxide
content of the off-gases, and the possibility of producing a more
homogeneous sinter of high lead content. At the Lurgi plant, sinter-
ing is conducted on concentrate mixes containing a minimum of 70
percent lead ; the resulting sinter is smelted in a short rotary furnace.

‘A new construction material has been developed: Foamed alumi-
num, made by mixing zirconium hydride with molten aluminum, was
first made on a commercial basis in late 1959. The material is report-
ed to be lighter and have better insulating properties at lower cost
than most common structural materials. The present market is for
roofing and building panels, but the producers also hope to enter the
extruded- and molded-parts field with products ranging from air-
plane floats to water skis.

Technetium, one of the rarest of the rare metals, is now being recov-
ered from waste fission-product solutions by the United Kingdom
Atomic Energy Authority. The extraction process includes separa-
tion by ion-exchange resin, removal with strong nitric acid, and
concentration by evaporation. The solution is further purified and
concentrated by extraction with methyl-ethyl ketone and another
evaporation step. The method of reduction to metal has not been
announced. So far, processing more than 100 tons of radioactive
waste has yielded 20 grams of technetium

Any observer of beneficiation and hydrometallurgical practice can-
not be unaware of the changes brought about by a new class of organic
flocculating agents createc% only about 6 years ago. The reagents
found strongest support in uranium-processing plants, where they
goved to be far superior for separating uranium-bearing solutions

om clay slime particles than the glue originally used as a flocculant.
Their use now has spread to plants processing such materials as
copper, gypsum, alum, cement, nickel, cobalt, rare earths, magnesia,
clay, borax, potash, soda ash, lithium, petroleum wastes, and wood-
pulp. Improvements in flocculation activity of ten to several hun-
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dredfold have been noted. The results have shown themselves in
increased capacity of existing plants, reduced capital costs of new
plants, and more efficient use of valuable space. In some instances
separations have been made that previously were economically im-
possible. Most widely publicized have been a group of synthetic

olymers made by Dow Chemical Co., American Cyanamid Co., B. F.
}éroodrich Chemicals, and Monsanto Chemicals. Also of note are
several natural guar products including Stein Hall’s Jaguar and
General Mill’s Guartec. The organic reagents are characterized as
water-soluble compounds of high molecular weight. Unlike inor-

anic flocculants such as alum or ferric chloride, the amount required
1s not affected significantly by the concentration of the solids to be
removed. Unfortunately the mechanism of flocculation still is not
clearly understood, so that the choice of a flocculant for a particular
use must be made by empirical methods.

The Japanese reported one answer to the problem of what to do
with unwanted slag. The standard process for the production of
nickel from garnierite ore is producing a nickel matte and a slag by
fusion of ore with limestone, silica, gypsum, and coke. In the modi-
fied process, phosphate rock is used instead of limestone. The result
is coproduction of nickel matte and calcium magnesium phosphate.
The phosphate material is a good fertilizer for acid soils and is wel-
come in Japan, where the need for fertilizer is great. Fusion temper-
ature of the charge is higher in the new process, and thus furnace
operation is more difficult. Too, the phosphate rock must be im-
ported. In spite of these obvious drawbacks a number of Japanese
companies are planning to employ this simultaneous production
technique.

A currently popular guessing game is based on the question, “What
will be the trend of technology In the 1960’s?” Although few of us
would care to forecast the exact nature of the next breakthrough, we
need no highly polished crystal ball to predict that the rapid pace of
scientific research and technological development will continue for at
least another decade. In fact, judging from past records the rate
probably will be increased materially. After all, it took man from
3000 B.C. until 1830 A.D. to break the “oat barrier” by invention of
the train—the first mode of travel faster than horseback. By 1945
man could travel 470 m.p.h.; then in a mere 11 years, he reached the
rate of 2,226 m.p.h. According to one prominent metallurgist,
“scientists now know more about the fundamental structure of metals
from having studied high-purity germanium and silicon for 10 years
than they knew after 100 years of messing around with iron and
(fzopper.” By today’s standards, advances in the next 10 years may be

antastic.



Review of Mining Technology

By Paul T. Allsman? and James E. Hill 2

5

CIENTIFIC inquiries concerning phenomena that may influence
mining technology were widely publicized during the year. The
deep-hole drilling project “Moho,” 3 the use of nuclear explosives

underground, and the recovery of minerals from the depths of the sea
became subjects of scientific and general discussion. The mining in-
dustry continued to watch these developments with keen interest, but
its more immediate concern was the increasing tempo of competition
between mineral commodities, the domestic producers of these com-
modities, and foreign sources of supply. The competitive situation
has intensified the industry’s efforts to develop more efficient new
mining methods, as well as to improve the efficiency of present
practices.

The attitude of the industry was well illustrated by rapidly ex-
Fended use of low-cost ammonium nitrate explosives, the estab-
ishment of rigid schedules for equipment maintenance, and close
attention to the detailed costs of production. The complexity of
planning a new coal mine is aptly illustrated by the editors of
Mechanization in the April 1959 1ssue, in which they outline the cost
of deve}loping a mine and the various problems, factors, and decisions
involved.*

EXPLORATION AND SAMPLING

While largely unheralded, the unprecedented improvements in sur-
veying techniques have made major contribution to exgloration efforts.
New instruments and methods have increased productivity, main-
tained accuracy, and decreased costs.®> Aerial photography, an essen-
tial part of modern photogrammetry, continued to improve. The
latest device was a super-wide-angle lens with a 122° angle of coverage.
Rapid and accurate surveys were attained with the new high-resolu-
tion, low-distortion, wide-angle cameras, projectors for aerotriangu-
lation and compilation, and plotters that may be linked to systems
for electronic-computer analysis of the results. The Stereomat, an

1 Chief mining engineer.

2 Assistant chief mining engineer.

8 Drilling Magazine, Probing the Mysterles of the Earth’s Interior: Vol. 21, No. 1,
November 1959, pp. 7475, 98.

4 McCurdy, Wayne A., and Fleming, R. M., So—You are Planning a New Mine : Mechani-
zation, vol. 23, No. 4, April 1959, pp. 85-116.

& Moore, Roland H., that’s New in Surveying Instruments: Civil Engineering, vol. 29,
No. 8, August 1959, pp. 52-55.
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electronically activated plotting instrument, does automatic profiling
and semiautomatic contouring.

Acourate instruments have been developed in the past few years for
economic measurement of distance for triangulation base lines and
traverse courses. The Geodimeter uses the velocity of light to meas-
ure distances. A modulated beam of light is directed from the appa-
ratus to a reflector at another station. The distance between the two
stations is determined as a function of the phase difference between
the emitted and reflected beam. Distances up to 30 miles have been
measured with accuracy acceptable for a geodetic base line. The
Tellurometer uses the known velocity of radio waves to measure dis-
tances. Utilizing a radio signal transmitter at one station and a
receiver at the other station, the distance is measured from the phase
difference of the signal and the known velocity of the wave. The
Micro-Dist uses the basic principle of the Tellurometer, but the mas-
ter and remote units are interchangeable and readings are taken from
a direct-reading counter rather than a cathode-ray tube.

Revived interest in adapting the gyro principle to surveying has
led to development of several gyrotheodolites.® Miniaturization of
parts has decreased bulk and welght, objectionable features of earlier
models. Some of the new gyrocompass designs approach a size that
may be utilized for surveying small-diameter boreholes. A gyro-
theodolite designed by C. Platt of Hamburg, Germany, is based on
the floating pendulous north-seeking system with electrostatically
centered spherical float. The bulk, weight, and cost of the instrument
deter its general acceptance for mine surveying, but the marked
improvements in this respect over the earlier German models should
lead to eventual acceptance for special survey applications.

The new Federal mining-claim-assessment law recognizes geophysi-
cal exploration as valid assessment work. This should invite a more
universal use of geophysical methods now and in the future. Ex-
ploration departments of most of the large mining companies employ
geophysical methods, but their limited use in mining as compared
with petroleum exploration results in a great divergence of opinion
among mine management as to when, how, and where to use spe-
cific methods and equipment.” Hand magnetometer, surface electro-
magnetic, natural potential, and other electrical methods still prevail
in most mining work. Recent improvements in geophysical technique
and equipment tend to make geophysical methods attractive despite
their cost, especially as costs for other types of explorations are rising.

Geophysical equipment costs range from about $25 for an inex-
pensive magnetic dip needle to more than $35,000 for a continuous-
recording magnetometer or electromagnetometer. Aerial continuous
traverse work costs approximately $6 per mile per method. Average
mobile continuous traverse charges are $4.50 per mile. Large recon-
naissance surveys can cost less than 10 cents per acre; a limited de-
tailed survey may run more than $200 an acre. An average cost is
about $20 per acre per method.

8 Prleider, E. P., Gyro-Compass Surveys Underground Workings and Boreholes: Min.
B otk watee m . . Mirends in ‘the Application of Geoph

eindricks, alter E., Jr.,, Trends in the plication o eo sics : Min. Eng., vol.

11, No. 7, July 1959, pp. 688-690. r phy o Bnge vo
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Preliminary results with an airborne gravity meter indicate that
the techniques employed overcome some of the former difficulties
caused by the large forces imposed on the meter by the motion of the

lane® One method uses a balanced system of two masses with a

ighly stable source of energy. A frequency-controlled timing unit
periodically locks the two masses in a central position in their housing
coincident with the natural frequency of the oscillating beam system.
The distance between one of the masses and a fixed plate is measured
by a capacity bridge.® Still in the stage of developing equipment,
techniques, and interpretive data, the method has been used to out-
line a large iron ore deposit at Iron Mountain Lake, Quebec.

Induced polarization or overvoltage surveying used in conjunction
with resistivity surveys has been successfully applied by Newmont
Mining Corp. in exploration for disseminated sulfide deposits.* The
earth-resistivity method was used more widely to explore for sand
and gravel deposits, but the prevailing philosophy that it is a do-it-
yourself cure-all for location of deposits often produces disappointing
results.’* The method is based on comparison, and correlation results
are dependent on a reliable correlation table. With the use of good
techniques and reliable interpretation, the method can be used to
contour (1) types of soil by textural classifications, (2) relative quan-
tities of each type of material, (3) location with respect to depth
and (4) lateral extent of each type. An interesting application o
geophysical methods is the shock-wave technique used to determine the
rippability of soil and rock layers.’? A shock wave is generated by
striking a steel plate laid on the rock surface with an 8-pound ham-
mer. The wave is recorded on a geophone receiving instrument, and
the time and distance data are related to applicable tables to indicate
depth and rippability of the material. v

At the Otanmaki mine in Finland magnetic borehole instruments
and survey techniques were used to outline the magnetic-ilmenite ore
bodies.®* Ore lenses are essentially vertical. The ore zones are in-
vestigated by diamond drill holes 130 to 650 feet long, drilled from
the haulage drifts. However, information from diamond drilling is
not adequate for drawing up mine layouts and is supplemented from
200-foot holes drilled by long-hole methods. The magnetic instru-
ment, which is essentially a permeameter, is inserted in these holes to
provide information for classifying material as high- or low-grade
ore, disseminated ore and waste rock. The equipment consists of two
&)‘rincipal components, a probe and a receiver, connected by a cable.

he probe is an electronic oscillator housed in a 1-inch-diameter plastic
tube 15 inches long. The receiver is a preset amplifier indicating the
frequency variation. The probe is attached to and inserted by a rigid
rod assembly. The assembly is made up of 1-inch aluminum rods

¢ Engineering and Mining Journal, A Geophysical Breakthrough—The Airborne Gravity
Meter: Vol. 160, No. 9, September 1959, Jp 118.

® Lundberg, Hans T., and Ratcliffe, John H., Airborne Gravitg Meter, Description and
Preliminary Results: Min. Eng., vol. 11, No. 8, August 1959, pp. 817-820.

10 Baldwin, Robert W., A Decade of Development in Overvoltage Surveying: Min. Eng.,
vol. 11, No. 3, March 1959, pp. 307-314.

1 Barnes, Howard E., Earth Resistivity Interpretation for Sand and Gravel Prospecting :
Pit and Quarry, vol. 51, No. 11, May 1959, pp. 92-96.

12 Fahnstock, C. R., Shock-Wave Technique Reveals Subsurface Conditions: Excavating
Engineer, vol. §3, No. 6, June 1959, pp. 27-30.

13Paarma, H. B, and Levanto, A, E., Underground Exploration at Otanmaki Mine:
Mine and Quarry Eng., vol. 24, No. 12, December 1958, pp. 545-554.
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with a milled groove down the side into which the cable connecting
the probe and meter is pressed. The rods are joined by tongue an:
locking pin. )

As mineral explorations probe deeper, the problems of deep drill-
ing become more evident, together with the inadequacies of existing
equipment and techniques to meet them. Recognition of the problem
by both mining and petroleum exploration engineers 1s resulting in a
more general evaluation of the techniques employed by the two groups.
During the past several years the petroleum engineer has made in-
creased use of “slim hole” drilling and has revived interest in methods
similar in many respects to exploratory diamond drilling in mining.
Air and gas as circulating medium for diamond drilling are used in
drilling for oil and gas to increase speed of penetration and reduce
cost.’* On the other hand, the conventional ol field practice of using
mud as a drilling fluid is being used in mineral exploration.** While
drilling with mud requires some special equipment and controlled
operating techniques, it improves core recovery, prevents caving, and
reduces the need for casing. Successful techniques using mud drilling
(40- to 45-second viscosity), bottom-discharge bits, and step-face
bits have been applied to core the friable and blocky western Mesabi
ores in Minnesota.** The ores are characterized by hard ore bands
and a more or less cherty iron formation enclosed in a soft decom-
posed silica matrix. The coring problem is not only to sample the soft
material without loss but to prevent blocking and grinding due to
the hard seams.

The major advantages of air and gas drilling are increased bit life
and speed of penetration. However, when small quantities of water
are encountered the cuttings tend to ball and stick, thus reducing
penetration rate. The removal of large quantities of water requires
prohibitively la,rfe air pressures. The use of low-density drilling
mud formed by foaming agents has been introduced, and 1n a sense
the advantages both of air drilling and of mud as a circulating me-
dium are obtained.”

At the instigation of South African mining groups, an equipment
manufacture began designing for early production a diamond core
drill capable of working to 15,000 feet.’* Again the know-how of the
oil industry in relation to deep drilling has been called upon in the
design. The derrick, known as a jackknife type, is of tubular welded
construction, designed to be assembled on the ground and hoisted to
a vertical position. The hoist is a separate unit with a 3-foot-diameter
drum, chain-driven and fitted with hydraulic braking for lowering
the drill rods.

“Harris, W. I, and Jackson, Gordon, Recent Developments in Diamond Bit Design for
Air and Gas Drilling: Proe. 16th Annual Meeting, Canadian Diamond Drilling Assoc.,
Toronto, Canada, June 1959, 8 pp. Smith, F. W., Equipment Requirements for Air and
Gas Drilling : Drilling Mag., vol. 21, No. 2, December 1959, pp. 66-69.

15 Hayes, John K., and Read, Vernon, Developments in Core-Drilling Techniques for Deep
Minerals Exploration : Min. Eng., vol. 11, No. 1, January 1959, pp. 49-54.

18 Randolph, E. Richard, Reid, Ian L., and Stephenson, Thomas E., Summary of Recent
Experimental Rotary Core Drilling on the Mesabi Range : Pres. at 9th Annual Drilling Sym-
léc;sllulgéi Pe:;nsylvania State Univ., October 1959 (to be published in Proceedings of the

um).

1"501ns, W. C., Jr., and Magner, H. J., Use of Foam-Producing Agents in Drilling:
Pres. at 9th Annual Drilling Symposium, Pennsylvania State Univ., October 1959 (to %e
published in Proceedings of the Symposium).

BSouth African Mining and Engineering Journal, Reef-Designed Diamond Core Drill
Nears Completion : Vol. 70, No. 3458, May 22, 1959, pp. 1194-1195.
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The need for deeper exploration drilling and the increased costs
of recent years have intensified interest in optimizing exploration
techniques” and refining sampling procedures. To obtain the most
detailed and accurate information possible from exploration efforts
at a minimum cost is a universal goal. Papers on the subject were

resented at the Ninth Annual Drilling Symposium, Pennsylvania

tate University, and will be published in the Proceedings of the
Symposium. The use of mathematical approaches, such as operations
research and statistical analysis, was pursued as one means of reach-
ing that goal. Dr. Robert J. Uffen suggested a number of relation-
ships that may be applicable to optimizing a prospecting plan.*®
Three relationships stressed were (1) prospecting profit ratio,
(2) completeness of search ratio, and (3) drilling coverage ratio. It
is obvious that much work must be done to refine and give meaning
to these ratios, but they do offer a rational guide to extensive and
expensive prospecting ventures.

Another possible approach is the application of search theory,
which was used extensively for military purposes® Search theory
considers the tactics of target-seeking and the strategy for allocation
of effort, a very close analogy to mineral exploration. Development

-of electronic computers relieves an onerous aspect associated with
the use of mathematical techniques. The combination was used with
some success on a magnesite deposit at Gabbs, Nev., to correct the
estimates of ore tonnages falling within desired ranges of quality.*
The Federal Bureau of Mines continued its program of investigation
on the theory of sampling with a major emphasis on the application
of statistical methods.2 Working in cooperation with several mining
companies, the Bureau analyzed exploration and sampling data to
investigate the validity and application of statistical methods.
Studies were made of tests for random distribution of the mineral,
changes in grade and their effects on randomness of sample data, and
minimum number of samples for a range of volume required to sam-
ple to a specified degree of accuracy.

DEVELOPMENT

Sinking and equipping a shaft, an operation required in the early
stages of developing most underground mines, is often difficult and
expensive. As such, it is a subject of concern to many mining engi-
neers, who have watched with interest the recent improvements in
domestic and foreign shaft-sinking practices. A competitive aspect
was added to this interest during the past year by claims and counter-
claims from the Union of South Africa and the U.S.S.R. to the
world’s record for speed in shaft sinking. The Russian record in

1 Uffen, Robert J., Determining an Optimum Prospecting Plan: Pres. at 9th Annual
Drilling Symposium, Pennsylvania State Univ., October 1959 (to be published in Pro-
ceedings of the Symposium).

20 Brown, Arthur A., Application of Search Theory to Problems of Drilling and Blasting :
Pres. at 9th Annual Drilling Symposium, Pennsylvania State Univ., October 1959 (to be
published in Proceedings of the Symposium).

21 Shurtz, R. F., The Electronic Computer and Statistics for Predicting Ore Recovery :
Min. Eng., vol. 11, No. 10, October 1959, pp. 1035-1044.

2 Becker, Robert M., and Hazen, Scott W., Jr., Probability in the Estimation of Grade
of Ore: Pres. at 9th Annual Drilling Symposium, Pennsylvania State Univ., October 1959
(to be published in Proceedings of the Symposium).
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April of sinking the new Boutoff No. 3 shaft 868 feet in 30 days was
shattered in October, when the Vaal Reefs gold mine shaft in the
Union of South Africa was sunk 922 feet in 30 days.® By the end
of the year a record of over 1,000 feet in 30 days was achieved in
South Africa. The Vaal Reefs shaft was sunk at an average rate of
7.09 feet per shift, with an average shift time of 5 hours 15 minutes.
Russian statistics show an average advance per shift of 7.5 feet, but
the average shift time was 6 hours 28 minutes. The South African
achievement was credited in large part to a careful study of time-
consuming bottlenecks so that a fast operating cycle could be main-
tained. For the future any substantial increase in sinking speed is
dependent on a breakthrough in the depth that can be broken per
round. The record established at Vaal Reefs is even more impressive
in that they excavated 55,000 tons compared with 25,000 at the New
Boutoff mine.

Mechanical grabs were used by both Russians and South Africans
to excavate broken rock. Vaal Reefs employed an electrically oper-
ated cantilever boom-type machine of 20-cubic-foot capacity.? The
unit consists of a boom suspended from the center of the bottom deck
of the sinking platform and arranged to be rotated in either direction.
The grab hoist is on a traversing carriage which moves radially in the
boom. The Russians used five pneumatic grabs, each of 5-cubic-foot
capacity.?® Winches are mounted on the lowest platform of a multi-
ple-platform shaft-sinking cylinder.

An international shaft-sinking and tunneling symposium was held
in London during July. The 25 papers presented at the meeting in-
cludéd reports on recent practices in Australia, Belgium, Canada,
Czechoslovakia, France, Germany, Great Britain, the Netherlands,
Hungary, Poland, South Africa, Sweden, the U.S.S.R., and the
Unitedrgtates. The papers will be published by the Institute of Min-
ing Engineers, 83 Grosvenor Crescent, London S.W.L, as a volume
on proceedings at the symposium. A subject of general interest was
the mechanical shaft mucker developed in the past few years. In
Canada the Riddel Clam is widely used in shafts designed with the
compartments in line, particularly in shafts with four or five compart-
ments.® The Cryderman shaft machine is more commonly used in
three-compartment shafts, shafts with compartments arranged in a
square or rectangular pattern, and circular shafts, and occasionally
in inclined shafts. Until about 15 years ago, shafts sunk in South
Africa gold mines were generally rectangular sections lined with
timber sets.?”

2 South African Mining and Engineering Journal. Vaal Reefs 27-Foot Diameter No. 2
Shaft: Vol. 70, No. 3478, Oct. 9, 1959, pp. 901-905.

Engineering and Mining Journal, South Africans Shatter Soviet Shaft Mark: Vol. 160,
No. 11, November 1959, p. 128. .

% Hewitson-Brown, F., Mechanical Lashing in Shaft Sinking: South African Min. Eng.
Jour., vol. 70, No. 8475, Sept. 18, 1959, pp. 713, 715, 739.

% South African Mining and Engineering Journal, Shaft Sinking Methods in the U.S.S.R.:
Vol. 70, No. 3457, May 15, 1959, pp. 1107-1109.

% Bennett, W. E., Harrison, Patrick, and Smith, G. E., Shaft Sinking in Canada: Sym-
posium on Shaft Sinking and Tunnelling, The Institute of Mining Engineers, London,
England, Paper 2, July 1959, 15 pp. A

7 MacConachie, H., Shaft Sinking Practice in South Africa: Symposium on Shaft Sink-
il%g5 ;.n2d4'1‘unnelling, The Institute of Mining Engineers, London, England, Paper 15, July

) pp.
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The advantages of concrete-lined circular shafts were not then suffi-
cient to offset their low sinking speed, except under special conditions
of difficult ground or when the time factor was unimportant. Since
that time, however, the South Africans have become recognized mas-
ters in techniques that allow rapid and efficient sinking of circular con-
crete-lined shafts. An important advancement was the development
of a multiplatform shaft staging designed for concurrent sinking and
lining. Beginning with experiments in 1946, efficient mechanical
mucking equipment using pneumatically operated cactus-type grabs
has been developed. Various methods have been used to maneuver
the grab. The oldest type still in use is a centrally pivoted boom
traversing circumferentially along the perimeter of the shaft on a
monorail fitted below the bottom deck of the stage. A later type
featured a centrally pivoted electrically operated cantilever boom
with rope and sheave arrangement in the boom for radial and vertical
movement of the grab. The latest development eliminates use of
ropﬁs and sheaves by using hydraulic rams for all movements of the
grab.

Driving raises is an important part of mining in Sweden, and con-
siderable research was directed to improving raising practice.? Inno-
vations included a steel ladder platform with the ladder advanced
upward by air cylinder, a drilling platform hoisted through a bore-
hole from above, raising with long-hole drilling, and more recently
a drilling platform elevator consisting of a steel platform raised by
a compressed-air motor which has a pinion climbing and a rack-
equipped guide rail. The rack-equipped guide rail is fastened to the
rock wall of the raise with expansion bolts. At the Kiruna mine the
drilling platform has been adapted to a shaft loading apparatus by
attaching a telescope feeder to operate a polygrab controlled by an
operator on the platform.

A report by two members of the Academy of Mining, Ostrava,
Czechoslovakia, described model tests and theoretical studies leading
to design of a proposed shaft-sinking machine.?? The machine would
consist of a housing with a bell-shaped bottom designed to fit the cross
section of the shaft. A liquid bath would be maintained in the lower
part of the housing at the shaft face. Rock breaking would be accom-
plished by electrically powered hydraulic ramming with cavity effects.
Broken rock would be removed by pumping the liquid out as new
liquid is added.

A report on sinking the Lens Shaft No. 19 in France described a
drilling platform that allowed drilling 8-foot holes without changing
steel.® Drillers stand on four plank-type platforms about 4 feet high
disposed radially in the shaft. The platforms are supported at the
center of the shaft on a four-leg table arrangement and by the shaft-
support channel along the circumference.

28 Epstein, V. S., Shaft Raising and Sinking in Sweden: Symposium on Shaft Sinki

ggd Tunnelling, The Institute of Mining Engineers, London, England, Paper 17, July 1195]2)%
DD.

2 Voropinov, J.,, and Kittrich, R.,, A new Machine for High Speed Shaft Sinki a
Roadwa]% Tunnelling : Symposium on Shaft Sinking and Tunnel;ling, The Insti?ugtea%f
Mining Engineers, London, England, Paper 25, July 1959, 11 pp.

. ¥ Pot, F., The Sinking of Lens Shaft No. 19: ymﬁosium on Shaft Sinking and Tunnel-
ling, The Institute of Mining Engineers, London, England, Paper 4, July 1959, 18 pp.
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Most of the remaining papers at the symposium were on practice
in Europe and concerned rock-solidification methods for shaft sink-
ing. OtP the 55 shafts completed or started in Britain since 1947, all
have used precementation or freezing to some extent.” Ordinarily,
cementation is used where the bands of water-bearing strata are not
thick enough to warrant freezing or where there are no impermeable
strata in which to anchor the ice wall. Advances which have taken

lace in the freezing process since World War IT have been due to
mprovements in refrigeration equipment, drilling techniques, and
shaft-lining method used in conjunction with the process. Probably
the most important advance was a change from conventional cast-
iron liners to lining with bulk concrete backed by corrugated sheets.
An interesting alternative to the freezing method of shaft sinking
used at Statemine Emma and Beatrix in the Netherlands is shaft
boring using drill mud, patterned on the principles of the Honigmann
shaft-boring process.®> The two Beatrix shafts are to be drilled 25
feet in diameter to a depth of 1,500 feet. A 6-foot pilot hole is succes-
sively reamed to full dimension using drilling mu(f in the hole to seal
out water and prevent caving. A shaft lining consisting of two con-
centric steel shells filled with concrete is floated into place down the
bored shaft.

Neither the high-speed shaft-sinking procedures developed and
used in the Union of South Africa and the U.S.S.R., and recently
in Britain, nor the complex shaft-lining systems used in Europe have
a general counterpart in U.S. and Canadian mining practice. Mining
conditions differ in many respects, including political and economic
aspects, mining procedures, and operating requirements. A full-scale
production shaft is seldom sunk in the initial period of mine develop-
ment, and many shafts are sunk deeper in stages as the mine develops
at depth. As it becomes economically feasi%le to mine the deeper
large low-grade deposits, conditions will more nearly parallel those
in foreign countries, and similar techniques will apply.

n the United States and Canada conventional shatt-sinking prac-
tices are the rule, with major improvements being in the mechaniza-
tion of procedures. A typical example of current practice was the
deepening of the Yates and Ross shafts at the Homestake mine in
South Dakota.®* Continuation of sinking and raising-and-stripping
extended the mine workings from the 4,100 to the 6,200-foot level.
Work was planned for the least possible interruption of production.
Equipment included a six-drill shaft jumbo and mechanical mucker.
‘At Shattuck Denn’s Barden shaft in Utah3 a jackleg drill jumbo
suitable for use in the rectangular shaft section was devised. The
conventional round sinking skip was replaced with a square, 70-cubic-
foot skip of special design to reduce time in dumping. Another

2 Marsh, F., Shaft Sinking in Great Britain Since 1947 : Symposium on Shaft Sinking
%rlld Tunnelling, The Institute of Mining Engineers, London, Bngland, Paper 8, July 1959,

pp.
2 Weehuizen, J. M., New Shafts of the Dutch State Mines : Symposium on Shaft Sink-
il%g59an§16 Tunnelling, The Institute of Mining Engineers, London, England, Paper 13, July

s pDp.

Knox, G., The Honigmann Shaftboring Process for Sinking Through Soft Water Bearing
Strata : Proc. South Wales Inst. Eng., vol. 48, No. 3, 1932, pp. 263-283.

® Campbell, Wm. C., Shaft Sinking at Homestake : Min. Cong. Jour., vol. 45, No. 9,
September 1959, pp. 52-57.
_ % Mining Engineering, Faster Shaft Sinking with New Jumbo, Safety Skip: Vol. 11,
No. 2, February 1959, pp. 186-187.
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rather typical shaft-sinking operation is the Burgin shaft of the Bear
Creek Mining Co. in Utah.*® The three-compartment shaft was sunk
to a depth of 1,100 feet as part of an exploration program. The
major departure from older conventional methods was the use of a
Cryderman shaft mucker. The shaft was completed in 142 days with
a crew of 10 shaft men and 10 surface men. Direct cost of labor and
materials per foot was $82.30. .

Boring was used to an increasing extent to sink small-diameter
shafts. The 66-inch calyx core drill, originally designed by J. B.
Newsome and used at the Idaho Maryland mine in California in
1936, has been rehabilitated to core an air shaft at American Zinc’s
Young mine in Tennessee.** Rotary oil-drilling rigs were used to bore
ventilation shafts.3 _

At Mercury, Nev., an oil-drilling contractor is boring a 44-inch-
diameter hole through 965 feet of granite by a concurrent combina-
tion of drilling and reaming. The composite borer uses a conven-
tional Hughes Tri-Cone bit in the center as a pilot. Fanning out
from the pilot are two roller shaft cutters in the first 20-inch path,
three cutters in the 30-inch path, three cutters in the 40-inch path,
and four cutters in the 44-inch path. They cut a sloping face 20°
from the horizontal with a certain amount of overlap cutting. The
same contractor is drilling and reaming a 40-inch-diameter air shaft
to a depth of 1,046 feet at the Rare Metals Corporation San Mateo
mine in New Mexico.

A down-the-hole shaft-drilling machine has sunk twin shafts, each
76 inches in diameter, to a depth of 500 feet at the C. H. Mead Coal
Co. in West Virginia.** The machine is an improved version of the
original Zeni core drilling machine and is designed to drill out the
entire hole. The cutting head is basically an oversized version of the
oil-field-type rotary drill bit. Hydraulic jacks are used to anchor the
drill housing to the wall of the hole and provide the downward thrust
for drilling. Average drilling rate was 30 feet per 8-hour operating
shift. Cuttings were discharged through predrilled holes to the mine
working below. The Shell Oil Co., used a similar bit to sink a 52-inch
shaft for construction of a large underground LPG-storage cavern
in Ilinois.®®

Chemical solidification methods were used with varying degrees of
success to sink through water-bearing strata. The newest combina-
tion, AM-9, made by American Cyanamid, was used by the Meremec
Mining Co. in Missouri * and at the Cliffside shaft of Phillips Petro-
leum Co. in New Mexico. While use of the material is still in an
experimental stage, it has a major advantage in being able to pene-
trate and seal materials impervious to cement grout. A 10-percent

% HEverett, F. D., Sinking Methods and Costs at the Burgin Shaft, Bear Creek Mining
Co., East Tintic Project, Utah County, Utah : Bureau of Mines Inf. Circ. 7879, 1959, 26 DD.

3 Bngineering and Mining Journal, How the Young Mine Cored an Air Shaft: Vol. 160,
No. 11, November 1959, pp. 110-111.

%7 Farson, Bob, Super-Diameter Holes, New Contract Drilling Frontier: Drilling Maga-
zine, vol. 20, No. 12, October 1959, pp. 1-5.

———— Mining: Big New Market for Contract Drilling? Drilling Magazine, vol. 21,
No. 2, December 1959, p. 62.

%8 Mechanization, Shaft Sinking 30 feet Per Day : Vol. 23, No. 8, August 1959, pp. 76-78.

% Petroleum Week, Huge Bit Drills 52-Inch Hole: Vol. 9, No. 7, Aug. 14, 1959, p. 390.

“ Bilheimer, Lee, Chemical Grouting Techniques Solves Meremec Shaft Sinking Proglem:
Eng. Min. Jour., vol. 160, No. 11, November 1959, pp. 107—108.
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solution of AM-9 costs about $1 per gallon. Care must be exercised
in mixing and handling as the ingre ients are corrosive and toxic.*!

DRILLING AND BLASTING

Theoretical consideration of the physical actions involved in drill-
ing and blasting has been the subject of much research, but the numer-
ous variables in practice make application of theory to operating
problems extremely difficult. The Bureau of Mines has established a
Mining Research Center at Minneapolis, Minn., and assigned to that
center the study of rock penetration and fragmentation. This will
concentrate at one center the major Bureau responsibility for theoret-
ical and applied research on drilling and blasting for better correla-
tion of theory and practice.

Hartman reviewed some of the major theoretical studies of drilling
action and reported his more recent investigations ¢ with the com-
ment that rock drilling remains an art when it should become a
science. He relates lack of progress in percussion-drilling techniques
directly to ignorance of the nature of impact failure and fundamen-
tals of rock penetration.

Mine operators sought improved efficiency in drilling and blasting
practice through selection of efficient equipment, improved explosives,
and design of the drill round. A specially designed drill pattern with
two 5-inch-diameter burn holes was used at the Snowy Mountain
project in Australia to advance a 12.5 by 12.5-foot tunnel a record
596 feet in 6 days.® A new method has been tried in Sweden, utiliz-
ing the more efficient slabbing action to advance a heading.** Holes
are drilled parallel to the face from an adjacent parallel drilling
gallery. A ring cut round is claimed to give promise of an efficient
universal drift round.®® The proposed round consists of six ring
holes spaced radially around a center hole. A1l holes are parallel and
drilled normal to the face. The ring holes are fired first, followed
by the center hole at a 50-millisecond delay.

A novel method of drilling and blasting rock without removing
overburden has been used successfully on canal construction in
Sweden.*s Special 52-foot-feed rigs were used for drilling. A special
device substituted for the rotation mechanism gives increased torque
and rotates both the drill pipe and the drill steel running inside the
pipe. Hammer blows are also transmitted to both drill pipe and steel,
which are sunk simultaneously through the overburden with power-
ful jetting. The pipe is collared in bedrock and then uncoupled from
the drill, after which the rock is drilled in conventional manner. When
a hole is completed, plastic pipe is inserted inside the drill pipe and

4 Mark, Leonard E., The Use of AM-9 for Stabilization of Soils or Rock Caves: Pres. 9th
Annual Drilling Symposium, Pennsylvania State Univ.,, October 1959 (to be published in
Proceedings of the Symposium).

2 Hartman, H. L., Basic Studies of Percussion Drilling: Min. Eng., vol. 11, No. 1,
January 1959, pp. 68-75.

1 Bngineering and Mining J ournal, Australians Use Burn-Cut for Record: Vol. 160
No. 2, December 1959, p. 100.

44 Janelid, Ingvar, and Oleson, Gunnar, Janal Method, a New Mining Concept: Eng.
Min. Jour., vol. 160, No. 7, July 1959, pp. 86-90.

4 Haber, George B., Ring Cut Proves Promising Basis for Universal Drift Round: Eng.
and Min. Jour., vol. 160, No. 7, July 1959, pp. 78-81.

4 Brannfors, Sten, Blasting Without Removing the Overburden : Civil Eng., vol. 29, No.
11, November 1959, pp. 44—45.
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the drill pipe is removed and reused. The first blast, consisting of
4,750 holes, broke 36,000 cubic yards of rock covered with 90,000
cubic yards of overburden. The overburden and broken rock were
removed by a specially designed bucket dredge. .

Recent tests of fertilizer-grade ammonium nitrate (AN) blasting
agents by manufacturers, users, and research establishments were re-
ported at the Fifth Annual Symposium on Mining Research at Rolla,
Mo. Test results by the various researchers, agreed closely and can
be generally summarized as (1) the higher the density of the prill
the Jower its sensitivity, (2) sensitivity increases with age of mixture,
(3) detonation velocity ranges from 12,000 to 15,000 feet per second,
increasing with increased density, and (4) effective fuel oil mixture
ranges from 3 to 6 percent. John L. Ryon described the underground
use of AN at the Detroit, Retsof, and Avery Island mines of Inter-
national Salt Co.#” The face is first undercut; then 214-inch holes
are drilled to a depth of 8 feet. A mixer mounted on a forklift unit
mixes enough AN and fuel oil to load one hole. The hole is bottom-
primed with high-velocity dynamite and electric detonator. The
AN-fuel mixture is then blown into the hole by a pneumatic loader.
Possibly economy of the process is indicated by the respective costs
of AN at 814 cents a pound and dynamite at 18 cents a pound. Tests
to determine generation of fumes and static electricity were made,
and no serious hazard was indicated. However, the question of safety
in the handling, mixing, and use of AN explosives, particularly
underground, has not been resolved. The manufacturers, the users,
and the Bureau of Mines are collaborating to establish satisfactory
safety standards.®

Experiments in Sweden have led to a method of “smooth blasting”
to minimize blasting cracks in the walls and roofs of underground
openings.® The work was prompted by the need to construct a num-
ber of permanent underground structures. Essentially the method
employs closely controlled hole spacing, charge size, explosive distri-
bution in the hole, and ignition of the charges. Unloaded guide holes
can be helpful in directing the line of break. Criteria for control
were developed by model tests and practical experiments.

L)

MECHANICAL FRAGMENTATION

Breaking rock for mining without the use of explosives has many
advantages, which stimulate effort to achieve this purpose economi-
cally. Equipment has been developed and used success ully in softer
rock formations, but no general-purpose tool has been devised. In-
terest in hydraulic methods was revived, particularly for mining
coal.®® Bureau of Mines experiments on hydraulic coal mining have
advanced a working face by cutting with a hydraulic jet, but research

47 Ryan, John L., Jr., Underground Use of Ammonium Nitrate for Blasting at the Detroit
Mine of International Salt Co.: Pres. at 5th Annual Mining Research Symposium, Mis-
souri School of Mines, Rolla, Mo., November 1959,

4 Hyslop, James, Some Safety Considerations in the Use of Ammonium Nitrate Blasting
Agents: Pres. at 5th Annual Mining Research Symposium, Missouri School of Mines, Rolla,
Mo., November 1959 (to be published in Proceedings of the Symposium).

# Langefors, Ulf, Smooth Blasting : Water Power, May 1959.

5% Boyd, W. T., Mining and Transporting Coal Underground by Hydraulic Methods: A
Literature Survey : Bureau of Mines Inf, Cire. 7887, 1959, 33 pp.
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remains to be done on design of nozzle, jet action, and various condi-
tions affecting efficient application of the method. As a result of the
erformance obtained with the Robbins tunnel-boring machine in
griving the 25-foot 9-inch tunnel at Oahe Dam, a larger model has
been made to drive the new 2914-foot tunnel now under construc-
tions? At Vandenberg Air Force Base in California, a Badger
tummeling machine excavated personnel tunnels for an underground
Titan Missile base.’? Using a cutter head equipped with chisel-shaped
hard-metal-tipped knives, the machine cuts a 10-foot-diameter tunnel
in shale. Chalky limestone at the Arkansas Cement Corp. quarry is
being broken by rippers.®* The broken material is picked up by a
83-yard pan scraper and hauled directly to the quarry hopper.

MATERIALS HANDLING: LOADING, TRANSPORTATION,
HOISTING

The Kolbe wheel excavator, one of the world’s largest earth-moving
machines, was demonstrated in June at the Cuba, I1L, mine of United
Electric Coal Co.* With a theoretical digging capacity of 4,800
cubic yards an hour, they expect to obtain an output of 3,500 cubic
yards per hour on a yearly basis. For underground loading, the
Transloader, a more sophisticated model of the Gismo, has been de-
veloped and shows lower loading and hauling cost than earlier models
of the machine.®

In comparing the three basic open-pit haulage systems—rail, truck,
and combination—used on the Mesabi, the basic factors of selection
are cost and safety.®® Truck haulage permits a higher degree of flexi-
bility in mining, but rail haulage provides lower transportation cost.
A comparison shows that despite an average haulage distance of 4.3
miles and elevation of 271 feet for rail haulage against a distance of
0.78 miles and elevation of 144 feet for trucks, rail haulage costs are
8 percent below those for trucks. Experience with electric-truck
haulage at the Crestmore underground limestone mine shows that
these units can carry about 50 percent more rock in about half the
time required with diesel trucks.”” Cost is lower, and ventilation
problems are reduced. >

A belt conveyor system used in conjunction with a bucket-wheel
excavator transports 3,000 tons per hour at the Nchanga copper
mines® The initial 1ift is 170 feet, and this will be increased in
86-foot increments to a total of 1,000 feet. The total length of the

&t Karolevitz, R., World’s Largest Mole Tunnels at Oahe Dam: Excavating Engineer,
vol. 53, No. 6, June 1959, pp. 31-32. |

& Qonstruction Methods and Equipment, Unusual Tunnelling Machine Bores Tunnels
for Missile Base : Vol. 41, No. 12, December 1959, p. 99.

® Pit and Quarry, New 1,400,000-Bbl. Plant of Arkansas Cement Corp.: Vol. 51, No. 10,
April 1959, pp. 80-83.

5 Mining Congress Journal, Kolbe Wheel Excavator : Vol. 45, No. 7, July 1959, pp. 67-68.
197559031110%1;, me. M., Transloader Mining: Canadian Min. Jour., vol. 80, No. 1, January
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conveyor system from bench to stacker dump is 11,709 feet. The Ada,

kla., plant of Ideal Cement Co. has a 915-mile conveyor system
between the quarry and plant.s® Reported to be the longest permanent
belt conveyor system ever built, it consists of seven separate belt con-
veyors. The entire production process, including the conveyor system,
is controlled from a central control room. The longest of the seven
belt conveyors is 214 miles long; the shortest is 550 feet long. The
system transports 1,000 tons of crushed limestone per hour. Elab-
orate steps have been taken to insure adequate power for starting
under all conditions of load and to control the inertia forces that
would be released in case of power failure. Individual conveyors
have a longer coasting time progressively from the quarry to the

plant.
GROUND SUPPORT AND CONTROL

Numerous reports were published during the year, reviewing the
effects of rock roperties and stress conditions in relation to mining.®
The Bureau ofp Mines has prepared for publication a bulletin on de-
sign of underground openings in competent rock which summarizes
its research in this field. A symposium on rock mechanics at the Colo-
rado School of Mines in April also reviewed the subject, while at-
temping to relate factors common to comminution, underground rock
failure, and rock breakage by explosives.® The various attempts to
review the subject of rock mechanics are spurred by the large volume
of information published since the end of World War IT. The infor-
mation published to date has been largely theoretical from investiga-
tions to establish a]ﬁlicable rinciples. Greater application of these
data to mining problems is ecoming evident as the information be-
comes better disseminated and understood. One application has been
reported at Cananea Consolidated Copper Co. mine, where drill-core
data are used to aid ground-control planning.® Combining factors
of core recovery and modulus of rupture of the rock, a graph was
obtained to indicate the relative competence of the rock in the area
of a proposed drift. Studies of photoeleastic models were helpful in
shaft planning at the Champion Reef mine in the Kolar Gold fields.s3

Increased application of ro#k mechanics is evident in underground
civil engineering works. The Snowy Mountains Hydro-Electric

% Skillings’ Mining Review, Cross-Country Belt Conveyor System Serves Cement Plant:
Vol. 48, No. 39, Dee. 26, 1959, pp. 1-4.
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Morrison, R. G. K., Some Basic Elements in Ground Control : Canadian Min. Jour., vol.
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Authority in Australia utilized rock-physical-property tests, rock-
stress analysis, model studies, and instrumentation for rock-mechanics
investigations of underground structures included in the project.*
Extensive rock work in construction of the Niagara power project by
the Hydro-Electric Power Commission of Ontario made it desirable
to obtain data on the structural-stability ¢haracteristics of the rock
formations.®® Careful measurement of rock movements were made,
and the data were interpreted in terms of rock stability and effect on
installed structures. v

The difficulty of translating theoretical stress analysis to variable

in situ rock conditions is a major problem. Model studies offer one
ossible solution; another is in situ measurement of stress and
racture patterns. Several methods of measuring fractures by sonic-
wave propagation are being investi ated.

Experimental mining of pillars by St. J oseph Lead Co. at Bonne
Terre, Mo., was carefully instrumented to obtain quantitative meas-
urements of rock action in the affected area.”” It was determined that
reasonable stope convergence and pillar loading can be detected and
measured by means of extensometer, seismotron, and convergence
warning lights. The Bureau of Mines continued experiments on
cementation of roof strata in coal mines.®* Epoxy- and polyester-type
resins have been injected as bonding material. - Tests indicate that
a method of strengthening mine roofs by injecting bonding material
can be developed as a system of roof support. The Silver ountain
project of Hecla Mining Co. in Idaho has used a combination of spil-
ing and yieldable supports to drive through extremely heavy

und.® A similar combination was used at the Sunnyside coal mine
No. 3 in Utah to reopen caved development slopes.™

DRAINAGE

Large quantities of water contained in the dolomites of the South
African Far West Rand have been a major problem of mining in the
area. Although extensive precementation has been carried out in
connection with shaft sinking, heavy flows of water have been en-
countered. Ultimate pumping capacity at the Western Deep Level
is scheduled to be 80 million gallons a day.”* Individual pumps
capable of deliverinf 168,000 g.p-h. will operate in parallel against a
static head of 3,400 feet . Experiments also have been made on the de-

# Moye, D. G., Rock Mechanics in the Investigation and Construction of T. I. Under-
ground Power Station: Snowy Mountains, Australia ;: Pres. at Annual Meeting, Geological
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sign of underground bulkheads to control water at high pressures.™
Local and foreign practices were investigated, and specially designed
bulkheads were tested for leakage and failure. It was determined
that the required length of a concrete plug depends more on leakage
than on the structural strength of the plug. .

An aspect of water control that is gaining increased attention is
the possible effect of water on the stability of mine openings. It has
been found that the instability of slopes in open-pit mines is the result
of excess hydrostatic pressure behind the face of the pit.® Effective
stabilization can be accomplished in many cases by subsurface drain-
age to relieve hydrostatic stress. The effect of a saturated rock for-
mation on the stability of an underground opening has not been
determined, but obviously this condition will affect the transfer of
pressure and stress within the rock.

VENTILATION

High temperatures encountered at depth in mines on the Rand in
South Africa continue to pose serious ventilation problems. Exclud-
ing capital redemption, total ventilation cost at the East Rand Pro-
prietary mines is about 88 cents per ton mined.”* As mining
progresses to 12,000-foot depths, this cost is expected to increase to
about 63 cents. At a depth of 12,000 feet, rock temperature will be
approximately 130° F., and at air velocities of 500 to 600 feet per
minute maximum permissible wet-bulb temperature will be 92° F.
Heat flow from the rock will be 200 B.t.u.’s per minute for each 5
square feet of rock face.

A high dust concentration in mine air at the Pronto mine in Canada
was reduced by changes in the ventilation pattern, ore handling prac-
tices, and arrangement of ore pass, dumps and grizzly station.’™
Dust generation and air surges caused by dumping in the original
ore-pass system were the major contributing sources of air contam-
ination. Plans to deepen the shaft included dust-control measures to
correct the faulty conditions introduced by the original ore-pass
system.

An idea of the ventilation requirements of the deep gold mines in
South Africa can be gained from recent contracts for ventilation
plants.”® A contract for Harmony Gold Mines specifies four units
each of 400,000 c.fm. at 80-inch water gage, each driven by a
2,600-h.p. motor. Western Deep Level has specified four units each
of 550,000 c.f.m. at 24-inch water gage. Vaal Reefs has ordered two
units each of 575,000 c.fm at 23-inch water gage.

7 Garrett, W. 8., and Campbell Pitt, L. T., Tests on an Experimental Underground
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HEALTH AND SAFETY

Papers were presented by authors from eight countries at the 10th
International Clszerence of Directors of Safet% in Mines Research
held at Pittsburgh, Pa., during September. rimarily concerned
with coal mine safety, the subjects covered included safety of explo-
sives, testing of explosives, hazards of blasting, gas and dust
explosions, ignition, ventilation and fire hazards. -

comparing fire protection facilities of coal mines and industrial
lants, the plants lE)lace much greater emphasis on fire protection.”

n a comparative basis of capital investment in fire protection versus
total mine or plant investment, the least equipped plant spends as
much as the best equipped mine.

MINING PRACTICE AND PERFORMANCE

Mechanization and mobility are being introduced wherever possible
into mine operations. This has been particularly evident in open-pit
and trackless room-and-pillar mining. One result has been a shift in
supervisory responsibility to increased concern with machinery.
Productivity may be directly related to machine operating time, as
is evident in the extreme case of the giant excavators now used in strip
mining. Equipment selection for an efficient balanced production
schedule is of prime importance for a successful operation. Equip-
ment maintenance and replacement is an integral part of production
cost. Reported experience at the Bagdad open-pit mine in Arizona
gives an idea of the complexity of balancing equipment capacity for
maximum efficiency.”® With various types of equipment, loading costs
varied from 3 to 22 cents, and hauling costs from 3.6 to 10.6 cents,
per ton. At the Anaconda Co. Berkeley pit at Butte, Mont., nearly
19 percent of total man-hours and 23 percent of total operating costs
are charged to repair of capital equipment.™

The New York Trap Rock Corp. has adopted an approach to equip-
ment replacement that evaluates the factors necessary for a sound
decision.®® Using the basic pattern developed by the Machinery and
Allied Products Institute, Washington, D.C., an individual plan
was evolved to evaluate a request for equipment replacement. To
the basic formulae comparing estimated operating cost of present and
new equipment is added the difference between cost of continuing
ownership and of acquiring new equipment. For present equipment,
consideration is given to such items as restorative repairs, salvage
value, salvage-value loss, and interest or cost of money. For proposed
equipment, consideration is given to actual depreciation, cost of
money, and anticipated salvage value. After replacement a periodic
appraisal of new equipment is made. F. G. Kuehl, of International

7 §tahl, R. W., Firefighting Facilities at Coal Mines Compared With Those at Other
Industrial Plants: Bureau of Mines Inf. Cire. 7931, 1959, 11 pp.
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Tale Co., proposes a method of calculating “pay-out time” for
machinery replacement. L.

Two of the newer Canadian mines, one mining a steeply dipping
and the other a flat lying ore body, have achieved high productivity.
The Geco Mine in Ontario uses a system of sublevel blasthole stoping
and has eliminated tramming by a combination of scram-drift slush-
ing, transfer raises, ore pass to an underground crushing station, and
conveyor system from the crusher to the hoisting shaft.®* A produc-
tion of 25 tons per underground manshift is obtained. At Gaspe
Copper, experimental stoping operations established that with pat-
terned rock bolting mining widths of 50 feet could be maintained.s
The B ore body is mined fullface in stopes 45 feet wide and 20 to 36
feet high, In the C ore body, an upper heading 45 feet wide and
18 to 50 feet high is mined fullface, followed by benching the lower
portion of the ore using horizontal drilling. Production of 32 tons
per manshift is obtained.

& Kuehl, F. G., Economics of Equipment Replacement in the Mining Industry: Pres.
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Technologic Trends in the Mineral

Industries

(Metals and Nonmetals Except Fuels)
By Donald R. Irving * and Arthur Berger 2

o

HIS CHAPTER is new to the Minerals Yearbook and will appear

regularly hereafter. Its purpose is to present statistics that reflect

. {;e;:hnologic trends in the minerals and metals industries (except
uels).

Much useful information has been collected annually through the
Bureau of Mines mineral commodity and employment and injuries
canvasses. However, these data must be supplemented by further
data to permit evaluation of the type, direction, and rate of techno-
logic change, which are vitally important in long-term mineral plan-
ning. In addition to, and fully as important as, expanding the avail-
able data is the need to ascertain that the various items collected are
obtained from identical reporting units, to enable direct comparisons
to be made.

Expanded collection of data on technologic trends is a logical exten-
sion of the statistical program of the Bureau of Mines.® Next to the
records of production and consumption, the most significant indexes
of change in the mineral industries are the trends in mineral tech-
nology and labor, material, and energy productivity. Some of these
changes have been reported in commodity chapters (vol. I) and State
chapters (vol. III) of the Minerals Yearbook. In the 1930’s the Year-
book contained chapters on Ore-Concentration Statistics (1930-35)
and Progress in Mine Mechanization (1937). Also in the 1930’s, the
Works Project Administration enlisted the cooperation of the Bureau
of Mines to study the technology, employment, and output per man in
mineral industries, which resulted in a series of publications.*

1 Assistant to the Chief, Division of Minerals.

2 Assistant chief statistician.
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More recently, the Bureau of Labor Statistics, U.S. Department of
Labor, published data on trends in output in mining from 1935 to
19495 Productivity studies are continuously underway to determine
and analyze the Nation’s economic growth rate.® These various
studies seek to determine the factors that influence productivity or
efficiency and to measure the effect of individual factors. Invariably,
analyses disclose that some of the causes of increased productivity are
readily discernible, whereas others can only be conjectured. Rarely,
if ever, can a cause be isolated and its results measured precisely.
Even long-term changes based on gross data often prove to be gravely
distorted reflections of actual trends. Frequently, trends that seem
firmly established are broken, interrupted, or lose their earlier and
more dependable characteristics. The reasons for the breaks may be
too complex for evaluation. They may stem from the deep unplumbed
nature of people, which causes changing fashions and customs, or be
so obscure as to be unrecognized. Despite these handicaps, the analy-
sis and measurement of past changes give useful knowledge for indus-
trial and governmental planning, provided the user fully understands
their limitations and guards against drawing unwarranted conclu-
sions from poorly understood and sometimes poorly measured data.

Planning for this chapter began in 1956, and the mineral indus-
tries were canvassed for 1957, 1958, and 1959 data. This 3-year span
is too short to establish technologic trends, but the information from
the canvasses has proved useful in other ways. Some of the 1957 data
were published in the 1958 Minerals Yearbook,” and 1958 data on
the use of water in the mineral industries were given in a special
report.®

All metals and minerals except the fossil fuels are within the
planned scope of this chapter. Technologically, the studies will ex-
tend from exploration and development through all subsequent prepa-
ration stages until the materials lose their identity as mineral com-
modities or enter commerce, whichever comes later. This chapter is
intended to supplement the commodity, employment and injuries, and
review chapters of volume I of the Minerals Yearbook. In some in-
stances it will contain similar or identical data rearranged to reveal
trends or to allow comparisons of commodities. Examples of data
available in various commodity chapters of volume I of the Minerals
Yearbook are given in tables 1 through 8.
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Copper.—The percentage of copper ore mined by open-pit methods
reached a peak in 1952. However, the overall grade of copper ore
(lzgrggmued to decline and reached a low of 0.78 percent copper in

TABLE 1.—Copper ores and copper produced in the United States, distributed by
principal mining methods

Production Distribution by mining method
Ore Open pit Block caving Other
Year
Thousand | Copper, Copper Ore Copper Ore Copper Ore Copper
short tons | thousand (per- (per- (per- (per- (per- (per- (per-
short tons cent) cent) cent) cent) cent) cent) cent)

1939....| 55,239 714 1.29 59 42 20 15 21 43
1943 98,120 1,069 1.09 69 55 16 14 15 31
1946 62,232 595 .96 66 60 17 15 17 25
1947__. 87,864 832 .95 73 69 14 12 13 19

- 84, 818 .97 76 69 14 11 10
1949 . 76,033 731 .96 78 72 12 9 10 19
1950..... 94, 586 886 .94 81 7% 8 7 11 17
1951 95,494 901 .94 84 76 7 7 9 17
1952_.. 99, 947 901 .94 85 7 7 6 8 17
1953.... 101, 065 906 .90 83 75 8 7 9 18
1954... 93, 816 .87 83 75 10 15 7 10
1955_... 112, 550 979 .87 83 77 5 10 12 13
1956 131,776 1 .82 78 73 9 13 13 14
1957__. 129, 716 1,061 .82 77 72 1 14 9 14

e 114,824 .84 76 71 13 15 1 14
1959 103, 716 807 .78 79 74 9 12 12 14

Gold.—In contrast to most other commodities, the gold content of
placer gravels mined has increased. This trend reflects the rising
costs of labor and materials and a constant price for gold.

Iron Ore—The iron-ore mining industry attempts to maintain a
stable labor force; therefore, the rate of production per man from
year to year is more a function of the quantity of ore produced than
of changes in productivity, unless the industry pattern is changed
through other influences. The long-range increase in productivity
reflects not only increased operatin eéciency but the increasing
proportion of open-pit production. The marked increase in the con-
centration ratio was principally the result of taconite and jaspillite
deposits being brought into production; however, consumer insistence
on higher grade ore, which resulted in beneficiation of some hematite
ores, also was a significant factor.

Comparable data for 1923-35 aI}peared in the Iron Ore, Pig Iron,
Ferro-g.lloys, and Steel Chapter of Minerals Yearbook 1937, Review
of 1936.

Phosphate Rock.—The differences in the types of phosphate-rock
ores mined in Florida, Tennessee, and the Western States (Idaho,
Montana, Utah, and Wyomi.n(gi) and the changing technology of the
}éhosphate-rock processin% industry in the Western States are re-

ected in the data in tables 4, 5, and 6. The decrease in the phos-
phorous pentoxide (P,Os) content of marketable phosphate rock from
the Western States, from 32 percent in 1944 to slightly less than 27
percent in 1959, results from expanded output of elemental phos-
phorous in electric furnaces beginning about 1948. The increasing
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TABLE 2.—Gold production at placer mines in the United States by method of

recovery
Bucketline dredging Dragline dredging
¥ X Material Average Material Average
ear Mines pro-| treated | value per | Minespro-| treated | value per
ducing (thousand | cubic yard | = ducing (thousand | cubic yard
cubicyards) cubicyards)
1943 20 23, 857 $0. 161 3 3,180 $0. 157
1944 17 25,844 .141 2 1,213 .180
1945, 35 41,184 .131 9 457 .203
1946. 59 108, 198 .152 65 7, 506 .179
1947, 60 120, 362 1 71 10, 326 .188
1948, 57 120, 06! .139 42 5,224 .211
1949, 52 110, 897 134 35 4,583 .174
1950. 43 108, 250 159 23 4,623 .159
1951 93,215 .152 25 2,343 132
1952 37 69, 941 179 16 1,937 .154
1953. : 21 65,314 .184 14 660 .130
1954. 22 62, 082 201 15 554 . 264
1955 25 53,352 19 480 .214
1956. 19 48,955 210 16 774 113
1957. 18 45, 489 .229 13 378 .145
1958, 17 43, 693 .230 11 132 .301
1959, 16 36,998 .237 12 157 .464
Suction dredging Nonfloating washing plants
Year Material | Average Material | Average
Mines pro-| treated value per | Mines pro-| treated value per
ducing | (thousand | cubic yard | ducing (thousand | cubic yard
cubicyards) cubicyards)
1943 23 713 $0.173
1944, 17 289 .192
1945. - - - 38 1,175 .201
1946. 4 43 $0. 244 93 , 480 .430
1947 12 80 . 259 137 4,281 . 469
1948, 8 84 .197 153 5,985 .385
1949 12 279 .178 183 4,995 . 497
1950 17 264 . 189 185 8, 510 .353
1951 13 180 .139 117 7,049 .346
1952 9 74 144 103 4,795 . 400
1953 7 88 .136 128 4,019 .
1954 3 4 .488 128 2,974 .618
1956. 5 2 .671 118 2,259 .826
1956 2 24 .040 110 1,355 1.235
1957. - 94 2,188 .631
1958. 3 3 .328 107 2, 601 1.037
1959 4 7 . 369 83 2, 569 1.367
Hydraulicking Undersgcragg.%%éaggtﬁggssman All placers
Material | Average Material | Average Material | Average
Year treated value treated value treated value
. Mines (thou- per Mines (thou- per Mines (thou- per
producing| sand cubic |producing| sand cubic |producing| sand cubie
cubic yard cubic yard cubic vard
yards) yards) yards)
99 884 $0. 436 217 147 $1.170 362 28,781 $0.193
24 244 .147 310 132 . 754 1367 27,722 .156
111 1,200 .413 189 132 1.086 382 44,148 .146
157 2,724 .415 311 702 .309 689 | 122,653 .169
167 2,839 477 331 794 .520 778 | 138,682 .171
137 1,709 .348 327 321 1.148 724 | 133,385 .158
81 780 .319 318 255 . 630 1680 | 121,789 .153
88 640 .238 261 277 727 647 | 122,564 175
51 258 .470 171 105 1.215 413 | 103,150 . 166
33 130 . 356 133 105 .914 331 76, 982 194
48 440 .153 155 166 . 591 373 70, 687 .202
48 258 .282 138 182 . 699 354 66, 054 .
44 200 .267 98 242 . 560 309 56, 535 .254
36 1.014 83 103 .798 266 51, 261 .238
30 100 . 752 73 64 1.270 228 48,219 249
49 348 .331 102 80 1.162 289 46, 857 217
35 101 . 855 75 41 2.683 231 39, 873 .315

1 A mine using more than 1 method of recovery is counted but once in arriving at total for all methods.
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TABLE 3.—Production * of crude and usable iron ore in the United States

Crude ore Usable ore
Concen-
Year Thousand| Gross |Openpit,| Under- |{Thousand| Gross tration
gross tons per | percent | ground, £ross tons per Iron, ratio,
tons man- percent tons man- percent | crude to
hour hour usable
ore
54,856 1.473 63.1 36.9 48,789 1.310 50.6 112
, 906 1.574 67.5 32.5- , 094 1.402 50.5 1.12
31,718 1.036 51.7 48.3 28, 447 .929 49.6 1.11
57,353 1.469 63.3 36.7 51,732 1.325 50.3 1.11
, 404 1.711 67.3 32.7 73, 696 1. 512 50.6 1.13
107, 720 1.784 73.7 26.3 92, 410 1. 531 50.9 1.17
126, 527 1.682 73.4 26.6 , 883 1.394 51.0 1.21
119, 675 1. 562 72.6 27.4 | 100, 595 1.313 51.0 1.19
112,255 1.710 74.2 25.8 , 654 1. 50.7 1.19
107, 509 1. 74.2 25.8 89, 056 1.465 51.3 1.21
85,152 1.698 75.8 4.2 1,294 1.422 50.4 1.15
114, 899 1.773 75.1 24.9 93,475 1.442 50.3 1.23
127,375 1.833 78.4 21.6 | 101,617 1.462 49.3 1.25
105, 713 1.709 74.5 25.5 5, 264 1.378 50.0 1.24
126, 678 1.920 77.0 23.0 98, 409 1.492 49.3 1.29
153,181 2.028 79.0 21.0 | 117,003 1.549 50.6 1.31
129, 261 2.042 78.1 21.9 98, 157 1. 551 50.4 1.32
157,870 2. 362 79.3 20.7 | 118,390 1.771 50.3 1.33
109, 861 2.234 7.7 22.3 77,752 1. 581 50.7 1.41
142,251 3.004 81.0 19.0 | 102,294 2.225 51.1 1.39
147,088 2.920 81.9 18.1 97,313 1.932 51.2 1.51
162,198 3.120 82.4 17.6 , 066 2.040 51.2 1.53
110, 642 3.130 83.6 16.4 67,372 1.910 53.0 1.64

1 Includes manganese-bearing ore in the Lake Superior District.

need to upgrade western ores to meet specifications for both Acid-
and Furnace-grade phosphate rock is shown by a drop in the propor-
tion of marketable phosphate rock from approximately 98 percent in
1953 to 80 percent in 1959.

TABLE 4.—Marketable production of phosphate rock in the United States

Florida Tennessee ‘Western States Total United
States
Year
Thou- P20 Thou- P05 Thou- P205 Thou- P30
sand content sand content sand content sand content
long tons | (percent)| long tons| (percent)| long tons (percent)| long tons| (percent)
3,487 33. 55 1,413 28.87 300 32.00 5,200 32.19
3,815 33. 50 1,261 28.23 324 31.79 5,400 32.17
5,281 33.26 1,316 28.80 572 31.63 7,169 32.31
6, 381 33.24 1,490 28, 46 1,240 31.69 9,111 32.25
7,184 33.37 1, 500 28. 704 30.97 9,388 32.33
6, 695 33.53 1,403 27.51 779 30.30 8,877 32.30
8, 597 33.20 1,472 28.19 1,045 28. 52 11,114 32.09
8,212 33.44 1,424 27.30 1,139 28.36 10,775 32.09
9,205 33.57 1,45 26.37 1,415 28.20 12,065 32.08
9,331 33.58 1,519 26.27 , 654 27.51 31.88
10,437 33.09 1,633 25. 84 1,751 27.64 13,821 31.55
, 747 33.54 1,466 26. 53 2,052 27.49 12,265 31.69
11, 822 33.07 1,685 25.99 2,240 27.32 15,747 31.50
10,191 32.89 1,812 25. 88 1,973 27.12 13,976 31.17
10, 851 33.11 1,903 26.01 2,125 27.29 14,879 31.37
11, 564 32.81 1,755 26. 10 2, 550 26. 94 15, 869 31.12
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TABLE 5.—Mine production of phosphate rock ore in the United States

Florida Tennessee Western States Total United
States

Year

P205 Thou- P20; Thou- P:05 Thou- P05
content sand content sand content sand content
(percent) | long tons | (percent) | long tons | (percent) | long tons | (percent)

11.39 2,465 21.95 1,702 27.32 40,139 12.71
11.47 2,571 20. 50 1,783 27.43 45, 586 12. 60
11.26 2, 980 17.11 2,200 26. 82 39,671 12. 56

9. 59 2, 524 22.82 2,424 26. 65 52,198 11.02
10.28 2,752 21.33 2,124 26.13 45,460 11.69
11.09 3,003 20. 81 2,372 26.31 46,459 12.49
10.79 2,709 20. 52 3,175 25.61 49,249 12.28

TABLE 6.—Production of marketable phosphate rock per ton of ore in the United
States in percent

Year Florida | Tennessee { Western Year Florida | Tennessee | Western
States States
25.9 61.6 97. 25. 65.8 92.9
25.3 63.5 98.2 26.4 63.4 89.6
25.4 49.2 93.3 26.7 64.8 80.3
25.0 66.8 92.4

Sand and Gravel—Productivity in the commercial sand and gravel
industry in the United States doubled from 1940 to 1959 as automation
assumed an increasingly important role. A secondary factor was the
increase in the percentage of plants with capacities of 100,000 to
1,000,000 short tons a year.

TABLE 7.—Productivity, size of plants, and degree of preparation in the com-
mercial sand and gravel industry in the United States

Production Size of plant by size group
Percentage
of Prepared
Year commercial Less than | 100,000~ Over material,
industry | Thousand | Tons per 100,000 1,000,000 1,000,000 percent
reporting | short tons | man-hour tons tons tons -
annually, | annually, | annually,
percent percent percent
7 101,143 3.3 85.5 14.3 0.2 88
144, 595 3.7 80.2 19.5 .3 88
79 183,256 3.6 76.6 22.7 .7 86
78 138,114 3.3 79.7 19.9 .4 87
120, 3.3 82.8 17.0 .2 85
77 116,632 3.5 80.8 19.0 .2 85
83 159, 203 4.1 75.5 23.9 .6 91
85 179, 665 4.0 74.4 24.9 .7 91
86 200, 707 4.4 73.4 25.9 .7 91
86 199, 656 4.3 74.4 25.0 .6 o1
92 236, 420 4.7 72.3 26.8 .9 90
90 258,336 5.0 67.4 31.4 1.2 89
93 280, 507 5.2 67.5 3.4 11 90
90 278,745 5.5 69.9 29.1 1.0 89
92 364, 647 5.3 75.5 23.9 .6 88
86 362, 780 5.7 75.0 24.2 .8 88
87 410,774 6.2 72.3 26.7 1.0 87
81 373,430 6.2 73.2 25.9 .9 82
79 384,059 6.9 69.6 29.5 .9 84
100 534,924 6.8 72.1 26.9 10 87

Uranium.—The effects of an assured market and intensified explora-
tion are illustrated in the more than 100-fold increase in production
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z{,nd almost 90-fold increase in reserves of uranium between 1948 and

.

TABLE 8.—Production, grade, and reserves of uranium ore in the United States

Production Production
Reserves, Reserves,
Year million Year million
Thousand Grade, short tons Thousand | Grade, short tons
short tons | percent short tons | percent
U308 : UsO0s
1048 . 54 0.31 914 32 10.0
1949__ - 89 .27 1,306 30 27.0
1950. __ 230 31 2,185 28 63.0
19651, __ 260 32 3,303 28 78.0
1962, ________ 390 32 4,416 27 82.5
1953 ... 610 31 6,117 26 88.9

New Information (1958 Canvass).—Before the 1958 canvass was com-
pleted it became evident that for greatest utility the data should be
coded for machine tabulation. Reconciliation of the 1958 data on
technology, employment, and production has been delayed mainly by
mechanical problems resulting from the transfer of the data f};'om
canvass forms to punch cards. However, available data are presented
for the following commodities: Barite, bauxite, chromite, copper, di-
atomite, fluorspar, iron ore, lead, manganese, perlite, pumice, tripoli,
and zinc. The Bureau of Mines anticipates that 1958, 1959, and 1960
statistics will be available for the 1960 chapter on technologic trends,
govering an expanded list of commodities and additional technologic

ata.

In preparing data for tables 9 through 25, which are new to the
Minerals Yearbook and which cover only 1958, mines were classified
on the basis of their economically dominant commodity. For exam-
ple, if the major source of income came from.copper, the mine was
listed as a copper mine, even if the tonnage of another commodity
(for example, zinc) was greater. For man commodities, especially
nonmetals, classification is not a major problem, as the entire market-
able product usually is one commodity.” Lead was the only one of the
18 commodities for which data are presented that had more than 20
percent of its output produced in mines where lead was not the major
source of income (table 9).

TABLE 9.—Selected mineral commodities produced in the United States showing
percent of total production as a primary product, 1958

Commodity Percent Commodity Percent

Barite. 100 || Lead 70
Bauxite. 100 || Manganese. 80
Chromite. 97 || Perlite 100
Copper. 97 || Pumice. 100
Diatomite 84 || Tripoli 100
Fluorspar. 100 || Zine. 83
Iron ore. 99

Percent of Usable Product.—The percentage recovery of usable pro-
duct is the reciprocal of tonnage of crude ore to usable product. Table
10 shows the 1958 figures.
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TABLE 10.—Relation of crude ore mined to usable product in the United States,
1958, for selected commodities

Ratio of Ratio of

Usable crude ore Uusable | crude ore

Commodity product, to usable Commodity product, | to usable

percent product, percent product,

tons tons
010 4] 41 N —— 0.8 123 59 1.7
Tpgdpe 2.4 42 63 1.6
Zine. 4.0 25 77 1.3
Mar 33 3.0 83 1.2
Fluorspar. - - cccememcmmane 37 2.7 83 1.2
Chromite_._. 40 2.5 100 1.0
Diatomite. 53 1.9

Underground vs. Surface Mining.—As shown in table 11, the per-
centage of ore mined by underground methods ranges from 99
(lead) to zero (diatomite, perlite, and pumice). Table 12 gives the
approximate grade of selected ores mined by underground and surface
methods. The percentage of copper and iron ore produced at under-
ground and surface mines, by major States, is given in tables 13 and 14.

TABLE 11.—Distribution of ore tonnage between underground and surface mining
in the United States, 1958, for selected commodities

Under- Surface, Under- Surface,
Commodity ground, percent Commodity ground, percent
percent percent
15 85 || Iron ore 16 83
18 82 ad_ .- 99 1
74 26 || Manganese._ 24 76
22 78 || Perliteo oo oo oocmoai]emioeeeeee 100
____________ 100 || Pumice. - 100
77 23 || Zine. - 98 2

TABLE 12.—Percent of usable product
modities by underground and surfae

to crude ore mined

for selected com-

e methods in the United States, 1958

Usable product, Usable product,
percent percent
Commodity Commodity

Under- Surface Under- Surface

ground ground
65 56 33 50
83 89 84 56
33 11 21 39

1 .8

TABLE 13.—Copper mined by underground and surface methods by major States,

1958
Under- Surface, Under- Surface,
State ground, percent State ground, percent
percent percent
Arizona. 26 74 || Nevada_ oo ___. 5 95
Michigan . .ooooooemooeooo 85 15 || New Mexico . ooommmaaao @ 994
Montana. _.o_cooooooooo 34 66 tah_ 100

1 Less than 0.5 percent.
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TABLE 14.—TIron ore mined by underground and surface methods by major States,
1958

Under- Surface, Under- Surface,
State ground, percent State ground, percent
percent percent
Alabama_________________ 69 31 (| Minnesota...__.___.._. 2 98
Michigan 86 14 || Utah 100

Total Material and Crude Ore Handled vs. Usable Product.—For 12 of
the 18 commodities quantitative data were obtained on crude material
handled as well as crude ore mined (table 15). The difference between
the two figures represents overburden and waste removed during min-
ing, exploration, and development. In general, the figures represent
material handled at producing mines and do not include material han-
dled at prospects and mines in the initial development stage. The
figures on total material handled emphasize the magnitude of the
earth-moving job that must be performed each year to obtain the
minerals needed for the economy of the United States and indicate a
large potential market for explosives and mining machinery. Table
17 gives a breakdown of total material handled in underground and
surface mines per ton of usable product.

TABLE 15.—Material handled for selected commodities in the United States, 1958

Total Crude ore | Overburden
Commodity material mined and waste
handled

Barite. . . thousand short tons.. [©) 794 )
Bauxite. thousand long tons.. 1,823 1,540 283
Chromite thousand short tons.. 441 354 87
Copper... do-._. 208, 767 114, 587 94, 180
Diatomite do-._ 5,154 696 4,458
Fluorspar._.. : do.... 1,054 856

Iron ore thousand long tons.. 214,472 108, 105 106, 367
Lead thousand short tons.. 8,958 6,369 2,589
Manganese. do.... 2,161 1,933

Perlite_.___ do.__. 337 330 7
Pumice. do.___ 2,117 2,012 105
Tripoli do--__ 26 26 (O]

Zine do___. 7,292 6,077 1,215

1 Data not available.

Relation of Ore Mined to Usable Product.—ZBauzite—The ratio of
bauxite ore mined to usable product for Arkansas, the major pro-
ducing State, was 1.1 to 1, the same as the national average.

Ohromite—~The ratio of chromite ore mined to usable product for
Montana, the major producing State, was 2.1 to 1, compared with the
national ratio of 2.5 to 1.

Copper—The ratio of copper ore mined to copper recovered in the
six major copper producing States ranged fom 106 to 1 in New Mexico
t0 170 to 1in Michigan, compared with the national average of 123 to 1.
The high ratio for Michigan results from inclusion of old tailings
pumped from Lake Superior.

Fluorspar—About half of the fluorspar produced in the United
States came from Illinois in 1958. The ratio of fluorspar ore mined
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TABLE 16.—Relation of total material handled and crude ore mined to usable
product for selected commodities in the United States, 1958

MINERALS YEARBOOK, 1959

Tons of mate-| Tons of crude| Tons of over-
Commodity Usable product rial to usable | ore to usable | burden and
product product waste to usa-
ble product
Barite Ore._ (O] L7 (O]
Bauxite. oo ----.do. [ 1.4 1.2
Chromite. - oo [« (s R S, 3.2 2.5
Copper. - -.- Metal 224 123
Diatomite. Ore._ - 14.1 1.9
RIS o7 R SV do. 3.3 2.7
Iron ore. do. 3.3 1.6
Lead - 48 42
M. 3.4 3.0
Perlite. 1.3 1.3
Pumice 1.2 1.2
Tripoli. 1 1
Zine.__ 30 25

1 Data not available,

TABLE 17.—Relation of total material handled to usable product by underground
and surface methods, for selected commodities in the United States, 1958

Material handled per ton
of usable product, tons |Underground,
Commodity percent of
surface
Underground| Surface

Bauxite 1.2 1.7 71
Chromite : 31 9 344
Copper. 107 265 40
Fluorspar. 3.2 3.6 89
Iron ore 2.0 3.6 56
Mar . 7.2 2.7 267
Zine.. 31

to usable product in Illinois was 3.0 to 1, compared with the national
average of 2.7 to 1.

Iron Ore—~The ratio of crude iron ore mined to usable ore in
Minnesota, which accounted for almost two-thirds of the U.S. output,
was 1.8 to 1, compared with the national average of 1.6 to 1 and ratios
of 1.5 to 1 for Alabama and 1.1 to 1 for Michigan.

TABLE 18.—Relation of crude copper ore mined to recovered copper for major
States, 1958

Recovery Ratio of Recovery | Ratio of
State of copper, | crude ore State of copper, | crude ore
percent to copper, percent | to copper,
tons tons
Arizona_ ... 0.9 117 0.7 147
Michi .6 170 .9 106
Montan@.. - cccoeooenne- .8 121 .8 129
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TABLE 19.—Relation of crude iron ore mined to usable ore for major States, 1958

TECHNOLOGIC TRENDS IN THE MINERAL INDUSTRIES

Usable ore, | Ratio of crude
State percent ore to usable
ore, tons
Alabama, 67 1.5
Michigan 91 1.1
Minnesota. 56 1.8

Leod —In Missouri, which produced 40 percent of the domestic lead
in 1958, 42 tons of ore was mined to produce 1 ton of lead. The com-
parable national ratio was 42 to 1.

Manganese—In the United States, 3.0 tons of manganese ore was
mined to produce 1 ton of usable product. Comparable ratios for the
five major producing States ranged from 2.2 to 1 for Minnesota and
New Mexico to 7.0 to 1 for Montana. Data are not available for
Michigan, a substantial producer of manganese, because the man-
ganese output of most mines was secondary to iron ore in value and
the mines were classified as iron-ore mines.

Zine—In Tennessee, the leading zinc-producing State, an average
of 32 tons of ore had to be mined to obtain 1 ton of zinc—a ratio about
three times those of the other important zinc-producing States and
considerably higher than the national average og 25 to 1.

TABLE 20.—Relation of crude manganese ore to usable product for major States,
1

Ratio of Ratio of
State Usable prod- | crude ore to State Usable prod- | crude ore to
uct, percent | usable prod- uct, percent | usable prod-
uct, tons uct, tons
3 £ 1 S 31 3.2 || Nevada.oooocoeeaa. 28 3.6
Minnesota....- 45 2.2 || New MexiCO.~ccuuea- 45 2.2
Montana. .cooooeoeeo- 14 7.0

TABLE 21.—Relation of crude zinc cre mined to recoverable zinc for major States,
1

Recovery of Ratio of Recovery of Ratio of
State zine, percent | crude ore to State zine, percent | crude ore to
zine, tons zine, tons
1d8ho. - oo 9 11 || New York.....oceeee. 10 10
Montana. ....ooeoaee- 8 13 eNNesse. - mmumnmma-n 3 32

Underground Mining Methods.—In 1958, 65 percent of the copper pro-
duced underground in the United States was mined by block caving.
Four methods—room and pillar (25 percent), block caving (21 per-
cent), sublevel caving (20 ﬁercent), and open stope (20 percent)—
accounted for 86 percent of the iron ore mined underground. Seventy-
seven percent of the manganese ore mined underground was recovered
from timbered stopes.

567825—60——6
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TABLE 22.—Copper ore mined by underground methods, by States, 1958

(Thousand short tons)
Block | Cut | Open | Room |{Shrink-| Square| Tim- | Top Un-
State caving | and | stope | and age set bered | slice s;geo- Total
fill pillar | stope stope ed
Arizona. .. 13,357 201 b1 B FR— 34 712 5 37 | 14,457
Idaho 4 4
Michigan 1,597 | 4,230 123 5,950
ontana._____._._. 3,035 318 ) ) 2 2 192 24 3,572
Nevada 68 19 15 426 515
New MexiC0. o aaue|ocamauan 1 16
North Carolina. ... 154 154
Oregon 1 1
Tennessee. 770 770
Total. -| 16,460 609 | 2,409 | 4,230 179 | 1,140 192 5 215 25, 439
Pereentecoeeeeeen- 65 2 9 17 1 4 1 [O] 1 100
1TLess than 0.5 percent.
TABLE 23.—Iron ore mined by underground methods, by States, 1958
(Thousand long tons)
Block | Cut | Open | Room |Shrink-] Sub- Top |Unspec-|
State caving |and fill | stope | and age level | slice | ified | Total
pillar | stope | caving

Alabama. 3,726 12 3,738
Michigan. .. 1,889 3,215 336 331 | 1,766 299 7,882
Minnesota.. 164 1,185 329 90 1,768
Missouri 433 433
New Jersey.-- 138 15 597 405 1,155
New York.__ 378 94 118 590
Pennsylvania. 1,471 14 4 1,489
Texas 8 8
‘Wisconsin. 878 275 1,153
Wyoming. 499 ! 499
B 01 7Y 3,859 164 | 3,745 | 4,604 932 | 3,829 329 | 1,207 | 18,692
Percent. 21 1 20 25 5 20 2 6 100

1 Less than 0.5 percent.

TABLE 24.—Manganese ore mined by underground methods, by States, 1958

(Thousand short tons)
Cutand | Open Room Square | Sublevel |Timbered| Unspeci-
State fill stope and set caving stope fied Total
pillar

4 22 |occmeeeee 8 34

1 1 2

5 14 19

15 3 PR, 374 28 420

1 2

1 7 9

.......... 2 27 43 3 8 374 29 486
Pereent .._._________ O] 5 9 1 2 7 6 100

1Less than 0.5 percent.

Productivity.—The tonnages of crude ore mined and of total material
handled per man-hour in the United States in 1958 were essentially
the same for copper- and iron-ore mining.
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TABLE 25.—Copper mining productivity by States, 1958

(Underground and open pit)
Crude ore | Total material Crude ore |Total material
State per man- handled per State per man- handled per
hour (short man-hour hour (short | man-hour
tons) (short tons) tons) (short tons)
4.5 9.7 || Nevada.ccecocaaaaam- 6.1 15.6
2.3 2.4
4.0 8.9 Average.__.___. 4.4 8.1







Statistical Summary of Mineral

Production
By Kathleen J. D' Amico !

%

HIS SUMMARY is shown in volumes I and III of this series on

mineral production in the United States (including Alaska and

Hawaii), its island possessions, the Canal Zone, and the Common-
wealth of Puerto Rico, and on the principal minerals imported into
and exported from the United States. For further details on produc-
tion, see the several commodity and area chapters. A summary table
comparing world and U.S. mineral production also is included.

BILLION DOLLARS
21

| /N

Total mineral production

.V.
r~

A
I\
./Mineral fuels
/

/\/\ // —’
A \ |/ e
3 SN ~. ‘
'\ - Nonmetals ‘,/\
~—.” L ~ -
* I = — =~ Metals
—_— )
o-.-—A.M,‘ - = o'
1925 1930 1935 1940 1945 1950 1955 1960

F1GURE 1.—Value of mineral production in the United States, 1925-59.

1 Publications editor.
77
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Mineral production may be measured at any of several stages of
extraction and processing. The stage of measurement used in the
chapter is normally what is termed “mine output”. It usually refers
to minerals in the form in which they are first extracted from the
ground, but customarily includes for some minerals the product of
auxiliary processing operations at or near mines.

Because of inadequacies in the statistics available, soms series
deviate from the foregoing definition. The quantities of gold, silver,
copper, lead, zinc, and tin are recorded on a mine basis (as the recover-
able content of ore sold or treated). The values assigned to these
quantities, however, are based on the average selling price of refined
metal, not the mine value. Mercury is measured as recovered metal
and valued at the average New York price for metal.

Data for clays and stone, 1954-59, include output used in making
cement and lime. Mineral-production totals have been adjusted to
eliminate duplicating these values.

The weight or volume units shown are those customary in the par-
ticular industries producing the respective commodities. No adjust-
ment has been made in the dollar values for changes in the purchasing
power of the dollar.

TABLE 1.—Value of mineral production in the United States,! 1925-59, by
mineral groups 2

(Millions)
Min- | Non- Min- | Non-
Year eral | metals | Metals| Total Year eral | metals | Metals | Total
fuels | (except fuels | (except
fuels, uel

$2,010 | $1,187 $715 | $4,812 $987 | $5,031
3,371 | 1, 721 5,311 6,3:
2,875 1 1,201 622 4,698 T4 6, 231
2,666 | 1,163 655 4,484 729 7,062
2,940 | 1,166 802 4,908 1,084 9, 610
2, 500 973 507 3,980 1,219 | 12,273
1,620 671 287 2,578 1,101 | 10,580
1, 460 412 128 2,000 1,351 | 11,862
1,413 432 205 2,050 1,671 | 13,529
1,947 520 277 2,744 1,617 | 13,396
2,013 564 365 2,942 1,811 | 14,418
2,405 685 516 3, 606 1,518 | 14,067
2,798 711 756 4, 265 2,055 | 15,792
2,436 622 460 3, 518 , 308 | 17,365
2,423 754 631 3,808 2,137 | 18,113
2, 662 784 752 4,198 y 416, 528
3,228 989 890 5,107 1,570 | 17,084
3,568 | 1,056 999 5,623

1 Excludes Alaska and Hawaii, 1925-53.

3Data for 192546 are not strictly comparable with those for subsequent years, since for the earlier years
the value of heavy clay products has not been replaced by the value of raw clays used for such products,

3Total adjusted to eliminate duplicating value of clays and stone.

4 Revised figure.
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TABLE 8.—Minerals produced in the United States and principal producmg

States in 1959

Mineral Principal producing States, Other producing States
in order of quantity

A_ntimony ............... %/gaho, 1[0 ——
a

Asbestos ................ Vt., Ariz., Calif.,, N.Coooameooeee
Tex., Utah, Ala., Okla__ _| Mo.
Ark., Mo., Nev,Ga .............. Calif Idaho, Ky., Mont., N. Mex., 8C.
Ark., Tenn, , Wash.
(sj Dak Colo 'ir"f["'éai'ﬁ::: Maine, N. Mex., Wyo.
Mlch Tex., Ark., Calif . _.... W. Va.
Nev..
Mich., Calif., W. V8. oacaaeeee
N. Mezx., Colo., Utah, Wash Oreg.

Cement. ccceeecommnnaen- Calif., Pa Tex Mich...--. All others exoept Alaska Conn Del,

gaw , Mass., N NfH C.,

Mont., Calif__....- o T
Ohxo, Tex Pa., Ga All others except R.I.

. K.,

.» Alask a,Aﬂz Ark., Colo., Ga., Ind.,
Kans. d Mo Mont N. Mex,
Dak., Ohio, Okla., 8. Dak., Tenn.,
Utah, Va ‘Wash., Wyo.

Alaska, Calif., Colo., Idaho, Mich., Mo.,

ex.,NC Pa Tenn,Wash
]]giatomite ............... Oalit., Nev., Oreg‘, AU  S—
mery - Y-
Feldspare «cceeeememanaas| N.C., Calif.,, N.H., Garereeeeeeee Ar’%z., Colo., Conn., Maine, 8.C., 8. Dak.,
'ex., Va.
Fluorspar- «cceeveeameans 1., Ky., Mont., COl0-canmmaaaaea| Nev., N. Mex., Utah.
-Garnet N.Y aho.
[ 23t . 8. Dak., Utah, Alaska, Calif______ Arlz Colo., Idaho, Mont., Nev., N. Mex.,
C Oreg,Pa Tenn,Wash
Graphite . cecccomceaanan Tex., R.I., Pacaeommmcccaceeeee
GYPSUM. e ccemmmmemeeee Mich Cahf Tex ) (0} : WO Ariz Ark Colo., Idaho, Ind., Kans., La.,
Nev., N.Y., Ohio, Okla., 3. Dak.,
Utah "Va., Wash., Wyo.
Hellum_ o ccvoecmceaeee Tex., Okla., Kans., N. Mex._.._..
Todine. Calif
Iron Ore . cceomcccecamcma- Minn., Mich., Ala., Utah. ... Calif., Colo., Ga Idaho, Mo Mont.,
Nev,NJ,N ex Nif , Oreg.,
Pa., Tenn., Tex., Va Wash WlS Wyo.
Kyanite. Va., 8.C.
Lead Mo., Idaho, Utah, Colo cmmmueaa- Ariz., Ark., Calif., I, Kans., Ky., Mont.,
%Iveig,N "Mex., N.Y., Okla., Va., Wash.,
TAMe e eeeeeeee Ohio, Mo., Pa., N.Y . cemmmcacaeen Ala., Arlz Ark., Calif., Colo., Conn,, Fla.,
Hawaii IlI Iowa, La., " Mass,
Mich., Mi.n.n Mont., Nev., N.T.,
Mex., Okla Oreg S. Dak Tenn. Tex,
. Utah Vt., Va WVa,W
Magnesite.coceeeeemcna- Wash., Nev., Calif. o oocoeameee-
Magnesium chloride... .- Tex
Magnesium compounds._| Mich., Calif,, N.J., TeX.—-ceeoe- Ala., Fla., Miss., N. M
Manganese -oeee-eammmnm Ariz,Nev,N Mex Mont. - -.-- Arvl% ascham Colo Ga., Tenn Utah, Va.
M?rcury ................ Calif., Nev., Alaska, Idaho. ...___ Ariz., Oreg., Tex.
ca:
[R)T-Y:] F— N.C., N.H,, 8. Dak., Maine.._--. Alg Ga., Idggm, Mass., Mont., N. Mex.,
123« T — N.C., Ga.,, Ala., S.Ccmaaaeeeeee Aréz i)Clglo Matne, N.H., N. Mex,, Pa,,
3
Molybdenum.. . _ooauan Colo., Utah Ariz., Calif_ . -| Nev., N. Ml
Nal T T— Tex., La Mex Okla..__ -| Ala., Alaska, Ark Calif., Colo., Fla,, Ill,,
Ind, Kans., Ky, Md. Mie! h., MlSS,
Mont., Neb., N.Y., N. Dak, Ohio, Pa.,
Tenn., Utah Va., Ww. Va., W
Natural-gas liquids..-.-- Tex., La., Calif., Okla_ - «occeee- Ark., Colo. Ill Ka.ns Ky,Mich MISS,

Z| Mich, Cam Fla., Wash- ... -

Ore, Mo Idaho
NG

N. Mex., Nev., Ariz., Calif____...

Dak., P

Mont Nebr Mex,
Utah., W. Va Wyo.

Colo., Conn., Ga., Idaho, 11, Ind., Maine,
Mass,NH NJ N.Y,, Ohio,Pa s.C.,

Wis.
Colo., Utah.



STATISTICAL SUMMARY OF MINERAL PRODUCTION 83

TABLE 8.—Minerals produced in the United States and principal producing
States in 1959—Continued

Mineral Principal producing States, Other producing States
in order of quantity
Petroleum. .. oocceeeeoo- Tex., La., Calif.,, Okla____._.__.__ Ala., Alaska, Ariz., Ark., Colo., Fla,, 1.,
Ind. ., Ky., Mich., Miss., Mont.,

Nebi'., Nev., N. Mex., N.Y., N. s
Ohio, Pa., 8. Dak., Tenn., Utah, Va.,

‘Wash., W, Va., Wyo.
Phosphate rock. - ... Fla., Tenn., Idaho, Mont. ... Utah, Wyo.
Platinum-group metals..| Alaska, Calif.
Potassium salts. ... N. Mex., Calif., Utah, Mich._.... Mad.
Pumice Calif., N. Mex., Ariz., Hawaii..__| Colo., Idaho, Kans., Nebr., Nev., Okla.,
Oreg., Utafx, ‘Wash., Wyo.
Tenn., Va., Calif., Cdo.... -| Ariz., Mont., Pa., Utah.
Idaho, Fla., Calif., Mont -| Colo.
La., Tex., Mich., N.Y..... Ala,, Calif., Colo., Kans., Nev., N. Mex.,
Ohio, Okla., Utah, Va., W. Va.
Calif., Mich., Wis., Ohi0_.._o... All other States.
Idaho, Ariz., Utah, Mont._._._.._ Alaska, Calif.,, Colo.,, Ky., Mo., Nev.,
N. Mex, N.Y., N.C., Oreg., Pa. S.
ak., Tenn., Va., Wash.
Wyo., Calif . _ o]
Calif., Tex., Wyo.__. -
Pa., Tex., Ohio, Ill__ -| All other States.

-| Calif., W:

Tale, pyrophyllite, and N Ala., Ark., Ga;sth., Mont., Nev., Pa.,

soapstone. Tex., Va., W:

Colo.

N.Y., Fla., Va., Idaho_ . ccooeeeoo.

I, OKkla., P8 eceeee -

-| Calif., Colo., N.C., Nev_____ -| Ariz,

N. Mex., Utah, Colo., Wyo0.._.... Alaska, Ariz., Calif., Idaho, Mont., Nev.,
Oreg., S. Dak., Tex., Wash.

Colo., Utah, Ariz_ oo N. Mex.

Mont., S.C._...

N.Y., Calif o eeeeo - :

Tenn., Idaho, N.Y., Ariz__ Ark., Calif,, Colo., Ill., Xans., Ky., Mo.,
Mont., Nev., N. Mex., Okla., Pa., Utah,

Fia Va., Was oy 'Wls.

MILLION DOLLARS
[Juess than 20

o u,, 3 20 to 100
4 N
.~ A 100 to 500

-~ B 500 to 1,000
(531,000 and over

Ficure 2.—Value .of mineral production in the United States, 1959, by States.
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STATISTICAL SUMMARY OF MINERAL PRODUCTION 117

TABLE 8.—Principal minerals imported for consum

(Compiled by Mae B. Price and Elsie D. Jackson,

ption in the United States
Division of Forejgn Activities, Bureau of Mines, from

records of the U.S. Department of Commerce, Bureau of the Census)
1958 1959
Mineral Short tons Value Short tons Value
(unless (thou- (unless (thou-
otherwise sands) otherwise sands)
stated) stated)
METALS
Aluminum:
Metal . - 255, 322 $117, 297 239, 571 $111, 259
Scrap.. PRI - 9,922 2, 969 10,919 3, 299
Plates, sheets, bars, ete-_____ - """ T"7777C 127,946 120,184 50, 638 34,876
Antimony:
Ore (antimony content)....____________________ 3,427 643 6,466 1,236
Needle or liquated. . 136 58 177
Metal 4,282 1,871 4,422 2,039
Oxide. 1,634 643 2,056 825
Arsenic: White. ... 9,524 720 19, 386 1,342
Bauxite: '
Crude. th nd long tons. - 127,915 170,107 28,107 73,203
Calcined:
When imported for manufacture of fire-
brick long tons.. 29,414 715 3108, 457 31,750
Other. do.___ 100 2 200 4
Beryllium ore - 4, 599 1, 547 8,038 2,345
Bismuth (general imports)_________ pounds__ 637, 309 1,233 457,163 825
Boron carbide. do.___ 47,368 133 81,459 144
Cadmium:
Metal ..._.__________________ thousand pounds__ 1,002 1,312 1,638 1,744
Flue dust (cadmium content)._._._______ O 1,218 661 1, 544 584
alcium: -
Metal pounds__ 15, 694 24 7,425 8
Chloride - -— 11,234 146 1,756 66
Chromate:
Ore and concentrate§ (Cr;03 content)._..__.___ 544,447 28, 206 665, 463 31,853
Ferrochrome (chromium content)__________.. - 15, 965 7,818 64, 066 29, 750
Metal ——— 12,326 14,716 2, 865 5,179
Cobalt: :
Metal thousand pounds__ 114, 538 128, 664 20, 087 35,926
Oxide (gross weight)___________ e meman do..__ 837 1,116 1, 561 1,856
Salts and compounds (gross weight)._..__ do____ 234 145 278 134
Columbium ore. pounds__ 2, 555, 942 2,346 3,395,816 2,652
Copper (copper content):
Ore_.. - 5,926 2,357 113 34
Concentrates. 84,871 37,968 9, 299 5, 505
Regulus, black, coarse.._____ 4, 925 2,172 7,113 4,260
Unrefined, black, blister. - 138, 633 66, 320 203 126
Refined in ingots, ete-......_____________ 124, 629 61,139 237, 304 146,478
01d and scrap.._. . 5,849 2,676 2,984 1,
Old brass and clippmgs._. --------------- 4,201 1,852 1,257 698
I(«}‘erroalloys: Ferrosilicon (silicon content) 2, 398 905 5,584 1,728
old:
Ore and base bullion.._...._______ troy ounces._ _ 1,099, 484 38,457 444,416 15, 522
Bullion do..__ 7,020, 242 251, 298 8,040, 528 288, 855
Iron ore:
Ore oo thousand long tons.__ 127,544 | 1231,617 35,613 312,367
Pyrites long tons__ 2,721 9 10, 157 48
Iron and steel:
Pigiron T . 209, 743 112,026 701,775 35, 593
Iron and steel products (major):
Semimanufactures....._.___.______________ 1788, 922 66, 930 2, 263,470 230, 950
Manufactures 11,030,765 | 1152,972 2, 349, 400 332,982
Serap._. 295, 859 10, 069 267,839 10,493
Lo (’i[‘in-plate ) S 36, 763 1,000 41,609 1,098
ad:
Ore, flue dust, matte (lead content).._.________ 1237, 625 150, 772 136, 696 26, 921
Base bullion (lead content)_______. 416 136 34 19
Pigs and bars (lead content)________. 351,759 71,404 262, 632 54, 667
Reclaimed, scrap, ete. (lead content). 8,619 1,441 7,897 1,304
Sheets, pipe, and shot...._________ ... 2,625 596 , 608 850
Babbitt metal and solder (lead content)________ 2,049 4,677 3,751 16, 820
Type metal and antimonial lead (lead content)_ 4,525 1,190 5,020 1,204
Manufactures - 1,272 446 1,398
Magnesium:
etallic and scrap. .. - 537 280 593 303
Alloys (magnesium content). ... __---77 9 38 26 155
Sheets, tubing, ribbons, wire, and other forms
(magnesium content). ... __________ 16 97 26 121

See footnotes at end of table,
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VTABI.E 8.—Principal minerals imported for consumption in the United States—

Continued
1958 1959
Mineral Short tons Value Short tons Value
(unless (thou- (unless (thou-
otherwise sands) otherwise sands)
stated) stated)
METALS—continued
anganese:
Ore (35 percent or more manganese) (man-
g tent)._ - 837,100 $76, 256 887,681 974,648
Ferromanganese (manganese content) - 49, 521 11,046 70,232 14,067
ercury:
Compounds. « - ccccccmmmmmenmapmmmm=s pounds.. 9,125 29 40, 522 118
‘Metal 76-pound flasks__ 130,196 15,922 30, 141 5,992
Minor metals: Selenium and salts.....-- pounds.- 204, 311 1,380 273,929 1,761
Molybdenum: Ore and concentrates (molybdenum
content) - - pounds..- 1,344 6
Nickel:
Ore and matte.- - 4,574 1,765 4,071 1,612
Pigs, ingots, shot, cathodes. 62,793 87,311 82,924 110, 754
crap--- 271 254 619 731
OXideo—cocemmccccmmmmommemSmamcmemmmesosommmos 29, 622 35,106 230,062 233,816
Platinum group:
Unrefined metals:
Ore and concentrates...---- troy ounces 503 27
Grains and nuggets, including crude, dust,
and residues ——- -do..-- 21,635 1,341 71,763 5,447
Sponge and scrap 213,167 2823 2 5,666 2 420
Osmiridium , 85 2,121 76
Refined metal:
Platinum -do. 2 247,763 215,363 2 260, 524 217,241
Palladium -do. 360,077 5,211 610, 740 , 374
Iridinm, ——- _-de 1,156 78 7,772 402
Osminm --.-do. 145 1,223 65
Rhodium --do. 17,280 1,803 29, 342 3,369
Ruthenium 7,758 259 14,679 492
Radium: .
Radium salts. milligrams 38,419 538 32,967 518
Radioactive substitutes. .c-----c-oocmooozoooma- 908 1,145
Rare earths: Ferrocerium and other cerium alloy
Sit pounds.. 11,544 46 16,070 59
ver:
Ore and base bullion-_thousand troy oun ces.. 134, 650 102, 286 39,759 34,522
Bullion do..-- 31,316 , 807 29, 329 26, 558
Tantalum: OTe. . cccceamemcmemmmmmmmm===== pounds.- 1,035, 588 1,838 652, 839 1,166
Ore (tin content)..---—--oooccemmnamov long tons.- 5,440 11,244 10,773 23,282
Blocks, pigs, grains, ete._-—-——---—------ do---- 41,149 84,624 43,493 , 666
Dross, skimmings, scrap, residues, and tin al-
10YS, DS.Df- oo oom o cmmmmmmmmmm = long t 3,208 5,771 3,434 6,658
Tinfoil, powder, flitters, etc. .----—----oeuuoomm- ®» 610 ® 1,008
Titanium:
enite_..-- - 348,144 6, 766 371, 687 7,991
Rutile 36, 563 4,513 23,228 2,943
Metal 4,146, 896 6, 287 3,126,293 3,564
Ferrotitanim . o ccccccmmoomcmmmmmmmmaoe do 201, 333 73 252, 436 70
Compounds and mixtures 1,417,522 5,722,512 1,088
Tungsten: (tungsten content)
Ore and concentrates.------ thousand pounds. . 6, 542 11, 960 5,435 4,235
Metal...-- __pounds.. 101, 363 230 196, 053 425
Ferrotungsten..coceoccoaem- thousand pounds.- 159 154 533 526
7 Other. -pounds._. 1 93,963 105
ine:
Ores (zine content). 1537, 699 151 121 436, 009 568
Blocks, pigs, and slabs. - cocceecmconmmmommonaon 185, 693 135,511 164, 462 33,996
Sheets. 901 285 951 311
0ld, dross, and skimmings...-—----------- 972 108 1,138 142
Dust. 96 14 4 6
Manufactures. .- —------ - ® 390 O] 812
Zirconium: Ore, including zirconium san 19,225 467 54,878 1,517

See footnotes at end of table.



STATISTICAL SUMMARY OF MINERAL PRODUCTION

119

TABLE 8—Principal minerals imported for consumption in the United States—

Continued
1958 1959
Minerals Short tons Value Short tons | - Value
(unless (thou- (unless (thou-
otherwise _ sands) otherwise sands)
stated) stated)
NONMETALS
Abrasives: Diamonds (industrial)_._.__._.. carats._| 110,070,305 | ! $39,213 13,076,172 $62, 703
%sb%itos 644, 331 58, 314 713, 047 65, 006
arite:
Crude and ground 527, 571 3,754 641, 241 4,881
Witherite 2, 240 108 2, 552 113
Chemicals 4,171 416 6, 045 551
Bromine p d 11, 925 38 24, 000 9
g]a t 376-pound barrels. . 3,390, 086 9, 682 5, 264, 996 13,773
ys:
Raw, 12 126, 692 2,835 172,986 3,103
Manufactured 5, 030 65 3,494 95
Cryolite 24, 186 2,332 22,102 1,994
Feldspar: Crude long tons.. 73 5 45 5
Fluorspar 392,164 9,777 555, 750 13,368
Gem stones:
DIamMOnAS. ace oo ceoomceaee carats..| 11,848,230 | 1140,631 2, 528,419 180, 665
Emeralds do. 38, 848 1,100 X 2,450
Other 4 24,212 29,421
Graphite. 27,067 1,203 37,048 1, 627
Gypsum:
Crude, ground, calcined 14,047,786 16,89 6,135,636 11,917
anufactures. — 4) 967 O] 1,287
Todine, crude.caceeocaaceoaoo thousand pounds.. 1,561 1,329 1, 466 1,
Kﬂnim 1,965 95 5,633
e:
Hydrated 1,000 21 530 9
Other 18, 822 318 26, 374 442
Dead-burned dolomite. 5,686 322 8,474 498
Magnesium:
agnesite, 181,684 15,210 155, 634 9,871
Mi Compounds 12,477 505 15,849 562
ca:
Uncut sheet and punch. __.coooooo..o. pounds. . 2,181, 056 5, 092 3,224, 698 7,818
Scrap. - 064 48 4,644 57
MinMal f l‘l"r;‘x i 15,053 8, 800 5,042 7,43
eral-earth pigments: Iron oxide pigments:

Natural piem 2,485 123 3,161 160
Synthetic. 5,933 889 7,776 1,144
Ocher, crude and refined 217 10 213 13
Siennas, crude and refined. . ... 555 49 1,399 95
Umber, crude and refined 2,278 73 2,078 68
Vandyke brown 204 15 202 14

Nitrogen compounds (major), including uroa 1,349, 585 59, 840 31,472,408 65, 265
Phosphate, crude. . long tons.. 108, 182 2,944 139, 891 3,421
Phosphatic fertilizers - _do.... 24, 562 1,711 , 230 2,543
Pigments and salts:
Lead pigments and salts. .« oo ocoooooomcomooeeen 8, 557 1,770 13,233 2,694
Zinc pigments and salts 13, 206 2,520 19, 147 3,678
Potash 5 366, 161 814,736 6432, 114 s 17, 578
Pumice:
Crude or factured 38,613 . 2714 21, 721 152
‘Wholly or partly factured 1,873 48 , 988 92
Manufactures, n. - (O] 15 [0) 20
Quartz crystal (Brazman pebble) ......... pounds.. 473, 000 356 679, 836 784
Salt 611, 043 3,368 N 5,438
Sand and gravel:
Glass sand 6,516 224 101 91
Other sand 317, 860 486 348, 331 464
Gravel 7,619 7 102, 878 93
Sodium sulfate th d short tons.. 97 1,968 122 2, 580
Stone, including slate. . “ 8,312 ® 11, 064
Strontium: Mineral 16,686 141 8,139 225
Sulfur and pyrites:
Sulfur
Ore. long tons.. 18, 906 445 11, 593 255
Other forms, N.€.8cemeeceecocccmaan do.... 571,781 13, 106 630, 895 13,646
yrites. do. 343, 060 , 104 280, 638 868
Tale: Unmanufactured 22,800 25, 351 861

See footnotes at end of table.
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TABLE 8.—Principal minerals imported for consumption in the United States—

Continued
1958 1959
Minerals Short tons Value Short tons Value
“(unless (thou- (unless (thou-
otherwise sands) otherwise sands)
stated) stated)
COAL, PETROLEUM, AND RELATED PRODUCTS
Carbon black:
Acetylene black pounds__ 7,154,224 $1,287 7,246,932 $1,335
CoalGas black and carbon black_..._.________ do.__. 125, 958 22 346,771 69
Anthracite. 4,363 34 2,633 22
Bituminous, slack, culm, and lignite.._....._.. 306, 940 12,546 374,713 2,433
Briquet: . 184 2 185 3
P :}nlm 121, 517 1,571 123,255 1,441
eat:
Fertilizer grade. 258, 824 11,433 277,006 13,003
Poultry and stable grade. 10,272 602 9,713 577
Petroleum: :
Crude. thousand barrels._ 1383, 707 1939, 709 381, 946 866, 551
Gasoline 6 do_.__ 129,729 1111,263 21,168 73,035
Kerosine 34 148 125 536
Distillate oil 2. 114,715 146,317 14, 801 51, 502
Residual oil 8 1195, 925 1452, 067 224,010 455, 574
Unfinished oils. 20, 510 56, 316 23,135 65, 823
Asphalt 7, 501 18,935 6,982 17,043
Miscellaneous. 14 222 25 333
1 Revised figure.

2 Adjusted by Bureau of Mines.

3 Believed by Bureau of Mines to contain some crude bauxite.

¢ Weight not recorded.

5 Data covers some quantities furnished by Potash Institute; values adjusted by Bureau of Mines.
($°13I.u7§13uld7e2§ naphtha but excludes benzol, 1958—1,060,597 barrels ($10,928,459); 1959—1,365,152 barrels

,172).
7 Includes quantities imported free of duty for supplies of vessels and aircraft.
i' I:fct]udw quantities imported free for manufacture in bond and export and for supplies of vessels and

aircraft.

TABLE 9.—Principal minerals and products exported from the United States

(Compiled by Mae B. Price and Elsie D. Jackson, Division of Foreign Aetivities, Bureau of Mines, from
records of the U.S. Department of Commerce, Bureau of the Census)

1958 1959
Mineral -
Short tons Value Short tons Value
(unless other-| (thousands)|(unless other-| (thousands)
wise stated) wise stated)
METALS

Aluminum:
Ingots, slabs, crude. 52,711 $24,220 121,081 $53, 518
Scrap. 18, 906 5, 595 32,388 10, 485
Plates, sheets, bars, etc 9,183 10,240 9,015 9,977
Castings and forgings_ 1,633 3,022 1,216 2,842
Antimony: Metals and alloys, crude_ oo 39 23 9 4
Arsenic: Calcium arsenate. pounds.. 1,274,000 81 122,920 12
Bauxite, including bauxite concentrates..long tons_. 11,868 968 117,403 11,825
Aluminum sulfate. 9, 864 423 14, 487 573
Other aluminum compounds. - am oo ooocoeoeene 32,803 4,438 32,049 4,286
Beryllium. ... pounds 57,636 247 164, 460 1, 530
Bismuth: Metals and 8ll0yS. e oo . do_... 316,318 389 179,744 261
Cadmium._ thousand pounds. .. 580 771 900 1,024
Calcium chloride. 37,632 1,325 39,929 1,377

See footnotes at end of table.
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TABLE 9.—Principal minerals and products exported from the United States—

Continued
1958 1959
Mineral
Short- tons Value Short tons Value
(unless other-| (thousands)|(unless other-| (thousands)
wise stated) wise stated)
METALS—continued
Chrome:
Ore and concentrates:
Exports. 717 $49 272,645 2$3,084
Reexports. 52,303 2,158 24,467 976
Chromic acid- 486 281 5! 349
Ferrochrome 1,920 1,012 6,127 2,096
Cobalt, pounds._| 1,757,600 1,102 694, 641 543
golumbium metals, alloys, and other forms.._do.... 54,711 42 15,414 21
opper:
Ores, concentrates, composition metal, and un-
refined copper (copper content) - - - ... 11,475 5,865 2, 982 1,808
Refined copper and semimanufactures.. 428,015 3229, 535 196,012 128, 577
Other copper manufactures.._. ... y 302 y 4,352 3,280
Copper sulfate or blue vitriol ... __.__.__ 7,248 1,176 2,672 675
Copper base alloys 36, 565 26, 906 37,607 30,002
Ferroalloys:
Ferrosilicon pounds. . 4,353,279 392 21, 115,496 981
a 1é*‘errophosphorus ........................ do....| 89,006, 784 1, 468 99, 806, 945 1,799
old:
Ore and base bullion. . ... troy ounces. .. 26, 929 945 20, 498 715
Bullion, refined do..._ 859, 042 30,077 29,104 1,218
Iron ore thousand long tons.. 33,573 3 34, 898 2, 967 33, 831
Iron and steel:
Pig iron 103, 348 6,725 10, 444 549
Iron and steel products (major):
Semimanufactures. - - -oecceomomommemoeo 31,693,877 3300, 570 1,069, 848 213,297
Manufactured steel mill produets. .ccooe..- 31,531,261 3 406, 467 886, 371 238, 757
Advanced products 0) 156,072 165, 871
Iron and steel scrap: Ferrous scrap, including re-
Lro(]iling materials 352,927, 860 3895412 4,849,076 165, 464
ead:
Ore, matte, base bullion (lead content)......... 1,012 252 224 54
Pigs, bars, anodes. 1,359 467 2,756 751
Ccrap.- - 1,015 237 1,141 291
Magnesium:
Metal and alloys and semifabricated forms,
n.e.c... 1,041 1,280 2,377 2,028
Powder. 11 16 12 32
Manganese:
Ore and concentrates. 4,833 700 5,702 819
Ferromanganese. 1,406 464 947 388
Mercury:
B 0.4 o0} o £ R, 76-pound flasks. . 320 95 640 92
Reexports_ do 934 199 553 119
Molybdenum:
Ore and concentrates (molybdenum content)
poun 311, 966, 204 3 14,965 18, 852,279 24,778
Metals and alloys, crude and serap.- - ... do.... 14,151 5 15,172 22
Wire.. _. do. 11, 346 215 12,395 250
Semifabricated forms, N.€.6- - <eocoeooo. o do.... 20,878 63 8,921 91
Powder. do. 4,841 16 11,314 36
Ferromolybdenum do.._.. , 246 245 248,012 280
Nickel:
Ore.. 10 1] ———-
Alloys and scrap (including Monel metal), in- :
gots, bars, sheets, ete. 312,820 316,043 11,818 11, 967
Catalysts._ 485 1,023 597 1,162
Nickel-chrome electric resistance wire........._ 154 678 139 598
Semifabricated forms, n.e.c. 563 2,491 519 2,314
Platinum:
Ore, concentrates, metal and alloys in ingots,
bars, sheets, anodes, and other forms, includ-
1T 400 ¢: SRR troy ounces.. 35,075 1,233 18, 560 1,147
Palladium, rhodium, iridium, osmiridium,
ruthenium, and osmium (metal and alloys
including SCrap) - - ceeeeecccecaus troy ounces.. 12,293 379 12, 845 390
Platinum group manufactures, except jewelry.. ® 2,103 O] 2,306
Radium metal (radium content)......... milligrams. . 3140 35 2,207 40

See footnotes at end of table.
567825—60——9
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TABLE 9.—Principal minerals and products exported from the United States—

Continued
1958 1959
Mineral
Short tons Value Short tons Value
(unless other-|(thousands)| (unless other-|(thousands)
wise stated) wise stated)
METALS—continued
Rare
Cerium ores, metals, and alloys.....-- pounds.. 29, 998 $24 27, 500 $17
S nghtet - 7, 720 47 13,343 50
ver:
Ore and base bullion_ __thousand troy ounces-. 1,640 1,456 103 93
Bullion, refined 1,093 1,000 9,077 8,381
Tantalum:
Ore, metal, and other forms. pound 20,076 302 16,478 242
Powder. do. 5,773 212 , 76
Tin:
Ingots, pigs, bars, ete.:
Exports. long tons-- 917 1,336 943 1,890
Reexports._ - 424 899 428 970
Tin scrap and other tin bearing material except
tinplate scrap. 2,291 992 7,713 1,231
Tin cans finished or unfinished - - .- do_--_ 35,849 18,322 36,320 19,027
Titanium:
Ores and concentrates. 1,246 172 4,656 290
Sponge (includmg jodide titanium) and scrap.- - 97 172 496 543
Intermediate mill shapes. 192 1,772 380 2,770
Mill products, n.e.c. 144 3,456 119 2,391
Ferrotitanium 323 138 321 146
Dioxide and pigments. 37,016 11,347 36,282 10, 558
Tungsten: Ore and concentrates:
Export: .22 17 1 5
Reexports 162 207 98 119
Vanadium ore and concentrates (vanadium con-
Zin pounds.. 1,261,083 2,625 2,480, 343 4,668
c
Ores and concentrates (zinc content). 1
Slabs, pigs, or blocks 32,073 3704 11,629 2,673
Sheets, plates, strips, or other forms, n.e.c-..-- 3,818 2,637 3, 529 2,708
Setap (zine content) 5,344 364 11,332 1,053
Dusf 519 170 521 182
Semifabﬂcated forms, n.e.c. 1,168 542 1,071 612
Zirconium:
Ores and concentrates. 1,994 336 1,511 263
Metals and alloys and other forms. . ..pounds-- 100, 556 757 89,819 661
NONMETALS
Abrasives: .
Grindstones....-.- 280 45 401 52
Diamond dust and powder-..--.——-—- carats.. 123,194 378 172,787 440
Diamond grinding wheels. do 203, 095 1,294 249, 950 1,518
Other natural and artificial metallic abrasives
and products. ® 320,752 (4) 21,088
Asbestos ‘Unmanufactured:
rf 2,937 407 4,317 763
R 89 17 144 30
Boron: Boric acid borates, crude and refined
pounds_.| 471,167,767 18,292 | 507,347,202 21,047
Bromine, bromides, and bromates ........... do. 10,071,033 3,129 9,171, 539 2, 504
gl 376-pound barrels__. 641, 159 2,975 277,267 1, 595
Kaolin or china clay. 66, 419 1, 602 74,734 2,206
Fire clay. 125,923 1,880 137,389 2,468
Other clays. 257, 436 8,646 276, 715 8, 800
Cryolite 164 4 176 53
Fluorspar. 3,374 191 1,144 69
Graphite:
Amorphous 767 97 1,003 126
Crystalline flake, lump or ¢hip- - c-meomeomeaan 164 52 169 61
Natural, n.e.c. 235 43 196 36
ypsum:
Crude, crushed, or calcined
thousand short tons..- 29 921 14 641
Manufactures, n.e.c. ) 1, 544 *) 655
Todine, iodide, 10d8tes. . oo thousand pounds..- 199 314 175 249
Kyanjt;e and allied minerals. 2,493 127 2,734 167
5, 31,047 52, 780 1,000

See footnotes at end of table.
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TABLE 9.—Principal minerals and products exported from the United States—

Continued
1958 1959
Mineral
Short tons Value Short tons Value
(unless other-| (thousands)|(unless other-|(thousands)
wise stated) wise stated)
NONMETALS—continued
Mica:
Unmanufactured. . .. cccooeoeommaeaaae pounds.. 1,030, 540 $91 1,072,894 $126
Manufactured:
Ground or pulverized dn 8,198, 367 431 8,915, 109 459
254,198 696 3 653
Mineral-earth pigments: Iron oxide, natural and
manufactured 3,914 1,065 4,337 1,040
Nitrogen compounds (Major)---meeeeeeeommomioaoo 704, 492 38,938 747,024 37,415
Phosphate rock. long tons_. 2, 818,073 25,234 3, 239 722 y
Phosphatie fertilizers. . _ do. 514, 227 23,388 13 867 19, 539
Pigments and salts (lead and zinc):
Lead pigments. .o 3,446 1,095 3,178 1,054
Zinc pigments 3,156 912 3,054 864
Lead salts..-- 1,050 412 699 276
Potash:
Fertilizer 496, 805 16, 478 560, 001 16, 502
Chemical___ 9,871 , 799 11, 658 1,994
Quartz crystal (raw)... 4) 285 O] 166
ga;alxgioa/ctive isotopes, ete_ oo curie.. 156,191 1,534 112, 204 1,283
Crude and refined 363, 009 2,273 424,348 2,
Shipments to noncontiguous Territories.._.--. 12,790 1,026 13, 652 1,031
Sodium and sodium compounds:
Sodium sulfate. 20,193 786 21, 527 805
ot Sodium carbonate....__.. thousand short tons.. 104 4,279 153 5,644
one:
Limestone, crushed, ground, broken........_... 767,757 1,390 1, 085, 553 1,999
Marble and other building and monumental
cubic feet. . 349, 366 1,236 425,194 1,262
Stone, crushed, ground, broken._ .. -oceeeeaeoo 173,340 3,697 157,911 3,388
Manufactures of stone (O] 432 (O] 643
Sulfur:
Crude.-.... long tons..| 31,577,919 339, 507 1, 611, 908 39, 967
T lCrushed, ground, flowers of .o do.... 324, 31,932 23, 699 .y
ale:
Crude and ground.... 58, 647 1,358 58, 751 1, 532
Manufactures, n.e.c. 212 93 197 175
Powders-talcum (face and compact)....-.-.-.. ) 1,341 *) 1,276
COAL, PETROLEUM, AND RELATED PRODUCTS
8arll)on | ) F70) S, thousand pounds. - 440, 542 39, 748 513,143 45, 798
oal:
ADENIaCIte . - oo oo oo 2,279, 859 35,762 1,787, 558 28,
Bituminous......... 3 50, 293, 382 3 490,028 37, 226, 766 349,273
Briquets. , 961 899 33, 458 495
Coke - 392, 817 7,127 A 8,674
Petroleum:
Crude. th d barrels. - 4,345 14,748 2, 524 6,
Gasoline 7. ____.... do 320,374 3142,646 15, 518 108, 766
Kerosine. .o cacacecaeoooaoo do 1,140 5, 369 934 4,926
Distillate oil. . do. 17,115 , 638 12, 681 46,153
Residual oil do. 392,782 8 54,104 21,319 5,
Lubricating oil-.... do. 312,464 185, 807 13, 536 181,931
Asphalt do. 1,083 6,013 813 4,623
Liquefied petroleum gases. .- .cooccoaav do..-.- 2,854 , 423 2,251 6, 791
A1 £: Y S do. 905 19, 861 1,031 22, 202
Coke. . do. 4,406 , 026 4,680 19, 608
Petroleum . do. 256 , 084 260 6,361
Miscellaneous. - - « o e cocemcmeccmoccm e do-... 518 13,655 563 14, 656

1 Adjusted by Bureau of Mines.

2 Believed to be mostly foreigu exports.
3 Revised figure.

4 Weight not recorded.

8 Excludes circles strip and scroll shear butts, due to this exclusion, plus revisions, the 1958 data will differ
from that shown in 1958 Minerals Yearbook, t. 23, p. 615,

¢ Less than $1,000,

7 Includes naptha, but excludes benzol: 1958—273,428 barrels ($3,562,974), 1959—173,935 barrels ($2,340,389).
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TABLE 10.—Comparison of world and United States! production of principal
metals and minerals, 1958-59

[Compiled by Augusta W. Jann and Berenice B. Mitchell]

1958 1959
Mineral World United States ‘World United States
Thousand short tons | Percent| Thousand short tons| Percent
of world of world
Fuels:
Coal:
Bituminous 1, 836, 437 408,019 22 [1,902,134 | 409, 248
Lignite_ 678, 265 2,427 @ 687, 771 2,780 ®
Pennsylvania anthracite......__._. 175, 100 21,171 12| 186,000 20, 649 11
Coke (excluding breeze):
Gashouse 3 51,308 (4) ® 49, 960 Q) [0}
Oven and beehive_ _. ... 281, 459 53, 604 19 | 289,795 55, 863 19
Fuel briquets and packaged fuel . ........ 117,610 1,071 @ 114, 650 900 @
Natural gas (marketable)
million cubic feet. . (%) 11, 030, 298 (%) (%) 12,046,115 | (%)
Peat. 65, 510 328 @) 70, 600 419 @
Petroleum (crude)..._thousand barrels..|6, 607,856 | 2,449,016 37 {7,127, 310 |2, 574, 590 36
Nonmetallic minerals:
Asbestos 2,060 44 2 2,270 45 2
Barite. . 2, 600 486 19 3,000 867 29
Cement . .o occcmceac- thousand barrels. |1, 543, 394 326, 352 21 (1,720,526 | 355,734 21
Cordundum. 11 -2 O IS,
Diamonds_ _-ccceaeaee- thousand carats_.| 28,400 26, 800
Diatomite... 1,090 450 41 1,060 450 42
Feldspar 8_ . ooeo.-- thousand long tons.. 1,050 470 45 1,150 548 48
Fluorspar. 1, 830 320 17 1,855 185 10
Graphite. - 350 ®» ® 410 Q) ®
Gypsum 38,740 9, 600 25 42,320 10, 900 26
Magnesite.- 6,000 493 8 6,150 594 10
Mica (including scrap)
thousand pounds..| 315,000 187, 355 59 | 340,000 | 200,588 59
Nitrogen, agricultural 8 7. .______ 8, 700 2, 360 27 9, 700 2,675 28
Phosphate rock.. ... thousand long tons..| 34,770 14,879 43 36, 530 15, 869 43
Potash (K20 equivalent) . - ccceoeeeeeene- 8, 800 2,148 24 9, 400 2,383 25
Pumice. 9, 200 1,973 21 10, 300 2,276 22
PyriteS. - cccccaacan thousand long tons..| 18,300 974 5 16, 700 1,057 6
Salt 82, 200 21,911 27 88, 900 25,163 28
Strontium 6 12 14 ) O]
Sulfur, elemental . __thousand long tons.. 8,405 5,286 63 9,075 5,326 59
Tale, pyrophyllite, and soapstone._....... 2,000 718 36 2, 400 795 33
Vermiculite 6. 246 191 78 260 207 80
Metals, mine basis:
Antimony (content of ore and concen-
trate) ¢ short tons_.| 44,000 705 2 52, 000 678 1
Arsenic 6 39 12 31 47 11
Bauxite_ - .ocecacaee thousand long tons-.| 20,900 1,311 6 22,500 1,700 8
Beryllium concentrates.....-- short tons.. 7,400 463 6 7,300 328 4
Bismuth. . ocemeaon thousand pounds.. 4, 600 ® ® 5,200 Q) ®
Cadmium. . cccecaeas thousand pounds_.| 19,900 9,673 49 19, 700 8,602 4
Chromite. 4,165 144 3 4,255 105 2
Cobalt (contained) . ___.__._.. short tons.. 14, 600 2,012 14 17,700 1,165 6
Columbium-tantalum concentrates
thousand pounds.. 4,990 428 9 6,170 189 3
Copper (content of ore and concentrate) .. 3,780 979 26 4,020 825 21
(€ 70) (6 I —— thousand fine ounces..| 40, 600 1,759 4 42,800 1,635 4
Tron ore -« ccceeu-- thousand long tons..| 398,439 67, 709 17 | 429,018 60, 276 14
Lead (content of ore and concentrate) ... 2, 560 267 10 2, 530 256 10
Manganese ore (35 percent or more Mn).| 13,663 327 2 14, 042 229 2
Mercury.- —--- thousand 76-pound flasks.. 251 38 15 232 31 13
Molybdenum (content of ore and con-
centrate) . - coeooue- thousand pounds..| 57,700 41,069 71 70, 300 50, 956 72
Nickel (content of ore and concentrate) - 249 12 5 312 12 4
Platinum groups (Pt, Pd, etc.)
thousand troy ounces.. 890 14 2 1,000 15 2
[SIR() S thousand fine ounces--| 238, 500 36, 800 15 | 216,800 23, 000 11
Tin (content of ore and concentrate)
thousand long tons.. b Ui} 75 PRI P 161 ® ®
Titanium concentrates:
Tlmenite 1,722 563 33 1,909 635 33
Rutile 103 7 7 105 9 9
Tungsten concentrate (60 percent WO3)
short tons..| 55,500 3,788 7 56, 850 3,649 6

See footnotes at end of table.
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TABLE 10.—Comparison of world and United States! production of principal
metals and minerals, 1958-59—Continued

1958 1959
Mineral World United States World United States
Thousand short tons | Percent| Thousand short tons| Percent
of world of world
Metals, mine basis—Continued

Vanadium (content of ore and concen-
trate) ¢ short tons.. 4,231 3,030 72 5,325 3,719 70
Zinc (content of ore and concentrate) . ___ 3,330 412 12 3,390 425 13

Metals, smelter basis: .

Aluminum_ 3,880 1,566 40 4,510 1,953 43
Copper- 3,950 1,069 27 4,170 842 20
Iron, pig (incl. ferroalloys) - .o oo o___ 216, 700 58, 867 27 | 246,300 62, 135 25
Lead._. 2, 500 469 19 , 420 341 14
M agnesium 104 30 29 104 31 30
Selenjium.____.________ thousand pounds. . 1,533 727 47 1, 866 799 43
Steel ingots and castings 298, 600 85, 255 29 | 336,100 93, 446 28
Tellurium._.__..__.__ thousand pounds. . 224 171 76 357 196 55
£ « S, thousand long tons.. 158 85 3 154 811 7
Uranium oxide (UsOs) 8. _______ 36 13 36 43 16 37
Zince. 2, 990 781 26 3,140 799 25

1 Including noncontiguous territories.
2 Less than 1 percent.

3 Includes low- and medium-temperature and gashouse coke.
¢ Bureau of Mines not at liberty to publish U.S, figure separately.

8 Data not available,
¢ World total exclusive of U.S.S.R,

7 Year ended June 30 of year stated (United Nations).
8 U.S. imports of tin concentrates (tin content).






Employment and Injuries in the Metal

and Nonmetal Industries
By John C. Machisak !

&

HIS CHAPTER reports employment data and injury experience

in the metal, nonmetal, quarrying, sand and gravel, and slag

(iron blast furnace) industries of the United States in 1959.
Each industry is treated separately, and no attempt has been made
to combine data to show an overall total for this group of mineral
industries. The slag canvass is included for the first time (data on
employment and injuries were not collected before 1958), and, like
other canvasses included in this chapter, data are voluntary.” Employ-
ment and injury experience for all mineral industries can be found
in volume ITL.

The employment and injury information in this chapter came
from reports submitted to the Bureau of Mines before May 31, 1960;
therefore, figures are preliminary and subject to revision.

Voluntary reports submitted by operators have contributed sub-
stantially to sagaty promotion since 1911, when the Federal Bureau
of Mines started collecting employment and injury facts.

METAL MINES

Preliminary data indicate that the safety record for metal mines
improved when compared with 1958. The number of fatal and non-
fatal injuries decreased 20 and 18 percent, respectively. Decline in
injuries was accompanied by a reduction in man-hours of exposure. -
The preliminary combined injury-frequency rate was 3 percent lower
than the final rate for the preceding year. Number of active mine
days also decreased, and each employee worked an average of 1,711
hours in 1959 based on an average 8-hour day.

Copper.—Fewer injuries in the copper mining industry during 1959
caused by an 11-percent decrease in the combined (fatal and nonfatal)
injury-frequency rate (shown in preliminary figures). The number
of men working daily decreased 7 percent, and man-hours of employ-
ment dropped 17 percent. The average employee worked a total of
1,864 hours, 226 hours less per worker than reported in the final 1958
figures. An 8-hour shift was maintained during the year.

1Chief, Branch of Accident Analysis, Division of Accident Prevention and Health,
127
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TABLE 1.—Employment and injury experience at metal mines in the United
States, by industry groups

Average | Man- Man- | Number of injuries | Injury
Men active days hours rate per
Industry and year working | mine worked | worked million
daily days (thou- (thou- Fatal | Nonfatal| man-
sands) | sands) hours
Copper:
1950-54 (aVerage)----veewe-- 15,707 303 4,754 37,987 24 1,194 32.06
1955 17,000 299 5,001 40, 500 26 1,482 37.23
1956 18,147 317 5, 756 45,981 28 1,463 32.43
1957 A 294 5,188 41, 452 19 1,276 31.24
1958 14,972 261 3,912 31,295 20 911 20.75
1959 el 13,937 232 3, 25, 975 15 673 26. 49
Gold placer:
1950-54 (AVOrage).--c-w--uv 2,636 214 565 4,526 1 161 35.79
1955 1,301 214 279 2, 132 55.75
1956. 1, 206 317 2, 698 138 51.16
1957 e 1, 551 186 288 2, 380 2 140 59.67
1958. 1,793 172 309 2, 549 1 120 47.48
19591 . 1,587 160 254 2,199 1 99 45.48
Gold-silver:
1950-54 (aVerage)--c---v---- 3,849 256 985 7,748 10 854 111.52
1955 2, 894 266 771 6,161 10 485 80.35
1956. 2, 259 682 5, 454 4 473 87.46
1957 e 3,411 267 910 7,276 6 327 45.77
1958 3,687 248 914 , 30 2 41.88
I 1959 1 e 3,301 256 847 6,772 8 321 48.58
on:
1950-54 (2Verage)----coaem- 29, 753 257 640 61,332 23 1,060 17.66
1955, 24,954 245 6,105 48, 941 15 776 16.16
26,817 234 6, 281 50, 376 19 723 14.73
25, 669 252 6, 480 51,958 13 617 12.13
21,382 206 4,411 35,374 14 432 12.61
21,739 180 3,911 31,378 14 471 15. 46
Lead-zine:
1950-54 (AVErage) ---eemmu=-n 13,912 262 3,639 29,097 27 2,260 78.60
1955. 11, 656 256 2, 984 23, 880 16 1, 583 66. 96
1956. 11,041 269 2, 967 23,745 23 1,548 66. 16
1957. 11,777 246 2,897 23,168 14 1, 320 57.58
1958 e 298 244 2,023 16, 160 19 8. 52.79
1959 1 e 7,213 256 1,845 14,767 10 793 54,38
Miscellaneous: 2
1950-54 (AVerage) -ceeemwe-- 4,875 252 1,229 9,895 10 726 74.38
1955. 7,338 257 1,884 15,101 12 1,379 92.11
249 2,014 16, 153 15 1,130 70.88
237 1,988 15,946 17 87: 55.88
221 2,004 16, 840 14 898 54.16
228 1,317 10, 551 8 495 47.67
266 18,812 | 150, 585 95 6, 255 42,17
263 17,113 | 136,950 79 5,837 43.20
264 18,017 | 144,407 89 5, 475 38. 53
259 17,751 | 142,181 71 4, 554 32.53
229 13,665 | 109, 523 70 3,499 32.59
213 11,412 91, 643 56 2, 852 3L.73

1 Preliminary figures. N
¢ Includes antimony, bauxite, chromite, cobalt, manganese, mercury, molybdenum, platinum, titanium,
tungsten, vanadium-uranium, magnesium, and minor metals.

Gold Placer.—Preliminary data for placer operations indicated a
decline in both employment and the number of injuries. Employment
and man-hours decreased 11 and 14 percent, respectively, compared
to the preceding year. The number of fatalities remained the same
in both years, and, there was a notable decrease in the number of
nonfatal injuries (18 percent), resulting in a 4-percent decline in the
overall frequency rate. The average employee worked 1,385 hours,
36 hours less than the final data for 1958.

Gold-Silver Lode.—According to preliminary data, men employed
and the number of man-hours worked in the gold-silver lode mines
declined. The combined injury-frequency rate of 48.58 revealed an
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increase of 16 percent over the preceding year. Although the average
number of men employed at gold-silver lode mines decreased approxi-
mately 10 percent from 1958, each employee accumulated a total of
2,052 hours for the year, or 70 more hours than in 1958, while working
an 8-hour shift daily.

Iron.—Preliminary figures indicated a 2-percent gain in number of
men employed, while man-hours and average active mine days de-
clined, 11 and 13 percent, respectively. The number of fatalities (14)
were the same in 1958. Of 14 fatalities reported, 6 occurred at the
Sherwood underground mine in Michigan (classed as a major disaster
because 5 or more men were killed in a single accident). A slight
increase was reported in nonfatal injuries. The average employee
at iron mines worked a total of 1443 hours, compared with 1,654
hours in 1958. An 8-hour workshift was maintained in both 1958
and 1959.

Lead-Zinc.—Total employment and number of injuries at lead-zinc
mines declined according to preliminary data. A 47-percent decrease
in fatal and a 5-percent decrease in nonfatal injuries resulted in a
Breliminary combined injury-frequency rate of 54.38. A decline in

oth the number of men employed and man-hours worked was noted ;
however, the average active days worked increased slightly. The
average employee worked a total of 2,047 hours—100 hours more than
in 1958.

Miscellaneous Metals.—Included in this group were mines that yielded
antimony, bauxite, chromite, cobalt, columbium-tantalum, magnesium,
manganese, mercury, molybdenum, platinum, pyrite, titanium, tung-
sten, uranium-vanadium, and minor metals. Injury experienced at
miscellaneous metal mines was considerably lower, according to
preliminary data. Fatalities were 6 less than reported in 1958—
a_decrease of 43 percent; nonfatal injuries declined 45 percent. Em-
ployment and man-hours also revealed a decrease from 1958; however,
the average active days worked increased slightly. The average em-
ployee at miscellaneous metal mines worked approximately 1,827
hours, or a daily shift of 8.01 hours, compared with 1,777 hours of
employment on an 8-hour shift in 1958.

NONMETAL MINES (EXCEPT STONE QUARRIES)

Annual reports for 1959 received from operators of nonmetal mines
included those producing abrasives, asbestos, asphalt, barite, clays,
feldspar-mica-quartz, fluorspar, gypsum, magnesite, phosphate rock,

otash, pumice, salt, sulfur, talc and soapstone, and minor nonmetals.
greliminary data revealed a 9-percent decrease in employment and a
6-percent decrease in man-hours. The safety record was not as good
as the preceding year, since the combined (fatal and nonfatal) injury-
frequency rate per million man-hours of work increased 4 percent.
Average days active per employee increased by 7. Employees aver-
aged an 8.17-hour shift and each worker accumulated approximately
2,000 hours during the year.

Nonmetal Mills—The number of men employed and man-hours
worked at nonmetal mills was 6 percent more than 1958. Injuries,
both fatal and nonfatal, increased also, resulting in a rise of 16 per-
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cent in the combined injury-frequency rate. Mills operated an 8.13-
hour shift, and each employee had slightly over 2,100 hours of work
to his credit.

Clay Mines and Mills—Principal industrial clays are kaolin (china
clay), bentonite, fuller’s earth, ball clay, and fire clay. Table 4 shows
only annual comparisons of injury experience and employment data
for mines and their accompanying mills. Preliminary data for clay
mines indicated improvement In the safety record over that of 1958,

TABLE 2.—Employment and injury experience at nonmetal mines (except stone
quarries) in the United States 1

Men Average | Man-days | Man-hours Number of injuries Injury
Year working active worke worked rate per
daily mine (thou- (thou- million

days sands) sands) Fatal | Nonfatal | man-hours

12, 500 291 3,639 29, 519 16 1,227 42.11

14, 504 264 3,836 31,093 19 1,156 37.79

15, 595 268 4,178 33,963 17 1,036 31.00

17,921 262 4,691 37,877 1,112 29.60

17,820 239 4,258 34,648 15 955 28.00

16, 255 246 4,006 32,737 10 940 29.02

1 Tncludes abrasives, asbestos, asphalt, barite, clay, feldspar-mica-quartz, fluorspar, gypsum, magnesite,
phosphate rock, potash, pumice, salt, sulfur, tale and soapstone, and minor nonmetals.

3 Includes clay mines not compiled before 1955.

8 Preliminary figures.

TABLE 3.—Employment and injury experience at nonmetal mills (except stone
quarries) in the United States

Men Average | Man-days | Man-hours | Number of injuries Injury

Year working active worked worked rate per

daily mill (thou- (thou- million

days sands) sands) Fatal | Nonfatal | man-hours

19551 8,723 283 2,467 19, 843 3 451 22.88
1956. 17, 585 288 5,056 40, 675 7 1,157 28. 62
h LTy A — 27,081 274 7,415 59, 765 10 1,512 25.47
32,401 272 8, 809 71,161 9 1,490 21.06
34,330 269 9, 246 75,128 10 1,821 24.37

1 Shown separately for the first time in 1955—beginning 1956, clay mill figures included.
2 Preliminary figures.

TABLE 4—Employment and injury experience at clay mines and mills in the
United States

Men Average | Man-days | Man-hours Number of injuries Injury

Year working active worked worked rate per
daily mine (thou- (thou- million
days sands) sands) Fatal | Nonfatal | man-hours

223 779 6,343 7 247 40.05

202 891 7,266 8 251 35. 64

208 1,046 8,355 3 320 38.66

193 1,134 9,277 6 322 35.36
194 1,032 8, 667 4 257 30.

280 2,176 17, 552 2 709 40. 51

258 3, 996 32,079 ] 949 29.74

255 4,221 34,096 5 896 26.43

258 4,788 38,903 7 1,092 28.25

1 Preliminary figures.
3 No figures for clay mills compiled in 1955.
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and the overall injury-frequency rate declined 15 percent. Fewer
men were employed, and fewer man-hours were worked; each man
averaged 1,633 hours of work during the year. Clay mills (from pre-
liminary figures) had a 7-percent increase in the overall injury-fre-
quency rate from that of 1958. More men were employed in milling
ogeratiom, and more man-hours were worked, averaging an 8.12-hour
shift; each mill employee had 2,094 hours of work to his credit.

SAND AND GRAVEL PLANTS

Employment at sand and gravel plants (commercial and noncom-
mercial) declined from 1958 in both number of men employed and
number of man-hours worked according to preliminary figures, or
15 and 13 percent, respectively. The combined injury-frequency rate,
however, was 9 percent higher than in 1958. The average employee
worked 5 more days and accumulated 1,858 man-hours of work.

TABLE 5.—Employment and injury experience at sand and gravel operations in
the United States

Men Average | Man-days | Man-hours | Number of injuries | Injury

Year working active worke worked rate per
daily mine (thou- (thou- million

days sands) sands) Fatal | Nonfatal | man-hours

31, 531 221 6, 954 59, 764 35 1,763 30.09

51,122 211 10, 763 92, 456 25 1,698 18.64

43, 597 216 9, 403 80, 770 20 1,622 20. 33

! Employment data from Branch of Construction and Chemical Materials, Division of Minerals.
2 Prelim: figures.

SLAG (IRON BLAST-FURNACE) PLANTS

The data in table 6 pertain only to those plants that produce the
nonmetallic product commonly referred to as slag. .

Reports from operators showed a decline of 5 percent in the number
of men employed and a 3-percent decrease in the number of man-
hours worked. Injuries reported were the same as the preceding

ear, but a decline in man-hours worked caused a 3-percent increase
in the allover injury-frequency rate per million man-hours of work-
time. Each employee worked an approximate 8-hour shift and ac-
cumulated 2,058 hours of work.

TABLE 6.—Employment and injury experience at slag plants (iron blast-furnace)
in the United States

Man- Man- Number of Injury
Number| Men | Average days hours injuries rate per
Year of working | active worked worked million
plants daily days (thou- (thou- man-
sands) sands) Fatal | Nonfatal hours
L1 S — 70 1.882 248 467 3,776 1 43 11.65
1969 cemcaeeee 71 1,789 254 455 3,681 1 43 11.95
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METALLURGICAL PLANTS

Employment and injuries at metallurgical plants (ore-dressing and
nonferrous reduction and refinery plants combined) declined consider-
ably, according to preliminary data. A 17-percent decrease in fatal-
ities was recorded, and nonfatal injuries dropped 45 percent, resulting
in a combined injury rate 28 percent lower than 1958. Some of the
decrease could be the effect of less than average coverage of lead and
miscellaneous nonferrous smelter and refinery groups on or before
the June 15th cut-off date. Man-hours recorded for those two groups
decreased 44 and 34 percent, respectively, reflecting an overall reduc-
tion of 24 percent in the total metallurgical plant man-hours. Each
employee averaged a total of 2,190 hours of work and worked a daily
8-hour shift. Final 1958 figures revealed a total of 2,414 hours
worked by each man on an 8-hour shift.

TABLE 7.—Employment and injury experience at metallurgical plants in the
United States

Men Average | Man-days | Man-hours | Number of injuries | Injury
Year working active worked worked rate per
daily plant (thou- (thou- million
days sands) sands) Fatal | Nonfatal | man-hours
1950-54 (average)--.-. 50, 601 315 15, 946 127,194 18 2,709 21,44
1955. 57,741 314 18, 150 145, 840 11 2,694 18, 55
65, 681 327 21, 470 171,578 20 2, 543 14,94
65, 212 322 21,003 167, 489 21 2,280 13.74
52,109 302 15,733 125,773 12 1,698 13. 60
43,927 273 12,012 96, 217 10 926 9.73

1 Preliminary figures.

ORE-DRESSING PLANTS

Plants in this group were those in which ores of all metals were
processed by various methods, including crushing, screening, washing,
jigging, magnetic separation, and flotation. Preliminary figures for
1959 revealed an 18-percent decrease in the frequency of injuries (fatal
and nonfatal combined). A decrease of 15 percent in employment
and 11 percent in average days worked resulted in a 24-percent decline
in man-hours. The average employee worked a total of 1,894 hours—
23(()1 liags)s5 S§h53L11 in 1958. An 8-hour shift was maintained in both 1958
an .

NONFERROUS REDUCTION PLANTS AND REFINERIES

Plants in this group were engaged in primary extraction of non-
ferrous metals from ores and concentrates and refining crude primary
nonferrous metals. Preliminary figures indicated a decrease in fatal
and nonfatal injuries of 83 and 48 percent, respectively, from the
final figures reported for 1958. Man-hours of productive work de-
clined 28 percent, and employment dropped 16 percent. The average
worker accumulated a total of 2,378 hours on a daily 8-hour shift.
Final 1958 figures revealed 2,589 hours worked per man on an 8-
hour shift.
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TABLE 8.—Employment and injury experience at ore-dressing plants in the
United States, by industry groups

Average | Man- Man- | Number of injuries | Injury
Men active da{s hours rate per
Industry and year working mill worked | worked million
daily days (thou- (thou- Fatal | Nonfatal| man-
sands) sands) hours
Copper:
1950-54 (average). ----ceou-- 6,268 330 2,071 16,572 2 252 15.33
1955 3 314 1,952 15,854 | _____.___ 209 13.18
1956. 344 2,301 18, 400 3 184 10.16
319 2,261 18,095 4 279 15.64
283 1,828 14,618 1 140 9.65
251 1,400 11,199 81 7.23
291 176 1,389 1 48 28
208 121 |76 S N 43 44,27
295 108 866 |-cccooe-- 24 27.72
267 125 1,001 20 19.99
255 102 814 25 30.71
269 96 770 14 18.18
236 929 7,498 2 73 10.00
258 1,044 8,383 2 87 10. 62
241 1,231 9, 937 1 92 9.36
262 1,367 11,004 1 67 6.18
246 1,441 11, 536 2 60 5.37
197 1,222 9, 889 1 54 5.56
261 957 7,659 2 204 26.90
223 817 6,615 | .. 153 23.13
274 817 6, 532 1 86 13.32
2 826 6,609 | ... 104 15.74
9. 260 618 4,045 | ________ 50 10.11
1959 1 261 425 3,388 1 48 14.46
Miscellaneous metals: 2
1950-54 (average) ----——---- 3,070 315 967 7,742 1 237 30. 74
1955 3,279 305 1,001 8,013 1 303 37.94
1,211 9,704 4 293 30.
296 1,635 13,087 4 273 21.17
270 1,236 9,886 |-ceoaanean 192 19.42
269 805 6, 465 2 91 14.38
291 5,100 40, 860 6 814 20.07
280 4,935 39, 837 3 795 20.03
204 5,668 45,440 9 679 15.14
288 6,214 49, 795 9 743 15.10
266 5,225 41,799 3 467 11.24
236 3,048 31,711 4 288 9.21

1 Preliminary figures.
2 Includes antimony, bauxite, chromite, manganese, mercury, molybdenum, titanium, tungsten, urani-
um-vanadium, magnesium, columbjum-tantalum, and minor metals.

STONE QUARRIES

Preliminary data from the quarrying industries showed a decline
from 1958 of 4 percent in the combined injury-frequency rate, ac-
cording to reports received by the Bureau of Mines, Washington
Office, gbe‘fore June 15, 1960. These reports covered approximately
88 percent (based on men employed) of the canvass of the %uarry
industry reported in 1958. The number of men working daily de-
creased as did total man-hours worked, 12 and 9 percent, respectively.
The average employee accumulated 2,188 hours of worktime, an in-
crease of 4 percent from the 2,112 hours worked per employee in
1958. Man-days reported for all stone quarries was calculated on
an 8-hour workday.

Cement.—The preliminary work-injury report for the cement in-
dustry (including quarry and mill employees) was slightly less favor-
able than that of the preceding year. Fatal injuries decreased 33
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TABLE 9.—Employment and injury experience at primary nonferrous reducﬁon
and refinery plants in the United States, by industry groups

Average | Man- Man- | Number of injuries | Injury
Men active da; hours rate per
Industry and year working | smelter | worked { worked million
daily days (thou- (thou- Fatal | Nonfatal| man-
sands) sands) hours
11,347 320 3,628 29,073 4 410 14.24
11,691 312 3, 651 29, 661 5 401 13.69
12,194 323 3,937 31,497 2 469 14.95
11,826 323 3,821 30, 583 5 375 12.43
10, 801 312 3,370 26, 966 4 426 15.95
11,204 262 2,939 23, 516 4 230 9.95
3,707 306 1,134 9,067 2 111 12.46
3, 506 7,976 1 137 17.30
1956. 3,758 314 1,181 9, 449 6 138 15.24
1957 3,439 314 1,079 8,629 1 137 15.
1958 2,999 297 890 7,120 2 118 16. 85
1959 1 o el 2,477 202 500 3,997 1 30 7.76
c:
1950-54 (average).--———-—-.- 9,305 350 3,254 25,882 4 785 30.48
1955 o e 9, 067 339 3,075 24,438 | .. 692 28.32
1956 9,619 3 3,134 24, 983 1 666 26.70
1957 e - 9,263 326 , 0 24, 083 4 632 26. 41
1958, 7,323 322 2,361 18,891 2 379 20.17
1959 Y e 6,287 330 2,076 | 16,598 279 16.81
Miscellaneous metal: 2
1950-54 (AVerage)-cove-eeeo- 8,702 325 2,831 22,313 2 588 26. 44
1955. 15, 846 347 5,491 43,929 2 669 15.27
362 7, 60, 209 2 591 9.85
359 6, 866 54, 398 2 393 7.26
344 3, 886 30, 998 1 308 9,97
353 2, 549 20, 395 1 99 4.90
328 10, 846 86, 335 12 1,894 22. 08
329 13,214 | 106, 004 8 1,899 17.99
340 15,802 | 126,138 11 1,864 14. 86
339 14,789 | 117,694 12 1, 537 13.16
324 10, 508 83, 974 9 1,231 14.77
297 5 64, 507 6 9.98

1 Preliminary figures. :
2 Includes aluminum, antimony, bauxite, chromite, cobalt, magnesium, titanium, and minor metals.

percent, and nonfatal injuries increased 6 percent, resulting in a
combined injury-frequency rate increase of 14 percent in relation to
1958. The number of active days worked increased, and the average
employee accumulated 2,524 hours of worktime—an increase of 6
percent from the 2,371 hours for 1958.

Granite—Injury experience at granite quarries and their related
plants improved. The combined mjury-frequency rate decreased 20
percent from that in 1958, according to preliminary data. Fewer
men worked more man-hours with more days active 1n 1959 than in
1958. Each employee worked 2,093 hours, an increase of 8 percent,
compared with 1,940 hours in 1958.

Lime.—Quarries that produced limestone, chiefly for the manufac-
ture of lime, reported a very favorable safety record in 1959. The
combined injury-frequency rate was 19 percent lower than that of
1958, man-hours worked declined 25 percent, and the number of men
working decreased 24 percent. Approximately the same number of
work-hours were accumulated as in 1958.

Limestone.—The overall safety record of the limestone industry, in-
dicated by preliminary reports, was more favorable than in 1958.
A decrease of 348 (17 percent) in the number of injuries reported,
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TABLE 10.—Employment and injury experience at stone quarries in the United
States, by industry groups

Average | Man- Man- | Number of injuries | Injury
Men active days hours rate per
Industry and year working | mine worked | worked million
daily days (thou- (thou- Fatal |Nonfatal| man-
sands) sands) hours
326 9,334 | .74,027 14 44 6.19
320 9,328 74,735 9 287 3.96
329 9,183 73,554 12 318 4.49
317 9,254 73, 940 14 277 3.94
296 8, 864 70, 910 9 297 4.32
316 8, 106 64, 852 6 314 4.93
247 1,691 14,025 5 551 39, 64
239 1,487 12,319 4 499 40.83
233 1, 409 11, 658 8 472 41.17
238 1,668 13,890 8 502 43.20
1,824 14, 590 4 708 48.80
262 1,931 15, 2 600 38.98
295 2, 610 20, 999 7 576 27.76
292 2, 456 19,786 6 417 21.38
2,621 21 079 6 423 20.
284 2,332 18, 1 447 23.
292 2,027 16, 216 1 354 21.89
291 1,526 12,212 6 210 17.69
237 6,498 54,525 20 1,931 35.78
236 5,773 48,484 28 1,657 34.75
231 6,088 51,164 17 1,660 32.78
230 6,603 , 63 21 1 35. 61
245 7,266 58,128 23 2,026 35.25
252 6,538 52,307 25 1,676 32.52
251 630 5,229 1 175 33.66
251 557 4,670 1 210 45.18
253 639 5,304 2 191 36.39
258 814 6, 750 1 188 28.
246 771 , 164 1 219 35.69
264 710 235 41.37
240 957 350 44.84
3,410 241 821 369 55.23
1956 3, 522 234 824 3 48. 56
1957 2, 980 206 613 259 52.12
1958. 3,504 215 752 281 46.87
. t19591 ....................... 3,124 217 679 219 40. 67
EY
195054 (average) .- ... 1,786 267 477 207 51.77
1955 1,599 255 408 159 46. 87
1956. 1, 395 250 349 126 42.92
1957. 1,357 254 345 2,871 1 169 59.21
1958, 1,429 255 364 2,915 43.
1,393 253 352 2,818 1 152 54.29
2,972 231 686 5,904 3 45.39
2, 757 232 5,651 2 213 33.05
3,240 205 664 5,833 4 237 41.31
2,883 215 620 5,332 6 277 53.08
4,130 230 950 7,597 6 331 44.36
4,742 228 1,080 8,639 3 50. 12
650 161 1,302 41 31.49
2,232 240 535 4,284 228 53.
1,871 420 3,363 3 161 48.76
82,992 276 22,883 | 186,559 52 4,499 24.39
3 274 21 470 | 175,775 53 3,811 21.98
80, 093 272 21,776 178, 281 50 3,754 21.34
84,126 266 22,410 | 183,394 53 4,210 23.25
88, 448 264 23,353 | 186,821 45 4,572 24.71
78,056 273 21,344 | 170,750 48 3,997 23.69

1 Includes burning or caleining and other mill operations.

1 Preliminary ﬂﬁ

3 Not compiled fore 1957.

¢ Stones do not always add to totals due to rounding of figures.
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caused the combined injury-frequency rate to decline 8 percent. The
number of days active increased, and the average number of man-
hours worked increased 3 percent, from 1,961 in 1958 to 2,018 in 1959.

Marble—Preliminary reports indicated less favorable injury ex-
perience for marble quarries and their associated plants than in 1958.
No fatalities were reported; however, the increase in nonfatal lost-
time in%';lries resulted in an increase of 16 percent in the combined
injury-frequency rates per million man-hours of worktime. More
days active were indicated; each man worked 2,116 hours, compared
with 1,972 hours in 1958, an increase of 7 percent.

Sandstone.—Preliminary figures indicated decreased employment in
the sandstone quarries—10 percent in the number of man-hours
worked, and 11 percent in the number of men employed. This decline
was also reflected in decreased nonfatal injuries.  One more fatality
was reported than in 1958; however, the combined injury-frequency
rate decreased 13 percent. Hours of work per man averaged 1,739—
1 percent more than the 1,717 worked in 1958.

Slate.—Preliminary data indicated that overall injury experience in
the slate industry was less favorable than in 1958. The total number
of injuries increased 20 percent increasing by 24 percent the com-
bined injury-experience rate. The number of men working daily
(with 2 less work days) and total man-hours of worktime was not
materially changed.

Traprock.—Preliminary figures for the traprock industry reflected
an overall increase in the injury experience rate. Although the
number of fatalities decreased 50 percent, the number of nonfatal
injuries increased 30 percent, resulting in an overall increase in the
combined injury-frequency rate of 13 percent. Men employed and
man-hours worked showed approximately a 14 percent gain. A slight
decrease was noted in the days active and a decline of 1 percent in
the average hours of worktime for each man—from 1,839 hours in
1958 to 1,822 hours.

Miscellaneous Stone.—This group includes all stones not otherwise
classified, and was shown separately for the first time in 1957. Pre-
liminary figures showed a decline in the overall injury experience
from 1958. The combined injury-frequency rate per million man-
hours decreased 8 percent, and the number of men employed declined
16 percent; fewer days active were reported, and the average man
Evorked 1,797 days, compared with 1,919 days in 1958, a 6 percent

ecrease.
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in 1959 increased 12 percent. Artificial abrasives produced in the
United States and Canada jumped 24 percent. Imports, exports,
and reexports of abrasive materials also showed gains. Sales of
grinding wheels were up 33 percent and coated abrasives 17 percent.

FOREIGN TRADE®

Imports of abrasive materials totaled $91 million, an increase of
nearly 51 percent over 1958. Chief commodities contributing to

TONNAGE of natural abrasives sold or used in the United States

TABLE 1.—Salient statistics of the abrasives industries in the United States

Kind 1950-54 1955 1956 1957 1958 1959
(average)

Natural abrasives (domestic) sold or used
by producers:
Tripoli: 1

Short tons. oo ccooo 38,893 49, 662 45,009 50, 717 47,044 52, 968
Value, thousands..._.._..___._____ $1,184 $213 $203 $195 $183 $219
Special silica-stone products: 2
Short tons. 7,785 4,929 6. 180 5, 847 4,023 3,672
a Vs;lue, thousands_ .. coocoooooo_ $385 $264 $411 $331 $305 $315
arnet:
Short tons. ... ___________ 11, 889 11,835 9, 812 9,776 | 312,303 14, 568
Value, thousands. ..o _._.___ $996 $1,191 $1,073 $1,080 3 $869 $1, 211
mery: !
Short tons -l 9, 651 10, 735 12,153 11,893 7,687 8, 555
Value, thousands. . .__....._..___ $131 $151 $174 $184 $126 $150
Artificial abrasives: ¢
Short tons. 426,381 | 428,243 | 431,461 | 484,702 | 334,483 416, 362
Value, th d $44,803 | $51,081 | $55,692 | $65,634 | $48,806 $62, 346
Fos§eig1)1 trade (natural and artificial abra-
ves):
Imports (value)...........thousands..| $66,300 | $89,795 | $99,968 | $85,097 |3 $60, 733 $91, 464
Exports (value).... d $$Zé: m $26,845 | $27, 589 | 3 $22,469 $23, 098

Reexports (value) $7,755 $8,702 | $12,964 $13, 700

! Figures are for processed tripoli sold or used in 1950-54 and for crude tripoli sold or used in 1955-59.
2 Includes grindstones, pulpstones (1950-52), oflstones and other sharpening stones (1956 and 1958-59), value
of’nrltﬂlsgondesﬁ (1950-53 and 1956-59), grinding pebbles, and tube-mill liners (1950-54 and 1956-59).
evised figure.
¢ Production of silicon carbide and aluminum oxide (United States and Canada); shipments of metallic
abrasives (United States).
§ Data for 1954 only.

1 Commodity specialist.

3 Statistical assistant.

3 Figures of imports and_exports compiled by Mae B. Price and Elsie D. Jackson, Divi-
slon of Foreign Activities, Bureau of Mines, from records of the U.S. Department of Com-
merce, Bureau of the Census.
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this increase were industrial diamond and artificial abrasives. The
value of abrasive materials exported was about 8 percent above 1958.

Diatomaceous earth exports that formerly appeared in this section
now appear in the Diatomite chapter.

Reexports showed a gain of 6 percent over 1958 and consisted
almost entirely of industrial diamond of various types. Of the in-
dustrial diamond reexports, 39 percent went to Canada, 30 percent to
Belgium, and 23 percent to the United Kingdom. The remainder
was divided among 10 countries. :

TABLE 2.—Abrasive materials (natural and artificial) imported for consumption
in the United States, by kinds

[Bureau of the Census]

1958 1959
Kind
Quantity Value Quantity Value
Burrstones: Unmanufactured short tons 133 $1, 519
Hones, oilstones, and whetst: number.. 90, 763 $40, 781 102, 754 51,385
Corundum (including emery):
Corundum ore. short tons_. 4,685 180, 355 3,335 125,954
Emery ore do. 12 713 1,120 3
Grains, ground, pulverized, or refined...._- do.._. 517 130, 403 1,259 266, 906
Paper and cloth coated with sand, emery, or
corundum O] 728, 975 O] 1,021,513
Wheels, files, and other manufactures of emery
short tons.. 49 58,148 70 83,338
‘Wheels of corundum or silicon carbide._.._. do.... 36 49, 256 120 161,146
Garnet in grains, or ground, pulverized, etc....do.... 2 495
Tripoli, rottenstone, and diatomaceous earth.__do.... 43 3, 558 17 4,668
Diamonds:
Bort, manufactured. . . eoceoeoaeooooo- carats_. 752 97,111 2, 504 173,671
Crushing bort (including all types of bort suit-
able for crushing) carats. 5,171,390 13,940,946 | 5,153,730 | 14,379,554

Other industrial diamonds (including glaziers’
and engravers’ diamonds unset and miners’)
carats__| 24,317,806 | 223,547,561 | 7,429,682 | 46,485,610

11,346 820 97

Carbonado and ballas do_.- s 07,190 12,
Dust and powder. do. 568, 921 1, 520, 168 489, 436 1,651,134
Flint, flints, and flintstones, unground...short tons_. 8,637 209, 671 13,932 326,275
Grit, shot, and sand, of iron and steel .. ——-do____ 1,012 329, 523 1,887 569, 557
Artificial abrasives:
Crude, not separately provided for:
Carbides of silicon (carborundum, crystalon,
carbolon, and electrolon) - ...._ short tons._ 73,134 10, 986, 026 83,926 | 12,009, 600
Aluminous abrasives, alundum, aloxite,
exolon, and lionite . ..oooooo-. short tons.. 81,214 8,258, 897 137,345 | 13,253,642
ther. do. 3,382 317,591 4,249 409,473
Manufactures:
Grains, ground, pulverized, refined, or
manufactured.- - ccocno_ short tons.. 892 201, 831 1,186 305, 551
Wheels, files, and other manufactures, not
separately provided for short tons.. 18 24, 574 102 156, 057
Total._. 260,733,328 |ocoecaaaaann 91, 463, 521
1 Quantity not recorded.
2 Revised figure.

TRIPOLI *

The combined sales of processed tripoli, amorphous silica, and rot-
tenstone increased 13 percent in tonnage and 18 percent in value over
1958. Imports were negligible. Of the domestic sales 72 percent
was for abrasive purposes. A notable development in the sales pat-

4Tripoli is the only natural silica abrasive included in the abrasive materials canvass.
Information on sands used for abrasive purposes, formerly given in the Abrasive Materials
chapter, can be found in the Sand and Gravel chapter. Information on abrasive quartz,
quartzite, and sandstone can be found in the Stone chapter.
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TABLE 3.—Abrasive materials exported from the United States

[Bureau of the Census]

1958 1959
Kind
Quantity Value Quantity Value
Natural abrasives:
Dlamond grinding wheels, sticks, hones, and
laps. carats__ 203, 095 $1,294, 444 249,950 | $1, 518,210
Diamond dust and powder.._....._.._ do.... 123,194 378,326 172,787 439, 940
Diamond suitable only for industrial use .
do_.__ 96, 014 536, 744 178, 595 843,848
Grindstones and pulpstones.._.... short tons.. 280 44, 616 401 51,849
Emery powder, grains, and grits (natural)
pounds.. 2,203, 925 181, 238 2,724,781 198,844
Corundum grains and grits (natural)-_do_._. 332, 848 53, 540 182, 534 40 250
‘Whetstones, sticks, ete. (natural)..._._ do.... 204, 705 119, 028 339, 815 141 649
Natural abrasives not elsewhere classified
do_.._| 23,916,613 1,182, 063 21,051, 629 1, 130, 505
Manufactured abrasives:
Aluminum oxide, fused, crude, and grains
do.... 18, 268, 725 2,921, 457 18, 257, 566 2,973, 804
Silicon carbide, fused, crude, and grains
do.._.| 21,292,813 3, 557, 565 16, 456, 790 3,147,419
Alumina, unfused - ... __.___ do. 152, 260 28,407 132,972 37,149
Manufactured abrasives, not elsewhere classi-
do.- 199, 889 65, 346 208, 565 56, 885
Abrasnve pastes, compounds, and cake (ex-
cept chemical l) ....................... do.._. 585,097 138, 568 814,426 214, 698
Grinding wheels, except diamond wheels
do_._. 3,439, 036 3, 691, 605 3,003, 754 3, 694, 510
Pulpstones of manufactured abrasives_do.._. 2, 080, 734 571,141 2,718,054 744,129
‘Whetstones, etc., of manufactured abrasives
do____ 276, 382 687,977 296, 853 804, 001
Abrasive paper and cloth (natural abrasives) :
reams_. 38,162 773, 687 34,967 692, 227
Abrasive paper and cloth (artificial abrasives) .
do._. 139, 643 5,222, 503 135,733 5,122,203
Metallic abrasives (except steel wool) -
pounds..| 11,678,965 1,021, 205 12, 989, 766 1,245,770
Total. 122,469,460 | o ... 23,097, 890

1 Excludes diatomaceous earth and products.

TABLE 4.—Abrasive materials reexported from the United States, by kinds

[Bureau of the Census]

1958 1959
Kind i
Quantity Value Quantity Value
Natural abrasives:
Diamond grinding wheels, sticks, hones, and
laps carats. 264 $1,360
Diamond dust and powder_ . ... do-. 129, 534 $344, 647 252,035 715, 595

Diamond suitable only for industrial use...do____ 1, 795: 786 12,608,371 | 1,890,292 | 12,942,306
Manufactured abrasives:
Aluminum oxide, fused, crude, and grains

pounds_. 136, 960 6,643
Alumina, unfused. . . do 12, 860 948
Grindmg wheels, except diamond wheels_.do.... 1,000 684 5, 826 3,830
Abrasive paper and cloth (natural abraslves)
7 1,702 580 780
Abrasive paper and cloth (artificial abraslves)
do-_.- 10 770 1,090 27,804
‘Whetstones, etc., of manufactured abrasives
pounds. - 800 562
Manufactured abrasives, not elsewhere classified
do--.- 800 562 10, 814 7,079

Total. 12,963, 941 13, 699, 702
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' TABLE 5.—Processed tripoli® sold or used by producers in the United States, by

uses ?
Abrasives Filler Other, including Total *
ioundry facings
Year
Short Value Short Value Short Value Short Value
tons | (thousands) [ tons | (thousands)| tons | (thousands)| tons [ (thousands)

195054 (average)-| 28, 783 $928 | 7,293 $165 | 2,817 $91 | 38,893 $1,184
1955 1,376 | 38,189 3189 | 45,910 4237 | 46,969 1,802
1,328 | 7,274 173 | 3,875 116 | 43,338 1,617
1,300 | 7,429 171 | 5,533 194 | 44,288 1, 665
1,257 | 7,385 178 | 4,778 159 | 42,157 1, 594
1,527 | 8,199 192 | 5,061 169 | 47,649 1,888

1 Includes amorphous silica and Pennsylvania rottenstone.
3 Partly estimated.

3 Includes some tripoli used for abrasive purposes.

4 Includes some tripoli for filter block.

tern of amorphous silica has been caused by its increasing consump-
tion by the fiberglass industry.

Companies mining and processing tripoli, amorphous silica, or rot-
tenstone were: Ozark Minerals Co., Elco, Ill. (amorphous silica) ;
Tamms Industries Co., Tamms, Ill. (amorphous silica) ; American
Tripoli Division, The Carborundum Co., Seneca, Mo., and Ottawa
County, Okla. (tripoli); Penn Paint & Filler Co., Antes Fort, Pa.
(rottenstone) ; and Keystone Filler & Manufacturing Co., Muncy, Pa.
(rottenstone).

Price quotations on tripoli in E&MJ Metal and Mineral Markets
were as follows (per short ton, paper bags, minimum carlot 30 tons,
f.0.b. Missouri) : Once-ground through 40-mesh, rose and cream, $50;
double-ground through 110-mesh, rose and cream, $52; and air-floated
through 200-mesh, $55.

SPECIAL SILICA-STONE PRODUCTS

Grindstone sales were reported from Ohio; grinding pebbles from
Arkansas, Minnesota, North Carolina, Texas, Washington, and Wis-
consin ; tube-mill liners from Minnesota, North Carolina, and Wiscon-
sin; natural material for oilstones and other sharpening stones from
Arkansas and Indiana; and millstones from North Carolina.

TABLE 6.—Special silica-stone products sold or used by producers in the United

States
Grindstones Grinding pebbles Tube-mill liners Millstones !
Year
Short Value Short Value Short Value Value
tons | (thousands) tons (thousands) tons (thousands) | (thousands)
$225 2,797 $83 1,233 $67 289
196 2,130 68 ® ® ®
4262 2,330 71 1,061 74 4
132 2,902 86 1,440 108 5
83 1,985 97 ®) ® 2
101 1,695 82 ® @® ®

1 Produced in New York (1953-54), North Carolina, and Virginia (1950). Quantity data not available.
3 Data for 1950-53 only.

3 Figure withheld to avoid disclosing individual company confidential data.

4 Includes oilstones and other sharpening stones.
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NATURAL SILICATE ABRASIVES

Garnet.—Domestic sales of garnet increased 18 percent in tonnage
and 39 gercent In value over 1958. Domestic producers of garnet were

Idaho Garnet Abrasive Co., Fernwood, Idaho; Porter Brothers, Val-
ley County, Idaho; J. R. Simplot Co., Boise, Idaho; Spokane Sand
& Garnet Sales Co., Fernwood, Idaho; Barton Mines orp., North

Creek, N.Y.; and Cabot Carbon Co., Willsboro, N.Y. New York was
the leading garnet-producing State.

In gring'ng the main mirror of the 120-inch telescope at the Lick
Observatory, California, a sludge of 25-micron garnet and water was
used in an intermediate finishing operation.s

New techniques in the preparation of abrasive garnet have increased
its hardness and durability for wood sanding and finishing.

Industrial garnet production was reported from Tanganyika,’

Morocco,® and Madagascar.?

TABLE 7.—Abrasive garnet sold or used by producers in the United States

Year Short Value Year Short Value
tons (thousands) tons |(thousands)
1950-54 (average) ..._...___ 11,889 $996 9,776 $1, 080
1965, o . 11,835 1,191 112,303 1869
1956.. . e e 9,812 1,073 14, 568 1,211
1 Revised figure.

NATURAL ALUMINA ABRASIVES

Corundum.—Lower production of corundum in Southern Rhodesia
and the Union of South Africa resulted in a drop of over 8,000 short
tons in the estimated world output.

The discovery of a corundum deposit in Tanganyika was reported.1

An article ** describing a corundum deposit in Southern Rhodesia
gives an estimate of 300,000 tons as its probable ore reserve. The ore
1s described as a massive fine-grained corundum. Jet piercing is used
for sinking blastholes, the material being too hard to allow conven-
tional percussion drilling. Ore is sorted into refractory and abrasive
material.

Emery.—The quantity of domestic emery sold or used was greater
than in 1958 but below the average for the past 10 years. Its chief
application was in the construction of nonskid concrete floors and
pavements. Emery imports were the largest since 1951. The Euro-
pean market for emery was supplied by Turkey and Greece.

SHill, C. H., Sr., Grinding the Lick Observatory Mirror: Grinding and Finishing, vol.
5, No. 3, July 1959, pp. 26-27.
5 6:21‘7he Wood-Worker, The Garnet You Use on Wood: Vol. 78, No. 6, August 1959, pp.
7 Bureau of Mines, Mineral Trade Notes: Vol. 49, No. 4, October 1959, p. 35.
8 Mining Journal (London), Mining Projects in Morocco: Vol. 253, No. 6482, Nov. 13,

1959, p. 473
19;51. . Sonsulate, Tananarive, Madagascar, State Department Dispatch 52: Dec. 21,
. D.

Mm Sggtli;)ggﬂcaglgﬁnmg and Engineering Journal (Johannesburg), vol. 70, No. 8450,
ar, 30, , D. .

1 Rhodesian Mining and Engineering, Concession Corundum Mine: Vol. 24, No. e
tember 1959, pp. 59-61. ’ » No- 9, Sep-
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TABLE 8.—World production of corundum by countries,' in short tons 2
[Compiled by Helen L. Hunt and Berenice B. Mitchell]

Country ! 1950-54 1955 1956 1957 1958 1959
(average)

Argentina. 63 .
Australia - coccocmcocmmmommmmemmomemenn s 12 10
India .- ——- 511 269 395 497 435 236
Malaya, Federation of- - --cecceemomemnaan 12 32 3100
Mozambique- - - 4 9
Rhodesia and Nyasaland, Federation of:

Nyasaland 7 20 |-

Southern Rhodesia_ - o-coccoeomaeamae 736 1,168 4,448 4,506 4,594 2,799
South-West Africa 2 |- - N .
Union of South Africa_ -o--ccecmmmmecemeae 3,209 834 2,068 1,539 2,118 622

World total (estimate) 12. ... 10, 400 8,000 11,000 10, 000 11,000 8,000

1 In addition to countries listed, corundum is produced in U.8.8.R., but data on production are not
available, and estimate is included in the total.

s This table incorporates some revisions.

3 Exports.

TABLE 9.—Emery sold or used by producers in the United States

Year Short Value Year Short Value
tons | (thousands) tons |(thousands)
1950-54 (3Verage) ---c---==-- 9, 651 $131 || 1057 - ccmmmeemcmemmmmeeen 11,893 $184
9l -.| 10,735 151 7,687 126
12,153 174 8, 555 150

THOUSAND SHORT TONS
16

Abrasive gornet
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<

4 \ A 7

; \ s . Emery y
o \Y ~ ~ e
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Fieure 1.—Marketed production of abrasive garnet and emery in the United
States, 1920-59.

INDUSTRIAL DIAMOND

A comprehensive coverage of the diamond industry throughout the
world was published.’? This edition enlarges upon the information

13 Moyar, A., The Diamond Industry in 1957-58: Vlaams Economist Verbond, Antwerp,
1959, 130 pp.
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given in the previous year’s issue. Editions are issued in French,
Dutch, and English.

World Review.—As reported by the Central Selling Organization in
London,* diamond sales reached an alltime high. The value of sales
of gem and industrial material totaled $255.2 million, a 39-percent
increase over sales in 1958 and 18 percent over 1957, the previous all-
time high. Natural industrial diamond sales totaled $78.7 million, a
gain of %4 percent over 1958.

World production of industrial diamond totaled about 20.9 million
carats, a decline of 7 percent from the record production of 1958. A
reduction of 1.7 million carats in the Belgian Congo production was
the principal cause for the decline. To offset this decrease there were
increases in the diamond outputs of Angola French West Africa
1(& Guinea and the Ivory Coast), Tanganyika, and the Union of South

frica.

Production.—A4 frica.—Industrial diamond production in Angola
was 500,000 carats, an increase over 1958. At the beginning of 1959
more than one-half of the diamondiferous gravel treated was mined
by 22 mechanical excavators, and several more started operation dur-
ing the year. The operating company has as many as 13 prospecting

arties in the field, and several new diamond deposits were found.

f 19 kimberlite formations discovered in Angola, only 1 near the
Caixepa River appears to contain diamond.¢

A slowing down of industrial activity in the United States and
Europe during 1958 and the appearance of manufactured diamond
in commercial quantities at competitive prices reduced the demand
for crushing bort. Therefore, production of industrial diamond in
the Belgian Congo during 1959 was reduced by over 1.7 million carats
from 1958. Over 98 percent of the diamondiferous material in the
Bakwanga area was handled mechanically.s

Five European companies were operating in the basin of the Birim
River in the Oda District of Ghana, the Consolidated African Selec-
tion Trust being the largest producer. Mechanization was increased,
and the diamond yield of the gravels improved. Diamond mining in
the Bonsa Field in the Tarkwa District was done exclusively by
native African miners whose number is estimated as high as 85,000.
Primitive working and recovery methods were used, and it was re-
ported that much of the diamond was not recovered.

During March the Government of Guinea, opened a diamond market
at Kankan, operating on a similar basis as the Government diamond
market at Accra in Ghana. Fourteen buyers licenses were issued.?

The Sierra Leone Government on August 1, 1959, established the
Government Diamond Office and appointed the Diamond Corpora-
tion, Litd., to act as manager of this office for a period of 5 years. All
diamond produced in Sierra Leone under the Alluvial Diamond Min-
ing Ordinance in the future will be exported and marketed solely

13 Jewelers’ Circular-Keystone, Diamond Sales Hit a New All-Time High in 1959: Vol.
180, No. 5, February 1960, p. 144.
14 Mining Magazine (London), Diamonds From Angola: Vol. 101, No. 3, September

1959, p. 84.
“Mgig§2.¥ournal (London), Société Miniére du Bécéka : Vol. 252, No. 6459, June 5.
16 W%rk cifed in footnote 12,

1959, p.
17 Mining Journal (London), Ilicit Diamond Mining in Guinea : Vol. 253, No. 5,
Sept. 25, 1959, pp. 288-289. ) & o 6475



144 MINERALS YEARBOOK, 1959

through this new agency. A provision of the agreement is that any
producer dissatisfied with the prices offered by the Government Dia-
mond Office may have his diamond sent to TLondon for sale. It is
hoped that the arrangement will bring stability to licensed alluvial
diamond mining in Sierra Leone.*®

An account was published of the Williamson mine in Tanganyika
describing the geology of that area, history of the property, and its
mining and diamond recovery methods.*®

By achieving full capacity operations at the new treatment plant
of Williamson Diamonds, Ltd., production reached a new high of
624,292 carats in Tanganyika in 1959. Of this output about 350,000
carats was industrial material.*

On June 10, 1959, the De Beers Consolidated Mines, Ltd., an-
nounced that an arrangement had been made with Jack Scott of
Johannesburg that gave De Beers an interest in his diamond con-
cession in Basutoland. Diamond prospecting and mining is to con-
tinte under the direction of Scott, with technical help from the De
Beers company.”

Other Areas.—Reports from Borneo state that a new diamond field
began operations during October 1958 near Bohot in the central part
of that island. Some 2,000 miners were said to be at work there.?

At Marabé, Para, Brazil, mining on the Tocantins River was done
by divers. An account of these operations appeared in a magazine
article.”

An article reviewed the possibilities of diamond mining in Brazil.
While diamond is mined in 12 States in Brazil, Minas Gerais, Matto
Grosso, Goiaz, and Bahia are the principal producers.*

Reports from the new diamond fields in Siberia indicate the dis-
covery of several more kimberlite pipes in the Yakutia S.S.R. and
that the largest diamond so far found weighed 54 carats. Mining
activity is mainly concentrated near the mining camp of Mirny in
the valley of the Vilyui River. Opencut operations were also in
progress at the Udachnaya pipe, 300 miles north of Mirny in a re-
mote area, and completion of the development of this new diamond
mine by 1965 was planned. Alluvial diamond workings are said to
have begun along several of the river valleys in Yakutia. Six of
the geologists responsible for the discovery of these Siberian diamond
fields were awarded Lenin prizes.”

An agreement to market the diamond produced in the U.S.S.R. has
been made between the Central Selling Organization (Diamond
Corporation) and the Soviet Trade Delegation, London.?

18 Mining Journal (London), Marketing of Sierra Leone Diamonds: Vol. 252, No. 6462,
June 26, 1959, p. 702.

® Du Toit, G. J., The Willlamson Mine : Mine and Quarry Eng., vol. 25, No. 3, March
1959, pp. 98-103; No. 4, April 1959, pp. 147-152 ; No. 5, May 1959, pp. 194-200.
19:0De Bge%ers Consolidated Mines, Ltd., 72nd Annual Report, 1959, Kimberly, May 17,

, D. -
ot Bureau of Mines, Mineral Trade Notes: Vol. 49, No. 3, September 1959, p. 43.
2 Mining Journal (London), Indonesia Mining News: Vol. 252, No. 6447, Mar. 13, 1959,

p. 281.
4;5(ilo§vik:18,3Art, I Found a Million in the Mud: True, vol. 40, No. 264, May 1959, pp.
* Mieritz, R. B., Brazil: An Untapped Diamond Source: Min. World, vol. 21, No. 1,
January 1959, pp. 41-43.
;Miuing Magazine (London), Siberian Diamonds: Vol. 100, No. 1, January 1959, pp.

2 South African Mining and Engineering Journal (Johannesburg), Diamond Agreement:
Vol. 71, No. 3495, pt. 1, Jan. 29, 1960, p. 225.
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TABLE 10.—World production of industrial diamond, in thousand carats?

Country 1957 1958 1959
Africa:

Angola. 350 400 500
Belgian Congo 15,100 15, 900 14,200
French Equitorial Africa. 70 60 60
French West Africa 150 2260 400
Ghana (Gold Coast) 1,950 22,200 2,200
Sierra Leone 3 4__ 1,000 1,400 1,150
South-West Africa 100 60 90
Tanganyika___. 200 290 350

Union of South Africa:

“Pipe’’ mines:
Premier. 1,150 960 950
DeBeers Group 400 480 500
Others. 90 70 70
“Alluvial” mines._ 40 100 150
Total Africa.-- 20, 600 222,200 20, 620
Other areas:

Brazil 4_ 150 150 170
British Guiana. .. 15 20 40
Venezuela. __ 70 75 80
Australia, Borneo, India, and U.S.S.R.4..__________________ """ 5 5 10
‘World total 4 20, 800 222,400 20, 900

1 Prepared jointly by the Bureau of Mines and Dr. George Switzer, Smithsonian Institution.
2 Revised figure.

3 Includes unofficial production of Liberia.

4 Estimate.

TABLE 11.—Industrial diamond (excluding diamond dust and manufactured
bort) imported for consumption in the United States

[Bureau of the Census}
Year Thousand | Thousand Year Thousand | Thousand
carats dollars carats dollars
1950-54 (average) .o .o... 12, 641 $45, 828 12,220 $50, 063
1955 14, 952 65, 672 19, 500 137, 596
1956 o e 16. 166 73,291 12, 584 60, 879

1 Revised figure.

In connection with the operations of the Siberian diamond fields,
Soviet engineers are studying diamond mining methods in Ghana.?

Foreign Trade.—Because of increased industrial activity, imports of
industrial diamond into the United States increased 52 percent in
quantity and 62 percent in value over 1958. Exports of industrial
diamond increased 42 percent in quantity and 27 percent in value.
Reexports increased 11 percent in quantity and 5 percent in value.

An industrial firm in Newark, N.J., established a new division to
import, process, and distribute natural industrial diamond in the
United States and to provide technical research in its use. The com-
pany will also crush and grade diamond into commercial grit sizes.
It will buy its supply of industrial diamond through the Central Sell-
ing Organization.?

Technology.—Previous shortages of industrial diamond, which dis-
couraged large-scale use of diamond grinding and cutting wheels,
are being eliminated by a greater production at the A frican mines and

7 Jewelers’ Circular-Keystone, Briefly: Vol. 129, No. 10, July 1959, p. 113.
19’599Mh:ﬂn6 9Journal (London), New Diamond Distributors: Vol. 253, ﬁo. 6486, Dec. 11,
Steel, Engelhard Adds New Line: Vol. 145, No. 26, Dec. 28, 1959, p. 71.
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by the availability of manufactured industrial diamond. Metal-
bonded diamond grinding wheels combine faster cutting action with
greater durability for so-called pencil edging or making a smooth
rounded edge on a plate of glass. The work is simplified and pro-
duction rates increased by doing an entire job in one operation. New-
ly developed cutting blades, extremely thin, with an electroformed
diamond periphery, were widely used to slice and dice germanium,
synthetic quartz, and other crystals. Resinoid and metal-bonded
diamond grinding wheels have been available for years, but vitrified
bonded diamond wheels are a more recent development.?

The friability of manufactured diamond enables its use in making
fine diamond powder.*

Abrasion tests of grinding wheels made from natural and manu-
factured diamond showed that the manufactured material is superior
in resinoid and vitrified grinding wheels. Suggested reasons for the
better performance of the manufactured diamond were that its rough
surfaces offer a good anchorage between the bond and diamond and
its friability causes it to break down, thus presenting new cutting
edges to the work. Friability seems to induce faster and cooler cut-
ting. The natural material seemed to have the advantage in metal
bonds, especially in the coarser sizes. With relatively high unit
grinding pressures the greater strength of the natural diamond crys-
tals seems to offer an advantage.®

The General Electric Research Laboratory released details of its
process for making diamond. Graphite seems to be the preferred
form of carbon, and apparently several elements can be used as a
catalyst. The material is subjected simultaneously to pressures rang-
ing from 800,000 to 1,800,000 p.s.i., and temperatures ranging from
2,200° to 4,400° F.22 ‘

De Beers Consolidated Mines announced that synthetic diamond
had been produced at the Adamant Laboratory in Johannesburg.:

A new method of selecting natural bort particles for use in resinoid

rinding wheels uses the irregular and rough-surfaced material, which
is claimed to cut faster and is less liable to be torn from the wheel
than the more blocky diamond. It is emphasized that this selected
natural bort would be advantageous only for resinoid wheels. For
metal and vitrified bonds, the stronger blocky shapes of diamond are
superior.3

ARTIFICIAL ABRASIVES

Production of all types of crude artificial abrasive in the United
States and Canada increased over 1958. Most of the aluminum oxide

2 Maziliauskas, Stasys, Recent Developments Increase Usefulness of Diamond Wheels
for Ceramic Applications: Ceram. Age, vol. 73, No. 6, June 1959, pp. 47—50.

% Kay, Stanley, and Warren, E. F., Man-Made Vs. Natural Diamond Powders: Grind-
ing and Finishing, vol. 5, No. 8, December 1959, pp. 35-36.

3 Sinclair, B. L., Man-Made Diamonds, A Progress Report: Grits and Grinds, vol. 50,
No. 5, May 1959, pp. 3—-11.

32 Bovenkerk, H. P., and others, Preparation of Diamond: Nature, vol. 184, No. 4693,
Oct. 10, 1959, pp. 1094-1098.

3 Mining Journal (London), De Beers Can Make Synthetic Diamonds: Vol. 253, No.
6483, Nov. 20, 1959, p. 516.

% Weavind, R. G., Factors Affecting the Efficiency of Resin-Bonded Diamond Grinding
Wheels: Pres. at 14th Ann. Meeting, Ind. Diamond Assoc. of America, Inc., Williamsburg,
Va, May 11-14, 1959.
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and silicon carbide produced in Canada was shipped to the United
States for processing. None was processed in Canada. Aluminum
oxide production included 22,198 short tons of white high-purity ma-
terial valued at $3,960,000. Silicon carbide production was at 93 per-
cent of capacity ; aluminum oxide, 53 percent; and metallic abrasives,
41 percent.

Sales value of domestically produced bonded grinding wheels was
nearly $173 million, which was 83 percent higher than in 1958. This
amount was slightly less than 1956 or 1957 sales of corresponding
material. Sales of vitrified bonded grinding wheels were 43 percent
of the total; resinoid and shellac bonded grinding wheels, 89 percent ;
rubber bonded grinding wheels, 5 percent; and all other types, in-
cluding diamond grinding wheels, 13 percent.

TABLE 13.—Crude artificial abrasives produced in the United States and Canada

Silicon carbide 1 Aluminum oxide ! Metallic abrasives 2 Total
(abrasive grade)
Year

Short Value Short Value Short Value Short Value

tons | (thousands) | tons |[(thousands)| tons |(thousands)| tons | (thousands)
1950-54

(average)..| 77,261 $9, 611 | 200,100 $19, 489 | 149, 020 $15,703 | 426, 381 $44,803

1955 74,805 11,027 | 195,822 22,142 | 157,616 17,912 | 428,243 51,081
1956. - 95,778 14,937 | 195,228 22, 554 | 140, 455 18,201 | 431,461 55, 692
1957__ -| 124,688 19,152 | 228, 511 28,202 | 131, 503 18,280 | 484,702 65, 634
1958. . 110, 456 17,597 | 122, 868 16,870 | 101, 159 14,339 | 334,483 48, 806
1959. 132, 458 21,987 | 158,392 22,072 | 125, 512 18, 287 | 416, 362 62, 346

1 Figures include material used for refractories and other nonabrasive purposes.
2 Shipments from U.S. plants only.

TABLE 14.—Production, shipments, and stocks of metallic abrasives in the
United States, by products

Manufactured Sold or used Stocks on hand )
during year during year Dec. 31 Annual
capacity
Product (short
Short Value Short Value Short Value tons)
tons (thou- tons (thou- tons (thou-
sands) sands) sands)
1958 )
Chilled iron shot and grit...._. 46, 499 $4, 903 45,959 $4,872 8,452 $883 177,834
Annealed iron shot and grit. 28, 045 3, 532 27,145 3, 601 2,620 291 68, 564
Steelshot ... ... 227,102 5,088 27,454 5,765 6, 762 1,218 77,780
Other types (including cut wire
0! 689 111 601 101 61 16 2, 360
Total . ool 2102, 335 13,634 | 101,159 14,339 | 317,895 32,408 326, 538
1959
Chilled iron shot and grit...... 48,101 5,034 48, 905 5,304 7,648 745 162, 634
Annealed iron shot and grit....| 37,262 4,853 38,149 4, 986 1,733 225 58, 244
Steelshot 1. ____________________ 37,925 7,135 37,930 7,863 6,757 1,336 78, 000
Other types (including cut wire
shot) 535 134 528 134 68 18 1,410
Total - 123,823 17,156 | 125,512 18,287 16, 206 2,324 300, 238

1 Includes steel grit.
2 Revised figure.
3 Includes inventory adjustments for all products, as reported by producers.
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Coated abrasive sales by domestic manufacturers totaled 2,276,000
reams valued at $117 million, an advance of 17 percent in quantity
and 20 percent in value over 1958. Percentages of the abrasives used
in their manufacture were: Aluminum oxide, 41 percent; silicon
carbide, 80 percent; garnet, 14 percent; flint, 12 percent; and emery,
3 percent. Of the total production 65 percent was made with glue as
an adhesive, and nearly equal amounts of the remaining 35 percent
were bonded with either resin or waterproof adhesives.

World Review.—Abstracts from State Department dispatches cover-
ing the abrasive industries of certain foreign countries were pub-
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Fiaure 2.—Coated abrasives industry in the United States, 1938-59.

TABLE 15.—Stocks of crude artificial abrasives and capacity of manufacturing

plants, as reported by producers in the United States and Canada, in thousand
short tons

Silicon carbide Aluminum oxide | Metallic abrasives!
Year

Stocks, | Annual | Stocks, | Annual | Stocks, | Annual

Dec. 31 | capacity | Dec. 31 | capacity | Dec. 31 | capacity
1950~54 (3Verage) - - o - oo 18.5 106. 6 34.0 259. 2 10.7 238.2
1955. —- 11.0 118.8 39.9 282.2 14.6 264.3
1956. 10.3 118.9 38.6 283.5 16.5 290. 5
1957 14.0 131.9 36.7 298.7 16.5 297.6
1958. 10.4 141.9 36.4 299. 5 217.9 326.5
1959_ 10.6 142.0 29.2 299.5 16.2 300.3

1 United States only?
2 Revised figure.
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lished.® The information included names of the principal abrasive
manufacturers in each country, production data for crude artificial
and natural abrasives, domestic consumption of abrasive products,
and the imports and exports of various abrasive materials. The ca-
pacity of each of the countries included in the study to meet its
market demand for artificial abrasive grain is shown in table 16.

The annual aluminum oxide output of Yugoslavia has been esti-
mated at 1,500 tons, with some available for export.®

Technology.—An enlarged revision of a 1951 edition of “The Grind-
in,% ‘Wheel” by the late Kenneth B. Lewis was published. Additional
information 1s included on automation, electroassist grinding, filter-
ing or grinding fluids, and grinding of ceramics.®

An investigation of the chemical reactions between metals and
abrasives during grinding, their effect on abrasive wear, and their
modification by grinding fluids showed relationships between the
shape, toughness, and sizes of the abrasive grain studied. The degree
of chemical reactivity between abrasive and work material was found
to be directly related to the surface finish obtained in the grinding
process.’®

Methods for testing grinding wheels by their tone or sound, density
and penetration, and comments regarding their use become important
when a variety of grinding wheels from various sources are used in a
manufacturing plant.®

Cryolite is used successfully as an active filler in snagging wheels.
It melts and lubricates the surface beneath the abrasive grain and
also reacts chemically with the chip to prevent it from melting back
into the material being ground.*

Use of abrasive belts as a substitute for setup wheels is increasing.
A wide choice of abrasives, adhesives, backings, and sizes is now
available.

Silicone coating of the abrasive grain used in grinding wheels is
reported to have increased wheel efficiency at a comparatively in-
significant additional cost. Added wheel strength is achieved because
the silicone coating reacts chemically with both the bond and grit to
produce a stronger wheel.**

Grinding as an economical method of stock removal warrants its
consideration in part design. Often both the final size and desired
finish of a part can be achieved in one grinding operation.*

s Bureau of Mines, Mineral Trade Notes: Vol. 48, No. 2, February 1959, Argentina, pp.
24-25 ; Denmark, pp. 25—26 ; India, pp. 26-27 ; Spain, p. 28. No. 3, March 1959, France,
pp. 23-25; Japan, pp. 28-33; Mexico, pp. 256—-27 ; Switzerland, pp. 34-37. No. 4, April
1959, Australia, pp. 28—26 ; Brazil, pp. 26—-30 ; Germany, West, pp. 30-36; Italé, pp. 37-38.
?YIOI:E. 39, No. 3, September 1959, Canada, pp. 28-31; Norway, p. 31; United Kingdom, pp.

38 Chemical Trade Journal and Chemical Engineering (London), Yugoslavia Making
Synthetic Abrasives: Vol. 144, No. 3749, Apr. 10, 1959, p. 806.

s7 Schleicher, W. F., The Grinding Wheel, Kenneth B. Lewis, Revised Edition: Grind-
ing Wheel Institute, Cleveland, Ohio, 1959, 532 pp.

8 Goepfert, G. J., and Williams, J. L., The Wear of Abrasives in Grinding: Mech. Eng.,
vol. 81, No. 4, April 1959, pp. 69-73.

2 Jeaman, P. R., Basic Tests of Grinding Wheel Hardness: Tooling and Production,
vol. 24, No. 12, March 1959, pp. 63—64.

4 Gregor, J. R., Effects of Materials on Snagging Wheel Performance: Grinding and
Finishing, vol. 4, No. 10, February 1959, pp. 28-31.

41 Spencer, L. fl«‘., Abrasive Sheets and Belts: Metal Ind. (London), vol. 94, No. 12, Mar.
20, 1959, gp. 223-224.

42 Grinding and Finishing, Coating for Abrasive Grains Increases Wheel Efficiency:
Vol. 5, No. 1, May 1959, p. 57.

« Patterson, M. M., How to Design for Grinding: Grinding and Finishing, vol. 5, No. 2,
June 1959, pp. 26—29.
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TABLE 16.—Statistics covering silicon carbide grain and all types of aluminum
oxide grain, by countries,’ 1957, in short tons

Silicon carbide Aluminum oxide
Country
Produc- | Imports | Exports | Produc- | Imports | Exports
tion 2 tion 2
Argentina, - 1,145 ®)
1,527 3
7
5,139
179, 540
737,136
55,440
g 418
17,930
...... a5
660
Switzerland 2,200 216 1,870 3,740
United Kingdom. - e 6, 513 451 4,400
United States..._. 000 67,048 8,105 9,758
Union of South Africa. ... oot 853 [-cccmacfemmaeaaan
Yugoslavia. - 153 ® 1,000 278 |ocoeeo--
OtherS. o oo oo ecmccememn | 2,356 155 |-ccooaoeee 4,119 1,811
Motal 1 eeeaaaees 149, 064 95, 981 95,981 | 326,091 | 215,511 215, 511

1 Countries comprising the Soviet Bloc are not included.
2 Grain equivalent of the crude silicon carbide and crude aluminum oxide manufactured.
3 Data not available.

Artificial and other types of abrasives are used successfully in open-
top vibrators for the finishing of metal and plastic parts. Owing to
the efficient action of these vibrators, additional finishing operations
are often unnecessary, and on delicate work piece-distortion is avoided.
Artificial abrasive shapes especially designed for vibratory use are
fracture resistant and long wearing. The open-top feature of these
vibrators permits inspection of parts during processing.*

A series of two articles on the manufacture of abrasive grinding
wheels explain the various raw materials used and how the different
types of wheel are made to achieve desired results.*s

For certain grinding operations fused zirconia and zirconia-titania
types of abrasives have proved superior to conventional types, but
much experimental work 1s still necessary to explore the possible uses
for these new abrasive products.*®

Abrasion resistance is often one of the most important factors in
the service performance of protective coatings, especially in airplanes.
A patent was issued relating to an apparatus for measuring such
resistance.*’

“:?Olfgnldt, W. E., Controlled Vibration: Grinding and Finishing, vol. 5, No. 3, July 1959,
pp. .
4 Gormly, M. W., What You Should Know About Wheel Manufacturing : Grinding and
Finishing, vol. 5, No. 5, September 1959, pp. 30-34; No. 6, October 1959, pp. 41-45.

48 Jacobs, C. W. F., What’s the Status of Zirconium Type Abrasives? Grinding and Fin-
ishing, vol. 5, No. 5, September 1959, pp. 41-42.

47 Roberts, A. G., and others (assigned to United States as represented by the Secretary
of {gggNavy), Apparatus for Measuring Abrasive Resistance: U.S. Patent 2,907,200, Oct.

y
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Barrel tumbling with abrasives not only rounds the corners of metal
articles and improves their surface finish but also adds to the metal’s
fa.ti%ue strength.+®

Choice of the proper sized abrasive is influenced by the size and
characteristics of the work piece and the type of finish desired. Rec-
ommended sizes were shown in a trade journal article.*

While manufactured chiefly for use as an abrasive, silicon carbide
has desirable physical properties as a refractory. It is one of the
hardest of substances and does not decompose until 4,000° F.=

A survey of the literature and developments in silicon carbide in-
cludes its crystallographic, material, electrical, optical, and device
a,spectS.51

Silicon carbide foam, a new lightweight corrosion-resistant ma-
terial with high porosity and thermal insulation up to 4,000° F., is
now in pilot-plant production. It is easily machined with standard
steel cutting tools and can be fabricated into complex shapes at close
tolerances.?

New uses for silicon carbide include high-temperature applications
and materials for withstanding oxidation and erosion at high temper-
ature and speeds. It is also used as an impermeable ceramic for lining
pipes, fittings, and valves used for corrosive liquids and high tem-
perature gases, and for wear-resistant parts.®

MISCELLANEOUS MINERAL-ABRASIVE MATERIALS

In addition to the natural and manufactured abrasive materials for
which data are included, many other minerals were used for abrasive
purposes. A number of oxides, including tin oxides, magnesia, iron
oxides (rouge and crocus), and cerium oxide, were employed as pol-
ishing agents. Certain carbides, such as boron carbide and tungsten
carbide, were used for their abrasive properties, especially when ex-
treme hardness was demanded. Other substances with abrasive appli-
cations included finely ground and calcined clays, lime, tale, ground
feldspar, river silt, slate flour, and whiting.

48 Iron Age, Improve Fatigue Strength With Abrasive Tumbling: Vol. 183, No. 8, Feb.
19, 1959, pp. 129-131.
lsg—llr::})él ge, Recommended Sizes of Shot and Grit: Vol. 183, No. 23, June 4, 1959, pp.

% Spitzer, Edward, Report on Silicon Carbide : U.S. Govt. Res. Repts., Off. Tech. Services,
U.S. Dept. of Commerce, vol. 82, No. 2, Aug. 14, 1959, %p. 216-217.

51 Minamoto, M., A Survey on Silicon Carbide: U.S. Govt. Res. Repts., Off. Tech. Serv-
ices, U.S. Dept. of Commerce, vol. 32, No. 2, Aug. 14, 1959, p. 250.

52 Ceramic Age, New Silicon Carbide Foam: Vol. 73, No. 5, May 1959, p. 37.

53 Steel, Look Where Silicon Carbide is Going: Vol. 144, No. 14, Apr. 6, 1959, p. 115.
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Aluminum
By R. August Heindl,' Clarke I. Wampler,? and Mary E. Trought
&

RIMARY ALUMINUM production in the United States in 1959
P reached a peak and was 25 percent above that of 1958 and 16 per-

cent over the previous record set in 1956. World production of
4.5 million short tons represented an increase of more than 15 percent
over 1958 and continued the upward trend begun in 1947.

A significant development in the United States was the production
of a compact car having an aluminum engine. The sharp increase
in the activity of U.S. producers in foreign countries was also ex-
pected to be of long-range importance. Domestic productive capacity,
which at the beginning of the year was 2.2 million tons, increased to
2.4 million tons at yearend.

TABLE 1.—Salient statistics of the aluminum industry

1950-54 1955 1956 1957 1958 1959
(average)
United States:
Primary production_short tons__| 1,041,082 | 1,565,721 | 1,678,954 | 1,647,709 | 1, 565, 557 | 1,953,175
Value. oo thousands..| $394,005 | $684,038 | $805,782 | $836,944 | $773,610 | $955,309
Average ingot price per pound
cents. .. 19.8 23.7 26.0 27.5 26.9 26.9
Secondary recovery !
short tons..| 300,281 335, 994 339, 768 361, 819 289, 556 359, 920
Imports (crude and semicrude)
short tons..| 234,299 239, 475 264, 975 258,006 | 32 293,190 301,128
Exports (crude and semicrude)
short tons.. 22,824 33,834 68, 032 62, 552 82,470 163, 820
Apparent consumption....do....| 1,552,646 | 2,111,224 | 2,127, 523 | 2,136, 526 |22, 092, 152 | 2, 486, 842
‘World: Production
. thousand short tons.. 2, 356 3,460 3,720 3,725 23,880 4,510

1The 1950-53 data are recoverable aluminum-alloy content; subsequent years’ data are recoverable alumi-

num content.
2 Revised figure.

LEGISLATION AND GOVERNMENT PROGRAMS

Two companies shigped aluminum to the Government under supply
contracts negotiated during 1950-52. At the end of the year the pro-
duction phase of all contracts except that with Harvey Aluminum,
Inc., had expired.

The aluminum supply contracts between the Government and
Aluminum Co. of America, Kaiser Aluminum & Chemical Corp., and
Harvey were amended. Under grior amendments made with the com-
panies, 35 percent of the expanded production, instead of 25 percent,
. 1 Agsistant chief, Branch of Light Metals.

3 Statistical assistant. 155



156 MINERALS YEARBOOK, 1959

was to be made available to nonintegrated consumers for 15 years
after the completion of the Ii)roduction hase of the contracts. To
help assure a supply of metal for small businesses, the 1959 amend-
ments provided that part of the 85 percent should be made available
specifically to nonintegrated consumers qualifying as small business
concerns.

TABLE 2.—Shipments of aluminum to the Government under aluminum supply
contracts, in short tons

Year Alcoa 1 Kaiser ! | Reynolds 2| Harvey 3 Total
1957_. 104, 998 116, 804 102,509 |-cccmcmmmann 324,311
1958__ 97,497 95,272 130,359 |-cccocceoann 323,128
1959_ .- 45,320 27,915 73,235
Total 202, 495 212,076 278,188 27,915 720, 674

1 Contract expired in 1958.
2 Contract expired in 1959.
3 Contract to expire by 1963.

Under the defense materials system effective since July 1953,
aluminum supply in the United States above the quantity set aside
for defense and atomic-energy requirements and the national stock-
pile was available for civilian consumption. Metal set aside, exclu-
sive of the stockpile, consisted of an “A” allotment for specifically
designed military equipment and a “B” allotment for aluminum re-
quired by manufacturers of civilian-type items incorporated in end
products for military use. The two allotments totaled 54,000 tons a
quarter, as announced by U.S. Department of Commerce, Business
and Defense Services Administration. The grand total of 216,000
tons was a decrease of 5,500 tons (2.5 percent) from 1958.

The U.S. Department of the Interior and the Federal Power Com-
mission approved a 5-year extension of the Bonneville power rates
in the Pacific Northwest. The base rate of $17.50 per kilowatt-year,
equivalent to 2 mills per kilowatt-hour, was extended until December
1964.

On December 31, 1959, Government stocks of aluminum in Defense
Production Act inventories were 685,000 tons, compared with 632,000
tons at the beginning of the year. There had been no barter for
aluminum, so there were no Commodity Credit Corporation inven-
tories. Inventories acquired under the Strategic and Critical Mate-
rials Stock Piling Act are security classified.

DOMESTIC PRODUCTION
PRIMARY

As a result of starting new potlines and reactivating old lines, the
primary aluminum industry increased its output 25 percent over
1958. The record production of 1,953,000 tons was 16 percent above
that of 1956, the previous high year. Monthly records were estab-
lished five times during the year. The highest production was re-
ported in July when the industry operated at 90 percent capacity
and at an annual rate of more than 2.1 million tons. Production
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during the year averaged 86 percent of capacity. Shipments of
1,987,000 tons from pmgucing plants were also 25 percent more than
in 1958. This sharp rise was especially remarkable in view of the
fact that shi¥ments to the Government of 73,000 tons were down
250,000 tons from 1958. The rate of shipping was highest in June
and July, when consumers were increasing inventories in anticipa-
tion of a strike in August.

TABLE 3.—Production and shipments of primary aluminum in the United States,’
: in short tons

1958 1959
Quarter
Production | Shipments | Production | Shipments
First ) - 395, 909 377,052 456,005 442,914
Second 366, 652 388, 555 486,393 556, 958
Third 369, 896 413,718 520,216 499, 763
Fourth__ 433,100 411, 653 490, 561 487,832
Total .. 1, 565, 557 1,590,978 1,953,175 1,987,467

1 Quarterly production and shipments adjusted to final annual totals.

TABLE 4.—Primary-aluminum productive capacity in the United States
(Short tons per year)

Company and plant End of 1959 | Being built Total
in 1959
Aluminum Co. of America:
Alcoa, Tenn 157,100 157,100
Badin, N.C._. 47,150 47,150
Massena, N.Y. 118, 000 150, 000
Point Comfort, Tex 120, 000 140, 000
Rockdale, Tex - 150, 000 150, 000
Vancouver, Wash 97, 500 97, 500
‘Wenatchee, Wash_ 108, 500 108, 500
Evansville, Ind 150, 000
Total 798, 250 1, 000, 250
Reynolds Metals Co.:
Arkadelphia, Ark 55,000 55,000
Jones Mills, Ark - 109, 000 109, 000
Listerhill, Ala_ 190, 000 190, 000
Longview, Wash___ 60, 500 , 500
San Patricio, Tex. 95,000 95,000
Troutdale, Oreg_ 91, 500 91, 500
M N.Y 1100, 000 , 000
Total 701, 000 701, 000
Kaiser Aluminum & Chemical Corp.:
Chalmette, La 247, 500 247, 500
Mead, Wash 176, 000
Tacoma, Wash_ 1,000
Ravenswood, W. Va 145, 000
Total 609, 500
Anaconda Aluminum Co.: Columbia Falls, Mont__.___.__.____ 60, 000
Harvey Aluminum, Inc.: The Dalles, Oreg. ... ...._.__. 54,000
Ormet Corp.: Clarington, Ohio - 180, 000
Grand total 2,402,750 202, 000 2, 604, 750

1 At end of 1959 the plant was complete, but only 1 potline of 33,300-ton capacity was operating.

During the year new primary aluminum production facilities were
activated by three companies. In January Ormet Corp. started the
fifth and last line at its 180,000-ton-annual-capacity plant at Claring-
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ton, Ohio. Kaiser activated a new potline in May and one in June
to complete its 145,000-ton, four-line reduction plant at Ravenswood,
W. Va. The first of three 33,300-ton lines at Reynolds Metals Co.’s
new reduction facility at Massena, N.Y., was started in July. The
remaining two lines were completed by the end of the year but were
not placed in operation. . .

By December 31 Alcoa was the only company with new facilities
under construction. The largest of these, a plant near Evansville,
Ind., will have a capacity of 150,000 tons a year and was scheduled
to begin production from one line in July 1960. Construction of a
new 20,000-ton potline at Point Comfort, Tex., was completed but
the line was not placed in operation. : :

Domestic primary aluminum capacity at the beginning of the year
was 2.2 million tons, increased to 2.4 million tons by yearend, and
upon completion of new facilities was to total 2.6 million tons.

U.S. capacity to produce superpurity aluminum (99.99 percent or
higher) was increased during the year. Kaiser, with the addition of
two refining cells at its Mead, Wash., plant, increased capacity from
150 to 425 tons per year. Aluminum Foils, Inc., Jackson, Tenn.,
operated a refining plant with 10 cells and a capacity of 725 tons
per year. An addition of 16 cells was to increase the plant’s capacity
to approximately 1,800 tons per year.®* The third and only other
known producer of superpurity aluminum in the United States was
Reynolds, with six cells having a total capacity of 270 tons a year at
its Listerhill, Ala., plant.

Kaiser began constructing a plant at Purvis, Miss., for calcining
petroleum coke. The coke is to be used in manufacturing carbon
electrodes for the company’s reduction plants. The plant, reported
to cost about $500,000, was to have a capacity of 70,000 tons of coke
per year.

coa’s research, product development, promotion, and sales activ-
ities were described.*

The Anaconda Co. combined its aluminum operations into a single
operation, Anaconda Aluminum Co. The new company has a pri-
mary reduction plant in Montana, an experimental pilot plant for
producing alumina, and plants making semifabricated shapes in Ken-
tucky and Indiana.’

The most significant trend during the year was the increase in for-
eign activity of the three principal U.S. producers. This activity,
involving all aspects of the aluminum industry from bauxite produc-
tion through fabrication, is discussed in detail in the world review
section.

Labor contracts of the four major producers in the United States
expired on July 31, but the companies and unions extended the agree-
ments pending settlement of the steel strike. However, when the steel
strike had not ended by December, negotiations were reopened. A
new contract was signed retroactive to August 1, and reportedly in-
cluded a raise of 28 to 30 cents an hour graduated over a 3-year
period.

8 Modern Metals, With Super-Pure Aluminum : Vol. 16, No. 3, April 1960, pp. gfé gd:, 66.

4+ Modern Metals, A Billion Dollar Baby: Vol. 15, No. 5, June 1959, pp. 3 s
5 Steel, Anaconda Aluminum Bows In: Vol. 144, No. 11, Mar, 16, 1969, pp. 64-65.
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SECONDARY

According to reports to the Bureau of Mines, domestic recovery of
aluminum alloys (including all constituents) from 476,000 tons of
nonferrous scrap totaled 887,000 tons, only 1,000 tons below the rec-
ord recovery of 1957. The Bureau estimates that the reports repre-
sent a,pgroximately 85 percent of the total scrap consumption. The
value of the 860,000 tons of recovered aluminum (excluding alloyin%
ingredients) was $176 million computed from the average value o
primary aluminum pig of 24.46 cents per pound.

Aluminum-alloy ingot production totaled 841,000 tons, 41 percent
more than was reported in 1958. Data on remelt ingots exclude the
alloys made from purchased scrap by the primary producers. Ship-
ments of many casting alloys increased sharply in 1959. Shipments
of AXS 679 rose 47 percent to 129,000 tons, and alloys in the miscel-
laneous category nearly doubled to 28,000 tons. Increases in ship-
ments of pure Al (97.0 percent), No. 819 alloy and variations, and of
deoxidizing alloys ranged from 7,800 to 8,800 tons.

It was predicted that the total recovery of aluminum from scrap
would reach 668,000 tons by 1965 and that old scrap would supply
30 percent. In 1959 old scrap was the source of only 22 percent of
the aluminum recovered. In 1970 an estimated 880,000 tons will
be_recovered from all scrap; an estimated percent will come from
old scrap. As supplies of old scrap grow, the relative proportion of
secondary aluminum recovered from such scrap will increase, until
by 1985, old scrap will account for an estimated 52 percent of the
1,780,000 tons of aluminum to be recovered from scrap.®

In April, American Smelting & Refining Co. (ASARCO) placed
a new secondary-aluminum smelter in operation at Alton, Il1l. The
plant has an annual capacity of 36,000 tons of alloys and is reported
to be the largest single unit built specifically for converting aluminum
scrap into alloy ingot. Melting facilities comprise four 40-ton and

TABLE 5.—Aluminum recovered from serap processed in the United States, by
kind of scrap and form of recovery, in short tons

Kind of scrap 1958 1959 Form of recovery 1958 1959
New scrap: )
Aluminum-base___.__ 1224,983 | 2281,315 || Asmetal _________________ 7,924 16,079
Copper-base. . ..._____ 64 52 || Aluminum alloys_________ 277,197 338,933
Zine-base. . oo_._..__ 240 249 || In brass and bronze_______ 217 166
Magnesium-base. ... 141 200 || In zinc-base alloys. ____.__ 2,001 2,279
In magnesium alloys______ 242 329
Total - ceeeeee 225,428 281,816 || In chemical compounds.__ 1,974 2,134
01d serap: Total.__.__________ 289, 555 359, 920
Almglnum-base ...... 162,995 276,911
Copper-base._ ..-____-- 105 136
Zine-base. - ooooooeoo 653 677
Magnesium-base._.___ 374 380
Total. cammceaeeaen 64,127 78,104
Grand total..__..___ 289, 555 359, 920

! Aluminum alloys recovered from aluminum-bsse scrap in 1958, including all constituents, amounted to
238,985 tons from new scrap and 71,240 tons from old scrap; total, 310,225 tons.

# Aluminum alloys recovered from aluminum-base serap in 1959, including all constituents, amounted to
299,872 tons from new scrap and 87,063 tons from old scrap; total, 386,935 tons.

¢ Burton, Carl, Tough Problems Peril Aluminum Scrap’s Bright Future: Modern Metals,
vol. 15, No. 11, December 1959, pp. 42, 44, 46.
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one 15-ton gas-fired reverberatory furnaces. The plant has equip-
ment for removing fumes from furnace exhaust gases. ASARCO
operates two other smelting plants, one at Perth Amboy, N.Y., and
one at Los Angeles, Calif.”

Subject to working out details, the leading Canadian producer,
Aluminium Ltd., was authorized by the boards of directors of the
two companies to purchase the assets of Apex Smelting Co., which
produces foundry alloys from scrap and primary aluminum at plants
in Chicago, Cleveland, and Los Angeles.

TABLE 6.—Stocks and consumption of new and old aluminum scrap in the

United States in 1959 *
(Gross weight in short tons)
Consumption
Stocks, Stocks,
Class of consumer and type of scrap  |beginning| Receipts end of
of year 2 New o1d Total year
scrap scrap
Secondary smelters: 3

Segregated 2S and 3S sheet and clips,

less than 1.0 percent Cu..._-—--—___ 859 16, 686 16,333 |-cccomaann 16,333 1,212
Segregated 518, 528, 618, etc., sheet

and clips, less than 1.0 percent Cu.. 548 16,028 15,623 |-coemeae- 15,623 953
Se%egated 148, 178, 248, 258, etc.,

sheet and clips, more than 1.0 per-

cent Cu 2,070 24,796 25,278 25,278 1, 588
Mixed alloy sheet and clipS----------- 3,534 56, 865 50,781 56, 583 3,816
Cast scrap. - - 291 9,040 8,823 8,823 508
Borings and turnings. ..o oooooon 2,670 85,716 84,253 84,253 4,133
Dross and skimmings. - ccocooooceeoe 3,492 62, 548 59, 462 59, 462 6,578
Foil ______ 155 3,393 3,293 5
Wire and cable. - o ccoomomcccmeeeee 215 1,770 |ccmmmmaaee 1,745
Pots and PANS. .o occcccmmmmmmmmmmmemae 543 16,907 |- 17,005 445
Aireraft.._ 613 9,145 |. 9,299 459
Castings and forgings. - --eeo-—-coo—- 1,203 26,228 |- 26, 496 935
Pistons._ ._ - 201 4, - 683 148
Irony aluminum 1,097 15,802 |- 15, 665 1,234
Miscell 1S 3,182 40, 848 39, 965 4,065

Total 20,673 | 390,402 | 274,603 | 109,903 | 384,506 26, 569

Primary producers and fabricators:

Segregated 2S and 38 sheet and clips,

less than 1.0 percent Cu_. .- 591 15, 511 15,588 |ocoocaeaen 15, 588 514
Segregated 51S, 528, 618, etc., sheet

and clips, less than 1.0 percent Cu.. 1,446 18,973 PAUNILT: S R—— 20, 054 365
Segregated 14S, 178, 248, 258, etc.,

sheet and clips, more than 1.0 per-

cent Cu -— 184 4,288 [ 1. 2 F—— 4,333 139
Mixed alloy sheet and clips 302 5,924 5,777 449
(O 7] 163 21 o R —— 1 542 538 5
Borings and turnings. . 53 1,191 1,190 54
Dross and skimmings 1 583 540
Foil -— 295 7,976 7,695 576
Wire and cable. .« ccoommoamae 13 101 113
Castings and forgings 4 142 | oo 134 134 12
Miscellaneous 452 7,166 6,954 1 6,955 663

Total 3,342 62,397 62, 669 248 62,917 2,822

See footnotes at end of table.

7 Modern Metals, Big Smelter at Alton Now Producing Aluminum Ingot: Vol. 15, No. 3,
April 1959, p. 54.
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TABLE 6.—Stock and consumption of new and old aluminum scrap in the
United States in 1959—Continued

Consumption
Stocks, Stocks,
Class of consumer and type of scrap beginning| Receipts end of
of year 2 New o1d Total year
scrap scrap
Foundries and miscellaneous manufac-
turers:
Segregated 28 and 38 sheet and clips,
less than 1.0 percent Cu...__.___._____ 170 7,775 7,036 909
Segregated 518, 528, 618, etc., sheet
and clips, less than 1.0 percent Cu. | 726 726 |
Segregated 148, 178, 24S, 258, etc.,
sheet and c]ips, more than 1.0 per-
cent Cu. 64 468 475 57
Mixed alloy sheet and CliPSacacmaeee 278 4,726 4,889 115
Cast scrap- 773 6, 259 6,464
Borings and turnings 366 1,226 1, 589 3
Dross and skimmings._.__ 47 18 60 5
Foil - 1 b A PR,
Wire and cable 16 15 1
Pots and pans.._..__ 356 129 407 78
Aircraft 2 33 28
Castings and forgings......._.oo._.__. 90 931 95 76
Pistons._ 7 224 218 13
Irony aluminum 3 17 20 |
Miscell 1S, 230 1,693 1,380 543
Total 2,386 24, 242 24,253 2,375
Chemical plants: :
Borings and turnings_ . ... 2 5 (P
Dross and skimmings_.__._._.._...._._ 718 4,087 4,038 767
Foil 134 18 99 53
Miscell 1 81 133 144 70
Total 935 4,243 4,282 6 4,288 890
Grand total of all scrap consumed:
Segregated 28 and 3S sheet and clips,
less than 1.0 percent Cu..........._. 1, 620 39,972 38,957 | cccmaaaee 38,957 2,635
Segregated 518, 528, 61S, etc., sheet
and clips, less than 1.0 percent Cu._ 1,994 35,727 36,403 |oceccaeaan 36,403 1,318
Segregated 148, 178, 24S, 258, ete.,
sheet and clips, more than 1.0 per-
cent Cu._._. 2,318 29, 552 30,086 |.ocooooo- 30,086 1,784
Mixed alloy sheet and clips._.-__..__. 4,114 67, 515 61,419 5,830 67,249 4,380
Cast scrap- 1,065 15, 841 15,825 | ooooeooo 15,825 1,081
Borings and turnings._ ... _.__._____ 3,091 88,138 87,039 87,039 4,190
Dross and skimmings__.._.__.._..__.___ 4,258 67,236 64,100 64,100 7,394
Foil 584 11,388 11,088 11,088 884
‘Wire and cable. .. oo 228 1,887 |cceeaos 1,873 1,873 242
Pots and PANS. - e 899 17,036 |-cccoaeoo 17,412 17,412 523
Aijrcraft 615 9,178 9, 327 9,327 466
Castings and forgings..___________.___ 1,297 P7/%: (1) B I—— 27, 575 27,575 1,023
Pistons. 208 4,854 | _________ 4,901 4,901 161
Irony aluminum 1,100 15,819 |ccoceo_- 15, 685 15, 685 1,234
Miscellaneous. 3,945 49, 840 19,067 29,377 48,444 5,341
Total 27,336 | 481,284 | 363,984 | 111,980 | 475,964 32, 656
1 Includes imported scrap.
2 Revised figure.

3 Excludes secondary smelters owned by primary aluminum companies.



162 ‘ MINERALS YEARBOOK, 1959

TABLE 7.—Production and shipments of secondary aluminum ingot by independent
smelters and recovery of metal from aluminum scrap?

(Gross weight in short tons)

- 1958 1959
Product

Production 2{Shipments 3{Production 3|Shipments 3

7,924 7, 586 16,079 16, 336

25,129 24,624 28, 566 28, 169
6, 6,434 9,904 9, 580
5,421 5,463 5,

Aluminum-copper (maximum Si, 1.5 percent) ... 1, 529 1,384 1,649
No. 319 and variations_ 35,016 34,735 43, 877
AXS 679 and variations. 87, 652 87,778 129, 835
Aluminum-silicon-copper-nickel 16, 828 17,314 23,101
Deoxidizing and other destructive uses 5. .—.-.___ 24,190 24,470 33, 617
Aluminum-base hardeners_ oo ocoooeo 7,714 7,589 9, 847
Aluminum-magnesium 2, 696 2,610 2,944
Aluminum-zine. 6,034 6, 280 6, 803
Miscell 1. 14,611 14, 811 28, 444
Total 241, 402 241,078 340, 510
Secondary-aluminum alloys recovered by primary
producers and independent fabricators- — 74,109 |ooo___ 59, 689
Secondary-aluminum-alloy castings._... - 17,008 |occoceoooe 22, 542
Secondary-aluminum in chemicals. _... — 61,974 2,134

1 Includes companies and military establishments producing aluminum “remelt”” or “serap pig.”

2 No allowance was made for consumption by producing plants.

3 No allowance was made for receipts by producing plants.

4 Gross weight, including copper, silicon, and other alloying elements, at independent secondary smelters;
total secondary aluminum and aluminum-alloy ingot contained 12,725 tons primary aluminum in 1958 an
15,024 tons in 1959.

§ Uses which consume the metal in such way as to preclude future recovery.

¢ Revised figure.

CONSUMPTION AND USES

The total apparent consumption of aluminum, including domestic
primary metal, net imports of crude, semicrude, and scrap, and re-
covery from scrap, increased almost 20 percent over 1958. Shipment
of primary metal and recovery of aluminum from scrap increased,
but net imports declined sharply. As shipments to the Government
in 1959 were only 73,200 tons, compared with 323,100 tons in 1958,
the increase in industrial consumption probably was even greater
than the increase in apparent consumption.

Net shipments of wrought and cast aluminum products by pro-
ducers gained 29 percent over 1958. Of these shipments, wrought

roducts accounted for 81 percent, virtually the same proportion as
in 1958. Plate, sheet, and foil represented 52 percent of the total
wrought products shipped and die castings 47 percent of all cast
aluminum shipped.
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TABLE 8.—Apparent consumption of aluminum in the United States, in short fons

Primary Recov Recovery Total
Year sold or Imports from 31'3 from new | apparent
used by (net) 3 scrap 3 scrap 3 consump-
producers ! tion
1950-54 (average) 1,042, 674 209, 691 72,629 227, 652 1, 552, 646
1955. 1,571,845 203, 385 76,372 259, 622 2,111,224
1956. 1, 591, 478 196, 277 71,673 268, 095 2,127, 523
1957, 1, 579, 063 195, 644 72,459 289, 360 2,136, 526
1958, 1, 690, 978 4211,619 127 225,428 | 42,002,152
1959. 1,987, 467 139, 455 78,104 281, 816 2, 486, 842

1 Includes shipments to the Government: 1957, 324,311 tons; 1958, 323,128 tons; 1959, 73,235 tons.
3 Crude and semicrude. Includes ingot equivalent of scrap imports and exports (weight X 0.9).
3 The 1950-53 data are recoverable aluminum-alloy content; data for subsequent years are recoverable
aluminum content. -
¢ Revised figure.

TABLE 9.—Net shipments® of aluminum wrought and cast products by producers,
in short tons :

. [Bureau of the Census]
1958 1959 1958 1959
‘Wrought products:
Plate, sheet, and foil_.__| 2676, 540 884,214 362,744 70,994
Rolled structural 2112,046 137,428
shapes, rod, bar, and 2145,137 184, 050
R 2} 2172,858 223,139 @) [U)]
Extruded shapes, rod,
bar, tu blooms, Totaloooocaeeeeen 2 320, 850 393,200
and fubing. .- 2 410,931 540,943
Powder, ke, and Grand total . _.__.._ 31, 619,408 2, 085, 864
paste. 12,814 17,442
Forgings. - cccoeecoemeeno 325,415 26,926
Total oo 31,208,558 | 1,692,664

: Igeglssgl&)gents are total shipments less shipments to other metal mills for further fabrication.

e gure,

3 Figure withheld because estimates did not meet publication standards of the Bureau of the Census
because of the associated standard error.

The Aluminum Association survey compared the percentage distri-
bution of aluminum end uses for selected periods from 1957 through
1959. The largest part of wrought products, 28.3 percent in 1959,
went to the building-materials industry. The transportation equip-
ment industry used 13.4 percent, manufacturers of containers and
packaging used 9.7 percent, and the electrical equipment industry used
9.2 percent of the total wrought-product shipments. Members of the
Aluminum Foundry Division of The Aluminum Association ship(fed
59.5 percent of their permanent mold castings to motor-vehicle indus-
tries (other than military) and 36.6 percent of their sand castings to
industrial and commercial machines, equipment, and tool manufac-
turers.?®

8 American Metal Market, The Aluminum Association End-Use Statistics on Aluminum
‘Wrought Products : Vol. 67, No. 85, May 4, 1960, p. 10 ; The Aluminum Association End-Use
Statistics on Aluminum Sand Castin%s: P. 10; The Aluminum Association End-Use Sta-
tistics on Aluminum Permanent Mold Castings: P. 10.
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The following distribution for wrought products was obtained
from the figures published by the Bureau of the Census:

Plate, sheet, and foil : 1958 1959
Non-heat-treatable 36.4 37.9
Heat-treatable 8.0 6.8
Foil .7 7.5

Rolled rod, bar, and wire:
Rod, bar, etc!
Bare wire, conductor and nonconductor— . ___
Cable, bare (including steel-reinforced) - __
Wire and cable, covered or insulated

Extruded shapes:

Alloys other than 2000 and 7000 series.
Alloys in 2000 and 7000 series

Tubing:

Drawn, soft and hard alloys
Welded tube, non-heat-treatable *
Powder, flake, and paste:
Atomized
Flaked
Paste
Forgings (including impact extrusions)

by

T go

.

o8

N
.
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1Includes small amount of rolled structural shapes.

2 Soft alloys; includes 1100, 3003, 5052, 6061, 6062, and 6063 series.
3 Hard alloys ; includes all alloys not listed in footnote 2.

¢Includes small amount of heat-treatable welded tube.

Widespread acceptance by the consumer of the 1960 Corvair, the
first car built in the United States with an aluminum engine, was ex-
pected to lead to a rapid increase in the consumption of aluminum by
the automotive industry. The engine, which weighs approximately
300 pounds, contains about 90 pounds of aluminum. It is a hori-
zontally opposed six-cylinder engine, air cooled and mounted in the
rear of the car. The major aluminum parts are permanent mold
castings of 355-T6 alloy. The cylinders are shell-molded gray iron.®

The use of aluminum in other automobile parts also increased. It
was reported that the average 1959 automobile contained 50 pounds
of aluminum and that the average 1960 automobile contained 56
pounds. On the basis of production of 6 million cars in 1960, the
automotive industry will consume an estimated 170,000 tons of
aluminum.®

The specific uses of aluminum in automobile parts were also tabu-
lated. It was estimated that the engine accounts for 37 percent of
the consumption and the transmission for an additional 33 percent.
Hardware and trim account for an estimated 15 percent.™*

9Bond, John R., Inside the Corvair: Road and Track, vol. 11, No. 3, November 1959,
pp, 22-27, 92-93.

Darby, H. K., 1960 Autos Promise Record Aluminum Consumption: Modern Metals, vol.
15, No. 12, Jantlary 1960, pp. 37-38, 42, 44, 46.

lélsetal Progress, Aluminum Gains in the Automotive Field : Vol 77, No. 2, February 1960,
p. .

Foundry, An Exploded View of the Corvair 80-hp., Horizontally Opposed, Six-Cylinder
Engine : Vol. 88, No. 3, March 1960, p. 133,

1 Light Metal Age, Aluminum in Autos—1960 Forecast: Vol. 18, Nos. 11 and 12, Decem-
ber 1959, pp. 26, 28 :

Light Metal Age, Autos—1 Million Pounds of Aluminum Per Day : Vol. 18, Nos. 1 and 2,
February 1960, pp. 28-29.
1915‘9Jam§(s), B., Aluminum in Motor Cars: Light Metals (London), vol. 22, No. 250, January

, D

Iron Agé, Automakers Use More Aluminum, Compact Cars Help Boost the Average in
a 1960 Model : Vol. 183, No. 2, Jan. 14, 1960, p. 30.
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A patent was granted National Lead Co. for a die-cast eight-
cylinder aluminum engine block. It was stated that the weight of
the die-cast aluminum block for a V-8 engine is 55 pounds, or 150
pounds less than a similar block made of cast iron. Earlier the
company had designed a four-cylinder block and a six-cylinder block
which it produced experimentally.:2 -

New uses of aluminum expected in the automotive industry within
2 or 3 years were aluminum bumpers and cast-aluminum mufflers.’s

Aluminium Ltd. and the American Association of Railroads an-
nounced that the association had given conditional approval to the
use of all-aluminum welded hopper cars for interchange on U.S. rail-
roads. It was estimated that payloads could be increased 10 to 15
percent by using aluminum instead of steel. Reynolds reported that
1t was to supply 9,350 tons of plate and extrusions for the manufacture
of 1,205 railroad cars ordered by the Southern Railway system. Of
the total, 455 were to be covered hopper cars and the remainder
gondola cars.™*

Two large British passenger ships being built, the Orizna and
Canberra, 40,000 tons in gross weight and 800 feet long, each utilized
more than 1,000 tons of aluminum in all-welded aluminum super-
structures. Use of aluminum resulted in a saving of about 1,500 tons
of structural weight.'s

The first large-tonnage, oversea shipments of liquefied methane in
aluminum tanks were made. Because a temperature of minus 260° F.
is required to keep methane in a liquid state, aluminum, which has bet-
ter strength, ductility, and shock resistance at low temperatures, was
used for the tanks. The use of aluminum in cryogenic equipment,
estimated at 1,500 tons annually, is expected to expand sharply as the
production, transportation, storage, and utilization of liquefied gases
Increases.

Use of aluminum in military and space equipment increased. The
Army’s new M-113 personnel carrier has 4 tons of aluminum and the
M-60 tank 814 tons. Aluminum powder in missile propellants in-
creases the boost velocity of rockets 10 to 80 percent and the range or
altitude 20 to 60 percent. It was estimated that 10 to 20 percent of
the weight of the propellant was aluminum powder. The Navy’s Po-
laris, a sea-to-air missile, is powered by an aluminized propellant.”

The development of new and more efficient methods of producing
aluminum cans expanded markets for aluminum packaging in the o1l
and brewing industries and extended markets for aluminum in the
food industry. A nationally known brand of frozen orange juice

1 Modern Metals*Die Cast Eight-Cylinder Engine Block Patented: Vol. 15, No. 6, July
lgggw%lzg,. E. P., Next Breakthrough in Autos? Aluminum in Bumpers: Modern Metals,
vol. 15, No. 7, August 1959, pp. 34, 36, 38.

Steel, Aluminum Muffler Ready: Vol. 145, No. 18, Nov. 2, 1959, p. 56.

% Starin, F. J., More Aluminum Freight Cars, Railroads Like the Bigger Payload They
Carry : Iron Age, vol. 184, No. 5, July 30, 1959, p. 78.

35 Light Metals (London), Oriana—The Aluminium 'Superstructure: Vol. 22, No. 258,

November 1959, pp. 256—-257.
M‘féal Industry (London), Aluminium in “Canberra”: Vol. 95, No. 16, Nov. 27, 1959,

p. 346.

16 Steel, Aluminum Beats the Cold : Vol. 145, No. 25, Dec. 21, 1959, pp. 86-87.

Fellom, Roy, Jr., Aluminum in Cryogenics: Light Metal Age, vol. 18, Nos. 1 and 2,
February 1960, sz. 6-12, 14-17. .
27171%1%3mica123223Englneering News, Plastisol Propellant Unveiled : Vol. 37, No. 30, July

y » PD. .
lsggemics:%l Engineering, Aluminum Adds Whoosh to Propellant: Vol. 66, No. 16, Aug. 10,

, P. 96,
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was to be packed in aluminum cans. It was estimated that 7,500 tons
of aluminum was used in cans in 1959 and that 25,000 tons may be
used in making about 300 million cans in 1960.'®

The market for aluminum in electrical equipment showed significant
gains during the year. Coils made from aluminum foil and insulated
with paper or an anodized coating were being made experimentally in
an attempt to enter a market previously dominated by copper. One
company used aluminum foil instead of copper wire in producing 1
million automobile horns.?®* The use of aluminum in electrical con-
duits, a relatively new market for aluminum, was expected to ex-
pand.® Uses of aluminum in the electrical engineering field were
discussed.?

The building and construction industry provided the largest market
for aluminum in 1959. New products were expected to result in
wider use of aluminum in housing. These products include alumi-
num duct sheet, for heating and ventilating systems priced to compete
with galvanizeci steel, and Jow-cost aluminum building sheet, intended
for various housing uses. The low-cost sheet, made by the primary
producers, sold for 84 to 35 cents a pound, compared with 42 to 43
cents for some alloys it was designed to replace.”

Siding for remodelin%l and home improvement was the largest
single use of aluminum sheet. However, it was expected that larger
quantities of siding would be used in new homes, especially pre-
fabricated ones.”

Primarily because of aluminum’s high strength-to-weight ratio and
corrosion resistance, it has many applications in mining.” The use of
aluminum in mining equipment was described.*

The capacity of plants producing superpurity aluminum was being
expanded rapidly. The metal, which is refined from commercially
pure aluminum by electrolysis in a three-layer cell of Hoopes type,
has high corrosion resistance and electrical conductivity. In addi-
tion, it has a high luster and, when electrochemically polished and
anodized, has an extremely brilliant surface. The superpure metal
is used in the chemical and processing industries, in jewelry, auto-
mobile and appliance trim, and hardware. High-purity alumina

18 Gotch, L. P., Eike, B. F\., and Brighton, K. W., The Status of Aluminum for Food
Cans : Light Metal Age, vol. 17, Nos. 3 and 4, April 1959, pp. 8-15.
Rohan, T. M., Can Market: New Aluminum Bid; Bliss Machine Makes 120 Aluminum
Beer Cans Per Minute: Iron Age, vol. 184, No. 25, Dec. 17, 1959, p. 126.
‘American Metal Market, Can Making to Require 25,000 Tons of Aluminum for 1960:
VO Buin A ek Fre cooaPaarket for Alum No. 159
usiness Wee ectrical Market for Aluminum : No. 3, Mar. 12, 1960, . 92, 97.
Lee, J. J., Aluminium Foil and Strip for Electrical Windings : Elec. Rev. (Ibl?gon), vol.
164, No. 15, Apr. 10, 1959, pp. 667-671.
% Darby, H. K., Primary Producers Put Pressure Behind Alumifium Conduit Sales:
Modern Metals, vol. 15, No. 9, October 1959, pp. 78, 80, 82, 84, 86.
2 Parish, A. R., Aluminium in Electrical Engineering, Its Standing as an Alternative
to Copper : Elec. Rev. (London), vol. 164, No. 9, Feb. 27, 1959, pp. 399-—402.
Thomas, A. G., The Electrical Industry as a Market for Aluminium : Light Metals (Lon-
dog)],)voll). 22]E'IN]% 2%4,1Ma 19t59, Dp. 158?—153' Prod Prob
arby, H. K., Price Controversy Simmers as Producers Probe for New She :
Mt%%glilll é{eta{s:]v;)l. 1?, II:IIO. IJXIDeceéang 195ghpp£ %8, 70, ,Z7P2ri c et Markets
reet Journal, New Alcoa Building Sheet Forces ce Cuts, Troubles Ind d
Processors : Vol. 154, No. 81, Oct. 22, 1959, p. 7. r es Independent
182 llgxslginee;gig News-Record, Housing : Aluminum Is Moving In: Vol. 162, No. 24, June
, D. .
Modern Metals, Roofing and Siding, Aluminum’s Biggest Market for Sheet: 1
1 e F P LA o deits Finding Blg Mark o
mond, H. J., uminum Products Finding Big Market in Canadian Mines: Pre-
cambrian (Winnipeg, Canada), vol. 31, No. 12, December 1958, pp. 12~17, 20, 23—;3. ¥
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is made from this metal for use as a catalyst in producing high octane
gasoline,2®

STOCKS

Inventories of primary aluminum at reduction plants on December
31, 1959, were 111,600 tons, a decrease of 24 percent or 34,400 tons
from stocks on December 31, 1958. From 146,100 tons at the begin-
ning of 1959, stocks climbed sharply to 183,800 tons at the end of
February. For the next 5 months shipments exceeded production,
and stocks declined to 80,400 tons at the end of July. It then ap-
peared that there would be no strike in the industry, and with the
exception of December, production for the rest of the year exceeded
shipments and stocks increased. Based on December production,
stocks at yearend were equivalent to 21 days’ output. In addition
to the primary aluminum stocks reported, reduction plants also had
inventories of ingot and aluminum in process.

Stocks of secondary aluminum of 22,900 tons on December 31, 1959,
were 22 percent or 4,200 tons more than at the end of 1958. The
increase in stocks was due largely to a decrease in demand by the
automotive industry as a result of the steel strike. Consumer’s stocks
of aluminum-base scrap increased 5,400 tons in 1959 to 32,700 tons.
At the rate of consumption in December, stocks of scrap represented
a 27-day supply.

PRICES

On January 1, 1959, the price of aluminum pig, 99.5 percent guar-
anteed minimum, was 24.7 cents per pound, and that of aluminum in-
got, 99.5 percent plus, was 26.8 cents per pound. Under a new price
policy effective July 1, primary aluminum prices included delivery.
The allowance previously made if the purchaser accepted delivery of
the metal at the producer’s plant was discontinued. In December the
price of aluminum pig and ingot was raised 1.3 cents a, pound. The
new prices, 26.0 cents per pound for pig and 28.1 cents for ingot,
were the same as the prices in effect from August 1957 to April 1958.
This was the first price change since August 1958.

Prices of smelters’ alloys were increased 14 to 114 cents per pound
in May and June. In December, after the increase in rimary prices,
smelters’ alloy prices rose 114 cents per pound. The American Metal
Market listed the following closing market prices on December 31,
1959: Alloy 195, 27.75 to 28.75 cents per poung ; No. 12, 24.75 to 25.25
cents; and No.-380 (1 percent Zn), 25.00 to 26.00 cents. These prices
were 284 to 314 cents per pound higher than prices at the end of
1?58. The prices applied to 20,000-pound lots delivered to buyers’

ants,

P Scrap prices increased in May, June, and December. The closing
market prices for scrap on December 31, 1959, according to the Amer-
ican Metal Market, were: 2S, 3S, 518, and 52S cli s, 18 to 19 cents
per pound ; 75S clips, 13 to 14 cents; and aluminum orings and turn-
ings, 15 to 16 cents per pound. These prices were 1 cent to 2 cents
more per pound than prices at the end of 1958.

3 Modern Metals, With Super-Pure Aluminum : Vol. 16, No. 3, April 1960, pp. 62, 64, 66.
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FOREIGN TRADE *

US. trade in aluminum was at a high level. Imports of 51,000
tons of plates, sheets, and bars set a record and were 81 percent above
1958. Imports of crude metal and alloys declined 6 percent from
1958. Imports of crude metal from Canada declined 22 percent to
166,400 tons, but the decline was partly offset by large increases in
imports from Norway, Italy, and Austria. For the first time crude
metal (9,400 tons) was imported from Africa.

Exports of crude aluminum in 1959 were exceeded only by exports
in 1944. More than 45 percent of the crude metal went to the United
Kingdom and the next lar part, 16 1Il)ercent, to West Germany.
Only in 1954 were exports of scrap more than those in 1959. The bulk
of the scrap exports were shipped to West Germany, Japan, Ttaly
and the United Kingdom.

The net import balance for crude, semifabricated, and scrap alumi-
num was 187,300 tons, compared with 210,700 tons in 1958.

Suspension of the 1%4-cent-per-pound duty on scrap was continued
in 1959. There was no export quota on aluminum scrap.

TABLE 10.—Aluminum imported for consumption in the United States, by classes

[Bureau of the Census]

1958 1959
Class
Value Value
Short tons (thou- Short tons (thou-
sands) sands)
Crude and semicrude:
Metal and alloys, crude 255, 322 $117,297 239, 571 $111, 259
Plates, sheets, bars, etc. 127,946 120,184 50, 638 34,876
Scrap--- 9,922 2,969 10,919 3,299
Total. ... 1293,190 | 1140,450 301,128 149, 434
Manufactures:
Foil less than 0.006 inch thiek .. ooooooen 2,711 3, 693 4, 529 5,923
Folding rules. - - O] ® E’) ®
Leaf (514 by 5% inches) 4) 13
Powder and powdered foil (aluminum bronze) 65 62
Powder in leaf (514 by 5% inches) ® 6
Table, kitchen, hospital utensils, ete. 2, 380 3,874 2,990 4,526
Other manufactures. - ©® 2,718 ©® 3,831
Total ... - ) 10, 343 ) 14, 361
Grand total - ® 1150, 793 ) 163, 795
1 Revised figure.
2 Number: 1958, 422; 1959, 300; equivalent weight not recorded.
3 Less than $1,000.
4 Leaves: 1958, 1,721,042; 1959, 5,865,141.
& Leaves: 84,833.

¢ Quantity not recorded.

28 Pigures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi-
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of Com-
merce, Bureau of the Census.
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TABLE 11.—Aluminum imported for consumption in the United States, by classes
and countries, in short tons

[Bureau of the Census]

1958 1959
Country Metal Plates, Metal Plates,
and sheets, Scrap and sheets, Scrap
alloys, bars, alloys, bars,
crude ete. crude ete.
North America:
Canada. 213, 862 3,118 9,089 | 166,392 5,436 9, 090
Other North America. 13- R . 264
Total 213, 862 3,118 9,147 | 166,392 5,436 9, 354
South America. - 28
Europe:
ustria_ 2,849 1,109 9, 517 2,003 f_ooooooo.
Belgium-Luxembourg.....o ... 59 19,107 14,312 28
France. 11,910 12,794 364 12,335 4,432 1,019
Germany, West 2,120 12,068 176 1,705 4,345 56
Italy. 773 3,802 32 7,153 5,649 17
Norway... 21,782 382 17 32, 568 417 |eeee-
United Kingdom . __.__.._. 12 1,779 70 95 3,741 155
Yugoslavia. . 1,213 654 | oo 70 1,546 |_ooeoo___
Other Europe. 191 11,071 88 353 2,873 266
Total 40,909 | 122,856 747 63, 796 39,318 1,541
Asia:
Japan 1,972 ®) 5,779 |ocecaae-
Other Asia. 551 85 | o
Total 551 1,972 |- @
Africa. 9,383
Oceania. . oo e | e |
Grand total: Short tons__.______..... 255,322 | 127,946 9,922 | 239,571 50, 638 10,919
Value, thousands__.._. $117,297 | 1 $20, 184 $2 969 | $111,259 | $34,876 $3,299

1 Revised figure.
2 Less than 1 ton.

TABLE 12.—Aluminum exported from the United States, by classes

[Bureau of the Census]

1958 1959
Class
Short Value Short Value
tons (thousands) tons (thousands)
Crude and semicrude:
Ingots slabs, and crude--ceommomocmcaaaae 52,711 $24, 220 121, 081 $53, 518
Crap - | 18, 906 5, 595 32,388 10, 485
Plates sheets, bars, ete o occeomaaeaaolll 9,183 10, 240 9,015 9,977
Castings and forgm 1,633 3,022 1,216 2,842
Semifabricated forms, n.e.C. - ccceeaoaaao. 37 61 120 155
Total 82,470 43,138 163, 820 76,977
Manufactures:

Foil and leaf. 295 492 567 852

Powders and pastes (aluminum and alumi-
num bronze) (aluminum content)........ 331 435 415 503
Cooking, kitchen, and hospital utensils_ ... 1,192 3,017 1,162 2,873
Sash sections, frames (door and window)._.. 1, 547 2,762 1,849 2, 590
Venetian blinds and partS--c--cccccccaaaaae 1,262 1, 656 1,312 1, 656
‘Wire and cable. 4,374 2 540 5,308 2, 690
Total 9, 001 10, 902 10, 613 11,164
Grand total 91,471 54, 040 174,433 88,141

567825—60——12
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TABLE 13.——Alunﬂnum exported from the United States, by classes and countries,
in short tons

[Bureau of the Census] -

1958 1959
Country Ingots, | Plates, Ingots, | Plates,
slabs, sheets, Serap slabs, sheets, Scrap
and bars, and bars,
crude ete.l crude eted
North America:
Canada 11,322 4,726 364 714
Cuba. 52 1,326 4 87
Mexico. - - ‘ - 3,900 102 82 6,189
Other North America......____._____ 19 900 114 4
Total. 15,293 | 7,054 564 | 6,994
South America:
Argentina. 231 20 2,673
Brazil 642 125 oo 37
Colombia. 2,088 371 1 2,771
Venezuela._ _ . _ oo 62 1,136 ® 324
Other South Ameriea.-_...__.________ 403 142 |eoooooo 236
Total. 3,426 1,794 1 5,941
Europe:
ermany, West ... oo oo 1,654 6 11,094 19,183 9 14,024
Ttaly .. - 35 4,626 1,497 161 5,242
United Kingdom 47 408 55,066 291 3,324
Other Europe. 297 148 19, 591 899 912
Total 28, 880 385 16, 276 95,337 1,360 23, 502
Asia:
India. 720 1,049 28 69 B 1 PR,
.. Japan.. 88 23 2,036 5,459 20 8,341
Philippines. - 2,324 b7 3 3,241 113 5
Other Asia. 1,951 300 1 2,162 299 51
Total ——- 5,083 1,406 2,065 10,931 447
Africa. 29 129 151 142 |
Oceania. 15 D—— 1,727 176 |-
Grand total: Short tons__.____._____ 52,711 10,853 18,906 | 121,081 10, 351 32,388
Value, thousands...... $24,220 | $13,323 $5,5905 | $53,618 | $12,974 $10, 485

1Includes plates, sheets, bars, extrusions, castings, forgings, and unclassified ‘“‘semifabricated forms.”
2 Less than 1 ton.

WORLD REVIEW

World production of aluminum was estimated at 4.5 million short
tons—630,000 tons or 16 percent above 1958 and nearly double the
1952 output. The increase continued the upward trend begun in
1947. U.S. production accounted for a large part of the increase.
Other countries showing substantial gains were Austria, West Ger-
many, Hungary, Italy, Norway, U.S.S.R., China, India, Japan,
Cameroun, and Australia.

During the year the four largest producers of primary aluminum
in the United States were expanding their foreign interests. The
most significant of the new or expanded operations, by company and
country, were: Alcoa—dJapan, Mexico, Surinam, United Kingdom,
and Venezuela; Kaiser—Argentina, India, and Spain; Reynolds—
United Kingdom ; and Olin-Mathieson—Guinea. All four companies
were jointly interested in Ghana. More detailed information is in-
cluded under the individual countries in the following sections.
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Table 14 includes information on the capacity, location, and owner-

ship of
data are

lants producing aluminum throughout the world. The
ased on companies’ annual reports, consular dispatches,

newspaper and journal articles, and communications to the Bureau

of Mines.

" TABLE 14.~—Producers of aluminum

(Short tons)
A. FREE WORLD
Annual
Country, company, and plant locations ca;;ggg;y, Participants
North America: Canada:
Aluminum Co. of Canada, Ltd: Subsidiary of Aluminium, Ltd. (Ca-
Arvida_ 373,000 nadian).
Shawinigan Falls. 70, 000
Isle Maligne. 115, 000
Kitimat 192, 000
Chryslum, Ltd.: Beauharnois 3 Aluminum Co. of Canada, Ltd., and
3 . Chrysler Corp. of Canada.
Canadian British Alumininm Co. Ltd.: Baie 90, 000 Suﬁ:&dﬁary of British Aluminfum Co.,
omeatl. .
United States total! 2, 402, 800
Total North America. 3, 280, 800
South America: Brazil:
Electro-Quimica Brasileira, S.A.: Ouro Preto 9,700 | Subsidiary of Aluminium Ltd. (Ca-
(Minas Gerais). nadian).
Companhia Brasileira do Aluminio: Sao Paulo.. 11,000 | Industrias Votorantim, S.A. (80 per-
cent and other Brazilian interests
Total South America. ... cccooeomimcmaaeaaa 20, 700 20 percent).
Europe:
Austria:
Salzburger Aluminium G.m.b.H.: Lend..... 10,000 { Subsidiary of Aluminium-Industrie
A.G. (ATIAG), Swiss.
Vaﬂﬂﬂ%gte Aluminiumwerke A.G.: Rans- 74,000 | Government-owned.
ofen.
Total 84,000
France:
Pechiney, Cle de Produits Chimique et |.._......... Privately owned (French).
Electrometallurgiques.
Chedde (Haute Savoie) 5, 600
La Praz (Savoie)___. - 3,000
La Saussaz (Savoie) .- - 9, 500
St. Jean de Maurienn - 73, 300
L’ Argentiere (Hautes-Alpes) . - 17, 500
Riouperoux (Isere) - 11, 700
Auzat (Ariege) - 18, 000
Sabart (Ariege) 17, 600
Soc. d’Electro-Chimie, d’ Electro-Metallurgie Do.
et des Acieries Electriques d’Ugine:
Les Clavaux (Isere) . - . .ccceccaccccacacan 33,900
Venthon (Savoie)..oooo-cceaooae ——- 17, 600
Lannemezan (Hautes-Pyrennes)....oo... 11, 600
Total 189, 300
Germany, West: .
Aluminium G.m.b.H.: Rheinfelden (Baden) . 49,500 | Subsidiary of Swiss AIAG.
Vereinigte Aluminiumwerke A.G: Government-owned.
Erftwerk, Grevenbroich__. 31,000
Innwerk, Toging- - ceccmvemmecccacceaaes , 300
Lippewerke, Lunen 42, 000
Total 180, 800

See footnotes at end of table.
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TABLE 14.—Producers of aluminum—Continued
(Short tons)
A. FREE WORLD—Continued

Annual
Country, company, and plant locations capggg:y, Participants
1
Eur?pa(i—Continued
t:
Y‘Mont;ecatini ’ Soc. Generale per l’Indus- Privately owned (Italian).
tria Mineraria e Chimi
Mori 13,200
Bolzano o 42,400
Soc. Alluminio Veneto per Azioni (SAVA): 30, Subsidiary of Swiss AIAG.
Porto Marghera.
Soc. dell 1 ‘Alluminio Ttaliano (SAI): Borgo- 6,100 | Subsidiary of Aluminium Ltd. (Cana-
co, d’Ivrea. dian).
Total 91, 700
Norway:

Aardal og Sunndal Verk A/S: Government-owned.
Aardal_ 69, 600
Sunndalsora. , 000

Det Norske Nitrid A/S: Aluminium Ltd. (Canadian) 50 per-
Eydehavn 10, 200 eent aud British Aluminium Co. 50
Tyssedal- 19, 300

Norsk Aluminium A/S: Hoyanger_.._...___. 14,700 Alumimum Ltd. (Canadian) 50 per-

cent and privately owned (Norwe-
gian) 50 percent.

Mosjgen Aluminium A/S: Mosjgen.__._____. 27,500 | Swiss ATAG 33}{; percent and A/C

Elektrochemisk (Norwegian) 66%%
Total 196, 300 percent.
Spain:

Empresa Nacional del Aluminio, S.A: Spanish companies with majority gov-
Xa“a.dn lg, %83 ernment participation.

Aluminio Espanol, S.A.: Sabinanigo (Hu- 6i 600 | Pechiney (French) 85 percent and

esca). Kaiser Aluminum & Chemical Corp.
15 percent.
Total 26, 900
Sweden: A/B Svenska Aluminiumkompaniet: Privately owned (Swedish) 50 percent
Mansbo. 2,400 and Aluminjium Ltd. (Canadian) 50
Kubikenborg 4, percent.
Total 16, 700
Switzerland:
Aluminium Industrie A.G. (ATIAG): Chip- 30,800 | Privately owned (Swiss).
pis.
Usine d’Aluminium de Martigny S.A.: 5, 500 Do.
Martigny.
Total 36, 300
United Kingdom: British Aluminjum Co., Ltd: Tube Investments Ltd. (British) 47
Kinlochleven. 11,200 percent, Reynolds Metals Co. (Amer-
Lochaber. 28,000 ican) 45 percent, Reynolds Tube In-
vestments Ltd., 4 percent, and mis-
Total 39, 200 cellaneous share'holders 4 percent.
Yugoslavia: State Concerns: 4 500 Government-owned.
Lozovac. 4;000
Strnisce (Kidricevo) 33,000
Total 41, 5
Total Free Europe . - oo oooooomocamaoe 902, 700
A%a:kFormosa (Taiwan): Taiwan Aluminum Corp.: 10,000 | Government-owned.
akao.
India:

Aluminium Corp. of India, Ltd.: Asansol ... 2,800 | Privately owned (Indian).

Indian Aluminium Co., Ltd.: Aluminium, Ltd. (Canadian) 65 per-
Alwaye. 6,700 cent and Indian-owned 35 percent.
Hirakud 11,200

Total 20, 700

See footnotes at end of table.
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TABLE 14.—Producers of aluminum—-Continued
(Short tons)
A. FREE WORLD—Continued

Annual
Country, company, and plant locations capgc;ty, Participants
195
Asia—Continued
Japan:
Showa Denko K.K. (Showa Electro- Privately owned (Japanese).
Chemical Industry Co., Ltd.):
Kiti 21, 000
Oma; hl 12, 000
Nihon Keikinzoku K.K. (Japan Light Aluminium Ltd. (Canadian) 50 per-
Metals Co.): cent, and privately owned (Japanese)
Kambara, 43,000 50 percent.
Niigata. 25, 000
Sumitomo Kagaku K K. (Sumibomo Chemi- 26,000 | Privately owned (Japanese).
cal Co., Ltd.): Kikumoto.
Total 127, 000
Total Asia. 157,700
Africa: Cameroun: Cie. Camerounaise de !’ Alumini- 49, 500 Pechiney-Ugme (French), Caisse Cent-
um Pechiney-Ugine (ALUCAM): Edea. rale de la France D’Outremer
(French), and Cameroun Govern-
ment.
Oceania: Australia: Australian Aluminium Produec- 14,500 | Government-owned.
tion Commission: Bell Bay, Tasmania.
Total Oceania 14, 500
Total Free World - 4, 425, 900
B. SOVIET BLOC:3
U.8.8.R.:
Soviet Aluminum Trust Government-owned.
Kamensk-Uralskiy_ _.__________.__ 132, 000
Kandalakaha. 27, 500
Krasnotourinsk-Bogoslovsk 137, 500
Stalinsk. s
Volkhov. 49, 500
Yerevan (Erivan). , 500
Zaporozhye (Dneprovskiy) oo occceocecaoas 110, 000
Sumgait , 000
Nadvoitsy. , 000
Stalingrad 88, 000
Total U.S.S.R. 803, 000
Czechoslovakia: Svaty Kriz 55,000 Do.
Germany, East: Elektrochemisches Kombinat: 38, 500 Do.
Bitterfeld.
ungary:
Ma?rsoviet Bauxit Ipar._.._...._. Do.
galla-Totis_ - 16, 500
——- 16, 500
l'nnta , 000
Total 66, 000
Poland: Shawine Aluminium Works_....._.__..____ 33, 500 Do.
Rumania. 11,000 Do.
China: Nationalized plants 77,600 Do.
North Korea. ®
Total Soviet bloc. 1, 089, 600
Total World. 5,515, 500

1 For breakdown of companies and plants, ses table 49 of this chapter.

2 Will not produce aluminum ingot after Dec. 31, 195!

3 In a number of instances it was impossible to confirm the data on plants of the Soviet bloc.

¢ Data not available.
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Data were reported on the consumption of aluminum in 1958 by
end uses in the 10 countries of the Organisation for European Eco-
nomic Cooperation. The major consuming countries were: United
Kingdom, 294,000 short tons; West Germany, 277,000 tons; France,
198,000 tons; and Italy, 104,000 tons. Industries consuming the
largest quantities of aluminum were: Transportation equipment,
991,000 tons; electrical equipment, 118,000 tons; mechanical equip-
ment, 105,000 tons and packaging materials, 103,000 tons.*®

TABLE 15—World production of aluminum, by countries, in short tons?
[Compiled by Pearl J. Thompson and Berenice B. Mitchell}

Country 2 ) 1950-54 1955 1956 1957 1958 1959

(average)
North America:
Canada. 490,015 612, 543 620, 321 556, 715 634, 102 598, 500
United States. 1,041,082 | 1,565,721 | 1,678,954 | 1,647,709 | 1,565,557 | 1,953,175

1,531,007 | 2,178,264 | 2,299,275 | 2,204,424 | 2,199,659 | 2,551,675
31,1 834 6,920

Total. .
South America: Brazil . .......__. 9,794 13,102 | 413,200

3

Europe:
Austria - 38,044 63,051 65, 400 62,125 62,716 72,271
Qzechoslovakia. ..o _._.______. 59,976 26, 900 23,400 18, 400 29, 100 4 33,000
FraNCe e imeeicemem 108, 085 142,191 165, 125 176, 603 186, 415 190, 744
Germany:
East. 10, 523 29, 100 37,800 | 438,100 | 437,500 | 438,600
West - oo oo iccceceeeeeae 96, 694 151,089 162, 439 169, 576 150, 756 166, 631

40,740 38,3875 27,650 43, 560

70,
79,102 101, 349 105, 430 139, 201 159, 671
22, 500 24,000 22, 500 24,700 25,100
6,200 8,800 11,000 11, 260 11,000
3, 466 14,283 16,721 17,769 423,300
11,063 13,734 14,958 15,113 15,102
33,312 33,180 34,238 34,723 37,886
475, 000 500, 000 550,000 605, 000 715,000
27,378 30, 892 32,933 29, 517 27,381
12,675 16, 162 19,989 23,899 21,214

Total 4ee ool 767,000 | 1,190,000 | 1,305,000 | 1,375,000 | 1,480,000 | 1,670,000
Asi:
11,000 11, 000 22,000 29, 800 77,600
8, 091 7,281 8,718 9, 167 19,131
63, 392 72,754 74,934 93,231 109, 304

7,77 9, 655 9,104 9,455 |- 8,251

....................... 90, 200 100, 700 114, 800 141,700 214, 400
Africa: Cameroun. .. o 8,300 35,121 46, 644
Qoceanla: Australig..-eeeeeeeeooo__ 1,398 10, 240 11,899 12,196 14, 392

World total (estimate) 12..____ 2,356,000 | 3,460,000 | 3,720,000 | 3,725,000 | 3,880,000 | 4,510,000

1 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding
where estimated figures are included in the detail. e o

3 In addition to countries listed, North Korea produced a negligible quantity of aluminum.
3 Average for 1951-54. . E

¢ Estimate.

§ Average for 1953-54. .

¢ Average for 1 year only as 1954 was the first year of commercial production,

NORTH AMERICA

Canada.—Aluminum Company of Canada, Ltd. (Alcan), reduced
operations to 66 percent of capacity during the first half of 1959 but

27 Organisation for European Economic Cooperation, Non-Ferrous Metals Statistics,
Production, Consumption, Foreign Trade Breakdown of Uses—1958, Trend in 1959 : Adden-
dum to Statistical Survey on Non-Ferrous Metals Industry in 1958, pt. 2, Aluminium, First
gtatistica.l Survey of Breakdown of Consumption by End-Uses in Europe, October 1959,

pD.
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increased production as demand for aluminum increased in the latter
part of the year.

In June, Chryslum, Ltd., was formed by Aluminum Co. of Canada,
Ltd., and Chrysler Corp. of Canada to produce and supply aluminum
alloys for Chrysler automobile plants in Canada and the United
States. The new company leased the Beauharnois, Quebec, smelter,
which has a capacity of 38,000 tons. Alcan will continue to operate
the smelter for Chryslum.

The first generator of the new hydroelectric station on the Peri-
bonca River went on power in September and the fifth generator in
March 1960, thus completing a 10-year program for constructing
hydroelectric facilities to produce aluminum and, which more than
doubled generating capacity from 2,040,000 to 4,650,000 horsepower.

On December 15 the price of aluminum in non-American markets
was raised from 22.5 to 28.25 cents, and on December 18 the price of
aluminum for sale in the American market was raised from 24.7 to
26 cents.

Mexico.—Aluminio, S.A., was formed by Intercontinental, S.A., and
Alcoa to finance, construct, and operate Mexico’s first primary alu-
minum smelting plant. The plant, with a planned capacity of 22,000
tons of aluminum per year, was to be built in the State of Veracruz.
Alcoa will have a 35-percent interest in the company; Interconti-
nental, S.A., and associates, 55 percent; and European investors, 10
percent. Final execution of the plan depended upon satisfactory
completion of studies that were underway at yearend.

SOUTH AMERICA

Argentina.—XKaiser joined a manufacturer of nonferrous metal prod-
ucts in establishing a new corporation for manufacturing aluminum
mill products.

Brazil—A new aluminum plant with an estimated capacity of 11,000
tons was under construction at Cachoeira da Fumaca. The plant is
scheduled for completion by 1962. Cf:ﬁacity of the Companiha
Brasileria do Aluminio plant at Sao Paulo was increased to 11,000
tons during the year, bringing the total capacity in Brazil to 20,700
tons.

Surinam.—Alcoa reported that progress had been made on the Broko-
pondo hydroelectric and smelting plant. Camps, offices, and shops
‘were built, and work on a 45-mile road was more than half completed.
Construction of a dam, powerhouse, and smelter was to start in the
summer of 1960. ‘ »

Venezuela.—Venezuelan interests, Alcoa, and Montecatini-Societa
Generale per I'Industria Mineraria e Chimica Anonima, of Italy,
invested jointly in a new company for producing aluminum extru-
sions and tubing in Venezuela.

EUROPE
France.—Aluminum production reached an alltime high of 190,700

tons. Two plants under construction in the Lacq area of southwest-
‘ern France were nearing completion and were expected to be in pro-
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duction early in 1960. The new plants were to add 80,000 tons to the
country’s annual capacity.

Germany, East.—The first section of the Lauta aluminum plant being
built under the 7-year plan was scheduled to be completed in 1962.
By 1964 the plant was to be producing at full ca}iacity of 22,000
tons. The original Lauta plant of Vereinigte Aluminiumwerke,
A.G., was dismantled after World War II, and some of the equip-
ment was used by the Russians to build a plant at Krasno-Turinsk
in the Urals.

Germany, West.—Although primary aluminum output rose 11 per-
cent, domestic supplies were insufficient to meet requirements and
82,990 short tons of aluminum was imported. The duty-free import
quota was 44,000 tons in 1959.

Italy.—Primary aluminum production in Italy reached a peak of
82,700 tons—17 percent above 1958.

An article describing the Italian aluminum industry discussed
bauxite supplies, alumina and aluminum productive capacity, pri-
mary and secondary aluminum productive capacity, the semifabri-
cating industry, and consumption.*

Norway.—Production of primary aluminum continued its upward
trend and reached an alltime record of 159,700 tons. All companies
except Det, Norske Nitrid A/S worked at full capacity. Det Norske
Nitrid A/S produced almost 50 percent less than in 1958, owing to a
shortage of electricity and a 15-percent cutback ordered by Alumin-
ium Litd., the parent compan%.

Capacity was increased by the installation of reduction cells at
Aardal and Mosjgen. Expansion projects underway were expected
to raise the total capacity to 253,000 tons in 3 to 4 years.

Exports of aluminum reached an alltime peak of 140,900 tons.
In 1959 China became the fourth largest importer of Norwegian
aluminum, with 8,600 tons. Exports to the United Kingdom totaled
40,300 tons; to the United States, 32,300 tons; and to West Germany,
23,100 tons.

Poland.—Plans for a large aluminum plant were reported to have
reached the blueprint state, and construction was to begin in 1962.
The plant will have a capacity four times that of Skawina (88,500
short tons) and will be built near the electric powerplant in Mali-
niec near Konin.

Spain.—Aluminio de Vigo, S.A. (ALVISA), failed to obtain neces-
sary foreign investment to increase its total capitalization to 300 mil-
lion pesetas as required by the Ministry of Treasury. The company
had planned to build a 22,000-ton plant in the Vigo Free Zone.

Kaiser acquired an interest in Pechiney’s 6,600-ton primary alu-
minum plant at Sabinanigo.

The Spanish Ministry rejected a proposal by Aluminio Iberico to
build an aluminum plant near Madrid.

U.S.S.R—The Stalingrad plant began operating in January with
an initial capacity of 44,000 tons, which was doubled by October.
When the plant is completed in 1960, it will have an annual capacity
of 220,000 tons. The Pavlodar plant is scheduled for completion in

2 Baudart, G. A., I'Industrie Italienne de I’Aluminium [The Italian Aluminum Industry] :
Revue de I’Aluminium (Paris), vol. 36, No. 269, October 1959, pp. 1051-1055.
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1963 and the Krasnoyarsk plant in 1964. The Irkutsk plant, sched-
uled for completion in 1958, was still under construction in 1959.
Construction of the second section of the Nadvoitsy plant was begun.
The new section, scheduled for completion in 1960, will double the
plant’s capacity of 22,000 tons. Expansion of the Sumga.it plant to
double its 1959 capacity of 77,000 tons was scheduled for completion
in 1960.2

Postwar developments of the aluminum industry were described.®

Exports of aluminum totaled 126,700 tons in 1958, of which 71,200
went to Communist nations and 55,500 to non-Communist countries.?*

United Kingdom.—Imports of aluminum decreased slightly to 256,500
tons—139,900 tons from Canada, 49,900 from the United States,
38,500 from Norway, 17,200 from the U.S.S.R., and the remainder
from other countries. Imports from Canada declined 24 percent,
whereas imports from the United States increased 86 percent and
from Norway 50 percent.

Following open market purchases it was announced that the ordi-
nary share capital of British Aluminium Co., Litd., was held as follows:
Tube Investments, Ltd., 47 percent; Reynolds Tube Investments,
Ltd., 4 percent; Reynolds Metals Co., 45 percent; and miscellaneous
stockholders, the remaining 4 percent. The cost to Reynolds for its
interest was reported to be approximately $47 million. ~ British Alu-
minium, with two plants, was the only primary aluminum producer
in the United Kingdom. Its fabricating capacity, an estimated
112,000 tons a year, represents more than 20 percent of the United
Kingdom capacity. The company also had interests in bauxite de-

osits in Ghana and France, in a company to produce alumina in
uinea, and in_a company producing rolled and extruded products
in Australia. British Aluminum also owns a fabricating plant in
India and a majority interest in Canadian British Aluminium, Ltd.®

Alcoa and Imperial Chemical Industries, Ltd. (ICI) of the United
Kingdom have undertaken the formation of a new company, Imperial
Aluminium Co., Litd. (Impalco). Alcoa has a 49-percent interest in
the new concern, which is preducing aluminum products at facilities
formerly operated by ICI in Wales.

ASIA

China.—Expansion of the Fushun plant to 66,000 tons capacity, com-
pleted late in 1958, contributed to the 160-percent increase in output
in 1959. Numerous small plants also operated during the year, and
two 10,000-ton-capacity plants—one at Kweiyang, Kweichow Prov-
ince, and the other at Hofei, Anhwei Province—were scheduled to
begin operations in 1959. An aluminum plant with an estimated

2% Shabad, Theodore, Ivan and the Seven-Year Plan: 214 Times More Aluminum : Am.
Metal Market, vol. 67, No. 19, Jan. 28, 1960, Xp. 1, 15.

% Baer, F. H., Soviets Push Ambitious luminum Plans: Eng. Min. Jour., vol. 160,
No. 5, May 1959, pp. 102-105.

Revue de I’Aluminium (Paris), Puissance de I’Industrie Sovietique de I’Aluminium [Po-
tential of the Soviet Aluminum Indust 1: Vol. 36, No. 261, January 1959, pp. 51-55.

31 Gakner, Alexander, The Foreign ineral Trade of the U.S.S.R. in 1958: Bureau of
Mines Mineral Trade Notes, Spec. upp. 58, vol. 50, No. 1, January 1960, 36 pp.

3 Fortune, How Reynolds Brought Off Its British Coup: Voi. 59, No. 6, June 1959,
pp. 112-115, 230, 235-236, 238, 240,
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capacity of 110,000 tons was under construction in Sian, Shensi
Province.®®

India.—The 11,200-ton plant of the Indian Aluminium Co. at Hir-
akud began operating in February, resulting in a 109-percent in-
crease in output of aluminum. Plans for additional capacity during
the Third P?a,n (1961-—66{ include expansion of the Hirakud plant
to 22,000 tons; the Asanol plant of Afuminium Corp. to 8,300 tons,
and three new plants—Hindustan Aluminium Corp.’s 22,000-ton plant
at Rihand, a 22,000-ton plant at Koyna, Bombay éta.te, and an
11,000-ton plant at Salem, Madras State.>* T

The Hindustan Aluminium Corp., Ltd., included participation by
local interests and Kaiser Aluminum.

Early in 1959 the Government stated that the protective tariff on
aluminum would continue until December 31, 1960, and that the 35-
percent ad valorem duty would be maintained on crude aluminum
and aluminum manufactures.

Japan.—Primary aluminum production in Japan was at a postwar
high level but was 9 percent below the record of 120,700 tons set in
1944. Expansion goals set by the aluminum companies were accel-
erated in an effort to keep pace with the rapidly growing demand for
aluminum.®* Capacity at the end of 1959 was 12%1;000 tons, of which
Japan Light Metal Co. accounted for 68,000 tons, Showa Electro-
Chemical Industry Co., Litd., for 33,000 tons, and Sumitomo Chemical
Co., Ltd., for 26,000 tons. Sumitomo Chemical Co. planned to build
an aluminum plant with a productive capacity of 11,000 tons at
Nagoya to be completed during 1960.

The Japanese government authorized the formation of Furukawa
Aluminum Co., Litd. This company, which fabricates aluminum and
other nonferrous metals products, is jointly owned by Furukawa
Electric Co., Ltd., and Alcoa. Alcoa owns one-third of the new
company.

Taiwan.—The U.S. Development Loan Fund agreed to lend $1.35
million to the Taiwan Aluminium Corp. to modernize and expand its
aluminum e(silant at Kaohsiung. Present capacity of 10,000 tons will
be increased to 22,000 tons by 1961.

AFRICA

Discussions on the possibility of constructing new power facilities
and reduction plants in Africa were reported periodically during the
year. However, the information included in table 15, “Present and
tentative African aluminum projects,” of the Aluminum chapter of
the 1958 Minerals Yearbook was essentially unchanged, except for
Ghana, .

Ghana.—Volta Aluminium Co. (VALCO) wasestablished by Kaiser,
Alcoa, Reynolds, Olin-Mathieson Chemical Corp., and Aluminium,
Ltd. The new company will be responsible for carrying out further

83 Wang, K. P., Vast Expansion of Aluminum-Alumina is Planned by Chinese Com-
munists : Eng, Min. Jour., vol. 160, No. 7, July 1959, Ipp. 75-77, 123.

8 Sabharwal, A. L., Expansion of the Aluminium Industry in India: Eastern Metals
Review, vol. 13, No. 1, Feb. 1, 1960, pp. 71-75.
52“;%1;2nta1 Economist (Tokyo), uminium: Vol. 27, No. 587, September 1959, pp.

B;uda'rt, G. A., Situation Accuelle de 1I‘Industrie Japonaise de I’Aluminium [Japanese

Aluminum Indusfry]: Revue de I'Aluminium (Paris), vol. 36, No. 271, December 1959.
pp. 1303-1306.
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discussions and negotiations with the Government of Ghana regard-
ing the construction of an aluminum plant with an initial capacity of
80,000 tons and an eventual capacity of 250,000 tons. The plant was
to be near the Kosombo Dam and Accra. Work was begun on the
dam, which is the first of three to be built as part of the Volta
project.

OCEANIA

Australia.—The potentialities for expansion of the aluminum indus-
try were discussed in a paper presented at the Symposium on Alumin-
ium in Australia, held at Brisbane on July 16 and 17.3¢ ’

The Federal and Tasmanian State governments, which jointly oper-
ate the Australian Aluminium Production Commission, have agreed
to increase the capacity of the Bell Bay Aluminum plant from 14,500
to 18,000 tons. It was estimated that the expansion would cost £3
million.

TECHNOLOGY

The reduction cells in most aluminum-producing plants constructed
since 1953 were designed to o%erate at 80,000 to 100,000 amperes.
However, the plant operated by Reynolds Metals Co. at Corpus
Christi, Tex. (completed in 1952), uses cells with Soderberg electrodes
that operate at 4.5 to 5.5 volts and 130,000 to 140,000 amperes. Con-
struction and operation of these cells was described.*” It was reported
that Pechiney, a French aluminum producer, was testing three
150,000-ampere cells. However, a new plant, which this company is
constructing in Southern France, was to use 100,000-ampere cells,
because some problems encountered in using the larger cel{)s had not
been solved.®®

Modern reduction plants use either Soderberg continuous anodes or

rebaked anodes. Kach has certain advantages and disadvantages.
rebaked anode cells have better electrical properties than Soder-
berg anodes, but the prebaked system requires ?abricating and roddin,
facilities. Kaiser’s Ravenswood, W. Va., reduction plant, complete
in 1959, has a highly automatic system for making and rodding the
¥rebaked anodes. Removal of spent anodes and rerodding are per-
ormed on conveyors.*

Results of research were reported in which a 10,000-ampere cell was
used to study the composition of effluent gases produced during opera-
tion of the cell. The cell contained four prel?aked anodes. Current
efficiency did not vary significantly with anode bake temperature, but
the carbon dioxide content of the cell gas did vary with the anode
bake temperature. Modification of the equation relating current
efficiency to carbon dioxide content of cell gases was recommended.*

2 Dunn, J. A, Dr,, Australia and Aluminiym : Pt. 1, The World Aluminium Picture : Min.
Jour. (London), vol. 253, No. 6474, Sept. 18, 1959, pp. 258-260; pt. Ore Supplies for
the Aluminium Industry: Vol. 253, No. 6475, Sept. 25, 1959, pp. 29 —292; pt. 3. The
Future Pattern of Aluminium Production : Vol. 253, No. 6476, Oct. g, 1959, pp. 315-3186.

% Franklin, James W., Operating Large Aluminum Pots at Reynolds’ é)orpus Christi:
Eng. Min. Jobr, vol. 160, No. 5, May 1959, pp, 94-97. )

1959 p??o' ngineering, New Aluminum Cells Reach Giant Size : Vol. 68, No. 11, June 1,
® Cronan, C. §., Process Flowsheet, Automation Comes to the Aluminum Industry: Chem.
Eng. vol. 66, No.'5, Mar. 9, 1959, pp. ‘(24 127.

4 Beck, T. R., The Relation of Gas Composition to Current Efficiency in an Aluminum
Reduction Cell: Jour. Electrochem. Soc., vol. 108, No. 8, August 1959, "ifp. 710-713.
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Studies of factors leading to the formation of compounds of
carbon and fluorine in the reduction cell showed that control of the
anode-cathode distance prevents concentration polarization, and
the accompanying fluorocarbon formation.**

The literature published in 1959 on the extraction, fabrication,
properties, and standardization of aluminum and its alloys was sum-
marized. Nearly 250 references were included in the extensive bibli-
ography.®? Uses of aluminum for construction were described. New
products, corrosion properties, and new uses of aluminum in atomic
energy and in the chemical, petroleum, and power industries were
reported.® An extensive study also was made on the properties of
aluminum and aluminum alloys in steam at temperatures of 270°
to 500° C. Sintered aluminum powder (SAP) with 1 percent nickel
corroded least, but longer tests would be required to confirm the
properties of this alloy.*

Industries concerned with high-temperature operations are con-
tinuously looking for new and improved refractories. The principal
problems in the use of refractories in the aluminum industry were
discussed at the Symposium on Aluminum Industry Refractories
conducted by the American Chemical Society in 1958. Published
abstracts presented information on the behavior of various types of
refractories in contact with molten aluminum, the relation of such
refractories to furnace design, special refractory applications, and
Iﬁrotection of refractories from attack by molten aluminum.*®

ecause silicon carbide has high thermal conductivity it was being
te?ted as a substitute for carbon in the sidewalls of the reduction
ce. .46

Aluminum nitride was the only material that could successfully
resist attack by aluminum in the range of 1,800° to 2,000° C. Alu-
minum nitride was produced by striking a direct-current arc between
two high-purity aluminum electrodes in a nitrogen atmosphere.*”

A new ultrafine aluminum powder with an average particle size of
0.03 micron was produced for use as a catalyst, in powder metallurgy
products, and in solid propellants.* :

Glass systems suitable for porcelain enameling of light metals were
reviewed. Lead-free porcelain enamels were expected to play an im-
portant role in providing new finishes for aluminum.*

4 Holliday, R. D., and Henry, Jack L., Anode Polarization and Fluorocarbon Formation
in Aluminum Reduction Cells: Ind. Eng. Chem., vol. 51, No. 10, October 1959, pp. 1289—
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42 Blliott, E., Aluminium and Its Alloys in 1959, Some Aspects of Research and Technical
Progress Iieported: Pt. 1, Metallurgia (Manchester), vol. 61, No. 364, February 1960,
pp. 65—69 ; pt. 2, No. 365, March 1960, pp. 123-132,

4 Horst, Ralph L., Jr., and Murphy, Frank B, Materials of Construction, Aluminum
Alloys: Ind. Eng. Chem., vol. 51, No. 9, Pt. 2, September 1959, pp. 1157-1160.

44'Wilkins, N. J. M., and Wanklyn, J. N., The Corrosion of Aluminum and Its Alloys in
High-Pressure Steam : Jour. Inst. Metals, vol. 5, No. 3, November 1959, pp. 134-140.

4 Industrial Heating, Symposium on Aluminum Industry Refractories: Pt. 1, vol. 26,
No. 2, February 1959, pp. 359-360; pt. 2, No. 8, August 1959, pp. 1607-1608, 1610, 1612 ;
pt. 3, No. 12, December 1959, pp. 2649-2550 ; pt. 4, vol. 27, No. 4, April 1960, pp. 840, 849;
pt. 5. No. 5, May 1960, pp. 1060, 1062.
lggQChem’iz%a%fngineermg, Aluminum Makers Eye SiC Linings: Vol. 66, No. 14, July 13,

. pp. 72, 74.

47 Long, George, and Foster, L. M., Aluminum Nitride, A Refractory for Aluminum to
2,000° C.: Jour. Am. Céram. Soc., vol. 42, No. 2, Feb. 1, 1959, pp. 53-59.

48 Chemical and Engineering News, Ultrafine Aluminum Bids for Markets: Vol. 37, No.
1, Jan. 19, 1959, pp. 53-54.

Light Metal Age, “Superfine” Aluminum: Vol. 17, Nos. 1 and 2, February 1959, p. 13.

4 Stradley, N. H., Porcelain Enamels for Aluminum and Magnesium: Am. Ceram. Soe.
Bull, vol. 38, No. 8, August 1959, pp. 401-404.
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A series of articles reviewed the methods of treating aluminum sur-
faces and listed proprietary cleaners in use. Except for mechanically
finished aluminum, most aluminum products must be cleaned before
they can be finished. Grinding, polishing, and other mechanical fin-
ishing methods were compared. The articles also discussed chemical
finishing methods and listed proprietary conversion coatings. Other
methods of protecting aluminum surfaces discussed in the series of
articles were anodizing and plating, organic coatings, and porcelain
enameling.*

The construction of a new aluminum diecasting plant indicated
wider use of aluminum castings in the automobile industry. About
45 parts, ranging in weight from a few ounces to 15 pounds, are cast.
Most parts are housings or internal castings for automatic transmis-
sions. Such engine accessories as oil-pump covers, timing-chain case
covers, and distributor housings are also produced.®

Closely controlled foundry techniques markedly improved the
strength and ductility of aluminum sand castings. The methods of
producing these castings and their properties were described.5?

Use of two production lines, the first continuously converting alu-
minum pig into extrusion slugs and the second transforming the slugs
into cans, reportedly made it possible to manufacture aluminum beer
can that can compete with those made from tinplate. However, for
such cans to be economical, the food or beverage processor must make
the cans at the packaging site. )

Continuous casting of aluminum redraw rod of electrical conductor
(EC) grade by the Properzi process was discussed critically.®* Slabs
of commercially pure aluminum are also cast continuously by using
the Hazelett machine or a rotary strip-casting machine.®® Another
recentl develolped machine continuously casts Va-inch-thick, 3-foot-
wide sheet.*® In addition to eliminating costly intermediate casting,
cooling, soaking, and heating, the machines can be incorporated into
a continuous operation leading to a finished or semifinished product.

As many applications of aluminum require good welded joints,
studies were continued on methods of weldings. Recent examples
of the use of welding in the fabrication of aluminum were described
and new developments in fusion, resistance, and ultrasonic welding
discussed.”” Ultrasonic welding, probably the newest development,

% Modern Metals, All About Aluminum Finishing : Vol. 15, No. 8, September 1959, pp.
35-36; When Cleaning Aluminum, pp. 38, 40, 44, 46 ; For a Good Mechanical Finish, pp.
48, 50, 54, 56, 58, 60, 62 ; Chemical Finishing of Aluminum, pp. 64, 66, 71-72, 74, 76, 78 ;
Anodizing and Plating Aluminum, pp. 80, 84, 86, 88, 90-92; Organie Coatings for Alumi-
legﬂlgg i)gé 9161'098’ 100, 102; What's Happening in Porecelain Enameling Aluminum, pp.

l=»?lHerf'manh, Robert H., Chrysler’s New Aluminum Diecasting Plant : Foundry, vol. 87,
No. 7, July 1959, pp. 72-76.

52 Flemings, Merton C., and Taylor, H. F., High-Property Aluminum Castings : Foundry,
vol. 87, No. 1, January 1959, pp. 80-81.

Herrmann, Robert H., Casting High-Property Aluminum at American Brake Shoe Co.:
Foundry, vol. 87, No. 1, January 1959, pp. 82—85.

Corcoran, William B., Jr., Draper Corp. Produces High-Quality Aluminum Castings :
Foundry, vol. 87, No. 1, January 1959, pp. 86-91.

53 Steel, Continuous Casting, Impact Extrusion Spark Revolution in Aluminum Part-
making : Vol. 144, No. 2, Jan. 12, 1959, pp. 70-73.

5 Russell, James B., and Nichols, Frank R., Equipment and Practice for Continuous

Casting ang Rolling by the Properzi Process : Jour. Inst. Metals, vol. 4, pt. 19, March 1959,

pPp. 209-21
% Hamer, R. D., The Hazelett and Rotary Strip-Casting Machines for the Continuous
Casting of Aluminium : Jour. Inst. Metals, vol. 4, pt. 19, March 1959, pp. 219-226.
Church, F. L., Shortcut to Sheet: Modern Metals, vol. 15, No. 2, March 1959, pp.

5"]i}idridge,'(}. W., Recent Advances in Joining Aluminium : Metallurgia (Manchest ,
vol. 61, No. 364, Feb’ruary 1960, pp. 55-60. gla (Manchester)
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requires little or no prior cleaning of the metal and can be used to
weld thin sections of the same or dissimilar metals.?®

Three methods of welding aluminum were discussed in detail.
These were the manual metal-arc process with flux-coated electrodes,
the consumable electrode process with inert-gas shielding, and the
tungsten arc_process with ‘argon shielding in which the electrode is
not consumed.*

Honeycomb aluminum, because of its strength and lightness, is be-
coming increasingly important in the aircraft industry. A new high-
strength honeycomb aluminum was produced in limited quantity.®®

A high-speed method of machining, based on interrupted arcing,
was developed for machining honeycomb cores, and a chemical milling
process was announced.®

58 Modern Metals, Welding Aluminum With Ultrasonic Sound Waves: Vol 15, No. 3,
April 1959, pg. 72-73.

® Metal Industry (London), Welding Aluminium and Its Alloys: Part 1, Manual Metal-
Are Process: Vol. 95, No. 16, Nov. 27, 1959, pp. 339-340, 343; pt. 2, The Consumable
Electrode Process, No. 18, Dec. 11, 1959, pp. 407409 ; pt. 3, Tungsten Are Process, No. 19,
Dee. 18, 1959, pp. 431-434.

e American Metal Market, Improved Type Honeycomb Put Into Production by Hexcel :
Vol. 66, No. 250, Dec. 29, 1959, D. 5.

ol Iron Age, New Method Speeds Machining of Honeycomb Core Material : Vol. 183, No.
6, Feb. 5, 1959, pp. 94-95; Low-Cost Chemical Milling Shapes Honeycomb Cores: Vol. 184,
No. 18, Oct. 29, 1959, pp. 122-123.



Antimony

By G. Richards Gwinn * and Edith E. den Hartog *

5

HE DOMESTIC antimony industry in 1959 was characterized by

an increase in smelter output and consumption and a reduction in

stocks. Demand was stronger than in 1958, despite strikes in
:'-zom((a1 antimony producing and consuming industries. Prices were
steady.

LEGISLATION AND GOVERNMENT PROGRAMS

Antimony remained on the Commodity Credit Corporation’s (CCC)
list of materials eligible for barter of domestic agricultural commodi-
ties. Through CCC barter transactions, 1,228 short tons of antimony
metal was received in 1959.

TABLE 1.—Salient antimony statistics
(Short tons)

1950-54 1955 1956 1957 1958 1959
(average)
United States:
Production:
Mine._. o mes 1,853 633 590 709 705 668
Smelter ! ... 12,146 10,414 11, 855 11, 400 8,748
Secondary. 2,722 23,702 24, 106 22, 19, 515 20,043
Imports (antimony content).. 14,078 14,417 13, 577 15,265 ), 13,273
Ore and concentrates 3 , 514 ) 8,198 3,427 6,466
Metal 3,112 3,671 4,693 5,052 4,355 4,305
Oxide. 1,284 1,834 1,236 1,571 1, 356 1,706
- 15 32 32 27 95 114
Antimonial lead - .- _o___o__. 1,203 1,366 1,044 417 645 592
Exports of ore, metal, and alloys. 110 212 65 68 86 174
Consumption . . _____________.__ 18, 550 15,870 16, 006 12,389 11,8380 13,317
Average price of antimony at New
York (cents per pound).. .. -cocenn. 36. 79 32.15 34.97 35.09 31.76 31.30
World: Producti 49, 000 51,000 54,000 50, 000 44,000 » 000

1Includes primary content of antimonial lead produced at primary lead smelters.
2 Includes primary content of antimonial lead produced at primary lead smelters and antimony content

of alloys imported.
DOMESTIC PRODUCTION
MINE PRODUCTION

Domestic mine production of antimony in 1959 was 678 tons. The
entire output was recovered by Sunshine Mining Co., Shoshone
County, Idaho, as a byproduct in refining silver-lead ore. Production
was reported in the form of impure cathode metal.

1 Commodity specialist.
3 Statistical assistant.
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SMELTER PRODUCTION

Primary.—Domestic smelter production of primary antimony was
2 percent above the 1958 total. The increase was attributed to a rela-
tively high output of byproduct antimonial lead and antimony oxide
in the first half of the year. Antimony ores and concentrates, 80 per-
cent of which came from foreign sources and 8 percent from domestic
mines, accounted for 72 percent of the total source materials for
smelter output. Intermediate smelter products, derived from both
foreign and domestic concentrates, accounted for the remaining 28
percent. The intermediate smelter products were used in the produc-
tion of byproduct metal, oxide, and antimonial lead. Byproduct anti-
mony that originated in domestic ores totaled 1,032 tons, or 12 percent
of the domestic primary smelter output.

TABLE 2.—Production and shipments of antimony (concentrates and metal) in
the United States

(Short tons)

Gross weight | Contained
Years of antimony- antimony, | Antimony | Antimony
bearing concen- | percent produced | shipped

trate produced

1950-54 (average) 5,598 30.3 1,853 O]

1955 4,011 16.1 633 633
1956 3,714 16.9 590 1,732
1957 3,022 23.5 709 253
1958 4,309 16.4 705 382
1959. 4,671 14.5 678 146

1 Data not available.

Companies that reported primary antimony production in 1959 were
American Smelting & Refining Co., Foote Mineral Co., Harshaw
Chemical Co., Humme]l Chemical Co., McGean Chemical Co., National
Lead Co., and Sunshine Mining Co.

Secondary.—Secondary antimony recovered in 1959 totaled 20,043
short tons compared with 19,515 tons in 1958. All secondary anti-
mony was recovered from antimony-bearing lead and tin scrap
and “was produced as an element of lead and tin alloys, largely by
secondary smelters. No secondary metallic antimony was produced
in the United States in 1959.

Smelters recovered 11,400 tons of antimony from battery-plate
scrap, chiefly in the production of antimonial lead, in 1959. From
type-metal scrap 8,300 tons of antimony was recovered, from drosses
2,700 tons, from bearing metals 1,400 tons, and from antimonial-lead
scrap 1,000 tons.

In addition to scrap, secondary lead smelters required 2,400 tons of
primary metallic antimony in making lead and tin alloys.
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TABLE 3.—Primary antimony produced in the United States

(Short tons, antimony content)

185

Class of material produced

Year Total
Byproduct
Metal Oxide | Sulfide |Residues|antimonial
lead
1950-54 (average)---o-cocooceecoeeeeee 2,701 6, 056 100 743 2, 546 12,146
1955. 2,138 5,390 92 762 2,032 10,414
1956. 4,291 4,731 129 639 2,065 11, 855
1957 4,658 4,210 107 510 11,915 11, 400
1958. 2,833 3,825 84 319 1,496 8, 557
1959 2,667 4,411 70 430 1,170 8,748
1 Corrected figure.
TABLE 4.—Secondary antimony produced in the United States
(Short tons, antimony content)
Kind of scrap 1958 1959 Form of recovery 1958 1959
New scrap:
Lead-base. - - 2,631 2,589 || In antimonial lead 1....__._.. 11,997 12,343
Tin-base. .o 44 66 || In other lead alloys. 7,490 7,659
In tin-base all0yS. oo oo 28 41
Total. o eeeoeeeeas 2,675 2, 655
Total . oo 19, 515 20, 043
Value (million). _.____. $12.4 $12.5
0Old serap:
Lead-base. - - -ococaeaaouao 16, 794 17, 358
Tin-base. .o 46 30
Totale e eeeeeeeeeee 16, 840 17, 388
Grand total....._..__.._ 19, 515 20,043

1 Includes 1,307 tons of antimony recovered in antimonial lead from secondary sources at primary plant

in 1958 and 754 tons in 1959,

TABLE 5.—Byproduct antimonial lead produced at primary lead refineries, in the
United States

(Short tons)

Antimonial lead produced at primary lead refineries

Antimony content

Year
Gross
weight From From Total
domestic| foreign From
ores ! ores 2 scrap
Quantity| Percent
1950-54 (3Verage) - oo 61, 534 1,822 724 1,728 4,274 7.0
1955. 64,044 1,307 725 1, 523 3, 555 5.6
1956 66, 826 1,320 745 1,283 3,348 5.0
1957 67, 786 1, 300 615 1,149 3,064 4.5
1958 50, 246 811 685 1,307 2,803 5.6
1959 37,487 676 494 754 1,924 5.1

1Includes primary residues and small amount of antimony ore.
2 Includes foreign base bullion and small quantities of foreign antimony ore.

5678256—60——13
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CONSUMPTION AND USES

Industrial consumption of primary antimony in the United States
was 13,300 tons, an increase of 12 percent over 1958. Antimonial lead,
bearing metal and bearings accounted largely for the increased con-
sumption in metal products; flameproofing chemicals, ceramics and
glass, pigments, and plastics, for that in nonmetal products.

STOCKS

Total industrial stocks declined 2 percent in 1959, although metal
stocks rose 15 percent and stocks of residues 21 percent. The decline
was caused by a reduction in stocks of ore and concentrates, oxide, and
sulfide.

On December 31, 1959, Government stocks of antimony metal
included 620 tons in the CCC inventory, 6,861 tons in the supplemental
stockpile, and quantities that may not be disclosed in the strategic
stockpile.

TABLE 6.—Industrial consumption of primary antimony in the United States

(Short tons, antimony content)

Class of material consumed
Year
Ore and Byproduct | Total
concen- | Metal! | Oxide Sulfide | Residues | antimonial
trates lead

1950-54 (average) - -cocecee-- 2,143 6,264 6,725 129 743 2, 546 18, 550
1955. 491 5,407 7,051 127 762 2,032 15, 870
1956. 1,149 5,198 6, 843 112 639 2,065 16, 006
1957 677 4,056 5,129 103 510 1,915 12,389
1958, 515 4,179 5,283 88 319 1,496 11, 880
1959. 270 5,420 5,048 79 430 1,170 13,317

1 Includes antimony in imported alloys.
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TABLE 7.—Industrial consumption of primary antimony in the United States,
by class of material produced

(Short tons, antimony content)

Product 1950-54 1955 1956 1957 1958 1959
(average)
Metal products:
Ammunition 5 5 14 12 Q) o
Antimonial lead 2. ..o _._____.__ 7,967 5,234 5, 494 4,233 3,698 4,141
Bearing metal and bearings_ 1,152 831 1,077 944 644 886
Cable covering 85 146 190 183 208 157
Castings 87 67 57 106 82 84
Collapsible tubes and foil.____________ 36 24 12 20 37 33
Sheet and pipe. 192 157 300 258 273 202
Solder... 156 131 144 90 100 113
Type metal 2 1,284 1,281 1, 050 607 877 883
Other. 101 161 137 153 147 130
Total 3 11,064 8,037 8,475 6,606 6,066 6,629
Nonmetal products:
Ammunition primers 21 20 13 14 10 11
Fireworks___ 27 32 37 37 33 28
Flameproofing chemicals and com-
pounds.._ 1,791 1,218 1,082 760 758 1,033
Ceramics and glass.. cooocoocoooaoaaas 1,759 2,048 2,188 1,611 1,570 1,727
Matche: 29 17 18 26 18 19
Pigments 1,255 1,283 1,471 1, 085 1,047 1,167
Plastics 659 767 976 748 841 1,034
Rubber produets. ..o __ 51 78 156 284 265 217
Other. —— 1,894 2,370 1, 590 1,218 1,272 1,452
Total 7,486 7,833 7,531 5,783 5, 814 6, 688
Grand total 18, 550 15, 870 16, 006 12, 389 11, 830 13,317
1Included with ‘““Other” to avoid disclosing individual company confidential data.
3 Includes antimony content of imported antimonial lead consumed.
TABLE 8.—Industry stocks of primary antimony in the United States,
at end of year
(Short tons, antimony content)
1955 1956 1957 1958 1959
Ore and concentrate. 3, 568 2,474 2,337 3,052 2,884
Metal. 1,267 2,236 1, 300 1,232 1, 422
Oxide. ... 3,234 2,638 2, 510 1, 889 1,659
Sulfide. .. 94 159 160 143 115
Residues and slags..... 445 598 746 565 685
Antimonial lead ! 307 314 329 371 373
Total 8,915 8,419 7,382 7,252 7,138

1 Inventories from primary sources at primary lead smelters only,
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PRICES

The quoted price of RMM brand antimony metal continued un-
changed at 29.00 cents per pound, in bulk, f.o.b., Laredo, Tex., and
31.30 cents per pound in cases, New York, N.Y., throughout 1959.
Prices of foreign metal changed only slightly, ranging from 24.00
to 25.50 cents, duty-paid delivery in New York. Quoted prices for
oxide and ore remained virtually unchanged.

FOREIGN TRADE®

Imports.—General imports of contained antimony totaled 18,300
tons compared with 9,900 tons in 1958. Imports of ores and concen-
trates, which rose 88 percent in 1959, accounted for most of the in-
crease. The Union of South Africa, Mexico, and Bolivia, in the
order named, were the major suppliers of ores and concentrates ac-
counting, respectively, for 36, 31, and 19 percent of the total. Yugo-
slavia (41 percent), the United Kingdom (19 percent), and Belgium-
Luxembourg (18 percent) collectively supplied 78 percent of all
metallic antimony imports.

Exports.—Exports of antimony in 1959 as in preceding years, were
nominal.

Tariff—Tariff on antimony and antimonial products remained un-
changed in 1959. Ores and concentrates were admitted duty free.
Metal was dutiable at 2 cents per pound and oxide at 1 cent.

TABLE 9.—Antimony price ranges in 1959

Type of antimony: Price
Domestic metal 1o _ o cents per pound_. 29.00-31.30
Foreign metal 2_ _ _ - do__.. 24.00-25.50
Antimony trioxide 3_ - - . do.... 24.00-26.00
Antimony ore,? 50-55 percent_ ____ dollars per short-ton unit__ 2.25- 2.40
Antimony ore, minimum 60 percent. ... _________ do.._._ 2.50- 2.60
Antimony ore, minimum 65 perecent._ .. _____________ do_.__ 3.10- 3.20

1 RMM brand, f.0.b., Laredo, Tex.
2 Duty-paid delivery, New York.
8 Quoted in E&MJT Metal and Mineral Market.

3 Pigures on imports and exports compiled by Mae B. Price and Elsie D. Jackson,
Division of Foreign Activities, Bureau of Mines, from records of the U.S. Department
of Commerce, Bureau of the Census.
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Needle or Antimony Antimony
Antimony ore liquated metal oxide
antimony
Antimony
Country
Short | content Short Short
tons tons | Value | Short | Value | tons | Value
(gross | Short | Value | (gross | (thou- | tons | (thou- | (gross | (thou-
weight)| tons | (thou- [weight)| sands) sands) |weight)| sands)
sands)
1950-54 (AVerage).ceecoceeemn 19,755 | 8,464 | $2, 609 22 $12 | 3,112 | $1,806 | 1,547 $847
1955 ,307 | 7,514 | 1,877 46 19 | 3,671 1,860 | 2,210 926
1956 17,424 | 6,572 | 1,762 46 23| 4,693 | 2,424 | 1,489 640
1957 21,374 | 8198 | 1,973 38 17| 5,052 | 2,413 | 1,893 2790
1958
North America:
G 47 11
1,367 205 335 215 .
1,414 216 335 215
781 143
93 26
70 15 25 10
944 184 25 10
Europe:
Belgium-Luxembourg. 3 1 796 330 369 151
hoslovakia. 17 7
France. 99 36
Germany, West 17 7 131 43
Italy. 119 44
United Kingdom 133 57| 1,522 644 | 1,134 449
Yugoslavia._. 1,425 607
Total 136 58| 3,995 | 1,675 | 1,634 643
Africa; Union of South Africa.{ 1,793 [ 1,069 243
Grand total _.________ 8,203 | 3,427 643 136 58| 4,355 | 1,900 | 1,634 643
1959
North America:
Canada. O] 4
Guatemala..o_.ocooo_. 143 97 21
MeXiCOnamaomaaacaaeaae 7,732 | 2,018 232 660 436
Total. oo 7,875 | 2,115 253 660 440
South America:
Bolivia 3_ 1,931 | 1,221 302
Chile 3. 556 359 63
Perus_ 191 70
Uruguay.... 336 118 12
Total 2,823 | 1,698 377 191 70
’ Europe:
Belgium-Luxembourg__ 47 20 813 340 356 152
France 28 1n
Germany, West 192 78
Ttaly. 66 32
Netherland 55 22
United Kingdom_..____ 112 73 4 45 20 815 343 | 1,453 573
Yugoslavia 71 34| 1,82 787
Total o cecaccceae 112 73 4 163 74| 3,644 | 1,513 | 2,056 825
Asia: Turkey.__.__._____.__ 441 229 38
Africa: Union of South Africa.| 4,056 | 2,351 564
QGrand total........... 15,307 | 6,466 | 1,236 163 74 4395 | 2,023 | 2,056 825

1 Data are general imports, that is, include antimony imported for immediate consumption, plus material
entering the country under bond. Table does not include antimony contained in lead-silver ores.

3 Data known to be not comparable with other years.

8 Imports shown from Chile probably were mined in Boliva or Peru and shipped from a port in Chile.

4 Less than 1 ton.
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TABLE 11.—Antimony imported for consumption in the United States®

[Bureau of the Census]

Antimony ore Needle or liquat-| Antimony metal Antimony oxide
ed antimony Type
metal
and
Antimony anti-
Year Short content Short monial | Short
tons tons | Value | Short | Value | lead 2 | tons | Value
(gross (gross | (thou- | tons | (thou- | (short | (gross | (thou-
'weight)| Short | Value [weight)| sands) sands) | tons) |weight)| sands)
tons | (thou-
sands)
1950-54 (average).._| 19,473 | 8,387 | $2,590 22 $12 | 3,126 | $1,815 | 1,203 | 1,547 $847
1955 o eeo 16,307 | 7,514 | 1,877 46 19| 3,667 | 1,860 | 1,366 | 2,210 926
17,424 | 6,572 | 1,762 46 23 | 4,321 ) 2,245 1,044 | 1,479 636
21,374 | 8,198 | 1,973 38 17| 5,412 | 2,587 417 | 1,893 3790
8,203 | 3,427 643 136 58 | 4,282 | 1,871 645 | 1,634 643
15,307 | 6,466 | 1,236 177 79| 4,422 | 2,039 592 | 2,056 825

1 Daes not include antimony contained in lead-silver ore.
3 Estimated antimony content; for gross weight and value, see Lead chapter of this volume.
3 Known to be not comparable with other years.

WORLD REVIEW

Bolivia.—Production of antimony ore and concentrates in 1959 came
almost entirely from privately owned mines, as the output reported
from nationalized mines was very small. The Compaifiia Metalurgica
Vinto began operating an antimony smelter at Orura in March 1959.
About 60 tons of metal of 99.3 percent purity was produced, part of
which was used in a barter agreement with Venezuela to obtain fuel
oil and other petroleum products for Bolivia.

Canada.—Antimony was recovered as a byproduct of lead refining.
All production came from operations of the Consolidated Mining &
Smelting Co. at Trail, British Columbia. Production of 800 tons in
1959 almost doubled the output of 1958.

Iran.—The discovery of an apparently rich antimony deposit at Kuk
Surkh, about 20 miles west of Turbat-i-Haidari, was reported in 1959.
A mine which will produce an estimated 1,000 tons of ore annually
began operations. The total reserve is not known, but the deposit
now being worked was estimated to contain 10,000 tons of ore.

Mexico.—Production and exports of antimony ores and concentrates
in 1959 were essentially unchanged from 1958. Domestic consump-
tion of metal and compounds was relatively small. Most exports of
metal, ores, and concentrates were shipped to the United States.
Small quantities of antimonial chemicals were imported for use in
manufacturing paints, enamels, and glass.

Union of South Africa.—Production of antimony ore by Consolidated
Murchison (Transvaal) Goldfields & Development Co., Ltd., South
Africa’s sole antimony producer, showed a slight gain over 1958.
Exploratory development was continued at the Gravelotte and Mulati
sections, and explorations were initiated at the United Jack sec-
tion. The antimony market remained steady throughout the year.

United Kingdom.—The market for imported antimony fluctuated
little but was slightly below that in 1958. Imports of antimony metal
from Communist China and the U.S.S.R. were restricted by the duty
of £40 per ton on imported regulus. Consumption of 4,923 long tons
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of primary antimony metal and compounds and 4,672 tons of sec-
ondary antimony represent an increase over the 1958 totals which were,
respectively, 4,740 and 4,468 tons. The increases in consumption of
primary metal and oxides were in metal consumed in batteries and
oxides used in making white pigments. The increase in consumption

of secondary antimony was spread over all uses.

TABLE 12.—World production of antimony (content of ore except as indicated),
by countries, in short tons*

[Compiled by Aﬁgusta W. Jann and Berenice B. Mitchell}

Country ! 1950-54 1955 1956 1957 1958 1959
(average)
North America:
Canada 3 1,247 1,011 1,070 630 430 807
Guatemala (U.S. imports). 13 47 97
Mexico 4. 5,752 4,209 5,022 5,734 3,029 3,621
United States - -coeoomooimammmmemee 1,853 633 630 709 705 678
Total 8,852 5,853 6,722 7,136 4,211 5,203
South America:
Argentina 545 7 2 7 11 .
Bolivia (exports)_ - oo ceommemeean 9,128 5,907 5,635 7,026 5,818 6,065
Peru ¢ .. 970 960 1,068 920 964 902
Total | 10,143 6,874 6,705 . 7,953 6,793 6,967
Europe:
Austria 503 493 489 430 514 631
Czechoslovakia 5_ .o 1, 850 1,800 1,800 1,800 1,800 1,800
France 396 103 258
Greece X 408
Italy. - 604 402 309 138 130 175
Portugal 41 11 7 57
Spain 214 210 250 220 220 5180
Yugoslavia (metal)- - ccocoooammaaaaa- 1,617 1,769 1,767 1,950 1,835 2,514
Total 18 e 5, 600 4,800 4,900 4, 500 4, 500 5,300
Asia:
Burma 4. 103 65 90 70 90 240
China 8. 9, 300 13,000 14,300 15, 400 16, 500 16, 500
Iran @ 171 63 44 5110 160 5160
Japan 260 357 619 474 298 390
Thailand. . 75 28 41 b2 (— 10
Turkey. 1,613 1,841 1,063 1,232 | 71,687 71,380
Total 5. 11, 500 15,400 16, 200 17,300 18, 700 18,700
Africa:
Algeria__ 1,829 1,328 2,641 1, 547 1,106 1,135
Morocco:
Northern zone. -« cccccemmmaamaao 295 397 330 360 203 254
Southern zone.- - - ocooococommmaaan 703 327
Rhodesia and Nyasaland, Fed. of:
Southern Rhodesia. - -cccemmues 61 223 72 83 151 104
Union of South Africa .. _ococceoeae 9,426 15, 640 15, 689 11, 021 7,904 13,619
Total 12,314 17,915 18,732 13,011 9,364 15,112
Oceania: Australia. 272 344 322 - 543 775 5 800
World total (estimate)! . .....cooeeo 49, 000 51,000 54,000 50, 000 44, 000 52,000

1 Antimony is also produced in Hungary and U.S.S.R., but production data are not available. No
estimates are included in the total.

1 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding
where estimated figures are included in the detail.

3 Antimony content of smelter products exclusively from mixed ores.

: %n(ilit;cllets antimony content of smelter products derived from mixed ores.

stimate.
¢ Year ended March 20 of year following that stated.
7 Exports.
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TECHNOLOGY

Production of superpure antimony for use in manufacturing semi-
conductors was expanded in the United States in 1959.4

Progress was also rgported in the U.S.S.R. in the production of
indium, aluminum, and gallium antimonide crystals for use in semi-
conductors, and investigations were conducted on clarifying the role
played by impurities.®

An investigation was conducted of the uranium-antimony system
covering the complete composition range.* A method of processing
antimony sulfide to improve the purity of the product ? and the manu-
facture of an improved antimony oxide-silica pigment ® were reported.
The vacuum extraction of antimony from low-grade sulfide ore was
also described.®

¢ Wallace Miner, Transistor Antimony is New Product of Bunker: Vol. 53, No. 43, Nov.
26, 1959, p. 1. Battelle Technical Review, Purest Crystals from Compounds: Vol. 8,
No. 12, December 1959 (inside front cover).

5Kolomeyets, B. T. [Investigation of Semiconductor Materials]: Vestnik Akad. Nauk
S.8.8.R., Moscow, vol. 29, No. 10, October 1959, pp. 107-108.

¢ Beaudry, B. J., and Daane, A. H., The Antimony-Uranium Alloy System : Trans. Metal-
lurgical Soc. of AIME, vol. 215, No. 2, April 1959, pp. 199—203.

7 Bundy, W. S. (ass!ﬁned to Barium & Chemicals, Inc.), Liquation of Antimony Sulfide :
U.8. Patent 2,890,102, June 9, 1959.

8 Dunn, H. J., and Kushner, M. (assigned to National Lead Co.), Composite Antimony
Oxide-Silica Pigment and Process of Manufacture: U.S. Patent 2,882,178, Apr. 14, 1959.

°® Darling, A. 8., Low Pressure Metallurgy: Metallurgica, Manchester, vol. 60, No. 360,
October 1959, pp. 137-143.
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Anrsenic
By A. D. McMahon * and Gertrude N. Greenspoon ?

RODUCTION of white arsenic in the United States in 1959 was

the lowest since 1914, princiﬁally because of strikes in the copper-

producing industry during the last half of the year. However, the
drop in domestic output was more than offset by larger imports, so
that the domestic supply of arsenic rose 30 percent over 1958.

TABLE 1.—Salient statistics of white arsenic, in short tons

1950-54 | {1955 1956 1957 1958 1959
(average)
United States:
Production .. 13, 835 10, 780 12,201 10, 493 11, 508 5,189
Shipments. — 12, 753 11, 673 18, 876 12,785 10, 931 7,239
Imports. 8, 668 7,222 6, 422 10, 135 9, 524 19, 386
Producers’ stocks at end of year__..._. 8,372 11, 571 4,827 2, 535 3,112 1,058
Apparent consumption1._____________ 21,421 18,895 25, 298 22,920 20, 455 26, 625
Priced . _______l__ cents per pound.. 6 5% 5% 5% 544 4-5
World: Production 47,000 | 345,000 | 348,000 | 240,000 | 239,000 47,000

1 Producers’ shipments, plus imports, minus exports; no exports were reported by producers, 1950-59.
3 Reflned white arsenic, carlots, as quoted by E&MJ Metal and Mineral Markets.

3 Revised figure.
DOMESTIC PRODUCTION

Domestic production of white arsenic decreased 6,300 tons in 1959
to the lowest quantity since 1914, owing mainly to strikes at copper
plants that began in mid-August. The entire output was a byproduct
of smelting complex copper and lead ores by The Anaconda Co.,
United States Smelting, Refining and Mining Co., and American
Smelting and Refining Co. Arsenic metal was not produced in
1959.

TABLE 2.—Production and shipments of white arsenic by United States producers

Crude Refined Total
Year Pro- Shipments Pro- Shipments Pro- Shipments
duc- due- due-
tion, tion, tion, :
short | Short | Value | short | Short | Value | short | Short | Value
tons! | tons tons tons tons tons

11,978 | $696,105 | 753 775 | $64,226 | 13,835 | 12,753 | $760,331
10,986 | 501,104 | 812| 687 | 53,557 | 10,780 | 11,673 | 554, 661
18,048 | 685145 | 778 | 828 | 69,524 | 12,201 | 18,876 | 754,669
11,980 | 475,629 | 679 805 | 54,721 | 10,493 | 12,785 | 530,350
10,544 | 421,777| 387 | 387 | 37,884 | 11,508 | 10,931 | 459, 661
6,922 | 293,940 292 | 317| 27,315| 5,180 | 7,230 | 321,255

1 Excludes crude consumed in making refined.

1 Commodity specialist.
2 Statistical assistant.
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CONSUMPTION AND USES

Most of the output of white arsenic in 1959 was consumed in manu-
facturing lead and calcium arsenate insecticides. Arsenic compounds
were also used in weedkillers, glass manufacture, cattle and sheep
dips, dyestuffs, and wood preservatives. Apparent consumption of
white arsenic totaled 26,600 tons, a 80-percent increase over 1958 and
the largest consumption since 1951.

Owing to increased demand in semiconductor compounds and low-
melting glasses, capacity for producing high-purity arsenic was in-
creased.® It was stated that the high-purity arsenic contained less
than 1 p.p.m. of copper and a total of about 1 p.p.m. of selenium,
sulfur, and halogens.

TABLE 3.—Production of arsenical insecticides and consumption of arsenic wood
preservatives in the United States, in short tons

Consump-
Production of tion of wood
insecticides ! preserva-
tives 2
Year
Lead Calcium Wolman
arsenate arsenate salts (25
(acid and | (70 percent| percent
basic) |Cas(AsOs)s)| sodium
arsenate)
1950-54 (average) 10, 895 10, 390 827
19565 ccce e ) 1,88 1,067
1956 e oo eee e 5,878 13, 553 1, 005
1957.... 5, 960 9,739 1,068
1988, oo e e mmmmmmmemmmmmmmmmmmmmemm e 7,469 5,216 1,082
1959, e e e m——mmemmmmmmmemmmmem—emm—mmm—mmmm ( @) 41,272

1 Bureau of the Census, U.S. Department of Commerce.
2 Forest Service, U.S. Department of Agriculture.

3 Data not available. .

4 Preliminary figures.

STOCKS

Producers’ stocks of white arsenic totaled 1,100 tons at the end of
1959—66 percent below 1958 and lower than in any year since 1947.
Data are not available on stocks of calcium and lead arsenate held by

producers.
PRICES

White arsenic was quoted at 5% cents per pound (powdered, in
barrels, carlots, delivered) from the beginning of 1959 until early in
May. Thereafter, it was quoted at a range of 4-5 cents, New York,
through the end of 1959. According to the Oil, Paint and Drug Re-
porter, calcium arsenate, in carlots, was quote at 9-91/ cents through-
out 1959. The price for lead arsenate, carlots (3-pound bags), was
92614 cents per pound until late April, when it was advanced to 30%%
cents and where it remained through the end of the year.

The London price for white arsenic, per long ton, 98-100 percent,
was £40-£45 (equivalent to 5.00-5.63 cents per pound) throughout
1959 and for arsenic metal, per long ton, £400 (50.00 cents per pound).

30il, Paint and Drug Reporter, Arsenic Capacity Increased at American Smelting Labs :
Vol. 176, No. 19. Nov. 2. 1959. . 5.
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FOREIGN TRADE *

Imports.—White arsenic imported for consumption in 1959 totaled
19,400 tons, more than double the 1958 receipts. Mexico continued to
be the principal supplier with 65 percent of the total imports, followed
by France with 18 percent and Sweden with 14 percent.

Forty-two tons of arsenic metal was received in 1959, of which 25
tons came from Sweden and 17 tons from the United Kingdom.
Belgium-Luxembourg supplied 21 tons- of arsenic sulfide, and
Australia furnished 58 tons of arsenical sheepdip. Of the 76 tons of
sodium arsenate imported in 1959, 60 tons came from the United King-
dom and 16 tons from France.

TABLE 4.—White arsenic (As.0: content) imported for consumption in the
United States, by countries

[Bureau of the Census]

1950-54 (average) 1955 1956
Country
Short Value Short Value Short Value
tons tons tons
North America:
anada. 385 | $34,881 683 | $43,048 540 $49, 387
Mexico._.___._._. 7,280 | 799,069 6,431 | 713,911 5,831 691, 354
Total 7,665 | 833,950 7,114 | 756,959 6,371 740, 741
South America: Peru 12 1,294 -
Europe: .
France. .. i 524 61,407 75 5, 880 12 927
Sweden - 202 20,349 33 2,413 33 2,954
Other countries ! .o ... 210 10,091 | fecmeeeoo 6 575
Total oo 936 91, 847 108 8,293 51 4, 456
Asia: Japan.____ . _____________________ 55 7,836 {--- - J U,
Grand total _.________.____ - 8,668 | 934,927 7,222 | 765,252 6,422 745,197
1957 1958 1959
Country )
Short Value Short Value Short Value
tons tons tons
North America:
[6F:5 (7.1 - VI 1,508 | $119,427 800 | $63,353 607 $49,116
MeXiCO am oo 6,851 | 604,932 6,052 | 541,795 12, 528 962, 894
Total 8,359 | 724,359 6,852 | 605,148 13,135 | 1,012,010
South America: Peru RSSO WSSOI SR N N
Europe:
France. 981 34,770 1,201 49, 532 3, 504 153, 336
Sweden.._.. 779 34,317 1,471 64, 932 2,746 176,043
Other countries 1. __.__...___.___ 16 989 |-coeeeooo 1 122
Total 1,776 70,076 2,672 | 114,464 6, 251 329, 501
Asia: Japan_..._..__ - -
Grand total 10,135 | 794,435 9,524 | 719,612 19,386 | 1,341,511

1 Includes Belgium-Luxembourg, Germany, Poland-Danzig, and the United Kingdom.

4 Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi-
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of
Commerce, Bureau of the Census.
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TABLE 5.—Arsenicals imported into and exported from the United States, by
classes, in pounds

[Bureau of the Census]

Class 1950-54 1955 1956 1957 1958 1959
(average)

Imports for consumption:
White arsenic (As;O; con-

ent) oo 17,336,159 | 14,443,828 | 12,843,816 | 20,270,069 | 19,048,920 | 38,771,199
Metallic arsenic........... 135, 396 228, 960 88, 666 136, 745 61, 660 84,769
(6 63,074 93, 717 84, 894 42,094 126, 354 41,872
Sheepdip.- - __.__._____ 69, 964 40, 960 70, 421 67,763 | oo 116,785
Lead arsenate__.._._______ 34,997 | |ecao -
Arsenicaecid._.____________ 1,520 |- oo |-
Calcium arsenate_ . 403,391 |- ________ 60,000 |- .
Sodium arsenate_._.._..__. 121, 700 172,175 229, 616 328,049 173,337 152, 769
Parisgreen.__________.___ 25,979 |- e
Exports:
Calcium arsenate_...__.__ 4,137,345 | 1,885,582 628,020 | 2,779,954 | 1,274,000 122,920
Lead arsenate_....._.._._. 586,867 | 1,080,498 | 2,563,176 | 1,216,158 | 2,099, 960 1, 398, 900

Exports.—No direct foreign sales of white arsenic were reported by
U.S. producers. Exports of calcium arsenate totaled 61 tons, valued
at $12,187, of which 49 tons went to Canada and 12 to Peru.

Exports of lead arsenate totaled 699 tons valued at $276,420. Peru
received 631 tons, Canada 22, Costa Rica and Republic of Philippines
14 each, France 8, Nicaragua 5, and three other countries the remainder
(in lots of less than 5 tons each).

Tariff —White arsenic, arsenic sulfide, Paris green, and sheepdip
(certain varieties contain arsenic) were free of duty. Arsenic acid
was subject to a duty of 3 cents per pound and lead arsenate to a duty
of 1.5 cents per pound. The duty on metallic arsenic of 2.5 cents per
pound, effective June 30, 1958, continued throughout 1959. Com-
pounds of arsenic not specified in the Tariff Act were subject to a duty
of 1214 percent of their foreign market value.

WORLD REVIEW

Canada.—Refined white arsenic has been produced in Canada almost
continuously since 1885. The Deloro Smelting & Refining Co., Ltd.,
the only producer in recent years, recovered white arsenic from smelt-
ing silver-cobalt concentrate from the Cobalt and Gowganda areas in
northern Ontario. Arsenic occurs in the concentrate as arsenides and
sulfarsenides of cobalt, iron, and nickel.’

Mexico.—Output of white arsenic in Mexico rose from 3,400 tons in
1958 to 11,500 tons of 1959—higher than in any year since 1951. All
exports, totaling 7,100 tons, came to the United States.

Sweden.—The entire output of white arsenic in Sweden was pro-
duced by Boliden Mining Co., which continued to be the leading world
producer. Exports in 1958 totaled 16,700 tons, of which 6,900 tons
went to the United Kingdom, 3,600 tons to the Union of South Africa,
1,900 tons to the United States, and 1,750 tons to Australia. In 1959
exports of white arsenic fell to 12,800 tons; data by country of desti-
nation are not available.

5 Ross, J. 8., Arsenic Trioxide: Canadian Mineral Industry—1958 (Preliminary), Dept.
Mines and Tech. Surveys, Ottawa, Canada, Review 28, April 1959. 5 pp.
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TABLE 6.—World production of white arsenie, by countries," in short tons ?
[Compiled by Augusta W. Jann and Berenice B. Mitchell]

Country ! 1950-54 1955 1956 1957 1958 1959
(average)
North America:
Canada. .o 744 786 895 1,849 1,162 944
MeXiCO- oo ool 6, 403 3,256 2,913 5,075 3,411 11, 533
United States - 13, 835 10, 780 12,201 10, 493 11, 508 5,189
South America:
Brazil oo 1,098 1,077 819 188 292 3300
CPert. . - P~ %) P 28 22 369 3330
Europe:
Belgium (exports) 1,490 2,281 3,056 2,280 543 23,090
France. J— 4,734 6, 369 9, 455 44,716 46,339 349,040
Germany, West (exports) 1, 635 334 216 205 3175
Greece. - 42 45 11 13 313
B 721 3 1,437 1,166 1,173 1,087 736 3 550
Portugal .. 970 1,973 1,109 898 3880 3880
Spain I 152 |- P B 285
Sweden. 12, 989 13,803 13,437 11,130 11,194 12, 787
Asia: Japan_.___ .. 1,537 1,910 1,833 1,521 1,429 81,400
Africa: Rhodesia and Nyasaland, Federa-
tion of: Southern Rhodesia......_.__.._ 331 508 1,084 883 683 528
QOceania: Australia. 89 |. [UURR IS (PRI (SO
World total (estimate) 12._____.__.._| 47,000 45,000 48, 000 40, 000 39, 000 47, 000

1 Arsenic may be produced in Argentina, Austria, China, Czechoslovakia, Finland, East Germany,
Hungary, U.S.8.R., and United Kingdom, but there is too little information to estimate production.

2 T'his table incorporates a number of revisions. Data do not add to totals because of rounding where
estimated figures are included in the detail. -

3 Estimate.

4 Exports.

TECHNOLOGY

An analytical procedure was described for determining microquan-
tities of arsenic that are found in plant materials after treatment with
fungicides or insecticides.®* The method, which involved wet-ashing
the material followed by distillation in a special apparatus, detected
0.02 to 1.2 p.p.m. of arsenic per sample by direct rea,gmg from a stand-
ard curve.

Although several instruments have been developed for detecting
arsine, a hemolytic poison, none would disclose the presence of other
arsenic compounds. To overcome this deficiency, a continuous moni-
tor was developed that will detect many arsenic-bearing materials that
are dangerous but not as poisonous as arsine.” In the operation of the
detector, arsenic compounds in the air were reacted with hydrogen in
a chamber to produce arsine; the arsine-bearing gas was scrubbed to
remove hydrogen sulfide; and the gas was dispersed in a pyridine
solution of silver diethyldithiocarbamate, which changes oof())r from
pale yellow to various shades of red in the presence of arsine. When
the color of the reagent changed, a colorimeter actuated a relay which
sounded an alarm bell. As little as 5 micrograms of arsenic arsine
was detected.

High-purity arsenic containing 1.1 x 10-® atomic fraction of sulfur,
92 x 10°® of selenium, and 2 x 10-® of tellurium was produced by an
improved distillation technique® The procedure consisted of heating

6 Frehse, Helmut, and Tietz, Helmut, Quantitative Determination of Arsenic Residues
in Plant Materials: Agric. and Food Chem., vol. 7, No. 8, August_1959, ‘Pp. 553-558.
lsgghemigz,l and Engineering News, Instrument Eyes Arsenic: Vol. 3 , No. 6, Feb. 9,

, D. 3
19; ghemhcgl and Engineering News, Ultrapure Arsenic Made: Vol. 37, No. 44, Nov. 2,
£} p‘ .
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one part by weight of purified arsenic with two parts by weight of lead
at 600° C., in an evacuated chamber. The arsenic was vaporized from
the one-phase liquid melt and condensed in another part of the appa-
ratus, leaving most of the impurities in the lead. Radioactive tracer
studies were used to determine the purity of the arsenic. Ultrapure
arsenic is used in }l)lroducing high-purity gallium arsenide and
indium arsenide, which may be useful in transistors.

Another use of arsenic in the semiconductor industry was an-
nounced.® Arsenic was combined with silver to form an alloy that
has a melting point of 1,800° F.—well above the usual 1,200° F. range
of alloy junction materials. The alloy, containing 99 percent silver
and 1 percent arsenic, was produced in spheres ranging from 0.001
to 0.125 inch in diameter.

® American Metal Market, Silver-Arsenic for Transistor Junctions: Vol. 67, No. 9, Jan.
14, 1960, p. 6.



Asbestos

By D. O. Kennedy ! and James M. Foley *

&

HE UNITED STATES consumed 33 percent of the world output

of asbestos in 1959 but produced only 6 percent of its requirements.

Although the Nation ranked seventh among world producers, its
output was only 2 percent of world production. Canada, with its
extensive asbestos deposits in Quebec, produced almost 50 percent of
the world supply.

TABLE 1.—Salient statistics of the asbestos industry

1950-54 1955 1956 1957 1958 1959
(average)
United States: .
Production (sales)...short tons.._ 50, 004 44, 568 41,312 43, 653 43, 979 45,325
Value (thousands)._._......_ $4,221 $4, 487 $4, 742 $4, 918 $5, 127 $4,379

Imports (unmanufactured)
short tons__ 709, 487 740, 423 689, 910 682, 732 644, 331 713, 047

Value (thousands)..___....... $56, 604 $60, 958 $61, 939 $60, 104 $58, 314 $65, 006
Exports (unmanufactured)!

short tons.. 10, 622 2,787 2, 950 2,893 3,026 4,461

Value (thousands) ........... $2, 260 $268 $375 $350 $424 $793

Apparent consumption
short tons..| 748, 869 782, 204 728,272 723,492 685, 284 753,911
Exports of ashestos products?
(thousands)_ ..o ... $11, 522 $12, 859 $14,181 $15, 223 $13, 233 $12, 921
World: Production______. short tons._|2 1,580,000 | 1,950,000 | 1,980,000 | 2,070,000 | 2,060,000 | 2,270, 000

1 Includes material that has been imported and later exported without change.
2 Revised figure.

Invitations for bids were sent to Arizona asbestos producers for
500 tons of domestic low-iron asbestos to be used for the national
stockpile.

The Commodity Credit Corporation arranged a barter program for
amosite and crocidolite asbestos. Producers of crocidolite in the
Union of South Africa and Australia expressed interest in the
program.

DOMESTIC PRODUCTION

Asbestos production in the United States increased nearly 3 percent
compared with 1958. An estimated 1 million tons of rock was mined,
from which 45,000 tons of fiber was recovered.

The Vermont Asbestos Mines Division of Ruberoid Co., at Belvedere
Mountain near Hyde Park, Vt., was the one large asbestos producer
in the United States. A modern mill recovered fibers carefully classi-
fied in strict accordance with Canadian grading standards. The small
outpilt of spinning fiber was used in electrolytic cells rather than in
textiles.

1 Assistant chief, Branch of Constructlon and Chemical Materials.
2 Supervisory statistical assistant.
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Jaquays Mining Corp. and Phillips Asbestos Mines were the only
producers in Arizona; however, shipments were also made by two
other firms, American Fiber Corp. and Metate Asbestos Corp. With
the termination of purchases by the Government of crudes 1, 2, and
8 on December 81, 1958, sales of these grades in 1959 decreased to 1 ton
of Crude 1, none of Crude 2, and 583 tons of Group 8. The new mills
of Jaquays Mining Corp. and Metate Asbestos Corp. began operating
and some rejected material from former operations was processed at
the Metate mill.

Two firms, the Asbestos Bonding Co. and Ray Sylvester, operated
in California. The former produced short chrysotile asbestos from
the Phoenix claim, Napa County, and the latter tremolite from the
Sylvester asbestos claim, Shasta County.

Amphibole asbestos was produced by the Powhatan Mining Co.
from the Kilpatrick claim in North Carolina.

The Bureau of Mines issued a report describing asbestos deposits in
northern California.® The Clute Eorp. of Littleton, Colo., acquired
Asbestos Bonding Corp., Napa, Calif., and announced plans to install
a 1,000-ton-per-day mill to produce 7-R and fine asbestos.* The Jef-
ferson Lake Sulphur Co. purchased the Copperopolis, Calif., property
of American Asbestos Mining Corp. after a diamond-drilling program
had outlined 15 million tons of ore. The firm announced plans to erect
a mill to process 2,000 tons of ore per day. Union Carbide Nuclear
Corp. explored an asbestos occurrence 35 miles northwest of Coalinga,
Fresno County, and National Mill and Mining Co., Inc., began con-
struction of a mill at Coalinga.

CONSUMPTION AND USES

Consumption of chrysotile asbestos increased from 643,000 tons in
1958 to 711,000 tons in 1959. A general rise in construction accounted
for most of the increase; over 96 percent of the chrysotile consumed
was short fiber, which is used principally in asbestos-cement and as-
bestos-asphalt building materials. Increased use of asbestos fibers in
plastics,® in asbestos-phenolic linings for missiles,® and as a mineral
filler ” was indicated.

PRICES

Prices of Canadian chrysotile asbestos were reduced twice during
1959 as follows:

Price per ton
Grade: Jan. 1 Oct. 10 Nov. 10
Crude No. 1 ______________ $1, 520-$1,900 $1,475-$1, 850 $1, 410-$1,475
Crude No. 2—and sundry___ 810- 1,230 790- 1, 200 610- 875
No. 3—Spinning fiber_______ 380- 670 370- 650 350- 650
No. 4—Shingle fiber________ 185- 250 180- 245 180- 245
No. 5—Paper fiber—_________ 125- 155 120- 150 120- 150
No. 6—Plaster fiber—_______ 89 86 86
No. 7—Shorts . _____ 40— 80 40— 80 40— 80

3 Wiebelt, F. J., and Smith, M. Clair, A Reconnaissance of Asbestos Deposits in the
Serpentine Belt of Northern California : Bureau of Mines Inf. Cire, 7860, 1959, 52 pp.

4+ Engineering and Mining Journal, Chrysotile Asbestos Plant Will Be Expanded: Vol.
160, No. 12, December 1959, p. 128. . .
1955 g}lectfgnlc News, Asbestosized Plastics Held Growing in Parts: Vol. 4, No. 128, Feb. 9,

, D. 17,

¢ Missiles and Rockets, Asbestos Availability: Vol. 6, No. 3, Jan. 18, 1960, p. 40.

7 Dietrich, W. F., Market Trends for Mineral Fillers in Western States: Min. Eng.,
vol. 11, No. 8, August 1959, pp. 813-817.
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British Columbia chrysotile asbestos prices as quoted in E&MJ
Metal and Mineral Markets were unchanged as follows: Per short ton
f.0.b. Vancouver, British Columbia (Canadian currency effective Oct.
1, 1957), crude No. 1 $1,568, AAA $811, AA $703, A $509, AC $335,
and AK $227. The AAA fiber corresponds to Rhodesian C&G 1,
AA to C&G 2, A to Canadian 8K, AC to Rhodesian C&G 3, and AK
to Canadian 4K.

Prices of Vermont asbestos per short ton, f.0.b. Hyde Park or Morris-
ville, changed in November as follows:

Jan. 1, 1959 Nov. 10, 1959

Group 3 (spinning and filtering) . __ $370-$428 $353-$440
Group 4 (shingle) 181- 200 181- 218
Group 5 (paper) 120- 152 120- 142
Group 6 (plaster) 86 86
Group 7 (shorts) 41- 75 41- 75

Prices of Arizona asbestos, published in Asbestos magazine, were
based upon monthly figures furnished by Arizona producers. The
method of classifying Arizona price quotations of crudes 1, 2, and 3,
soft and semisoft, and filter fiber, was changed as follows:

Per short ton, f.0.b

e
Grade: May 10, 1959 *% Dee. 10, 1959
No. 1 crude $1, 475-$1, 850 $1, 475-81, 850
No. 2 crude 830 1, 260 830- 1, 260
Group 3 375- 675 350- 450
Group 4 : 190- 250 190- 250
Group 5 125- 177 125—- 177
Group 7 60 60— 100

Market quotations are not available for African or Australian as-
bestos, because purchases and sales are negotiated individually. U.S.
Department of Commerce reports show the following average values
per short ton for imports:

Imports: 1958 1959
Amosite $150. 44 $153. 10
Crocidolite :

Bolivia 70.00
Australia 218. 57 205. 99
Union of South Africa 192. 45 199.13

FOREIGN TRADE®

Imports of crocidolite increased 8 percent, imports of amosite de-
creased 2 percent, and imports of chrysotile increased 11 percent com-
pared with 1958, resulting in a net increase of 11 percent in total
imports of asbestos in 1959.

Nearly 97 percent of the chrysotile imported was short fiber of less
than spinning length. Imports of low-iron chrysotile of spinning
length from British Columbia increased from 4,779 tons in 1958 to
5,988 tons in 1959.

8 Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi-
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of
Commerce, Bureau of the Census.

567825—60——14
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Imports from Australia consisted solely of crocidolite. The Union
of South Africa supplied crocidolite and chrysotile and was the only
source of amosite. Only chrysotile was imported from other countries.

Exports of unmanufactured asbestos increased slightly. Compared
with imports they were insignificant.

TABLE 2.—Asbestos (unmanufactured) imported for consumption in the United
States, by countries and classes

[Bureau of the Census]

Crude (includ- Mill fibers Short fibers Total
ing blue fiber)
Country
Short | Value | Short| Value Short Value | Short Value
tons tons tons tons
1958
North America: Canada._. 707| $277,934|134, 190| $24, 452, 416|450, 527| $23, 643, 514|585, 424| $48, 373, 864
South America:
ivi 11 770| 11 770
6 824 17 2,160 25 3,870 48] 6, 854
7 313 55 1, 500 62| 1,813
2 2, 940 2| 2,940
4 5551 (RO B 14 1,455 18| 2,015
Yugoslavia.____.____.. 4,090 196, 251 - 4,090 196, 251
Asia: Japan. - 6 1,653 6 1,653
Africa:
British East Africa_ .|| 9| 706| 50 6, 266| 59 6,972
Rhodesia and Nyasa-
land Federationoft2.| 7,178| 1,221,092 660 132,035 294 42,470 8,132 1,395,597
Union of South Africa3_| 38,837| 6,760,670 491 86,630 1,074 180, 572 40,402| 7,027,872
Oceania: Australia._...... 6,077] 1,297, 860 6,077) 1,297,860
Total coeo oo 56,917| 9,756, 274|135,369| 24, 676, 887|452, 045 23, 881, 300|644, 331| 58, 314, 461
1959
North America: Canada._ 339] 109, 269149, 341| 28, 184,066(504, 845| 26, 681, 457|654, 525| 54,974,792
South America: Venezuela_ 90 11, 800 26 2, 200 116 14, 000
102| 3,630)-—-_—__|-- U 123 3, 000, 225 6, 630
8 LEJ:./5] N I 8 9, 525
14 1, 680 14 1,680
8.8, N 3 643 3 643
Yugoslavia._._________ 5,646 212,869 - | oo 5, 646 212, 869
Africa:
British East Africa. . |-ccooo|ococaoooofacaooot 49 6, 450| 49 6, 450
Rhodesia and Nyasa-
land, Federationof 1.| 4,347 897,760 729 143,317 111 24,542 5,187| 1,065,619
Umnion of South Africa3.| 36,446{ 6,485,909 1,511 322, 986 760| 141,860 38,717| 6,950,755
Oceania: Australia......._ 8, 557| 1,762, 690 8,557 1,762,690
Totalooooeoeool 55, 454| 9,474, 450|151, 679| 28, 671, 694|505, 914| 26, 859, 509|713,047| 65, 005, 653

1 All believed to be from Southern Rhodesia.

2 Includes 2 tons ($787) crysotile crudes, credited by the Bureau of the Census to the United Kingdom,
and 4 tons ($589) credited to Mozambique, also 206 tons ($47,167) mill fibers, credited by the Bureau of the
Census to the United Kingdom.

3 Includes 1958: 51 tons ($10,800) blue crocidolite and 39 tons ($5,312) amosite crude credited by the Bureau
of the Census to Mozambique; 1 ton ($405) amosite crude credited by the Bureau of the Census to West
Germany; 880 tons ($125,723) blue crocidolite and 314 tons ($46,365) amosite crude credited by the Bureau
of the Census to the Federation of Rhodesia and Nyasaland; 259 tons ($55,950) short fibers credited by the
Bureau of the Census to the United Kingdom; and 42 tons short fibers ($5,475) credited to Mozambique.
1959: 75 tons ($9,066) other chrysotile crude, 2 tons ($787) blue crocidolite, 818 tons ($179,364) spinning fibers,
and 446 tons ($92,517) short fibers credited by the Bureau of the Census to the United Kingdom; 8 tons
($6,580) amosite crude credited by the Bureau of the Census to Italy; 294 tons ($53,308) other chrgsotile
crude, 287 tons ($52,197) blue crocidolite, 73 tons ($10,303) short fibers credited by the Bureau of the Census
to Mozambique; and 459 tons ($74,879) blue crocidolite, and 129 tons ($18,002) amosite crude credited by the
Bureau of the Census to the Federation of Rhodesia and Nyasaland.
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TABLE 3.—Asbestos imported for consumption in the United States, from specified
countries, by grades, in short tons

[Bureau of the Census]
1958 1959
Grade
Southern | Union of Southern | Union of
Canada | Rhodesia! South Canada | Rhodesia ! South
Africa Africa
Chr%soﬁle:

56 2418 20 41 . 1: 31 P,
190 [ 30 20 |-
461 26,695 2,133 268 4,202 31,826
18,915 460 466 20,488 527 31,173
, 8 200 25 72,679 202 300
46, 385 56,174 | oo 38
450, 527 294 31,074 504, 845 111 3 760
319, 690 3 18,006
316,994 316,614
585,424 8,132 40, 402 654, 525 5,187 38,717

1 Reported by the Bureau of the Census as Federation of Rhodesia and Nyasaland. Believed to be from

Southern Rhodesia.

3 Includes countries adjusted by Bureau of Mines. See table 2, footnote 2, for explanation.
3 Includes countries adjusted by Bureau of Mines. See table 2, footnote 3, for explanation.

TABLE 4.—Exports (domestic® and foreign®) of asbestos and asbestos products
from the United States, by kinds

[Bureau of the Census]
1958 1959
Products
Quantity Value Quantity Value
Domestic:
Unmanufactured:
Grude and spinning fibers_._.___. short tons.._ 278 $85,979 1,216 $295, 549
Nonspinning fibers. do____ 514 88, 802 200,
Waste and refuse. do__._ 2,145 232,143 2,299 267, 736
Total unmanufactured. ... ... do.._. 2,937 407,029 4,317 763, 288
Produets:
Brake lining and blocks—Molded, semimolded
and woven - ®) 4,612,458 (3) 4,673,987
Clutch facing and lining__.__. __number__| 1,340,622 | 1,091,636 | 1,427,059 1,139,154
Construction materials, n.e.c. _-short tons__ 13,961 | 2,758,785 11,031 2,423,793
Pipe covering and cement. ... 3,054 | 1,032,879 2,414 1,081,061
Textiles, yarn, and packing_...._........ 1,166 | 2,965,097 1,164 2, 812, 663
Manufactures, B.e.c. - ) 64, 740 Q) 771, 660
Total products. —— _-] 13,225,595 |- ... 12, 902, 318
Foreign:
Unmanufactured:
Crude and spinning fibers__________| short tons._ |- oo oo e o 53 12, 570
Nonspinning fibers. do_... 30 6,252 19 3, 600
Waste and refuse. - do.__. 59 11,045 72 13,780
Total unmanufactured do-... 89 17,297 144 29, 950
Products:
Brake lining and blocks—Molded, semimolded
and woven.__ ® 740 ® 18, 519
Construction materials, n.e.c.....__. short tons.. 56 7,101 -
Total products 7,841 | . 18, 519

1 Material of domestic origin, or foreign material that has been milled, blended, or otherwise processed in

the United States.

3 Material that has been imported and later exported without change.

3 Values have been summarized; quantities not shown.
¢ Quantity not recorded.
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WORLD REVIEW
NORTH AMERICA

Canada.—Production from 14 mills—12 in Quebec and 1 each in
Ontario and British Columbia—increased about 14 percent. Durin
the year 23.1 million tons of rock was mined and 1.1 million tons o
fiber recovered from 14 million tons of ore milled. More than 7,000
men were employed in the Quebec mines.

Expansion of the asbestos producing industry resulted in overpro-
duction, accumulation of large inventories at warehouses, and sea-
sonal shutdowns at mines of Asbestos Corp., Ltd., and Johnson’s Co.,
Litd.

Programs were started by the Canadian Johns-Mansville Co., Litd.,
to give more emphasis to open-pit than underground mining at the
Jeffery mine * in Quebec and to convert from open-pit to underground
mining at the Munro mine in Ontario.

The first year of operations at National Asbestos Mines, Litd., Thet-
ford Mines, Quebec, was reportedly very successful.* Underground
mining methods were described at five asbestos mines in Quebec.*

Operations of Cassiar Asbestos Corp., Litd., in British Columbia
were expanded ; sales commitments in 1958 and 1959 necessitated the
installation of mill equipment to increase daily capacity from 1,000
to 1,500 tons of ore.r®

A test mill at Advocate Mines, Ltd., property in Newfoundland
produced more than 200 tons of fiber, which was shipped to plants
in the United States and Europe for further testing. Feed for the
test mill was provided by underground exploration and development
work. It was reported that diamond drilling at the Atomic Mining
Corp. property in Quebec outlined 9 million tons of 5.1-percent as-
bestos ore. Exploration on the Chibougamau asbestos property in
northwestern Quebec revealed three asbestos-bearing zones. A pilot
mill was placed in operation by Golden Age Mines at its property
near Beauceville in Quebec. The Murray Mining Corp. began drilling
a large asbestos-bearing belt near Deception Bay in the Ungava region
of northern Quebec. Encouraging results were reported.’* The first
plant for manufacturing asbestos-cement pipe in Quebec opened in
May at Montreal East. :

SOUTH AMERICA

Argentina.—Exploration was begun in Jaque, La Rioja Province,
of dg)‘j}l)c@l51ts reportedly containing chrysotile, some anthophyllite, and
crocidolite.

® Northern Miner (Toronto), Asbestos Industry Hits Seasonal Lag Improvement in
1959 : Vol. 45, No. 44, Jan. 21, 1960, p. 3.
10 1Asbesxtos, Change in Jefery Mine Program: Vol. 41, No. 2, August 1959, pp. 10,

11 Meschter, Elwood, National Gypsum Co. Jumps into Asbestos Production: Rock
Products, vol. 62, No. 7, July 1959, pp. 94-96, 98, 100.

13 Sinclair, W. E., Underground Mining in Canadian Asbestos Mines: Asbestos, vol. 41,
No. 1, July 1959, pp. 2, 4, 6, 8, 10.

1 Northern Miner (Toronto), Cassiar Asbestos Shows Higher Net Mill Being Enlarged:
Vol. 45, No. 41, Dec. 31, 1959, pp. 1, 8.

4 Northern Miner (Toronto), Mine Chances Good for Murray Mining in Asbestos Field:
Vol. 45, No. 24, Sept. 3, 1959, pp. 1, 7.
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TABLE 5:—World production of asbestos by countries,' in short tons?
[Compiled by Helen L. Hunt and Berenice B. Mitchell]

Country ! 195054 1955 1956 1957 1958 1959
(average)
North America:
922,645 | 1,063,802 | 1,014,249 | 1,046,086 925,331 | 1,050, 429
50,004 44, 568 41,312 43,653 43,979 45,325
Total 972,649 | 1,108,370 | 1,055,561 | 1,089,739 969,310 | 1,095, 754
South America:
Argentina, 212 1,380 238 319 285 4275
Bolivia (eXports)-cc--ceocmeceeooo b7 7 P 62 121 168
Brazil 1,59 3,124 3,739 2,654 3,816 43,300
Chile._ 170
Venezuela. .. ocooccmmoocmaeas 371 1,757 5,041 8,390 9,152 5,095
Total 2,729 6,261 9,080 11,484 13,253 48,800
Europe:
Bulgaria. oo 685 1,323 1,100 1,100 1,100 41,100
Finland 5. 18,674 8,282 10,031 7,977 9,420
France 14,459 9,370 15,731 20, 503 26, 455
Greece 3 6 (L] AR -
Ttaly.. 35,385 39, 446 37,797 39, 627 49, 594
Portugal 56 35 64 98 4110
Spain.
U.S.8.R4 450,000 500,000 500, 000 550,000 600,000
Yugoslavia___ 4,305 4,165 5,025 5,960 4,748
Total 4 525,000 560,000 570,000 625,000 690,000
Asia:
China 4. 8,000 23,000 26,000 33,000 66,000 88,000
Cyprus 16, 980 15,306 15,375 15,028 16,494 815,943
India__ 604 1,564 1,910 1,190 1,464
Tran? i 12 110 1165 {165 {165
Japan 5, 501 6,932 9,914 13,192 11,179 13,669
Korea, Republicof __._._._______ 46 66 54 96 22 88
Taiwan 93 403 118 268 47 150
Turkey. 82 259 634 99 839 440
Total ¢ 31,000 48,000 54,000 64,000 | 96,000 120,000
Africa:
Bechuanaland. ... 425 1,426 1,356 1, 582 1,734 1,410
17 (-1 Y S L1570 (R R ——
Egypt. .- R 22 485 4400
Kenya. 290 152 170 109 120 45
Morocco: Southern zone....._._. 612 631 379 132
Mozambique . - oo 40 301 202 152 284 74
Rhodesia and Nyasaland, Fed-
eration of: Southern Rhodesia.. 80, 345 105,261 118,973 132,124 127,115 119, 699
Swaziland .. _.______________ 32,529 32,613 29,875 30,727 25,261 24, 807
Uganda. 1 2 b2 R, 5,600 6,418
Union of South Afriea_..._____._ 106, 518 119, 699 136, 520 157,474 175, 644 182, 405
Total. 221,204 | 260,085 287,477 322,377 336,271 335,288
Oceania:
Australia. . oo comcoooooooo 4,014 5,993 9,709 14, 670 15,570 | 420,000
New Zealand . .o _ooo oo 34 172 368 230 454 4450
Total 4,358 6,165 10,077 14, 900 16,024 | 420,450
World total (estimate) ! 2. ... 1, 580,000 | 1,950,000 | 1,980,000 | 2,070,000 | 2,060,000 | 2,270,000
1 Asbestos also is produced in Czechoslovakia, North Korea, and Rumania. No estimates for these

countries are included in the total, as production is believed to be negligible.

2 This table incorporates some revisions. Data do not add to totals shown because of rounding where
estimated figures are included in the detail.

3 Exclusive of sand, gravel, and stone (waste rock only), production of which is reported as follows: 1950~
€4 (average) 33,796 tons; 1955, 28,582 tons; 1956, 45,427 tons; 1957, 13,652 tons; 1958, 18,450 tons; 1959, 29,532

ons.

4 Estimate.

§ Includes asbestos flour.

§ Exports.

7 Year ended March 20 of year following that stated.

8 Average for 1 year only, as 1954 was first year of commercial production.
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TABLE 6.—Sales of asbestos in Canada by grades

[Dominion Bureau of Statistics]

1958 1959
Grades Value Value
Short tons Short tons
Total Average Total Average
(thousands)| per ton (thousands)| per ton-:
Crude No. 1, 2, and other._..._... 605 $617 $1,020 432 $491 $1,137
Milled group:
3 24, 900 10, 852 436 30,375 13,338 439
4 215, 670 40,717 189 238,185 44,210 186
5. 101, 992 13,025 128 135, 459 17, 409 129
6. 138, 747 11,325 82 166, 346 13,838 83
7. 427, 665 18,208 43 465,052 20, 256 44
8. 15,752 324 21 14, 580 303 21
Total, all grades-cocoeeeeaae 925,331 95,068 103 | 1,050,429 109, 845 105
Waste rock_ oo 18,450 24 1 29, 532 29 1
EUROPE

Finland.—The use of anthophyllite asbestos in Finland was de-
scribed.’® - Anthophyllite has been used in acid-resistant cement, com-
pounds, and plastics in which acid-resistant fibers of moderate strength
can be used. Small quantities of short fiber (approximate value $30
per ton) were exported to the United States in 1958 and 1959.

Greece.—Exploration of the Macedonian asbestos deposit by Ken-
necott Copper Corp. outlined a large body of fiber suitable for use in
the asbestos-cement industry. Plans to develop the property were
underway.

Rumania.—New asbestos deposits were reported at Socet, Urdele,
and Mutinu in the Paring, Poiana Rusca, and Sebes Mountains.

Yugoslavia.—Most of the asbestos produced in Yugoslavia was very
short fiber, and the bulk (approximate value $50 per ton) was ex-
ported to the United States. Requirements for longer crude material
were met by imports, mainly from U.S.S.R.

ASIA

India.—Asbestos was mined in opencut mines in five States and in
an underground mine at Cuddapah, Andhra State. Domestic produc-
tion supplied less than one-tenth of the demand of the growing as-
bestos-cement industry. Nearly two-thirds of the imported asbestos
in 1958 came from Southern Rhodesia.*

Japan.—The Hokkaido deposits of the Yamabe district supplied
almost all of the output of chrysotile asbestos. Imported asbestos,
primarily from Canada and Union of South Africa, was more than
40,000 tons.'’

Malaya, Federation of —The Malayan Nozawa Asbestos Co., Ltd., an-
nounced plans to build an asbestos-sheet manufacturing plant.

15 Kosonen, E., Over 50 Years of Asbestos Mining in Finland: Asbestos, vol. 40, No. 12,
June 1959, pp. 24, 26. 28.

16 Gilbert. H. A., India Still Needs Asbestos: Foreign Trade (Ottawa), vol. 112, No. 6,
Sept. 12, 1959, pp. 15-16.

17Bureau of Mines, Mineral Trade Notes: Vol. 50, No. 3, March 1960, pp. 4-5.
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- Pakistan.—The first asbestos-cement sheet plant in Pakistan opened
in August 1959. Domestic cement and imported asbestos were used
as raw materials. Imports of asbestos sheets were banned by the
Government to encourage and assist the new enterprise.

AFRICA

Nigeria.—An TItalo-Anglo-Nigerian company was formed to con-
struct a plant for manufacturing asbestos-cement products in Nigeria.
Two English groups agreed to furnish the capital and to use Italian
technicians and machinery in the project.

Rhodesia and Nyasaland, Federation of.—The Rhodesian and General
Asbestos Corp., Ltd. (Turner and Newall), acquired Rhodesian As-
bestos Co., Ltd. (Johns-Manville), and mined asbestos at the Temeraire
mine, Meshaba area, Southern Rhodesia. - Production of top-grade
spinning fibers, corresponding to Canadian groups 1, 2, and 3, was
more than 14 percent of the total production of asbestos in Southern
Rhodesia, compared with 2.5 percent in Canada. Mines controlled
by the Turner and Newall group produced over 75 percent of the
total output of Southern Rhodesia.’®

TABLE 7.—Asbestos produced in Southern Rhodesia

Year Short tons Value Year Short tons Value
(thousands) (thousands)
105, 261 $19,684 || 1958 .. ___. 127,115 $24, 147
118,973 23,832 J| 1959 oo 119, 699 20,753
132,124 25,185

TABLE 8.—Asbestos produced in the Union of South Africa, by varieties and
sources, in short tons

Variety and source 1955 1956 1957 1958 1959

Amosite (Transvaal) . ..oooooooooooo_ 50,137 50,097 56, 798 69, 773 71,720
Chrysotile (Transvaal) .. o...____._...__.. 20, 535 24, 336 3 27,403 29, 326
Blue (Transvaal) 13, 964 14, 399 15,303 16, 670 13,113
Blue (Cape) 34,878 47,688 59, 549 61, 520 68, 024
Anthophyllite (Transvaal).............._ 185
Tremolite (Transvaal) 178 278 222

Total 119, 699 136, 520 157,474 175, 644 182, 405

TABLE 9.—Asbestos produced in and exported from the Union of South Africa

Production (short tons) Exports
Year

Transvaal Cape Total Short tons Value
Province (thousands)
1955 _ 84,821 34,878 119, 699 114,056 $18,625

1956. - 88,832 47,688 136, 520 , 867 5
1957 .- 97,925 59, 549 157, 474 142,799 25,278
1958 _. 114, 124 61, 520 175, 644 145,796 25,420
1959. . 114, 381 68, 024 182, 405 151, 515 25,971

18 Mining Journal (London), Asbestos in Southern Rhodesia: Vol. 252, No. 6451, Apr.
10, 1959, pp. 392-393; vol. 254, No. 6495, Feb. 12, 1960, pp. 178-179.
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Union of South Africa—All operations at the chrysotile mine of
Stoltzburg Asbestos Holding, Ltd., were suspended pending a special
investigation of ore reserves, mining methods, and a possible increase
in milling facilities.*®

OCEANIA

Australia.—Australian Blue Asbestos, Litd., reported recovery of
13,318 tons of fiber from 214,505 tons of ore milled. Eighty-six per-
cent of the total Australian asbestos production was crocidolite.

Advancing the industrial economy of Australia was the installation
at Regents Park, New South Wales, of the first asbestos-gasket manu-
facturing plant in the Southern Hemisphere.?

TECHNOLOGY

Several noteworthy publications on asbestos were issued. A revision
of “A Materials Survey, Asbestos,” by the late Oliver Bowles, con-
tained the fundamental data needed by defense personnel responsible
for emergency planning.** A new edition of a textbook on asbestos
included new chapters on primary production and manufacture of
asbestos products in North America.?? The structure of the Canadian
industry was outlined, and production and demand trends were dis-
cussed.?® Two books on asbestos and other inorganic fibers discussed
the traditional applications of asbestos fibers, the development of new
products, and their use in the missile industry.*#* Practically all speci-
fications for asbestos materials for electrical insulation have require-
ments for maximum amounts of total iron and magnetic iron. The
significance of these requirements was discussed in an article sum-
marizing the work of a subcommittee of the American Society for
Testing Materials.?

Industrial television was installed in the Jeffery mine at Asbestos,
Quebec, to improve hoisting efficiency. The skip attendant on the
940 level was able to see the skips in either of two dumping positions.*

A new asbestos-milling machine, with an inclined conveyor belt in
place of aspiration equipment, was described.?” Five patents were
issued by the U.S. Patent Office on methods of opening and recovering
asbestos fibers. A mechanic at the British Canadian mine, Black
Lake, Quebec, developed a new sealing ring, which prevented the es-
cape of dust from a cone crusher. Overhaul of the crusher to clean

19 Mining World, Union of South Africa: Vol. 21, No. 2, February 1959, p. 78.

2 Industrial and Mining Standard (Melbourne), Asbestos in Industry: Vol. 114, No.

2879, May 7, 1959, p. 3.
21 Bowles, Oliver, Asbestos, A Materials Survey: Bureau of Mines Inf. Cire. 7880, 1959,

94 pp.
2 Sinclair, W. E., Asbestos, Its Origin, Production, and Utilization: Min. Pub., Ltd.,
London, 1959, 512 pp.
19§8B<‘>1nlkoff, E. J., Canadian Asbestos Industry: General Research Associates, Toronto,
, pD.
mﬂggR%slzzto, D. V. Asbestos, Its Industrial Applications: Reinhold Publishing Corp.,
) pD.
Carroll-Porezynski, C. Z., Inorganic Fibres: Academic Press, 1959, 350 pp.
2% Nicodemus, P. O., The Significance of Iron in Asbestos Materials Used for Electrical
Insulating Purposes : ASTM Bull. 237, April 1959, pp. 62-67.
19253guine3%1d Quarrying Engineering (London), Mine Television: Vol. 25, No. 8, August
, D. 5
27 Smith, C. V., A New Process for the Separation of Asbestos Fibre from Crushed Rock:
Asbestos, vol. 40, No. 9, March 1959, pp. 14-18.
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dust-fouled machine parts was reduced from once in 3 months to once
in 15 montbhs.

Technical service was reported to have an increasingly important
role in the sale of asbestos fiber. Asbestos producers were advised to
assist in developing and producing more efficient fiber and in develop-
mﬂg new uses. Interpretation of consumer requirements into the most
effective fiber production was said to be the primary role of technical
service.?

The asbestos-cement products committee of the American Society
for Testing Materials revised the specifications for asbestos-cement

ipe, sheet, shingles, and siding. Four patents were issued for as-
estos-cement products and for an apparatus that detaches pipe pneu-
matically from the mandrel on which 1t is found.

Numerous patents were issued covering the use of asbestos in
special heat insulating applications, electrical insulators, vibration
damping materials, filters, paint fillers, part of the porous material
for filling acetylene containers, and drilling muds for use under con-
ditions of high temperature. .

A new motion picture on asbestos, produced in cooperation with the
Johns-Manville Co., was added to the Bureau of Mines film library.
The new film shows mining operations and describes the uses of
asbestos fibers.

2 Monroe, D. L., The Role of Technical Service in Today’s Asbestos Fibre Market:
AIME Preprint 59H308, September 1959, 7 pp.






Barite
By Albert E. Schreck® and James M. Foley 2

%

RODUCTION and consumption of barite increased in 1959,
Pthus stemming the decline which began in 1957. Imports also

increased substantially over 1958. Kentucky and Utah joined the
ranks of barite-producing States.

DOMESTIC PRODUCTION

Output of primary barite from domestic mines gained 78 percent
over 1958. Many of the mines that were inactive in 1958 resumed
operations, although at a smaller rate than in the peak years of 1956 .
and 1957.

Arkansas was again the leading State in output and sales, and
Missouri ranked second. Nevada and Georgia were in third and
fourth places, respectively.

TABLE 1.—Salient statistics of the barite and barium-chemical industries

1950-54 1955 1956 1957 1958 1959
(average)
United States:
Primary barite:
Mine or plant output
short tons._. 879,575 | 1,114,117 | 1,351,913 1,304, 542 486, 287 867, 201
Sold or used by produc-
ers:
Short tons.- - -cccceeeeaoo 865,081 | 1,108,103 | 1,299,888 | 11,145,791 605, 402 901, 815
Value ... $8,180, 760 [$10,809,119 |$13,497,972 |1$12,897,419 | $7, 509, 797 |$10, 300, 860
Imports for consumption:
Short tons..—.—________ 174,187 359, 636 589, 053 832, 626 526, 561 639, 598
Value _________________ $1,312,874 | $2,181,119 | $3,601,504 | $5,864,124 | $3,733,423 | $4, 825,137
Consumption

short tons2__| 1,027,199 | 1,459,671 | 2,035,389 1,670,720 | 1,195,669 | 1,395,774
Ground and crushed sold

by producers:
Short toDS - - oo 814,605 | 1,232,176 | 1,503,010 | 1,467,117 | 1,026,865 | 1,209,442
Value. $17, 419, 108 {$30,613,005 ($41, 623,390 | $42,352, 525 |$28, 351, 885 ($30, 419, 039
Barium_chemicals sold by
producers:
Short tons. - - - cccemaeeen 85, 368 105,171 106, 739 89, 757 75,372 95, 579
Value $11, 331, 382 |$14,490, 048 |$13, 855,058 | $12, 253, 526 |$10, 685, 392 |$13, 657, 460
« Lithopone sold or used by
producers:
Short tons_ - - oo v occoeeeeee 73, 354 42, 845 38, 434 ®) @®) [Q)
Value $9, 785,716 | $6,002,832 | $5, 630, 991 ®) ®) 0]

World: Production
short tons..| 2,010,000 | 2,700,000 | 3,100,000 3,500,000 | 2,600,000 | 3,000,000

1 Revised figure.
2 Includes some witherite.
3 Figure withheld to avoid disclosing individual company confidential data.

1 Commodity specialist.
2 Supervisory statistical assistant.

211
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Barite was produced in Kentucky for the first time in more than 30
years. Two firms, J. Willis Crider Fluorspar Co. and Mico Mining
& Milling Co., accounted for the entire output.

TUtah also became a barite-producing State in 1959. Two companies,
one in Carbon County and the other in Juab County, reported some
barite production.

Output of crushed and ground barite increased 18 percent but was
still 26 percent below the record established in 1956. Production of
barium chemicals also increased.

The barite deposits in the Hardin-Pope Counties fluorspar area of
southern Illinois were described in a publication.® The barite has
generally been considered a gangue of fluorspar. It occurs as both
vein and bedded replacement deposits but appears to be of commercial
importance in only a few areas.

U.S. Glass and Chemical Co. planned to construct a $500,000 barite
and gravel mill at Dierks, Ark. Capacity of the plant was estimated
at 35,000 tons of barite and 250,000 tons of commercial-grade gravel
peryear.*

TABLE 2.—Domestic barite sold or used by producers in the United States

1950-54 (average) 1955 1956
State

Short tons Value Short tons Value Short tons Value

386,032 | $3, 650,389 462,986 | $3, 755,094 486,254 | $4, 255,982
80,177 979, 757 130,396 | 1,829,141 174,139 2, 946, 839

Missouri 288,453 | 2,785,469 363,692 | 4,003, 842 381, 642 4,461, 955
Nevada. - 72,446 435, 864 113, 694 708, 804 178,440 1,066, 930
Other States 1___.._..____. ——- 37,973 329, 281 37,335 512, 238 79,413 766, 266
Total ool 865,081 | 8,180,760 | 1,108,103 | 10,809,119 | 1,299,888 | 13,497,972
1957 1958 1959
State

Short tons Value Short tons Value Short tons Value

477,327 | $4, 536, 827 182,779 | $1, 668,039 338,539 | $3,006, 583

175,072 | 2,982,195 108,511 | 2,284, 561 89,484 | 1,809,367

317,350 | 3,938,486 199,268 | 2,666,496 296,093 | 3,923,651

109, 663 720,806 59, 407 405, 636 91, 208 622,973

266,379 | 2719,105 55, 437 485,065 86, 401 848, 286

Total - emoeeomeeeeeeee 11,145,791 |212, 897, 419 605,402 | 7,509, 797 901,815 | 10,300, 860

1 Includes Arizona (1950-55), California, Idaho, Kentucky (1959 only), Montana (1951-59), New Mexico,
Utah (1959 only), and Washington (1953-55, 1957-59).
2 Revised figure.

8 Bradbury, J. C., Barite in the Southern Illinois Fluorspar District : Illinois State Geol.
Survey Cire. 265, 1959, 14 pp.

4 Pit and Quarry, $500,000 Barite, Gravel Mill Scheduled for Arkansas: Vol. 52, No. 4,
October 1959, p. 32.
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TABLE 3.—Ground (and crushed) barite produced and sold by producers in the
United States

Sales Sales
Produc- Produc-
Year |[Plants| tion Year Plants| tion

(short Short Value (short Short Value

tons) tons (thou- tons) tons (thou-

sands) sands)

1950-54

(average) - 26 815, 267 814,695 | $17,419 33 | 1,480,585 | 1,467,117 | $42, 353
1955. .. ... 29 | 1,314,810 | 1,232,176 | 30,613 34| 1,014,133 | 1,026,865 | 28,352
1956 .- 30 | 1,625,879 | 1,503,010 | 41,623 33 | 1,198,069 | 1,209,442 | 30,419

Wells Cargo, Inc., completed preliminary drilling on the Jumbo
barite property, owned by Chemical and Pigment Co., Oakland, Calif.,
in the Ellendale district of Nevada. The company planned to mine
and ship 5,000 to 8,000 tons of ore and install a crushing and screening
plant to provide material for high-density concrete aggregate. Some
‘crude ore was to be shipped to Chemical and Pigment’s Oakland plant
for use in paint.’

The new barium monohydrate unit of Sherwin-Williams began
producing during the year. The $1 million plant was reported to have
a capacity of several thousand tons per year.¢

CONSUMPTION AND USES

The quantity of domestic barite sold or used by producers in 1959
increased 49 percent. The quantity of crude barite, both domestic
and imported, used in manufacturing crushed and ground barite,
lithopone, and barium chemicals increased 17 percent. These in-
creases reversed the downward trend in sales and consumption which
began in 1957,

Of the crude barite consumed, about 88 percent went into the manu-
facture of crushed and ground barite and the remainder was used in
barium chemical and lithopone manufacture.

Sales of crushed and ground barite increased 18 percent, owing pri-
marily to increasing consumption by oil- and gas-well drillers who
used 95 percent of all crushed and ground barite sold. However,
consumption by this industry was 19 percent below the 1956 peak.

Although the quantity of barite used in the mud at a rig varies with
location and depth, an account of the quantity used in one well was
published.” In sinking Tidewater Oil’s Lacassane No. 2, a 16,000-
foot gas-condensate well in Cameron Parish, La., approximately
$150,000 was spent on mud additives. Of this total, $118,400 was
spent for about 2,447 tons of barite. The other additives included
bentonite, lime, quebracho, cornstarch, soluble caustic-lignin product,

& Mining Record, Drilling Completed at Jumbo Barite Property in Nevada: Vol. 70, No.

26, June 25, 1959, p. 5.
6 Oil, Paint & Drug Reporter, Barium Monohydrate Debuts at S-W Plant: Vol. 175, No.

16, Apr. 13, 1959, 1? .
7 Chemical Week, Drilling Mud Makers Dig Deeper for Profits: Vol. 84, No. 18, May 2,

1959, pp. 33-34, 37-38.
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sodium lignosulfonate, carboxymethylcellulose, hemlock bark extract,
ferrochrome lignosulfonate, and lost circulation materials (shredded
cellophane flakes, mica, ground walnut hulls, volcanic ash, and other
fibrous materials) and totaled only 194 tons.

Barium titanate transducers were used to drive the welding heads
in a new automatic, ultrasonic cold-seam welder.®

The glass, rubber, and paint industries purchased about the same
quantities of barite as in 1958. Sales of barium chemicals increased
97 percent.

TABLE 4—Crude barite (domestic and imported) used in the manufacture of
ground barite and barium chemicals in the United States, in short tons

In manufacture of— . In manufacture of—
Year Total Year Total
Ground | Litho- | Barium Ground | Litho- | Barium
barite! | pone | chemi- barite! | pone | chemi-
cals 2 cals 3

027, 1!
459, 671

39 1, 501, 415 (®) 169, 305 |1, 670, 720
035, 389

1,053,297 | () | 142,372 11,195,669
1,226,168 | () | 169,606 |1,395, 774

1950-54

(average)..| 823,324 | 71,194 | 132,681 |1
19! 1,256, 361 | 45,898 | 157,412 |1
_{1,839,770 | 31,065 | 164, 554 2

1956...-

1 Includes some crushed barite.
2 Includes some witherite.
3 Included with “Barium chemicals” to avoid disclosing individual company confidential data.

TABLE 5.—Ground (and crushed) barite sold by producers, by coizsuming industries

1950-54 1955 1956 1957 1958 1959
(average)
Industry
Per- Per- Per- Per- Per- Per-
Short |cent| Short |cent| Short |cent| Short |cent| Short |ceént| Short |cent
tons | of tons of tons of tons of tons of | tomns of
total| total total| total| total total
Well drilling?.__{725,781|  89{1,142,300| 93|1,421,033| 95/1,302,394| 95| 977,285 95|1, 153,560 95
Glass 3| 28,737 2| 32,661 2| 27,595 2| 9, 890 1l 11,700 1
3| 25633 2| 20,602 1; 16,179 1 14, 1} 17,046 1
2| 25,104 2 22,101 2| 21,782 1| 18,387, 2| 19,806 2
3| 10,393 1 6,613 (1) 9,167 1 6, 692, 1 7,330 1
Total ... 814,605 100[1,232,176| 100|1,503,010| 1001,467,117| 100|1,026,865{ 100|1,209,442| 100

1 Less than 1 percent.

8 Ceramic Industry, Ceramics Drive First Automated Ultrasonie Cold ‘Seam Welder: Vol
72, No. 3, March 1959, p. 92.
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‘TABLE 6.—Barium chemicals produced and used or sold by producers in the
United States, in short tons

Used by Sold by producers 3
producers !
Chemijcal Plants | Produced | in other
barium Short Value
chemicals 2 tons
Black ash: ¢
1950-54 (AVerage) - o oo cooocomoommcoooooo 12 132,009 130, 393 750 $51, 894
1955. - 9 135, 455 134, 202 1,943 165, 502
1956. - - 10 131, 006 129, 969 6, 356 524, 359
1957 ... 9 112,048 110, 900 1,087 79,474
1958. . -- ——- 8 93, 539 81, 861 1,351 126, 050
1959.__ - 7 104, 740 102, 040 2,947 289, 580
Carbonate (synthetic):
1950-54 (RVerage) - - - oo ocmoceoooeeen 4 61, 371 20, 924 40,844 | 3,490,636
1955. . 4 78,946 27,273 53,274 5,021, 001
1956. - 5 , 043 31,022 50, 524 4,783,453
1957 - - o e e 6 74,160 31,056 42,937 4,335, 469
FL ] 6 8 60, 534 5 26,835 35,307 3,753,712
1959._ - 6 77,043 29,398 47,137 5,099, 366
Chloride (100 percent BaCls):
195054 (AVOrage) -« cmmocemcmcmmccccccmnnn- 4 13,823 2,889 10, 878 1,481,797
1955. . 3 11, 852 120 11,601 1, 689, 252
1956 - - 3 11,746 130 11,174 1, 706, 683
1957 - 3 9,715 |occeeeaaet 9,373 1, 538, 809
1958. 4 58,428 , 122 1,328, 413
1959___ R 4 ®) ® ) ®)
Hydroxide:
1950-54 (VErage) . - commemeocmcccccmamnae 5 11,006 2,279, 248
1955 - cmecmcecocaccanena- 4 16, 150 3,174,167
1956. . - - 5 16, 762 3,051, 368
1957__ .. 5 12, 551 1, 915, 700
1958 .- - 4 10, 093 , 853, 900
1959.. 5 13,914 2,320, 522
Oxide:
1950-54 (AVerage) - e c-ceoececmccccccccmcae- 3 4,655 1,124,167
1955 . 3 8,722 2,128,911
1956 - 3 11,222 1, 969, 817
1957__ 3 14,159 2, 585,193
1958 o o ccmmmm e 3 [Q] 9
1959, .. 3 ® ©
Sulfate (synthetic):
1950-54 (average) 6 13, 262 1,491, 287
9 5 9,976 1,347,248
6 9, 281 1, 263, 57¢
4 8,719 1, 281, 657
3 6, 628 844,
4 ) ©
1950-54 (AVErage) - - - oo ccoeocccc e ® 3,973 1,412, 353
1955 . __ ) (Q} 3, 505 963, 967
1956 - ® 1,420 555,
1957 o eeeee (® 931 517,224
1958___ (® 13,871 2,778,377
1959_ . __ ® 31, 581 5,947,992
Total: ¢
1950-54 (average). .. 18 3 11,331,382
1955. . 16 105,171 14, 490, 048
1956.. . 17 106,739 | 13,855,058
1957 - 14 - 89,757 | 12,253,526
1958 o oo oo emem 13 75,372 | 10, 685,392
1959._. - 14 - 95,579 | 13,657,460

1 Of any barium chemical.

2 Includes purchased material.

3 Exclusive of purchased material and exclusive of sales by one producer to another.

4 Black-ash data include lithopone plants.

s Revised figure, ) .

¢ Included with “Other barium chemicals” to avoid disclosing individual company confidential data.

7 Includes barium acetate, oxide, chloride, hydroxide (used only), nitrate, peroxide, sulfate, and other
unsgeciﬂed compounds. Specific chemicals may not be revealed by specific years.

8 Plants included in above figures.

9 A plant producing more than 1 product is counted but once in arriving at the total.
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PRICES

E&MJ Metal & Mineral Markets quoted the following prices on
barite in 1959: Georgia, f.0.b. cars: Crude, jig and lump, per short
ton, $18; beneficiated, per short ton, in bulk, $21; and in bags, $23.50
to $25. Missouri, per short ton carlots, f.o.b. mine or mill: Water
ground and floated, bleached, $45 to $49; crude ore, minimum 94
percent BaSO,, less than 1 percent Fe, $16 to $18. Crude, oil-well
grade, minimum 4.3 specific gravity, bulk, per short ton, $18. Some
restricted sales, $11.50. Ground, oil-well grade, $26.75. Imported:
Crude, oil-well grade, minimum 4.25 specific gravity, bulk, c.i.f. Gulf
ports, per short ton, $16 to $18. Canada, f.0.b. shipping point: Crude,
1n bulk, per long ton, $11 ; ground, in bags, per short ton, $16.50. The
priceshave remained unchanged since 1957,

TABLE 7.—Quotations on barium chemicals in 1959
[Oil, Paint and Drug Reporter]

’ Jan. 5-Dec. 28
Barium carbonate, precipitated, bags, carlots, works. ... .. ________ short tons._. $111.50
Smallerlots, works...__ - SR do.... 126. 50
Barium chlorate, drums, works_.._...__.._______ ----pounds.__ .32-.41
Barium chloride, anhydrous, bags, carlots, works. short tons._. 176.00
Less carlots, works_.___ ... _______ --do___. 196.00
Barium chromate, bags, freight equaled.-_ .pounds.. .38
Barium dioxide (peroxide), drums, freight equaled. ———.do____ .20
Barium hydrate, crystals, bags, carlots, ton lots, freight equaled.. ---short tons.- 208.00
Less carlots, less ton lots, freight equaled. ... ... do___. 218.00
Barium nitrate, barrels, carlots, ton lots, delivered.- -pounds. .- .16
Less carlots, I'ess ton lots, delivered._ . ... .. ... .. do.... .17
Barium oxide, ground, drums, carlots, ton lots, freight equaled. ---short tons.. 275.00
Less carlots, less ton lots, freight equaled... --d 285.00
Blane, fixe, direct process, bags, carlots, works. --do 145.00
Less carlots, works__________.___._.__..__ - 155.00
New York warehouse....._.__..___.._. -do___. 195.00

Lithopone, ordinary, bags, carlots, delivered. -pounds.. 1,083 E

Less carlots, delivered. ... __._____.___.____ 0. 1,09 E
Titanated (high strength), bags, carlots, delivered. . ceedoo_.. 11
Less carlots, delivered . _ . do-... .12

1 E=East.

FOREIGN TRADE’

Imports of crude barite increased about 100,000 tons over 1958 and
came principally from Mexico, Canada, and Peru.

Ground-barite imports continued to increase. Imports from
Canada, the principal supplier in 1959, increased 150-fold. West
Germany, Algeria, and Italy contributed the remainder.

The United Kingdom supplied all of the crude witherite imported
in 1959 and West Germany, the 264 pounds of crushed or ground
witherite imported.

Total imports of barium chemicals increased over 1958. Imports
of only one compound, barium nitrate, decreased. West Germany
supplied about 80 percent of the imports; France, Netherlands, Italy,

. °Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi-
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of Com-
merce, Bureau of tlie Census.
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Belgium-Luxzembourg, United Kingdom, and Switzerland, in descend-
ing order, supplied the remainder.

Exports of lithopone continued to decline. Cuba received about 58
percent of the total shipments; Canada, about 33 percent ; and Guate-
mala, Iceland, Nicaragua, and Mexico, the remainder.

TABLE 8.—Barite imported for consumption in the United States, by countries

[Bureau of the Census]

1958 1959

Short tons Value Short tons Value

Crude barite:
North America:
Canada.. 114, 299 $870, 862 171,462 | $1,457, 502
Cuba.._..- 7,467 65, 467 1,498 11, 500
ElSalvador - oo feiimcceco et 262 418
Mexico. 211,250 | 1,225,815 194,133 1,090, 746
1) U S 333,016 | 2,162,144 367, 355 2, 560, 166

74,924 750, 557 112,178 1,097, 522

45, 569 253, 887 92,994 518,144

19,156 175, 724 8,747 81,224

53, 896 391,111 58,324 568, 081

Total. .. R 118, 621 820, 722 160, 065 1,167, 449

Grand total. . 526,561 | 3,733,423 639, 598 4,825,137

Ground barite:
North America:

Canada_ 10 658 1,536 51,211

Mexico. - - 743 11,589 |- fececcacooo

B 7 S 753 12,197 1, 536 51,211
Europe: )

Germany, West_____._____________._____________ 128 4,326 60 2 595

B 871 107 3, 691 22 1 055

Total. e icmee 235 8,017 82 3, 650

Africa: Algeria_ ... 22 1,120 25 1,070

Grand total ... __ - 1,010 21,334 1,643 55, 931

567825—60——15
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TABLE 9.—Barium chemicals imported for consumption in the United States

[Bureau of the Census}

’ Blang fixe (pre- Barium Barium
Lithopone cipitate chloride hydroxide
barium sufate)
Year
Short | Value | Short | Value | Short | Value | Short | Value
tons tons tons tons

420 |$69, 071 378 |$27,129 360 | $34,665 109 | $22, 525
30| 4,355 901 | 91,341 994 | 175,069 15 2,431
143 {119,931 | 1,026 {104, 662 378 {1107,913 22 3,130
57 | 8,124 | 1,447 |115,627 407 | 1 120,080 113 | 18,905
691 9,307 | 1,573 {103,865 376 | 129,159 161 832
731 8,752 1,757 |122,067 510 | 134,663 232 | 35,104

Barium nitrate Barium carbonate | Other barium com-

precipitated pounds
Year
Short tons| Value Shorttons|{ Value |Shorttons| Value
274 $44, 993 1,225 $91, 043 401 $85, 938
77 14, 906 1,638 105, 240 841 1170, 345
591 101,177 1,801 130, 852 138 29,735
798 120,075 1,543 105, 046 61 22, 209
701 107,724 322 ) 38 26, 415
596 89, 822 1,895 127,734 55 41,823
1 Data known to be not comparable with other years.
TABLE 10.—Lithopone exported from the United States
[Bureau of the Census]
Value Value
Year Short Year Short
tons . tons

Total Average Total |Average
9,351 1$1,507,060 | $161.17 991 | $177,891 | $179. 51
1,892 300, 960 159.07 613 122, 462 199. 77
1,387 A 172.96 538 99, 578 185. 09

TABLE 11.—Witherite, crude, unground, imported for consumption in the
United States
[Bureau of the Census]
Year Short Value ! Year Short Value !
tons tons

1950-54 (aVerage) - —-v-ccceuee 3,724 | $123,808 3,020 | $138,494
55 2,363 77,867 2,240 108,119
2,934 110,039 2, 552 113,229

1 Valued at port of shipment.
2 In addition, crushed or ground witherite was imported as ollows: 1957, 8 tons ($533); 1958, 202 tons

($15,610); 1959, less than 1 ton ($478).

Class established June 1, 1956; no transactions.
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Country ! 1950-54 1955 1956 1957 1958 1959
(average)
North America:
Canada 155,988 253, 736 228,048 195,719 255,023
[12:7 N . 22,796 9,407 |__o_______
27, 314 117, 654 235, 792 429, 537 217, 350 198, 579
879,575 | 1,114,117 | 1,351,913 | 1,304, 486, 287 867, 201
Total 1,063, 858 | 1,485,507 | 1,908,540 | 1,984,923 908, 763 | 1,320, 803
South America:
Argentina 18,090 22,481 19,152 25,264 18, 596 318, 700
Brazil 898 , 950 16,197 55, 349 68, 630 368,000
Chile. 2, 080 3, 466 476 860 31,100 31,100
Colombia. 5, 106 6,614 8,378 6, 963 14, 330 11,023
Peru 13, 644 9,410 11, 601 95, 388 117,802 105, 557
Total. 47,3818 45,921 55, 804 183,824 220, 458 204, 400
Europe:
Austria. 6, 878 4, 365 3,413 3,902 4,709 4,008
France 43, 665 70, 507 60, 627 71,650 85,980 | 2132,000
Germany:
Eastd .. ... 23, 149 27, 27, 600 27, 600 27, 600 27, 600
362, 905 456, 710 453, 836 448 144 409, 105 428, 304
26, 627 21,451 28, 843 143, 549 227,091 | 2 165,000
, 897 , 232 7,729 11,231 11, 311,000
73, 508 114, 635" 103, 075 124, 945 122,976 107,122
® 11,574 12, 346 12, 400 312,400 312,400
470 357 346 853 1,351 31,300
14,112 9, ?g“; 8, 505 20, 287 , 327,600
U.S.S.R3. T 109,129 | 110,000 | 110,000 | 110,000 | 130,000 | 130,000
United Kingdom 3. 88, 764 92, 906 84,670 87,280 78,078 377,000
Yugoslavia. ... oo .. 60, 522 109, 129 102, 870 133,137 103, 801 118, 267
Total 1 '._...-.-..-..---_--7- 819,000 | 1,040,000 | 1,010,000 | 1,200,000 | 1,250,000 | 1,250, 000
Asia:
India 13, 587 8, 537 7,072 14, 462 15,481 14,718
Japan A 20,374 20, 578 27,514 16, 510 21, 594
Korea, Republic of ... 933 744 -7 IR, S,
Philippines. oo oo oo 5,045 6,088 186
Turkey. SO I 2,111 6,035 33,000
Total 13____ ... 42, 900 52,000 61, 000 83,000 93, 000 95, 000
Africa:
Algeria. . oo 20, 220 33,720 32,843 37,724 47,415 48,771
Egypt.. 25 67 88 294 2,282 33,300
Moroceo: Southern Zone 4, 547 27,170 32, 622 16, 276 47,060 40,574
Rhodesia and N; land, Fed-
eration of: Southern Rhodesia.. 190 |- eee 34 241
Swaziland. . ___________________ 454 449 516 351 480 461
Union of South Africa.__.__..__ 2,215 1,892 2,713 3,369 2,721 2,355
Total 27, 651 63,298 68, 782 58,014 99, 992 95, 702
Oceania: Australia....o.o__________ 6, 631 7,016 6,730 10, 951 7,618 y
World total (estimate)! 2 2,010,000 | 2,700,000 | 3,100,000 | 3,500,000 | 2,600,000 | 3,000,000

1 Barite is produced in Chin:
able. Estimates by author of ¢

a, Czechoslovakia, and Ni
pter included in total.

! orth Korea, but data on production are not avail-

2 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding

where estimated figures are included in the detail.

3 Estimate.

¢ Data not available; no estimate included in the total.

§ Includes witherite.
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WORLD REVIEW
NORTH AMERICA

Canada.—Baroid of Canada, Ltd., a subsidiary of National Lead Co.,
received an option to purchase the Spillimacheen properties of Giant
Mascot Mines, Ltd. Terms permitted Baroid to produce barite from
the property with a $2-per-ton royalty and a minimum payment of
$20,000 annually. Royalty payments were to be deducted from the
$300,000 purchase price, and the option to purchase had to be exercised
during the first 8 years of the 10-year contract.'’

EUROPE

Belgium.—Three firms, the Union Chimique Belge, the Société
anonyme des Produits Chimiques de Wilsele, and the Société anonyme
Produits Chimiques de Nieuport, manufactured lithopone in Belgium.
The last-named firm acquired the Société Chimiques du Hainaut (also
a producer of lithopone) in 1958 and transferred part of the lithopone
plant of Hainaut to its Nieuport works. A modernization and expan-
sion program at the Nieuport plant was completed.**

France.—To increase the number of drilling-mud products the
Société Carbonisation et Charbons Actifs (CECA) in association
with Société France-Barytes constructed a barite grinding plant at
Port-la-Nouvelle.'?

Yugoslavia,.—The foreign trade firm, Metalexport, of Sarajevo, con-
cluded a contract with Polish importers for delivery in 1959 of about
1,500 tons of ground barite.® Large tonnages of ground barite were
also to be shipped to U.S.S.R., Rumania, Egypt, and Japan. Negotia-
tions were under way for the sale of ground barite to Middle Eastern
and Near East markets.

Contracts for the exports of some 75,000 tons of lump barite were
also concluded. Lump barite is shipped primarily to the United
States, France, West (Germany, Great Britain, and Austria.

Two mills, the Kresevo and Tarcin, were the largest barite grinders
in Yugoslavia. Ground barite output exceeded 20,000 tons a year;
however, production could almost be doubled without major con-

struction.
ASIA

India.—Permission to construct a barium chemical plant was given
P. N. Bala Subramanium by the Indian Government.* A west
German firm was to aid in constructing the plant at Kurichi, near
Coimbatore, South India. Annual capacity was reported to be about
3,000 tons of barium sulfate, sulfide, carbonate, chloride, and nitrate.

10 Canadian Mining Journal, Giant Mascot Deal with Baroid of Canada: Vol. 80, No. 10,
October 1959, p. 149.

11 Chemlcal Trade Journal and Chemical Engineer, Notes from Abroad, Belgian Litho-
pone ;: Vol. 145, No. 83777, Oct. 23, 1959, p. 748,
19};90hemliﬁiy and Industry (London), CECA’s Expanding Activities: No. 46, Nov. 14,

, D. .
19§9Minitlxg7.]'ournal (London), Yugoslav Barytes Contracts: Vol. 253, No. 6468, Aug. 7,
p. f

14 Chemical Trade Journal and Chemical Engineer, Notes from Abroad: Vol. 145, No.

3777, Oct. 23, 1959, p. 748.
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AFRICA

Morocco.—Of the 47,000 short tons of barite produced in 1958, some
37,000 tons were shipped for export. No domestic consumption was
reported. Yearend stocks totaled 21,000 tons. The following three
firms (mine names in parentheses), S.M.M.I.C. (Djebel Irhoud),
Société Africaine des Mines (Tessaout), and Bureau de Recherches et
de Participations Miniéres (Barit Tnine), accounted for the entire

output.'s
TECHNOLOGY

A flowsheet for treating barite-fluorspar-lead ores was published.
Complex ores containing 20 percent lead as carbonates, 86 percent
barite, and 37 percent fluorspar in a siliceous gangue were studied.

Ore ground to 100-mesh passes to a conditioner where a reagent
to activate and collect the lead is added. The resulting pulp under-
goes rougher flotation, and the lead concentrate is cleaned twice. The
tailing passes to the barite circuit, where it is thickened and excess re-
agents are removed. Two-stage conditioning depresses the fluorspar
and gangue and activates the barite. The conditioned pulp is sub-
jected to rougher flotation and two-stage cleaning. The tailing from
the barite circuit is then treated to recover the fluorspar. This process
yields a barite concentrate analyzing 98.3 percent BaSO, with an 89-
percent recovery.

Contamination of barium titanates due to milling and the effect of
contamination on the electrical properties of barium titanates were
discussed in an article.” Contamination introduced by the grinding
medium and milling time had a deleterious effect on the dielectric con-
stant. The research indicated that contamination was minimum when
porcelain balls were used and grinding time was minimum.

A method for spray drying barium titanate, at the Electronic Divi-
sion of Onandaga Pottery Co., Syracuse, N.Y., was described.’® The
slurry, barium titanate, with the binder and lubricant necessary for
pressing, passes from water-jacketed, heated tanks to the drier, where
it is introduced countercurrent to the drying air. Air enters the top
of the drier at approximately 610° F., and the dried particles are dis-
charged at 275° F. An exhaust fan removes the particles from the
drier to a collector directly below. This process did not affect the
electrical properties of the titanate, improved flow characteristics, and
reduced manpower and operating costs.

15 Bureau of Mines, Mineral Trade Notes : Vol. 49, No. 6, December 1959, p. 37.

16 Deco Trefoil, Flowsheet Study: Lead-Barite-Fluorspar: Vol. 23, No. 4, August-Sep-
tember-October 1959, pp. 15, 16.

17 Nelson, Karl E., and Cook, Ralph L., Effect of Contamination Introduced During Wet
Milling on the Electrical Properties of Barium Titanate: Bull. Am. Ceram. Soc., vol. 38,
No. 10, October 1959, pp. 499-500.
4oii(ieramic Age, Spray Drying Barium Titanate Slurries: Vol. 73, No. 6, June 1959, pp.






Bauxite
By Richard C. Wilmot,! Arden C. Sullivan,? and Mary E. Trought ®

4

ORLD production of bauxite increased 8 percent. U.S. out-

put increased 30 percent, and consumption by this Nation

rose 23 percent. Jamaica continued to be the world’s leading
producer of bauxite, and commercial production was begun in the
Dominican Republic.

In the United States about 4.1 million short tons of alumina and
aluminum oxide products was produced from bauxite. Production of
aluminum accounted for 87 percent of the bauxite consumed.

Almost 1 million tons of new annual alumina capacity, brought
into production at three U.S. plants, increased domestic capacity 25
percent. Except for 375,000 tons of capacity planned at Point (i)m-
fort, Tex., the scheduled alumina-plant expansion in the United

MILLION LONG TONS
24

20

|
World production

U.S. production
plus imports.//

roduction.

1935 1938 1941 1944 1947 1950 1953 1956 1959
F1eure 1.—U.S. supply and world production of bauxite, 1935-59.
1 Commodity specialist.

3 Statistical assistant. 293
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States was complete. (Aluminum is discussed in the Aluminum chap-
ter of this volume.)

TABLE 1.—Salient statistics of the bauxite industry, thousand long tons

1950-54 1955 1956 1957 1958 1959
(average)
United States:
Crude-ore production (dry equiva-
lent 1,685 1,788 1,744 1,416 1,311 1,700
Value, thousands._ . ._._______..________ $12,158 | $14,543 | $15,109 | $12,868 | $11,898 $17,725
Imports ! 3,603 4,882 5,670 7,098 27,915 8,107
Exports (as shipped) 44 14 15 61 12 17
Consumption (dry equivalent) 4,711 6, 989 7,751 7,633 7,034 8, 621
‘World: Production. ... __.._.___._ 12,700 17, 500 18, 500 20,100 | 220,900 22, 500

. 1Import figures adjusted to dry equivalent for Jamaican, Haitian, and Dominican Republic bauxite.
Other imports are on an as-shipped basis. .
2 Revised figure.

DOMESTIC PRODUCTION

Production of crude bauxite in the United States was 1.7 million
long tons, dry equivalent, a 30-percent increase over 1958. On a dry
basis, shipments of ore from domestic mines and processing plants
to consumers increased 17 percent over 1958. The domestic production
was 17 percent of the new supply, compared with 14 percent in 1958.

The American Cyanamid Co. mined bauxite in Georgia; R. E.
Wilson Mining Co., D. M. Wilson Bauxite Co., and Harbison-Walker
Refractories Co. mined ore in Alabama. These companies produced
a total of 69,000 tons, dry equivalent, a 30-percent increase over 1958.
Crude ore was processed at the R. E. Wilson Mining Co. drying plant

TABLE 2.—Mine production of bauxite and shipments from mines and processing
plants to consumers in the United States, thousand long tons

Mine production Shipments from mines and process-
ing plants to consumers
State and year

Dried- Value Dried- Value

Crude bauxite (thou- |As shipped| Dbauxite (thou-

equivalent | sands)! equivalent sands)!

Alabama and Georgia:
1950-54 (average)... 53 44 $359 49 47 $489
1 89 67 516 73 67 714
75 665 74 68 728
77 59 554 67 62 672
67 53 504 61 58

89 69 677 63 61 678
1,942 1,641 11,799 1,787 1, 609 13,127
2,050 1,721 14,027 1,939 1, 14, 845
1,967 1, 669 14,444 1,817 1, 568 14, 644
1,625 1,357 12,314 2,004 1, 696 16,476
1, 517 1,258 11,394 21,588 21,348 213,354
1,940 1,631 17,048 1,827 1, 580 17,960
1,995 1,685 12,158 1,836 1,656 13,616
2,139 1,788 14, 543 2,012 1,727 15, 559
2,061 1,744 15,109 1,891 1,636 15,372
1,702 1,416 12, 868 2,071 1,758 17,148
1,584 1,311 11,898 21,649 21,406 213,984
2,029 1, 700 17,725 1,890 1,641 18, 638

1 Computed from selling prices and values assigned by producers and estimates of the Bureau of Mines.
2 Revised figure.
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near Eufaula, Ala., the Harbison-Walker calcining plant in Henry
County, Ala., and the American Cyanamid drying plant at Adairs-
ville, Ga. D. M. Wilson Bauxite Co. shipped crude ore.

Arkansas produced 96 percent of the U.S. bauxite output. The two
leading producers were Aluminum Company of America (Alcoa)
and Reynolds Metals Co.; each shipped ore to its own alumina plant.
Three companies mined smaller quantities of bauxite in Arkansas:
American Cyanamid Co., Dulin Bauxite Co., and Dickinson Me-
George, Inc. Stauffer Chemical Co. shipped from stocks. Campbell
Bauxite Co., Stauffer Chemical Co., and Porocel Corp. operated plants
for producing dried, calcined, and activated bauxite. The Norton Co.
mine and plant were inactive. _

All bauxite operations were terminated by Dulin Bauxite Co., and
its bauxite leases and mining properties were sold to Reynolds.

The new 500-foot-deep Wrightman mine was put into production
by Reynolds. Ripping-type, continuous-mining machines, similar to
those used in coal mines, were operated.

TABLE 3.—Recovery of dried, calcined, and activated bauxite in the United States,

in long tons
Processed bauxite recovered
Crude ore Total
Year treated Calcined
Dried or
activated Asre- Dried-
covered bauxite
equivalent
1950-54 (AVErage) - - - coo oo 539, 347 371,979 56,493 428,472 458, 5382
1955. . 199, 313 114,863 23,166 138,029 151,333
1956. 181, 625 114, 685 17,914 132, 599 145, 166
1957__ 187,921 128, 509 13,093 141, 602 147, 508
1958__ 1192, 921 92,111 144,394 1136, 505 1151,072
1959. 215, 008 85,833 60, 135 145, 968 171,187

1 Revised figure.
CONSUMPTION AND USES

Domestic consumption of bauxite increased 23 percent. Domestic-
ore consumption was 19.5 percent of total consumption, about the
same as in 1958. Of the foreign ore consumed, 58 percent was Jamai-
can-type ore (from Jamaica, Haiti, or the Dominican Republic).

Shipments of domestic ore containing less than 8 percent silica, were
18 percent of the total, a slight decrease from the 14 percent shipped
in 1958. The proportion of ore containing 8 to 15 percent silica de-
creased from 57 percent in 1958 to 54 percent, and the proportion of
ore containing more than 15 percent silica increased to 33 percent.
Owing to the marked increase in total shipments, however, there was
an increase in the tonnage of each class of ore shi ped.

The eight domestic a%umina plants operated by the aluminum com-
panies produced 4,008,000 short tons of calcinedy alumina and alumi-
num oxide products calculated on the basis of the calcined equivalent.
This represented a 25-percent increase over 1958. The gross weight
of the calcined alumina and aluminum oxide produced was 4,074,000
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TABLE 4—Bauxite consumed in the United States, by industries, in long tons

(Dried-bauxite equivalent)
Industry Domestic | Percent Foreign | Percent ~Total Percent -
1,184,420 87.8 5,326,115 93.7 6, 510, 535 92.6
72 ) F— 185,171 3.2 185, 494 2.6
96, 876 7.2 122,848 2.2 219, 724 3.1
14,317 1.1 46,043 .8 60, 360 .9
52,952 3.9 4,833 .1 57,785 .8
1,348, 888 100.0 5, 685, 010 100.0 7,033, 898 100.0
19.2 fomoeeeeeeo 80.8 100.0 |ocmcocaas
1, 513,824 90.2 6, 513,168 93.8 8,026, 992 93.1
913 .1 216, 504 3.1 217,417 2.5
97,291 5.8 140, 200 2.0 237, 491 2.8
15,175 .9 68, 220 1.0 83,395 1.0
50, 828 3.0 4,510 1 55,338 .6
1,678,031 100.0 6, 942, 602. 100.0 8, 620, 633 100.0
19.5 |ocommeeem 80.5 |-commeeee 100.0
1 Includes consumption by Canadian abrasives industry.
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FieUure 2—Domestic consumption of bauxite, by uses, 1949-59.
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TABLE 5.—Bauxite consumed in the United States in 1959, by grades, in long tons

(Dried-bauxite equivalent)
Grade Domestic Foreign Total Percent
origin origin
Crude. 1, 527,020 6,422 1, 533, 442 17.8
Dried 72, 956 6, 668, 988 6, 741,944 78.2
Calcined 66, 810 267,192 334,002 3.9
Activated 11,245 |oooooo 11,245 .1
Total 1,678, 031 6, 942, 602 8, 620, 633 100.0
Percent. 19.5 80.5 100.0 {ocmeeeeeae

tons. Of this total, 3,840,000 tons was calcined alumina, 183,000 tons
was trihydrate alumina, and the remainder was activated or tabular
alumina. Shipments of alumina and aluminum oxide products totaled
4,016,000 tons, of which 3,765,000 tons went to the aluminum industry.
The remaining 251,000 tons, valued at $23.5 million, was shipped as
commercial trihydrate or as activated, calcined, or tabular alumina
for use primarily by the chemical, abrasive, ceramic, and refractory
industries.

The annual rated alumina-plant capacity increased 25 percent to
4,865,500 short tons per year. Two new alumina plants and a new
unit at a third plant were placed in production. At the end of 1959
the expansion of alumina-plant capacity scheduled for construction
by the aluminum companies was completed, with one exception.

Reynolds Metals Co. began operation of the fourth 182,500-ton
unit at the Sherwin plant, La Quinta, Tex., bringing the capacity of
that plant to 730,000 tons of alumina per year. The ore used at the

lant was mined in Jamaica and Haiti. Kaiser Aluminum & Chem-
ical Corp. commenced treating Jamaican ore at the 430,000-ton-per-

TABLE 6.—Capacities of domestic alumina plants in operation and under
construction

Capacity (short tons per
year) as of Dec. 31, 1959

Company and plant
Operating | Plants under
plants construction
Aluminum Company of America:
Mobile, Ala. 985,500 |oceoomoemaoaoo
Bauxite, Ark___. 420,000 {ocoooooooa -
Point Comfort, Tex_. 375,000 375, 000
Total 1, 780, 500 375,000
Reynolds Metal Co.:
Hurricane Creek, Ark. 730,000 |oacceeccaaaae
La Quinta, Tex. 730,000 |oeceme e
Total 1,460,000 |-ocooooooooo
Kaiser Aluminum & Chemical Corp.:
Baton Rouge, La. 850, 000
Gramercy, La 430, 000
Total 1, 280, 000
Ormet Corp.: Burnside, La. 345,000 { oo ..
Grand total 4, 865, 500 375, 000
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year plant at Gramercy, La. The plant site was planned to permit
expansion to four times the present capacity. _

‘At Point Comfort, Tex., the Aluminum Company of America com-
leted and placed in operation two 187,500-ton units of a scheduled
our-unit plant with a planned total capacity of 750,000 tons. Bauxite

from the Dominican Republic and Surinam was to be used. The ore
was to be unloaded from ocean-going steamers outside Matogorda
Bay and placed on barges for the 78-mile trip to the plant site. Initial
funds for dredging a deepwater channel were appropriated by Con-
gress. To increase transportation capacity, a new 34,000-ton ore
carrier was launched to join the Alcoa fleet in 1960.

Mexico Refractories Co. of Mexico, Mo., merged with Kaiser Alumi-
num & Chemical Corp. Mexico Refractories produced acid refrac-
tories, including high-alumina firebrick used in high-temperature
applications where resistance to spalling and erosion are important.
As Kaiser already produced basic refractories, the merger added a
complementary line of products.

Calcined alumina consumed at the 22 aluminum reduction plants in
the United States totaled 8,736,000 short tons, an increase of 24 percent
over 1958 An average of 2.003 long dry tons of bauxite was required
to produce 1 short ton of alumina, and an average of 1.913 short tons
of alumina was required to produce 1 short ton of aluminum metal.
The overall ratio was 8.832 long dry tons of bauxite to 1 short ton of
aluminum.

TABLE 7.—Production and shipments of selected aluminum salts in the United
States, 1958

Shipments and interplant
transfers
Production | Number of
Type of salt (short tons) plants
producing Quantity Value f.0.b.
(short tons) plant
(thousands)
Aluminum sulfate:
General:
Commercial (17 percent AlyO3)_ ... 824,498 48 812, 503 $30,476
Municipal (17 percent Al;03)-_. 3 6
Tron-free (17 percent AlyO3) ..o 43,516 15 23,744 1,617
Sodium aluminate (62.2 percent AlgO3)-coeeeo-- @) 4 1) )
A s
iqui e’) - -
Ot Bae Beh b 225 1n 12,287 894
Anhydrous (100 percent A1Cls) .. oocveomees 30,042 9 24,165 7,157
Aluminum fluoride, technical . ..o oceeo . 36,214 4 36,090 10, 269
Aluminum trihydrate (100 percent Al;03.3Hz0). 134,971 10 120, 830 y
Other aluminum salts. - 211,247
Total - 69, 960

1 Included with “Other aluminum salts.””
¢ Includes cryolite, sodium-aluminum sulfate, sodium-aluminate, potassium-aluminum sulfate, am-
monium-aluminum sulfate, aluminum hydroxide (light or litho), and other aluminum compounds.

SoURCE: Data are based upon report form MA-28E.1, Annual Report on Shipments and Production
of Inorganic Chemicals and Gases, Bureau of the Census.

STOCKS

Bauxite stocks in the United States declined 133,000 long dry tons
from stocks at the end of 1958. On a dry basis, consumers’ inventories
declined 8 percent; those at mines and processing plants increased
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14 percent. No withdrawals were made from the Government-held
nonstrategic stockpile.

Jamaican, Surinam, and refractory grades of bauxite remained ou
the Group I list of strategic materials for the national stockpile.
Abrasive-grade bauxite was removed from the Group II listing.
There was no Government inventory of this material. The stockpile
of fused aluminum oxide was believed adequate for emergency needs.

During the year 690,000 tons of Jamaican-type ore and 570,000 tons
of Surinam-type ore were acquired by purchase or barter. This
brought the supplementary and Defense Production Act inventories
to 3,870,000 tons.

TABLE 8.—Stocks of bauxite in the United States, in long tons?

Producers and Consumers Govern- Total
processors ment

Crude and|{ Dried-
Crude Processed 2| Crude Processed 2 Crude processed 2| bauxite

equivalent

1,042, 832 4,979 637,508 | 1,705,694 | 2,204,674 | 5,595, 687 5,011,270
1,143,392 5,812 483,173 | 1,605,262 | 2,204,674 | 5,442,313 4, 898, 229
, 836 6,313 488,564 | 2,364,206 | 2,204,671 | 5,803,593 5,329,014
3 644,051 36, 806 606,643 | 2,163,120 | 2,204,674 | 35,625,294 | 35,146,918
741,228 7,341 543,074 | 1,998,475 | 2,204,674 | 5,494,792 5,013,995

1 Excludes strategic stockpile.
2 Dried, calcined, and activated.
3 Revised figure.

PRICES

No open-market price was in effect for bauxite mined in the United

States, as the output was consumed mainly by the producing com-
anies.

P The average value of bauxite shipped and delivered to domestic

alumina plants was estimated at $17.30 per long ton, dry equivalent,

for imported ore.

Prices in the E&MJ Metal and Mineral Markets for December 3,
1959, were quoted for imported ore only. Abrasive-grade, crushed
and calcined, 86 percent minimum AL Q; f.o.b. port, British Guiana,
was quoted at $20.45 per long ton, an increase of $0.50 over quotations
of December 4, 1958. Imported Refractory-grade bauxite was quoted
at $26.60, the same price as in 1958.

TABLE 9.—Average value of domestic bauxite in the United States®

Shipments f.0.b. Shipments f.0.b.
mines or plants mines or plants
Type (per long ton) Type (per long ton)
1958 1959 1958 1959
Crude (undried)......_--._. $7.66 $8.98 | Calcined ... .._._oooo.oo____ (%) ®
Dried. 10. 88 11.17 || Activated. . .o 3 $68.30 $63.31

1 Calculated from reports to the Bureau of Mines by bauxite producers.
1 Figure withheld to avoid disclosing individual company confidential data.
3 Revised figure.
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The average value of calcined alumina, as determined from producer
reports, was $0.0834 per pound. The value of imported calcined
alumina at the port of shipment was comparable.

TABLE 10.—Average value of bauxite imported into and exported from the
United States, in long tons

[Bureau of the Census]

Average value, port ) Average value, port
of shipment of shipment
Type and country Type and country
1958 1959 1958 1959
Crude and dried: Calcined: 3
British Guiana._.__.__.____ $6.99 $6. 99 British Guiana, $24.30 4$24.06
12,73 Surinam.________._ 19. 62 425.00
8.72 Average 24.30 424.06
9. 51 || Bauxite and bauxite concen-
8.04 trate exported. ... .._.______ 81. 57 104. 86
9.03
1 Dry equivalent tons used for computation.
2 Revised .
3 For refractory use.
4 Estimated by Bureau of Mines.
TABLE 11.—Market quotations on alumina and aluminum compounds
[Oil, Paint and Drug Reporter]
Compound Dec. 29, 1958 | Dec. 28, 1959
Alumins, caleined, bags, carlots, works. .. pound. . $0.05 $0.05
Aluminum hydrate, heavy, bags, carlots, freight equalized.__.________ do.... .035 .035
Aluminum sulfate, commercial ground bulk, carlots, works, freight
equalized_____ ton.. 40. 00 40.00
Aluminum sulfate, iron free, bags, carlots, works, freight equalized
- 100 pounds.. 3.80 3.80

FOREIGN TRADE®

U.S. imports increased only slightly. Imports from Jamaica de-
creased 15 percent and supplied 51 percent of all imports on a dry
equivalent basis. Imports from Surinam increased 27 percent and
supplied 38 percent of total imports. The Dominican Republic com-
menced commercial shipments of bauxite and, on a dry equivalent
basis, supplied 5 percent of all imports. British Guiana and Haiti
suppiied the remaining 6 percent. Imports include bauxite acquired
by the U.S. Government.

On a dry basis, 37 percent of the imports entered through the New
Orleans, La., customs district; 32 percent through the Galveston,
Tex., district; 29 percent through the Mobile, Ala., district; and 2
percent through the other districts. On an as-shipped basis, with
no correction for moisture content, bauxite imports were 8,898,000
long tons.

Imports of calcined alumina for producing aluminum were 127,000
short tons; 99 percent came from Japan. Other aluminum com-

3 Figures on imports and exports compiled by Mae B. Price and Elsie D. Page, Division
of Foreign Activities, Bureau of Mines, from records of the U.S. Department of Commerce,
Bureau of the Census.
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TABLE 12.—Bauxite (crude and dried) imported for consumption in the
United States?

(Thousand long tons and thousand dollars)
[Bureau of the Census]

Country 1950-54 1955 1956 1957 1958 1959
(average)
North America:

Dominican Republic (dry equiva-

lent)3__ @) 384
Haiti (dry equivalent) 2 318 4317 308
Jamaica (dry equivalent) 2 592 2,178 2,573 3,622 44,950 4,189
Trinidad and Tobago.. 8
Other North America.. - @)

Total. - 600 2,178 2,573 3,940 45,267 4, 881
South America:

British Guiana_ ______________________ 135 242 269 391 €223 155
Surinam 2,699 2, 462 2,798 2,767 2,425 3,071
Other South America__.__.__.___.._._ 1 -

Total .o 2,835 2,704 3,067 3,158 42,648 3,226
Europe.- 2 () JN PO——
Asia.. 166 -

Africa. _ - 30
Grand total3_ .. 3,603 4,882 5,670 7,098 47,915 8,107
Value. .o oo $24,518 | $36,656 | $44,414 | $60,933 | ¢ $70,107 $73,203

1 01.11?;y small quantities of undried bauxite were imported. Includes bauxite imported for Government
account.

2 Bureau of the Census import figures adjusted by Bureau of Mines to dry equivalent.

3 Less than 1,000 tons.

¢ Revised figure.

pounds imported into the United States totaled 9,053 short tons;
about one-third came from Canada and the balance from Western
Europe.

The duties on crude bauxite, calcined bauxite, and alumina im-
ported for making aluminum were suspended in 1958 until July 16,
1960. Duties on aluminum hydroxide and alumina not used for alu-
minum production were 0.25 cent per pound.

Exports of bauxite and bauxite concentrate increased nearly 50
percent. Canada received 77 percent of the total.

Of the 14,487 short tons of aluminum sulfate exported, about two-
thirds was shipped to Canada and Venezuela. Of the 32,049 short

TABLE 13.—Bauxite (including bauxite concentrate!) exported from the
United States, in long tons

[Bureau'of the¥Census]
Country 1950-54 1955 1956 1957 1958 1959
(average)
North America:
Canada..._ - 42,942 13,115 13,337 58,654 9, 548 13,377
Other North America. ..o 820 606 800 1,015 1,341 1,706
Total 43, 762 13,721 14,137 59, 669 10, 839 15,083
South America 36 70 80 121 37
Europe- 195 326 378 403 601 21,082
Asia._ 144 295 764 309 835
Africa__ ) (G2 P, 31 36 32 57
Grand total as exported.__.___...___. 44,153 14,117 14,921 60, 993 11,868 | 217,403
Dried bauxite equivalent 3. --| 68,447 21, 881 23,128 94, 539 18, 395 26,975
Total value (thousands)........... $1,154 $528 $834 $4, 847 $968 | 3$1,825

1 Classified as ‘“Aluminum ores and concentrates’” by the Bureau of the Census.
2 Adjusted by Bureau of Mines.
3 Calculated by Bureau of Mines.
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tons of other aluminum compounds exported, 73 percent was shipped
to Norway. :

Table 14 shows the international flow of bauxite in 1957. Total
exports (12.8 million long tons) increased 13 percent over 1956.
Jamaica increased its exports by more than 1 million tons and be-
came the world’s largest exporter of bauxite. Haiti began shipments
on a commercial scale. A gain in exports of more than 100,000 tons
from Greece was offset by a decline in the exports from Surinam of
about the same quantity.

In 1957 six countries received 97 percent of the world’s exports:
United States and Canada received 74 percent ; West Germany, Japan,
and the United Kingdom, 16 percent; and the U.S.S.R. 7 percent.

TABLE 14.—Production and trade of bauxite in 1957, by major countries, in
thousand long tons

[Compiled by Corra A. Barry and Berenice B. Mitchell]

Exports, by countries of destination
Exports, by North Europe Asia
countries of [Produc-| Ex- America All
origin tion | ports other
coun-
Cana- (United| Ger- Nor- | U.S. {United| Other tries
da |States | many,| Italy | way | S.R. [ King-| Eu- |Japan
West dom | rope
Jamaica......- 4,643 | 3,641 1) |3,641
Surinam._.__. 3,324 | 3,324 316 | 2,981 216 11
British
Guiana..._. 2,202 | 2,021 | 1,470 451 10 3 (O 1 P—— 22 27 24 14
Greece....... 820 769 269 |ooooo- 34 394 42 19 |- 11
Yugoslavia___ 874 (G752 1 IR 461 p72 2 I IR 1 [: 3 P S,
ungary...._- 903 157V 1 Y SRR SRS AR, 3460
French West
frica.....__ 3 370 273 96 1
Malaya. ... b7 I SRR UOSURRNY (RPURUPRIv) NSNS (RRPIORUINS SRR S 1 307 433
ance._.... 1,657 320 172 26 127 15
Haiti _._..___ 318 2318
Indonesia._._ 238 254 2117 2134 3
Ghana_.___.__ 5185 185 22 163
United States.| 1,416 61 LI — ® [OJ ISUUNE I, O] O] O] 2
Other._......_ 2,889 23 6 3 4 10
Total ___.__ 620,100 12,776 | 2,118 | 7,391 | 1,169 232 34 854 358 63 469 88

1 Less than 500 tons.

2 Imports.

3 U.S.S.R. and other Communist nations of East Europe.
4 Taiwan received 33,000 long tons.

8 Exports.

¢ Estimate.

WORLD REVIEW

World production of bauxite increased 8 percent. Jamaica con-
tinued to be the world’s largest producer of bauxite and furnished 23
percent of the world’s total. A new bauxite producer, the Dominican
Republic, began commercial shipments to the United States.

geolovists of British Aluminum Co., Ltd., described the world’s
bauxite aeposits in a paper presented at a Brisbane symposium of the
Australian Institute of Mining and Metallurgy. Their estimate of
total world bauxite resources, which included a large quantity of in-
ferred material, was 10 billion tons.

Table 15 includes information on capacity, location, and owner-
ship of plants producing alumina throughout the world. Most of the
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data were based on company reports, consular dispatches, newspaper
and journal articles, and private communications.

TABLE 15.—World producers of alumina

(Short tons)
A. FREE WORLD

Country, company, and plant locations Capacity, Participants
end of 1959
North America: Canada: Aluminum Company of | 1,250,000 | Subsidiary of Aluminium, Ltd. (Cana-
Canada, Ltd.: Arvida. dian).
Caribbean: Jamacia:
Alumina Jamaica, Ltd.: Kirkvine oo 540,000 Do.
Ewarton.._ 3
Total 568,000
United States, total 1. 4, 865, 500
Total, North America.-ceeaeeeeceaneenan 6, 683, 500
South America: Brazil:

Aluminio Minas Gerais: Ouro Preto-- 16, 500 Do.

Cie. Brasileira Aluminio: Sorocaba-_- 33,000 | Industrias Votorantim S.A. 80 percent,
and other Brazilian interests, 20 per-
cent.

Total 49, 500
Europe:
France:
Pechiney, Cie. de Produits Chimiques et Privately owned (French).
Electrometallurgiques:
Gardanne 354,000
St. Auban 110,700 |
Salindres 44,300
Soc. d’Electro-Chimie, d’Electro-Metal- 110,000 Do.
lurgie et des Acieries Electrlques d’Ugine:
La Barasse.
Soc. Francaise pour I'Industrie de I’Alu- 66,000 | Affiliate of Aluminium-Industrie, A.G.
minium: St. Louis les Aygelades. (AIAG) (Swiss).
Total 685,000
Germany, West:
Aluminium G.m.b.H.: Martinswerke..._._ 154,000 | Subsidiary of Swiss ATAG.
Vereinigte Aluminiumwerke A.G.:
Lippewerk. - 143,000 | Government owned.
Innwerk. . 121,000
Gebruider Giulini, G.m.b.H.: Ludwigshafen_ 132,000 | Privately owned (German).
Total 550,000
Italy:
Inghustria Nazionale Allumino: Porto Mar- 95,000 | Montecatini group, 100 percent.
era.
Soc. Alluminio Veneto Anonima (SAVA): 110,000 | Subsidiary of Swiss ATAG.
Porto Maghera.
N T?\Iml k Alumin: A/S: H 2012:(%00 Privatel; d (N ian), 50
orway: Nors! uminjum : Hoyanger._... 00 - vately owne orwegian) per-
gent and Al uminium, Ltd.’ (Cana-

Sweden: A/S Svenska Aluminiumkompaniet: 8,800 anateiy owned (Swedish) 50 percent,

Kubikenborg. and Aluminium, Ltd. (Canadian),
50 percent.

United Kingdom: British Aluminium Co. Ltd.: Tube Investments Ltd. (British), 47
Burntisland 67,200 {)ereent, Reynolds Metals Co.
Newport - 50, 400 American), 45 percent, Reynolds

Tube Investments Ltd., 4 percent,
Total 117, 600 and ntuseellaneous shareholdets, 4
perce!

Yugoslavia: State concerns: Government owned.

Strnisce .- 8, 800
Moste. 8, 800
Kidricevo.- 55,000
Total 72,600
Total, Europe. 1, 657, 700

t For company and plant breakdown see table 6, this chapter.

567825—60——16
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TABLE 15.—World producers of alumina—Continued

(Short tons)
A. FREE WORLD—Continued

Country, company, and plant locations Capacity, Participants
end of 1959
Asia:
Fgrrglkosa (Taiwan): Taiwan Aluminium Corp.: 32,000 | Government owned.
- 20, 4
Indian Aluminium Co., Ltd.: Muri.._______ 19,800 | Indian owned, 35 percent, Aluminium,
Ltd. (Canadian), 65 percent.
Aluminium Corp. of India, Ltd.: Jaykay- 5,500 | Privately owned (Indian).
nagar.
Total 25,300
Japan:
Showa Denko K.K. (Showa Electro-Chemi- 88,000 | Privately owned (Japanese).
cal Industry Co., Ltd.): Yokohama.
Nippon Keikinzoku K.K. (Japan Light 180,000 | Aluminium, Ltd. (Canadian), 50 per-
Metals Co.): Shimizu. cent, and privately owned (Japa-
nese), 50 percent.
Sumitomo Kagaku K.K. (Sumitomo Chemi- 130,000 | Privately owned (Japanese).
cal Co. Ltd.): Kikumoto.
Total 398, 000
Total, Asia._ ... 455, 300
Oceania: Australia: Australian Aluminium Produc- 38,500 | Government owned.
tion Commission: Bell Bay.
Total, free world- 8, 884, 500

SOVIET BLOC?

U.8.8.R.: State concerns:
Boksitogorsk.
Kamensk-Uralskiy .
Krasnotourinsk
Volkhov.
Zaporozhye

Total
Geﬂnany, East: Vereinigte Aluminiumwerk A.G.:
u

Hungary

Bonautaler Alaunerde: Alamasfuzitoj. ___________

Bauxit Industrie A.G.: Magyam\;at
Total

China (Manchuria): State concerns:
Fushun__

Nanting.

Total
North Korea___

Total, Soviet bloc.
Total, world.

31,243,000
100, 000

126, 700
66, 000
38, 500

231, 200

24,200
44,000

68, 200
<)

1, 642, 400

10, 526, 900

Government owned.

% In many instances it has been impossible to confirm data on Soviet bloc plants.
3 Does not include the Pikalevo plant, which began operations of the first section of the plant in September

1959. Capacity is unknown.

¢ Data not available; capacity in 1943 was given as 75,500 tons.
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TABLE 16.—Relationship of world production of bauxite and aluminum, in million
long tons
Commodity 1950-54 1955 1956 1957 1958 1959
(average)
Bausxite _ 12.7 17.5 18.5 20.1 120.9 22.5
Aluminum_______________________ 2.1 3.1 3.3 3.3 3.5 4.0
Ratio of bauxite to aluminum produection. . 6.0 5.6 5.6 6.1 16.0 5.6

1 Revised figure.

NORTH AMERICA

Dominican Republic.—Alcoa Exploration Co. began mining opera-
tions at its Cabo Rojo properties in January and by the end of the
year had produced 922,600 long tons of ore containing 17 to 18 per-

TABLE 17.—World production of bauxite, by countries, in thousand long tons*
[Compiled by Pearl J. Thompson and Berenice B. Mitchell]

1950-54

Country (average) 1955 1956 1957 1958 1959
Nort%l America (dried equivalent of crude
ore):
Dominican RepubliC. .o ocoemomamoo| o - 759
N = 02517 ISR IO [P R 263 280 255
Jamaiea. .o eeamaas 21,179 2, 645 3,141 4,643 5,722 5,125
United States - c-cocecmomcmmmcceaaee 1, , 788 1,74 1,416 1,311 1, 700
Total 2, 864 4,433 4,885 6,322 7,313 7,839
South America:
Brazil 19 44 69 63 69 370
British Guiana. . cccaceaao 2,112 2,435 2,481 2,202 1, 586 1,674
Surinam - 2,882 3,074 3, 3,324 2,941 3,376
Total 5,013 5, 553 5,980 5, 589 4, 596 5,120
Europe:
Austria. ——- - 12 19 22 22 23 24
1,086 1,470 1,439 1,657 1,788 1,717
6 4 5 5 4 34
. 238 492 687 820 843 886
1,022 1,221 879 903 1,036 942
228 322 271 257 294 287
10 16 16 16 20 20
9 6 7 8 8 38
990 2,030 2,190 2,410 2,710 2,950
489 779 868 874 721 802
Motal 8___ e 4,090 6, 359 6,384 6,972 7,447 7,640
Asia:
China (diasporic) 2. SN (U FSRIN SN HU, 150 295
India. oo eeeeeeaee 68 81 91 97 115 124
Ind i 273 260 299 238 338 3375
Malaya, Federation of__.. 68 222 264 326 262 382
Pakistan N P, 1 3 3 2 2
Sarawak. - -|- -- - 136 207
Taiwan (QUEMOY)-ccvemcmmanamaaaaan- 2% (SRR SRS IR ER
Total 411 564 657 664 1,003 1,385
Africa:

. Ghana (eXports) .cceeecccccccmecmomenan 119 116 138 185 207 148
Guines, Republicof- o ceoaaao 173 485 444 360 325 297
Mozambique. 3 3 4 5 5 4

Total - 295 604 586 550 537 449
Oceania: Australia_, . oooo.. 5 8 10 8 7 37
‘World total (estimate)..........-._. 12, 700 17, 500 18, 500 20, 100 20, 900 22, 500

1This table incorporates some revisions. Data do not add exactly to totals shown because of rounding
where estimated figures are included in the detail.

2 Average for 1952-54.
3 Estimate.
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cent moisture. Exports, all to the United States, totaled 420,000-long
tons.

Haiti.—A barter agreement to ship 400,000 long tons of bauxite to
U.S. Government stocks in 1960 will enable Reynolds Haitian mines
to operate at an increased rate.

Jamaica.—Alcoa acquired a joint interest with Caribex, Ltd., a sub-
sidiary of American Metal Climax, Inc., to prospect for bauxite in
the Mocho area of Clarendon Parish. The company planned to spend
%2(()10,000 by May 1960 for exploration of the lease held by Caribex,

td.*

Alumina Jamaica, Ltd., began operatinf its Ewarton alumina plant
at the end of 1959 and was to operate at full capacity of 270,000 tons
by the second half of 1961.

During the year 4,884,000 long tons (4,197,000 dried basis) of
bauxite was exported, a decrease of 13 percent from 1958. Most of
the ore was shipped to the United States, and a small quantity went
to Canada. In addition, 928,486 (dried basis) tons was produced by
Alumina Jamaica, Ltd., for use in local alumina plants. Alumina -
exports in 1959 totaled 447,100 short tons.

- Mexico.—The Mexican Government announced the finding of bauxite
under recently discovered gypsum deposits midway between the cities
of San Luis Potosi and Tampico, and declared the area a national
reserve.

SOUTH AMERICA

British Guiana.—The Demerara Bauxite Co. again operated at 65
percent of capacity and shipped 1,074,000 long tons of dried bauxite
and 274,000 tons of calcined bauxite. Of the calcined ore shipped,
129,000 tons was Abrasive grade and 145,000 tons was Refractory
%rade: Work continued on construction of the alumina plant at Mac-

enzie.

It was reported that very large deposits of low-grade bauxite were
found in the Pakaraima Mountains near the Brazilian border, about
150 miles southwest of Georgetown.

French Guiana.—Société Guyanaise de Bauxite was formed by the

TABLE 18.—Bauxite exported from British Guiana, in long tons

1958 1959
Country of destination
Dried ore | Calcined ore | Dried ore | Calcined ore
Canada. 922,170 66, 740 938, 770 80, 620
France. R 21, 952 3,700 14, 861
Germany, West 665 9,495 @ 22, 240
Italy. J— 4,900 {_oooooooo. 15,275
Japan 1,200 8,180 @ 10, 540
United Kingdom 6, 605 15,220 7,920 19,855
United States. I 232,786 48, 305 288, 953 83, 607
Other countries. - 5,211 20, 857 3,038 25,307
Total-_- 1,168, 637 195, 649 1,242,381 272,305
Value, BWI$ 2. 13,392,778 7,169, 410 14, 671, 463 10,117,781

1 Breakdown not available; probably included in other countries.
21 BWI$=US$0.58.

¢ Mining World, Alcoa Allocates $200,000 to Explore Jamaica Bauxite: Vol. 21, No. 12,
November 1959, p. 78.
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Bureau Minier Guyanais and Kaiser Aluminum & Chemical Corp. to
explore and possibly exploit bauxite deposits in the Kaw mountains.
The deposits consist of discontinuous pockets stretching from Roura,
near Cayene, toward Kaw and Guisambourg, and were estimated to
contain 69 million long tons of bauxite. Kaiser holds an option on the
deposits until the end of 1960.

Surinam.—The Billiton Co. and Surinam Aluminum Co. (Suralco)
increased shipments of bauxite in order to fulfill contracts to supply
ore to the U.S. Government for stockpiling. Suralco operated under
a 1958 contract to ship 600,000 long tons, and an additional contract
to ship 136,700 tons was made in 1959. The Billiton Co. also received
a contract to supply 147,600 tons to the U.S. Government.

Shipments of Iéauxite during 1959 totaled 3,330,400 long tons, an
increase of 18 percent over 1958. Of this amount 3,147 ,000 tons was
Metal-grade ore, 107,000 calcined ore, and 75,900 Chemical-grade ore.

EUROPE

Hungary.—A new deposit of bauxite was found in the Nyirad basin
in western Hungary, near deposits now being worked.

Poland.—An alumina plant under construction at Gorka was ex-
pected to be completed by mid-1960. A process (Bretsznajder) was
developed that uses, as a raw material, bauxitic clay overlying a lig-
nite deposit at Turoszov.

U.8.8.R.—The first section of the Pikalevo alumina plant in Lenin-
grad began operating in September. The capacity of this section was
not announced, but total capacity was to be 550,000 short tons. The
plant reportediy processes nepheline concentrate, a byproduct from a
plant producing phosphates from apatite in the Kola Peninsula.

It was reported that difficulty was encountered in changing the
Soviet’s largest bauxite deposit In the northern Urals from opencast
to underground mining because of flooding in the lower levels.

The only major operating bauxite mine outside the Urals was at
Boksitogorsk, near Leningrad, and the only bauxite mining project
under development was the Arkalyk mine near Turgai.’

Yugoslavia.—A new discovery of bauxite, reported near Vlasenica in
in southeastern Serbia, was being exploited. The deposit was said
to contain 10.4 million tons of 50-percent ore.

ASIA

Malaya, Federation of.—Bauxite output in Malaya reached a new
peak (46 percent more than in 1958) owing to increased demand from
Japanese aluminum producers. Of the 863,800 long tons of bauxite
exported, 845,200 went to Japan and 18,600 to Australia.

A second and improved washing plant was completed to facilitate
rewashing lower grade ore from the Ramunia field.

India.—Kaiser Aluminum & Chemical Corp. had a 27-percent inter-
est in a new company, Hindustan Aluminium Corp., Ltd. The com-
pany plans to mine bauxite at Amarkantak, Madhya Pradesh, and
transport the ore to a new alumina plant and smelter to be built near
the Rihand Dam.

5 Shabad, Theodore, Ivan and the Seven-Year Plan: 214 Times More Aluminum: Am.
Metal Market, vol. 67, No. 19, Jan. 28, 1960, pp. 1, 15.
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The Indian Aluminium Co., Litd., completed part of the expansion
of its Muri alumina plant in Bihar State and the related bauxite mines
at Lohardaga. When planned expansion is completed, the Muri

plant will have a capacity of 60,000 short tons of alumina per year.

AFRICA

Belgian Congo.—A large deposit of bauxite was reported at Sumi in
the Mayumbe region, 60 kilometers north of Inga. The area was
prospected by Forminiere, Bamoco Syndicate, and Foraky, a sub-
sidiary of Union Miniére du Haut Katanga. Société de Recherches
et d’Explorations des Bauxites du Congo (Bauxicongo) was formed
by Forminiere, Bamoco, and Cobeal (Compagnie Belge de 'Industrie
de ’Aluminium) to prospect the area.

Cameroon.—The discovery of the large Minim-Martap bauxite
deposit reported in 1958 was confirmed by the Government in the latter
ﬁart of 1959. The deposit is on the Adamaoua Plateau, about 80

ilometers southwest of Ngaoundere, and was estimated to contain
at least 500 million tons and possibly 2 billion tons of bauxite contain-
ing about 40-percent alumina. However, the absence of water and
transportation facilities precludes exploitation in the near future.

The Fongo-Tongo deposits were investigated by a syndicate formed
by the Bureau Minier and Pechiney and Ugine. These deposits were
estimated to contain 45 million tons of recoverable ore averaging 45

ercent alumina and 2 percent silica. The Bangam deposits were also
investigated by the syndicate and were found to contain a lower grade
ore than those of Fongo-Tongo.

Guinea, Republic of—The entire output of bauxite was exported
except a small quantity used in tests at the Fria alumina plant. Com-
mercial production of alumina at Fria was expected to begin by the
end of the first quarter of 1960.

Bauxite reserves were estimated at 1 billion tons—Iles de Los
(Lioos), 4 to 5 million ; Boké, 700 million ; and Fria, 300 million.

Several articles on the mineral wealth of Guinea were devoted to the
bauxite and aluminum industry.®

Sondan.—Société Africaine de Recherches et d’Etudes pour Alu-
minium (SAREPA) was prospecting for bauxite. The Service of
Geology and Mining Prospection continued its search for bauxite and
reported outcroppings in the Falea-Dar Salam region and a deposit
in the Fantofa Plateau. The ore was reported to contain 45 percent
alumina and a relatively high silica content.

OCEANIA

Australia.—A paper presented at the symposium on Aluminium in
Australia held in Brisbane on July 16 and 17, described the explora-
tion of the deposits at the Cape York Peninsula discovered in 1955
by H. J. Evans, geologist of the Commonwealth Aluminium Corpora-
tion Pty., Ltd. Preliminary drilling was done on 4,000-foot centers
along lines 4,000 to 8,000 feet apart in the laterite area. Evaluation
drilling was done on 2,000-foot centers. The. Tertiary laterites cover

6 Moyal, Maurice, The Bauxite Ore Wealth of Guinea: Min. Jour. (London), vol. 252,

No. 6448, Mar. 20, 1959, pp. 312-313; Exploiting Guinea’s Aluminium Potential : Vol. 252,
No. 6449, Mar. 27, 1959, p. 342.
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an area of 500 square miles, of which about 200 square miles is con-
sidered to be bauxite that is potentially economic. The ultimate
reserves of the area could exceed 1 billion tons.’

Reynolds Pacific Mines Pty., Ltd., surveyed a 45-mile area in south
Gippsland, Victoria.

Western Mining Corp., Litd., North Broken Hill, Ltd., and Broken
Hill South, Litd., were prospecting for bauxite in the Darlin% Ranges
in Western Australia. A trial shipment of 7,500 long tons of bauxite
mined by Western Aluminium N.L. in the Darling Ranges was shipped
to the Bell Bay smelter for tests.

Dominion Pty., Ltd., a newly formed company, was surveying for
balhxite over a 3,520-square-mile area in the northern part of Queens-
land.

Following favorable test on a 9,000-ton trial shipment of Indian
bauxite, the Aluminium Production Commission was negotiating for
a continuous supply of bauxite from India to augment shipments from
Indonesia and the Federation of Malaya.

TECHNOLOGY

The Bureau of Mines published a bulletin describing the operation
of a demonstration alumina plant at Laramie, Wyo.* Anorthosite
was treated by the lime-soda sinter process to produce about 800 tons
of alumina. Anorthosite, limestone, and soda ash were first sintered
in a rotary kiln. The sinter was then ground, leached, and filtered
to recover the soluble sodium aluminate. The leach solutions were
desilicated with lime, and the alumina was precipitated with carbon
dioxide. The plant was successfully operated as a unit for 30 days.
The problem of gelation of the leach residues was overcome by proper
control of the sintering and leaching operations.

The Department of Mines and Technical Surveys, Ottawa, Canada,
described a sulfate process for extracting alumina from eastern Cana-
dian shale deposits containing 23 percent Al,0;° The rock was
baked with sulfuric acid and then leached with hot water, the alumina
was precipitated as potassium alum. After the product was re- °
crystallized, the impurities were reported to be low enough to meet
requirements for metallurgical alumina. As an alternative to re-
crystallization, it was possible to use liquid-liquid extraction involv-
ing selective extraction of the iron in a kerosene solution of a primary
amine.

The North American Coal Corporation of Cleveland, Ohio, in co-
operation with the Strategic Materials Corporation of I§uﬂ’alo, N.Y,
was building a $500,000 pilot-plant at Buffalo to test a sulfuric acid
process for extracting alumina and aluminum sulfate from coal-mine
rejects.’

]The Sherwin alumina plant at La Quinta, Tex., of Reynolds Metals
Co., which treats 4,000 tons per day of Jamaica-type ore, was de-

7Evans, H. J., Geology and Exploration of the Cape York Peninsula Bauxite Deposits :
Chem. Eng. Min. Rev., Melbourne, vol. 51, No. 11, Aug. 15, 1959, pp. 48-57.

8 St. Clair, H. W., and others, Operation of Experimental Plant for Producing Alumina
from Anorthosite : Bureau of Mines Bull. 577, 1959, 127 pp.

Thomas, G., and Ingraham, T. R., The Alum-Amine Process for the Recovery of Alumina
From Shale, Department of Mines and Technical Surveys, Ottawa, Mines Branch Research
Relgt. R 45, Apr. 3, 1

959, 25 pp.
3&%1111113 Journal, $500,000 Alumina Pilot Plant: Vol. 253, No. 6478, Oct. 16, 1959,
P. 3
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scribed.’* Because the bauxite contains bohemite in addition to gibbs-
ite, higher temperatures and pressures are necessary to extract the
alumina than when an ore containing only gibbsite is treated. The
bauxite is ground in spent liquor fortified with caustic, then it is
assed to the digesters which operate at temperatures of about 400°
%. and pressures of 200 p.si. Retention time in the digesters is 30
minutes or less. The slurry is then pumped to a series of tray set-
tlers, thickeners, and pressure filters. The red mud underflow is sent
to waste, and the overflow is pumped to Pachuca tanks for precipi-
tation of alumina trihydrate. The alumina is then filtered and
calcined to yield a final product containing 99.1 percent alumina.

The genesis of the Pocos de Caldas bauxite deposits of Brazil was
discussed in relation to the composition of the original rocks and the
effect of climatic factors.*? The bauxite was derived from a series of
nepheline-bearing phonolites, syenites, and gneisses. The drainage
and the pH of the weathering solutions determined whether bauxite
or kaolin formed.

A symposium of 26 papers describing the geology of many bauxite
deposits of the Soviet Union and discussing their mineralogy, geo-
chemistry, and problems of genesis was reviewed in detail. Soviet
bauxite deposits range in age from late Proterozoic to late Tertiary.
They occur in a wide variety of conditions, although many of the
largest are associated with a karst topography in limestone. Soviet

ologists favored the theory of a sedimentary chemical origin of

auxite. Only a few believed that residual weathering and mechanical
transportation were important.?
Asli'ggh-quality bauxite reserves in the U.S.S.R. are limited, several
alternative sources of alumina have been studied. The costs of pro-
ducing alumina from different materials was compared under condi-
tions assumed to be similar to those in the northern Urals. The Bayer
process, used on high-grade Urals ore containing 50 to 55 percent
Al1,0, and 4 percent silica, yielded alumina at a cost of 588 rubles per
metric ton of product. The combination process, applied to Turgay
bauxites with about 45 percent Al,O; and 12 percent silica, was esti-
mated to cost 594 rubles per ton of alumina. The estimate of the cost
of producing alumina from high-silica Tikvin bauxites by the lime-
soda sinter process was 748 rubles per ton. The Siberian Krasnoyarsk
nepheline syenites, when treated by the lime-soda sinter process, were
estimated to produce alumina at a cost of 1,297 rubles per ton. If 310
rubles was allowed as credits for using the residue as cement and
recovering soda from the nepheline syenites, the cost was reduced to
987 rubles per ton of alumina. Estimates of producing alumina from
the Zaglik alunites containing 23 percent Al,O, were 855 rubles per ton
using an acid process. A credit of 120 rubles, allowed for the SO,
byproduct, reduced the cost of the alumina to 735 rubles per ton. Data
on material balances, energy consumption, and capital costs were
included.*

1 Engineering and Mining Journal, Reynolds Expands Alumina Production: Vol. 160,
No. 5, May 1959, pp. 98-101.

12 Webber, Benjamin N., Bauxitization in the Pocos de Caldas District, Brazil : Min. Eng.,
vol. 11, No. 8, August 1959,Spp. 805-809.

18 Zans, V. A. (Ed. by Strachov, N. M., and Bushinsky, G. 1.), A Review of Bauxites,
Their Mineralogy and Genesis : Econ. Geol., vol. 54, 1959, pp. 957-974.

1 Kuznetsov, G. D. [Appraisement of the Effectiveness of the Utilization of Several
Types of Alumina-Bearing Raw Materials in the U.S.S.R. Industry] : Ixvestiya Vysshisk
Uchebnykh Zavendenii, Tsvetnaya Metallurgiya, No. 3, 1958, pp. 142148,



Beryllium
By Donald E. Eilertsen?

%

EARCH for domestic beryllium ore deposits continued in 1959,

S and intensified research was directed toward solving complex

problems that impeded greater use of the metal in aircraft, mis-
siles, and nuclear reactors.

LEGISLATION AND GOVERNMENT PROGRAMS

General Services Administration (GSA) bought 343 short tons of
domestically produced beryl for the Government through its program
encouraging domestic production, making a cumulative total of 2,487
tons purchased since the program began in 1952. Only shipments
consisting of clean crystals of beryl cobbed free of waste and contain-
ing at least 8 percent beryllium oxide (BeQ) were accepted. This pro-
gram terminates June 30, 1962, or when 4,500 tons has been delivered,
whichever occurs first.

TABLE 1.—Salient statistics of beryllium, in short tons

1950-54 1955 1956 1957 1958 1959
(average)
United States:
B?Bry%,) approximately 10-12 percent
e0:
Domestic mine shipments........ 596 500 445 521 463 328
Value. $244,800 | $267,927 | $231,126 | $275,855 | $238,017 | $170, 523
Imports. 5,794 6,037 12,371 7,290 4, 599 8,038
Consumption 2,896 3, 860 4,341 4,309 6, 002 8,173
Approximate price per unit BeO,
domestic ! __.__. $41 $49 $47 $48 $47 $47
Approximate price per unit BeO,
imported (10 percent BeO) . _._. $40 $37 $36 $35 $34 $29
‘World: Beryl production, 10-12 percent
BeO 7, 500 8,900 12,900 | 211,300 | 27,400 7,300

110 percent BeO, 1950-54, and 11 percent BeO, 1955-59.
2 Revised figure.

DOMESTIC PRODUCTION

Mine Production.—Beryl production was the smallest since 1948.
Based on shipments, 328 tons of beryl was produced by 100 operations
in seven States. Individual shipments of beryl varied from a few
pounds to 92 tons. Boomer Lode mine in Park County, Colo., was the

1 Commodity specialist.
241
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leading single producer of handsorted beryl; some low-grade beryl
also was sold.

South Dakota produced 48 percent of the domestic beryl; Colorado,
38 percent ; and five other States 14 percent.

Refinery Production.—The Beryllium Corp. plants at Reading and
Hazelton, Pa., and The Brush Beryllium Co. plant at Elmore, Ohio,
were the only }lﬂa,nts in the United States that processed beryl to
beryllium metal, various alloys, and compounds. More beryllium
metal was produced than in any previous year. Data on production
were not available for publication. The second year elapsed of the
5-year contracts awarded to the two domestic producers by the Atomic
Energy Commission (AEC) for annual delivery of 37,500 pounds of
nuclear-grade beryllium.

TABLE 2.—Beryl shipped from mines in the United States, by States, in short tons '

State 1950-54 1955 1956 1957 1958 1959
(average)
[070) 102 1 Y, 76 46 163 182 134 124
New Hampshire_._ @) 20 @ 4 14 20
New Mezxico @ 106 31 29 27 11
South Dakota 259 294 195 268 240 156
Other States 3 aeeee 261 34 56 38 48 17
Total:
Short tons - 596 500 45 521 463 328
Value.oeooooooooooo $244, 800 | $267,927 | $231,126 | $275,855 | $238,017 | $170, 523

1 Estimated 10-12 percent BeO. .

2 Included with “Other States” to avoid disclosing individual-company confidential data.

3 Arizona 1950-51, 1953-58; Connecticut 1953-59; Georgia 1952-57; Idaho 1953-54, 1957; Maine 1950-59;
Maryland 1954, 1957; New York 1954; North Carolina 1951, 1953-1958; Virginia 1954-56; Wyoming 1956-59.

CONSUMPTION AND USES

Domestic consumption of beryl in 1959, 8,173 tons, was the greatest
relaforded, and almost all was processed into beryllium metal and its
alloys.

Net sales of The Beryllium Corp. were $21.2 million, compared with
$14.8 million in 1958. The Brush Beryllium Co. sales were $18.1
million, compared with $12.7 million in 1958.

Five other consumers of beryl were : Beryl Ores Co., Arvada, Colo.,
which produced specialized beryl materials for the ceramic industry;
Glass Coating Materials Division, A. O. Smith Corp., Milwaukee,
Wis., which produced ground-coat frit (glass) for ceramics; Lapp
Insulator Co., LeRoy, N.Y., which used ground beryl in making high-
voltage electrical porcelain; the Ceramic Division, Champion Spark
Plug Co., Detroit, Mich., which used beryl as a minor constituent in
special ceramic compositions (primarily for spark plugs) ; and Delta
Star Electric Division, H. K. Porter Co. (Delaware), Lisbon, Ohio,
which used beryl in other ceramic products.

A substantial quantity of beryllium was produced for AEC, for
special use in aircraft and missiles, and for research seeking new ap-
plications in these fields. Among the uses for beryllium metal were
windows in X-ray tubes, nuclear-reactor parts, cans for nuclear-
reactor fuels, inertial-guidance gyroscope parts, and heat-sink material
such as, for the proposed man-in-orbit space vehicles, and airplane
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brake disks. Use of high-purity beryllium and beryllium oxide in
special nuclear applications, as well as use of high-purity beryllium
oxide in electronics and aircraft gained in interest. Beryllium oxide
was used for crucibles and as a wash material for graphite crucibles.
Beryllium-copper was used in aircraft, business machines, electronics,
radios, electrical appliances, and automotive parts. Beryllium-
aluminum was used in dies. Beryllium was reported to have been
used as a new aluminum alloy to rocket engines.?

STOCKS

Consumer stocks of beryl at the end of the year totaled 3,871 tons.
Stocks of beryllium metal and alloys were larger than in 1958.

No imported beryl or domestically produced beryllium-copper was
added to the national strategic stockpile. Some domestically pro-
duced beryllium-copper containing imported raw materials was ac-
quired as a result of the U.S. Department of Agriculture barter
program, in which the Commodity Credit Corp. (CCC) exchanges
surplus commodities for strategic materials.

PRICES AND SPECIFICATIONS

Domestically produced beryl containing 10-12 percent BeO was
quoted at $46-$48 per short-ton unit of BeO, f.0.b. mine. The price of
imported beryl per short-ton unit of BeO, based on 10-12 percent
BeO, c.i.f. U.S. ports, and on short-term contracts, was $31-$32.25
until July 23, $31.50-$33 until September 3, and $34-$34.50 for
the remainder of the year. Spot prices for imported beryl ranged
from $28 to $32.50 per short-ton unit of BeO.®? GSA bought domes-
tic beryl at Franklin, N.H.; Spruce Pine, N.C.; and Custer, S. Dak.
depots. Purchases were made by short-ton units (20 pounds) of con-
tained BeO ; prices per unit were as follows: 8-8.9 percent BeO, $40;
9-9.9 percent BeO, $45; and 10 percent BeO and over, $50.

Beryllium metal, 97 percent, lump or beads, f.o.b. Cleveland, Ohio,
and Reading, Pa., was $71.50 per pound. Beryllium-copper master
alloy, f.0.b. Reading, Pa., Elmore, Ohio, and Detroit, Mich. was $43
per pound of contained beryllium plus market price of copper on date
of shipment. Beryllium-aluminum, f.o.b. Reading, Pa., Elmore,
Ohio, and Detroit, Mich., was $74.75 per pound of contained beryl-
lium plus market price of the aluminum. Prices per pound of beryl-
lium-copper strip ranged from $1.885 to $1.975, beryllium-copper rod,
bar, and wire ranged from $1.865 to $1.955.4

FOREIGN TRADE®

Imports—In addition to the handsorted beryl imports shown in
table 8 were imports of beryllium oxide or carbonate (not specifically

2 American Metal Market, New Aluminum Rocket Engine Alloy Contains Beryllium:
Vol. 66, No. 217, Nov. 7, 1959, p. 11.

3 E&MJ Metal and Mineral Markets, vol. 80, No. 1-53, January—December 1959.

¢« American Metal Market, vol. 66, No. 1-252, January—December 1959.

s Import and Export figures compiled by Mae B. Price and Elsie D. Jackson, Division
of Foreign Activities, Bureau of Mines, from records of the U.S. Department of Com-
merce, Bureau of the Census.
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provided for) : 904 pounds, valued at $2,928, from France; and 2
pounds, valued at $306, from United Kingdom.

TABLE 3.—Berryllium ore (beryl concentrate) imported for consumption in the
United States, by countries, in short tons

[Bureau of the Census]

Country 1956 1957 1958 1959

South America:

Argentina______ 2,330 1,545 | - 772 2,480
Brazil 2, 607 2,165 888 2,833
Total- . 4,937 3,710 1, 660 5,313
Europe:
Norway. - 3 4
Portugal R 242 33 |- 77
Sweden. 41
Total 242 33 3 122
Asia:
Hong Kong. 1
India_ 3,360 1,256 600 |__ooooooo--
Pakistan 15 69
Total. 3,376 1,325 600 |-
« Africa:

- Belgian Congo. 992 222 1,188 395
British East Africa (principally Uganda)...____._.__ 264 56 30 15
British Somaliland 29
British West Africa, n.e.c. 22
Mad 212 43 329
Morocco. 26 .
Mozambique. 1,110 965 284 1,382
Rhodesia and Nyasaland, Federation of ._..________ 559 266 135 151
Union of South Africa (includes South-West Africa). 602 670 699 331

Total.- 3,816 2,222 2, 336 2,603
Grand total: Short tons 12,371 7,290 4, 599 8,038
Value. _ $4, 459, 387 | $2,526,068 | $1,547,466 | $2, 345,285

Exports.—Exports included 200 pounds of beryllium ore, valued
at $220, to United Kingdom. Exports of beryllium and beryllium-
alloy powder (except beryllium copper) were 3,113 pounds, valued at
$4,417, to Canada, and 2,406 pounds, valued at $182,867, to the United
Kingdom. Exports of beryllium metal and alloys in crude form and
scrap (except beryllium copper) were 22,435 pounds, valued at $51,886,
to Canada; 8,782 pounds, valued at $31,841, to Norway ; 84,222 pounds,
valued at $598,628, to United Kingdom; 110 pounds, valued at $524,
to Netherlands; 79,806 pounds, valued at $172,807, to West Germany ;
663 pounds, valued at $2,388, to Switzerland ; 3,383 pounds, valued at
$77,164, to Italy; and 4,077 pounds, valued at $17,880, to Japan. Ex-
ports of beryllium and beryllium alloys in semifabricated forms, not
elsewhere classified, were 157 pounds, valued at $27,408, to Canada;
" 13 pounds, valued at $1,266, to gweden; 2,204 pounds, valued at $7,987,
to Norway ; 910 pounds, valued at $161,829, to United Kingdom 2,017
pounds, valued at $187,309, to Belgium and Luxembourg; 8 pounds,
valued at $1,735, to West Germany; and 9 pounds, valued at $2,085
to Taiwan.
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WORLD REVIEW

World production of beryl was the least since 1951.

France.—A new beryllium plant of the Pechiney Company began
production at Calypso.® ,

Japan.—According to Japan Metal Bulletin, the Nippon Gaishi
(Japan Insulator) Co. had capacity to produce 6 tons of beryllium a
month, and Yokozawa Chemical Co. had a capacity of 10 tons a month.
Both firms planned to expand facilities.

The following shipments of beryllium copper alloy also were re-
ported in the Japan Metal Bulletin.

TABLE 4—World production of beryl, by countries,'! in short tons?
[Compiled by Augusta W. Jann and Berenice B. Mitchell]

Country ! 1950-54 1955 1956 1957 1958 1959
(average)

North America: United States (mine

shipments) ___ 596 500 445 521 463 328
South America:
Argentina 452 1, 488 1,722 1,571 1,004 3660
Brazil - 2,245 1,954 2,321 1,452 1,295 32,200
Total 2, 697 3,442 4,043 3,023 2,299 32,680
Europe:
Norway ¢ 3 4
Portugal 211 337 244 191 52 19
Sweden. 28 398
Total 133, 300 440 340 300 200 150
Asia:
Afghanistan 10 33 30 15 | femeon
India ¢ . 247 845 3,360 1,256 [0 J
Korea, Republic Of ccoeeceeccoeeeees 2 46 ®
Total 259 884 3,390 1,271 (1712
Africa:
Belgian Congo (including Ruanda-
Urundi) - 629 362 1,905 1,771 1,113 467
British Somaliland 19 17
Kenya. 71 6 4 2
Madagascar. 545 316 169 299 180 463
Morocco: Southern zone. . ......-..... 69 2
Mozambique- - o cccoo oo cemaeoaae 410 960 94 1,871 1,134 1,548
Rh?desia and Nyasaland, Federation
of:
Northern Rhodesia. .. 6 21 13 5 13 2
Southern Rhodesia. - - 1,216 963 606 572 332 440
South-West Africa. 660 472 454 385 246 170
Uganda 43 110 98 78 86 234
Union of South Africa. .o ceeoooeoaooo. 547 137 133 711 464 214
Total 3,526 3,362 4,339 5, 696 3,572 3, 540
Oceania: Australia. 111 230 356 442 278 3400
‘World total (estimate)!2........_._. 7,500 8, 900 12, 900 11, 300 7,400 7,300

1 Beryl also produced in U.S.S.R. but production data are not available; estimate included in total.

2 This table incorporates some revisions. Data do not add to totals shown, because of rounding where
estimated figures are included.

3 Estimate.

4 United States imports.

5 Less than 0.5 ton.

6 Average for 1953-54.

7 Average for 1952-54.

6 Chemical Trade Journal and Chemical Engineer (London), Pechiney Exports Rise:
Vol. 145, No. 3761, July 3, 1959, p. 1439.
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Company Designation Quantity Value

Nippon Gaishi United Kingdom________ 2 __tons_. $5,500
Do Germany, West_________ 5 __-do__ 15,000
Yokozawa Chemical ___________ United Kingdom________ Y% —_-do_. 1,600

Nippon Gaishi Co. contracted to import 70 tons of beryllium ore
from Argentina.

Pakistan.—Large deposits of beryl reportedly were found at high
altitudes by a Pakistan-German firm.?

Uganda.—A. total of 507 short tons of beryl, 11-12 percent BeO,
was produced in 1953-58 by opencast methods. Operational survey
of the Bulema Mine to August 1957 indicated that 35,000 cubic yards
of rock had been broken and that the yield was 10.2 pounds of beryl
and 2.7 ounces of microlite-tantalite per cubic yard of rock. The
United Kingdom Atomic Energy Authority (AEA) planned to assess
resources and study economics of mining beryl in Uganda.®

United Kingdom.—A research production unit, whose first annual
production was about 7 tons of wrought beryllium metal, was operated
by Imperial Chemical Industries, Ltd., at its Witton works, near
Middlesbrough, England. This was the first plant in Europe designed
for processing lar% quantities of beryllium raw material to wrought
beryllium metal. Beryllium production will be used by AEA for fuel
~ cans in their experimental gas-cooled nuclear-reactor program.®

Consolidated Beryllium, Ltd., was established. The new firm is
owned equally by the Beryllium Corporation, Reading, Pa., and Im-
perial Smelting Corp. Ltd., London, a wholly owned subsidiary of
Consolidated Zinc Corp., Ltd. Nuclear-grade beryllium and beryl-
lium-copper master alloy are to be produced.

TECHNOLOGY

The Federal Bureau of Mines continued its stepped-up search for
adeyuate and dependable long-range supplies of domestic beryllium
ore, research for recovering disseminated beryl from pegmatite de-
posits, and research for developing methods to extract and purify
beryllium. Deposits in Alaska, Colorado, Idaho, Montana, Nevada,
New Mexico, North Dakota, South Dakota, Utah, Wyoming, and some
New England States were studied ; and the Badger F'lats area in Park
County, Colo., was selected for further examination. Bureau engineers
at Spokane, Wash., developed a mobile spectrographic laboratory for
rapidly testing in the field large numbers of rock samples for beryl-
lium and other uncommon metals. Bureau engineers at Denver, Colo.,
planned to use a nuclear device for detecting beryllium. The Bureau
continued its research to develop flotation methods for recovery of
disseminated beryllium ore from various deposits. Late in 1959 a
beryl flotation test-plant was erected to test the feasibility of recover-
ing disseminated beryl from pegmatite in the spodumene belt, Kings
Mountain, N.C. Feed material for the plant consisted of tailings from
a commercial spodumene mill. Development of processes to recover

54‘1Mining Journal (London), Mining Miscellany : Vol. 253, No. 6484, Nov. 27, 1959, p.

8 Bureau of Mines, Mineral Trade Notes, Beryllium: Vol. 49, No. 2, August 1959, p. 7.
19"sghemi§a2}_§§1d Process Engineering, Metals for the New Age: Vol. 41, No. 1, January
, PD. -
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beryllium salts from various grades and types of beryl concentrate con-
tinued. Bench-scale research continued, developing ways to process
low-grade beryl concentrates by means of sintering, fusion, and leach-
ing, and by chlorination, fluorination, or solvent extraction. Experi-
ments were made for producing high-purity beryllium metal both by
using the method of reducing beryllium chloride or beryllium oxide
with various metals and by fused-salt electrorefining. One objective
of this work was to devise a technique for producing ductile beryllium.
The Bureau continued its work developing field tests for beryllium,'
and started research to develop a rapid method for petrographic grain
counting of beryl in ores and concentrates.

Additional research on beryllium, sponsored by the Government,
included rolling sheet metal, ductility, casting, forging, extrusion,
joining, alloys, fabrication, applications, and safe handling.**

Several companies explored for beryllium ore in various parts of
the United States, and studies were conducted to develop beneficiation
and extraction processes.

In the search for an alloy or improved beryllium that could be
rolled, extruded, and subsequently fabricated into aircraft and missile
components more readily than commercial metal, beryllium produced
from subsieve-size powder containing 2.1 to 2.5 percent beryllium
oxide was found to have superior tensile properties. Preliminary
evaluation also-indicated that certain quantities of nickel or silver
might improve the mechanical properties of beryllium.*?

After a year’s study for methods of producing high-purity beryl-
lium, the halide reduction process appeared to have the greatest
promise.s

Cold compacting, followed by upsetting, was the most economical
of five processes examined for obtaining optimum properties and good
surface finish of beryllium.**

A topical search of progress reports and journal references on beryl-
lium, emphasizing 1947-57, was made, and a report published.*®

Limited success was reported on direct-welding beryllium by tung-
sten-arc, pressure, and electron beam processes.*® ,

Use of carbide tools for drilling, milling, and turning beryllium at
speeds up to 100, 150, and 250 surface feet per minute, respectively
was described.*?

10 Dressel, W. M., and Ritchey, R. A, Field Test for Beryllium: Bureau of Mines Inf.
Cire. 7946, 1960, 5 p[i).
11 Battelle Memorial Institute, Beryllium Research and Development Review—1958:
Beflel;seAMgtals Inf. Center, Columbus, Ohio (DMIC), Report S2, Jan. 16, 1959, app. pp.

~1 to A-8.

12 Klein, John G., Perelman, Leslie M., and Beaver, Wallace W. (The Brush Beryllium
Co.), Development of Wrought Beryllium Alloys of Improved Properties: Wright Air
Development Center, Tech. Rept. 58—478, pt. 1, PB 151711, Office of Tech. Services, U.S.
Dept. of Commerce, Washington 25, D.C., February 1959, 139 pp.

33 Lukesh, Josepil L., Schetky, Lawrence McD., Spacil, Henry 8., and Basche, Malcolm
(Alloyd Research Corp.), Research on Techniques for the Production of Ultra-Pure
Beryllium ; Wright Air Development Center, Tech. Rept. 58-457, pt. 1, PB 151878, Office
of Tech. Services, U.S. Dept. of Commerce, Washington 25, D.C., February 1959, 38 pp.

1 Muvdi, B. B. (The Martin Co.), Structural Evaluation of Beryllium Produced by
Several Processes: ergtljxt Air Development Center, Tech. Rept. 58-162, PB 151263,
Office of Tech. Services, U.S. Dept. of Commerce, Washington 25, D.C., June 1958, 66 pp.

15 Bradshaw, Wanda G. (Lockheed Aircraft Corp.), Beryllium, A ‘Search of the Unclassi-
fied Literature: Performed under U.S. Navy Contract NOrd 17017, PB 161012, Office of
Tech. Services, U.S. Dept. of Commerce, Washington 25, D.C., undated, 54 tgf

16 Weare, N. E., and Monroe, R. E., Joining of Beryllium: Defense Metals Inf. Center
(DMIC) Memo. 13, Battelle Memorial Institute, Columbus, Ohio, PB 161163, Office of
Tech. Services, U.S. Dept. of Commerce, Washington 25, D.C., March 1959, 28 pp.

17 Olofson, C. T., The Machining of Beryllium: Defense Metals Inf. Center (DMIC)
Memo. 21, Battelle Memorial Institute, Columbus, Ohio, PB 161171, Office of Tech. Serv-
fces, U.S. bept. of Commerce, Washington 25, D.C., June 1959, 16 pp.
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Beryllium is high on the list of suitable materials for heat sinks in
thermal protection systems. The heat capacity of beryllium and the
effect of impurities on heat capacity were discussed.?®

Numerous discussions on beryllium disease were published.*®

Many domestic occurrences of beryllium in nonpegmatitic deposits
were described.?

A report describing the occurrence of beryl in the Beecher No.
3-Black Diamond Pegmatite, Custer County, S. Dak, was published.?

The market situation for beryl was discussed.??

18 Holladay, J. W., Heat Capacity of Beryllium: Defense Metals Inf. Center (DMIC)
Memo. 36, Battelle Memorial Institute, Columbus, Ohio, PB 161186, Office of Tech.
Services, U.S. Dept. of Commerce, Washington 25, D.C., October 1959, 9 pp.

19 American Medical Association Archives of Industrial Health, Conference on Beryllium
Disease and Its Control, held at Massachusetts Inst. of Technol., Sept. 30-Oct. 1, 1958
vol. 19, No. 2, February 1959, pp. 91-267.

20 Warner, Lawrence A., Holser, William T., Wilmarth, Verl R., and Cameron, Eugene
N., Occurrence of Nonpegmatite Beryllium in the United States: Geol. Survey Prof.
Paper 318, 1959, 198 pxi.3 A :

21 Redden, Jack A., Beryl Deposits of the Beecher No. 3-Black Diamond Pegmatite,
Custer County, South Dakota : Geol. Survey Bull. 1072-I, 1959, pp. 537-559.

22 Hershberger, David H., Beryllium Ore, Present and Future Market Situation: Mines
Mag., vol. 49, No. 3, March 1959, pp. 35-37.



Bismuth

By G. Richards Gwinn * and Edith E. den Hartog 2

5

E BISMUTH industry in 1959 was characterized by an increase

in industrial consumption, a decline in imports and consumer in-

ventories, and a continuation of the 1958 level of domestic pro-
duction. Shipments for the national stockpile that had been a fac-
tor in the bismuth market in 1958 were discontinued. No purchases
were made for the strategic stockpile, and no barter contracts were
executed by Commodity Credit Corporation.

DOMESTIC PRODUCTION

Domestic output of bismuth was essentially the same as in 1958.
Production of refined bismuth derived from foreign and domestic
ores came almost exclusively from metallurgical byproducts of lead
refining. Companies reporting production were American Smelting
and Refining Co., The Anaconda Co., the United States Smelting
Lead Refinery, Inc. (a subsidiary of United States Smelting, Refin-
ing and Mining Co.), and United Refining & Smelting Co., which
was reported as a producer for the first time in 1959, Bismuth re-
covered from alloy scrap and reclaimed in alloy products increased
substantially over 1958,

TABLE 1.—Salient statistics of bismuth metal, in pounds

1950-54 1955 1956 1957 1958 1959
(average)
United States:
Consumption.....__.________ 11,629,800 | 1,548,000 | 1, 513,000 | 1,615,200 ( 1, 242,700 | 1, 480, 700
Imports.._____.___ 2777 657,926 595, 566 918, 152 847, 868 637, 309 457,163
Exports_.._._______TTTTC 171,183 203, 667 287,092 158, 393 316, 318 179, 744
Price ?er pound, New York,
tonlots________________ " $2.25 $2.25 $2.25 $2.25 $2.25 $2.25
Consumers’ and dealers’
stocks, Dec. 31____________ 1206, 600 234, 300 229, 000 375,300 546, 100 472,600 -
World: Production_ ________ ..~ 4,100, 000 | 24,200,000 | 25,300,000 | 2 5,000, 000 | 2 4, 600,000 | 5, 200, 000

1 Data not available for 1950,
figure.

2 Revised
CONSUMPTION AND USES

Domestic consumption of refined bismuth metal was 1.5 million
pounds—19 percent more than in 1958. In addition, an unknown
quantity of bismuth contained in bismuth-lead bars was used in fab-
ricating alloys.

1 Commodity specialist.
3 Statistical assistant.

567825—60——17
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The quantities of bismuth consumed in both alloys and pharma-
ceuticals have remained fairly constant for years. The largest single
use under “Other alloys” (table 2) was to improve the machinability
of iron. Substantial quantities also were used in bismuth-cadmium
and bismuth-aluminum alloys. The increase in experimental uses
is attributed largely to work on nuclear and thermoelectric projects.
Industrial and laboratory chemical products have formed an increas-
ingly large part of the pharmaceutical uses.

STOCKS

Stocks of metallic bismuth held by consumers and dealers declined
to 472,600 pounds as a result of increased consumption and reduced
imports. Stocks at domestic refineries, however, increased 25 per-
cent, reversing the trend of 1958. The increase was attributed partly
to the addition of another domestic producer in 1959.

TABLE 2.—Bismuth metal consumed in the United States, by uses, in pounds

Uses 1958 1959 Uses 1958 1959
Fusible alloyS-ccoeeamacnne 488, 368 478,542 || Experimental USS—eoe e 87,018 161, 040
Other allOyS-ccamcmcomcmcceme 208, 423 300,911 || Other uSeS---mmeenoocecmnaann 36, 256 56, 692
Phar pticals 1. .- 422,647 483, 554
Total.oococecmmamcameee 1,242,712 | 1,480,739

1 Includes industrial and laboratory chemicals.

PRICES

In 1959 the E&MJ Metal and Mineral Markets continued to quote
the New York price for refined bismuth metal at $2.25 per pound,
in ton lots—a price that has remained unchanged since September
1950. The Metal Bulletin (London) quotation also remained un-
changed at $2.24 per pound. Bismuth ore, also listed in the Metal
Bulletin, was quoted at $1.10 per pound of contained bismuth in con-
centrate having a minimum of 65 percent bismuth. Bismuth con-
centrate of lower grade commanded proportionally lower prices.
Prices of bismuth chemicals and compounds, as listed in Oil, Paint
and Drug Reporter, were recorded in the 1955 Minerals Yearbook
chapter on bismuth and remained unchanged through 1959.

FOREIGN TRADE

Imports of refined metal declined 28 percent in 1959, reflecting
accelerated industrial demand in Europe and a relatively small in-
crease in U.S. demand. Metal imports, however, were augmented
by receipts of bismuth-enriched intermediate smelter products,
bismuth-lead bars, and concentrate. The economically recoverable
bismuth contents of the smelter products and concentrate entered
the market as domestically refined bismuth. Most of the bismuth-
lead bars, however, were consumed directly in alloy fabrication. Sta-
tistics in this chapter exclude this category of imported bismuth,
which was estimated at 221,000 pounds in 1959.
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TABLE 8.—Metallic bismuth imports® into the United States, in pounds

[Bureau of the Census]

Country 1958 1959 Country 1958 1959
North America: Europe:

Canada. 2,839 2,948 Netherlands. 1,529
Mexico - 130,111 155,156 United Kingdom 3, 000
Yugoslavia. -cceoooo___ 42,088 46, 295

Total oo ___ 132,950 158,104

South America: Peru_..._____ 460, 742 249, 764 Totale oo oo 43,617 49, 295
Grand total..........._ 637, 309 457,163

! Data are ‘‘general’”” imports; that is, they include bismuth imported for immediate consumption plus
material entering the country under bond.

TABLE 4.—Bismuth metal and alloys exported from the United States

[Bureau of the Census]

Gross Gross
Year weight Value Year weight Value
(pounds) (pounds)
1950-54 (average). ... 171,183 | $377,154 || 1967 ... 158,393 | $213,313
1955. 203, 667 363,186 || 1958__ 316, 318 389,078
1956« e e 287, 092 558,601 {| 1959. 179, 744 261, 367

Exports of bismuth metal and alloys (gross weight) totaled 179,700
pounds in 1959—a 48-percent decrease from the 316,300 pounds ex-
ported in 1958. Bismuth-metal exports were 44,200 pounds and rep-
resented 25 percent of the total exports, compared with 64,000 pounds
and 20 percent in 1958.

WORLD REVIEW

Argentina.—Bismuth production in Argentina came from ores in
which bismuth occurs as a metallic constituent and some native bis-
muth is present, in contrast to many other countries where bismuth
is recovered as a byproduct in the refining of other metals. Pro-
duction came largely from the Los Condores mine in San Luco
Province, where bismuth carbonate (bismutite) and native bismuth
are associated with wolframite.

Bolivia.—The bulk of the output of bismuth concentrate came from
the Tasna tin mine. Small amounts were recovered from the
Chorolque and Caracoles mines, which are tin and tin-tungsten
mines, respectively. Domestic consumption of bismuth was negli-
gible, and most of the output of concentrate and bullion was ex-
ported to the United Kingdom.

Canada.—The growth in production of bismuth metal and concen-
trates continued through 1959, and Canada was the third larcest world

roducer. Output, in order of importance, was reported from Que-

ec, British Columbia, and Ontario. In 1959, as in 1958, the entire
output of refined metal was produced by Consolidated Mining &
Smelting Co. of Canada, Ltd., at Trail, British Columbia.

Mexico.—Reported production of refined and semirefined bismuth

metal increased over 1958. Metalurgica Penoles, S.A., a subsidiary
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of American Metal Climax, Inc., was the only producer of refined
bismuth. Refined bismuth bars were shipped to the United States,
England, Netherlands, and West Germany. All semifinished bismuth
bars were shipped to the United Kingdom.

Uganda.—Bismuth concentrate was recovered at the Itama Mines,
Litd., the Nyahashunze, and the Marambi mines in the extreme south-
west section of Uganda. Bismuth concentrate was a major product
at the Itama mines, but was a byproduct of the processing of tin
ores at the other two mines. There was no domestic consumption
of bismuth, and most of the output was exported to the United
Kingdom.

TABLE 5.—World production of bismuth, by countries,' in pounds?
[Compiled by Augusta 'W. Jann and Berenice B. Mitchell]

Country ! 1950-54 1955 1956 1957 1958 1959
(average)

North America:

Canada (metal) 3 192, 063 265, 896 285, 861 319, 941 412,792 415,909

Y T X I —— 706, 572 773,800 | 1,391,100 780, 200 417,700 524, 695
South America:

Argentina:

Metal 4220 16, 300

2, 520 3 20, 000 47, 800 59, 300 134, 500

95, 999 113, 000 74, 800 90, 600 244,700 | 480, 600

B 623, 527 734,714 634, 757 804, 800 851, 560 775,323
uarope:

France (IR 0re) - occococmocemnnn 148, 590 69, 500 112, 400 119,000 | 110,000 | ¢ 110,000

Spain (metal).-- - 34, 901 48,234 71, 650 190, 500 116,229 | ¢ 81,000

Sweden 4 _____.____. 74, 956 145, 500 000 120, 000 110, 000

88, 110, 000
108,806 | 229,516 | 245,039 | 219,805 | 169,670 | 200,026

497,000 0 Y ] 0 U]
08,063 | 142,364 | 156,859 | 144,800 | 168,751 | ¢176,000
215,389 | 287,000 | 396,000 | 240,000 | 198,000 | 227,000

Yugoslavia (metal)._ -

Asia:
China (in ore) .-
Japan (metal)..
Korea, Republi
Africa:

Belgian Congo (inore). .- -——--—- 999 70
Mozambique. .- ccoeommmzn- 4,861 4,145 785 6,975 2,167 42,200
South-West Africa (in ore)_- 3,739 2,360 310 670 680 4 500
[ et L A 4,096 3,100 660 2,700 15,030 | 413,000
Union of South Africa (in ore)..-- 5,990 228 360 145 2,023 4 600
Oceania; Australia (in ore).._...o---- 1,993 3, 000 5,150 1,340 2,352 41,000
World total (estimate) 12._____ 4,100,000 | 4,200,000 | 5,300,000 | 5,000,000 | 4,600, 000 | 5,200,000

1U.8. production included in total; Bureau of Mines not at liberty to publish separately. Bismuth
is believed to be produced in Brazil, Germany, and U.S.S.R. Production figures are not available for
these countries, but estimates are included in the world total.

2 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding
where estimated figures are included in the detail.

3 Refined metal plus bismuth content of bullion exported.

+ Estimate.

& Content in ore and bullion exported, excluding that in tin concentrates.

¢ Estimated recoverable content of ore produced.

7 Data not available; estimate included in total.

Yugoslavia.—Bismuth was recovered as a byproduct in lead-zinc
ores at the Trepca smelter. The bismuth-containing concentrate
came from the Trepca and several other mines in the Trepca area.
A new mine, containing recoverable quantities of gold, silver, pyrite,
and bismuth, was opened during the year near Pristina in southern
Serbia. Relatively large quantities of the bismuth output were ex-

ported to the United States and European markets.
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TECHNOLOGY

The development of high-purity bismuth and bismuth alloys for
use in semiconductors continued in 1959. Bismuth telluride was pro-
duced for use in semiconductors of both n- and p-types.®

The separation of bismuth, polonium, lead, and radium by anion
exchange * and a redetermination of the volume changes on the solidi-
fication and fusion of lead-bismuth alloys near eutectic composition °
were reported. Data were given on the possible use of bismuth oxide
as a cathode material in the manufacturing commercial dry-cell
batteries,® and molten bismuth pentafluoride was found to be a power-
ful fluorinating agent. The reaction of bismuth pentafluoride with
the fluorides of alkali metals suggested the possibility of developing
a, new series of fluorinating agents.’

218 li}tl)%cgronig’zNews, U.K. Firm Developing Metals of High Purity: Vol. 4, No. 179, Dec.
y . . 27.

4 Hyde, B. K., and Roby, B. A. (assigned to the United States of America as represented
by the Chairman of the Atomic Energy Commission), Separation of Bismuth, Polonium,
Lead, and Radium by Anion Exchange: U.S. Patent 2,873,170, Feb. 10, 1959.

6 Preston, C. T., and Bromfield, G. H.,, A Redetermination of the Volume Changes on
Solidification and Fusion of Lead-Bismuth Alloys Near Eutectic Composition: Inst. of
Metals Jour., vol. 87, pt. 7, March 1959, p. 240.

6 Morehouse, C. K., and Glickman, R., Magnesium-Bismuth Oxide Dry Cells: Jour. Elec-
trochem. Soc., vol. 106, No. 1, January 1959, pp. 61-63.

7 Chemical and Engineering News, Fluorinating Agent Made: Vol. 37, No. 15, Apr. 13,
1959, pp. 44-45.






Boron
By Henry E. Stipp! and James M. Foley?

&

ALES of boron minerals and compounds increased approximately
S 17 percent in 1959. U.S. exports of boric acid, borates, and
boron compounds increased about 8 percent.

TABLE 1.—Salient statistics of boron minerals and compounds in the United States

1950-54 1955 1956 1957 1958 1969
(average)

Sold or used by producers:

Short tons:
Gross welght 1__ 720, 007 2 521, 887 2 544, 677 541,124 528, 209 619, 946
B30s. - 208, 980 246, 226 267, 864 3 269, 251 265, 613 314, 286
Value $18, 881,000 (2$30, 728,000 [2$32, 812,000 [$38, 041,000 |$38, 310,000 |$46, 150,000
Imports for consumption:
Short tons. o coooooeooeo 3 11 374 35,078 24 41
- Vatlue .................... $10, 200 $2,400 | 2 $174,000 | 3 $284,000 $133, 000 $144,200
xports:
Short tons. .o ccecacaaaean 160, 850 222, 588 243,725 214,497 235, 584 253, 674
Value $10, 045, 000 | $14, 533,000 | $16, 596,000 ($15,975,000 [$18, 292,000 |$21, 047,000
Apparent consumption:
Short tons. .o cccececaaeen 559, 160 299, 310 301, 026 331, 705 292, 649 366, 313

19‘55(3;3“ weight reported for 1950-54 included a higher proportion of crude ore to finished products than in
3 Revised figure,
3 Imports for 1956 and 1957 include a higher proportion of crude ore to refined products.

DOMESTIC PRODUCTION

Boron minerals and compounds were produced from the brine of
Searles Lake by American Potash & Chemical Corp. at Trona, Calif.,
and West End Chemical Division of Stauffer Chemical Co. at West-
end, Calif. Pacific Coast Borax Division of U.S. Borax & Chemical
Corp. mined borax and kernite from a bedded deposit in the Kramer
district near Boron, Calif., colemanite at Death Valley Junction, and
ulexite from a deposit near Shoshone, Calif. .

U.S. Borax & Chemical Corp. leased land containing boron minerals
in Harney County, Oreg., from the State Land Board. American
Potash & Chemical Corp. was building an $800,000 boric oxide
plant at Trona, Calif. Kern County Land Co. was reported to be
developing borate deposits on its land in the Mojave Desert of south-
ern California. Sunray Oil Co. began exploratory drilling in the
Mojave Desert for boron minerals. The Carborundum Co. scheduled

1 Commodity specialist.
2 Supervisory statistical assistant.
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the erection of a $750,000 pilot plant at Niagara Falls, N.Y., to
produce boron nitride and boron carbide. Metal Hydrides, Inc.,
ii{gned a 15-year research agreement with Australian Paper Mfg.,

elbourne, Australia, to study the use of hydrides in preparing pulp
and paper.

Phelps Dodge Corp. drilled part of the Detrital Valley Saline
Project of Goldfield g)onsolidateg Mines Co., near Lake Mead, Ariz.,
exploring for boron minerals. The Dow Chemical Co. and U.S.
Borax Research Corp. signed an agreement for a joint venture to
gerfect an economic process for manufacturing boron trichloride.

tauffer Chemical Co. stopped producing boron trichloride at its
plant in Niagara Falls, N.Y.

CONSUMPTION AND USES

Large quantities of boron compounds were consumed by the glass
and ceramics industries. It was estimated that glass consumed 28
percent of the borate output and porcelain enamel, 14 percent. The
consumption of borax for these uses was expected to increase at rates
above normal, owing to expanding use in construction for glass beams,
fibers, and porcelain curtain walls. Agricultural consumption of
borax was estimated to be 14 percent, distributed between herbicides
(10 percent) and fertilizers (4 percent). Borax used in soaps,
organic boron compounds, and antifreeze accounted for 3 percent each
of sales. Starch, adhesives, and insulation materials each consumed
2 percent of borax output, and 1 percent was used at smelters, in
drugs and cosmetics, in iron and steel, and in electrolytic condensers.
Increasing sales of electronic equipment improved the outlook for
consumption of boron materials in electrolytic condensers. Con-
sumption of organic boron compounds was reported to be growing.?

The use of organoboron compounds as fungicides, insecticides, and
nematocides for crop protection was reported to be developing.*
Borax and boric acid were said to be very effective as a timber
preservative® The use of sodium borohydride as a blowing agent
in foamed plastics and as a chemical reducing agent seemed to have
possibilities. Barium borate was used in paint to decrease chalking
and as a fungicide. Boron nitride was used for making electronic
parts.® Steel containing 1 percent boron was used in the floor of an
atomic reactor in the Enrico Fermi powerplant near Monroe, Mich.
Phenylboronic acid, p-tolyboronic acid, p-bromophenylboronic acid,
m-nitrophenylboronic acid, and m-aminophenylboronic acid were used
for cancer research.

Developments were numerous on potential use of high-energy boron
fuels. The U.S. Air Force awarded Stauffer-Aerojet Chemical Co.
a $2 million contract for a plant to obtain design data on a boron-

3 0il, Paint and Drug Reporter, Borax’s Big Three Prophesy A Twofold Consumption
Rise In Ten Years, Barring “Ifs” : Vol. 175, No. 2, Jan. 12, 1959, pp. 3, 36, 38.

4 Chemical Trade Journal and Chemical Engineer (London), Boron Products Outlook:
Vol. 144, No. 3742, Feb. 20, 1959, pp. 423-424.

5 Chemical Age (London), Boron is Effective as Timber Preservative, Says Carr of
Borax: Vol. 82, No. 2094, Aug. 29, 1959, p. 220.

6 The Carborundum Company, Advanced Materials Technology, Boron Nitride: A New
Design Material for Electronic Prototypes: Vol. 2, No. 2, September 1959, p. 4.
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fuel production process.” The U.S. Government canceled a $13.5
million contract with Metal Hydrides, Inc., for making sodium boro-
hydride, an intermediate_chemical used in producing high-energy
boron fuels.® The U.S. Department of Defense canceled plans to
8roduce boron fuels at plants near Model City, N.Y., and Muskogee,

kla.?> Later, the Department of Defense decided to close and dis-
mantle the boron fuel plant at Model City, N.Y., and place the plant
at Muskogee, Okla., on a hot standby basis until June 1960. Accord-
ing to reports of a joint working group of Congress, total require-
ments for boron fuels could increase from 180,000 pounds a year to
a maximum of 5 million pounds in 5 years. However, if the use
of boron fuels in rocket propellants proves impractical all require-
ments for boron fuels could virtually cease.

PRICES

The price of most grades of borax and boric acid increased in June
1959. The following prices were quoted by Oil, Paint and Drug
Reporter:

January- _ July—
June  December

Borax, tech., anhydrous, 99.5 percent, bags, carlots, works, ton__  $87.50 $92. 00
Ton lots, bags, exwarehouse, New York or Chicago, 100

pounds 7.19 7.42
Bulk, carlots, works, ton 78.50 = 83.00
Granular, decahydrate, 99.5 percent, bags, carlots, works,

ton 47.50  50.00

Ton lots, bags, exwarehouse, New York or Chicago, 100
pounds 5.19 5.32
Granular, pentahydrate, 99.5 percent, bags, carlots, works,
ton 63.00 64.50
Ton lots, bags, exwarehouse, New York or Chicago, 100
pounds, 5.97 6. 05
Bulk, carlots, works, ton 56.50 58.00
Powder, 99.5 percent, bags, carlots, works, ton____________ 52.50 54.00
Ton lots, bags, exwarehouse, New York or Chicago, 100
pounds 6.34 6. 45

U.8.P. borax, $15 per ton higher than technical.
Boric acid, tech., anhydrous, 99.9 percent, bags, carlots,

works, ton 335.00 335.00
Ton lots, bags, exwarehouse, New York or Chicago, 100
pounds 19.50 19.62
Crystals, 99.9 percent, bags, carlots, works, ton___________ 160.00 163.50
Ton lots, bags, exwarehouse, New York or Chicago, 100
pounds 10.87 11.05
Granular, 99.9 percent, bags, carlots, works, ton______ 108.50 112.00
Ton lots, bags, exwarehouse, New York or Chicago, 100
pounds. 8.29 8.47
Powder, 99.9 percent, bags, carlots, ton lots, bags, exware-
house, New York or Chicago, 100 pounds 8.67 8.85

U.8.P. boric acid, $25 per ton higher than technical.

7 Chemical Engineering, View Clears Slightly on High-Energy Fuel Picture : Vol. 66, No.
6, Mar. 23, 1959, p. 94.
1985 ghemiggl and Engineering News, Fuels Program Shuffled: Vol. 37, No. 27, July 6,
p. 23.
% Chemical and Engineering News, Concentrates: Vol. 37, No. 33, Aﬁg. 17, 1959, p. 19.
1 0il, Paint and Drug Reporter, Boron Fuel Has Found a Friend; House’s Space Com-
mittee Wants Integrated National HEF Plan : Vol. 176, No. 17, Oct. 19, 1959, pp. 3, 61.
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The price of sodium borohydride was reduced to $19.90 per pound
for one shipment, 5,000-pound lots, 98-percent-pure dry material,
packed in 55-gallon drums.*

FOREIGN TRADE *

Boron carbide imports totaled 81,000 pounds valued at $144,000
compared with 47,000 pounds valued at $133,000 in 1958.

WORLD REVIEW

The United States produced most of the world supply of boron
minerals; however, production in Turkey increased substantially.

SOUTH AMERICA

Argentina.—Production of boron minerals (crude) totaled 11,737
tons in 1958 compared with 22,898 tons in 1957.* A paper was pub-
lished that described the topography, structure, igneous activity, and
mineral deposits of several provinces in northwestern Argentina.*

Chile—Ulexite production totaled 6,345 tons compared with 9,292
tons in 1958.2% Anglo-Lautaro Co. was building a plant to produce
4,000 tons of boric acid a year.'® :

EUROPE

Belgium.—A plant was built at the J emeppe-sur-Sambre works of
Société Solvay et Cie. to manufacture sodium perborate.’”

France—Borax Francais, S. A., embarked on a $10-million program.
Modernization of factory services and expansion of boric acid pro-
duction were planned.*®

Germany, West.—Production of boron and boron compounds totaled
49,549 tons in 1958 compared with 50,400 tons in 1957. A process
for making boron trialkyls from aluminum trialkyls was developed
at the Max Planck Institute for Coal Research, Muelheim, Germany.”

Ttaly.—Boric acid production totaled 3,814 tons in 1958 compared
with 4,000 tons in 1957.2°

United Kingdom.—Vitreous enamel and glass industries petitioned
the Board of Trade to reduce import duty on borax.** Two papers
described deficiency of boron in soils, characteristics of crops su ering
from boron deficiency, and application of boron materials to soils.?

1 Chemical Week, Market Newsletter: Vol. 85, No. 15, Oct. 10, 1959, p. 96.

12 Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi-
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of Com-
merce, Bureau of the Census.
lslgoU.s.zEmbassy, Buenos Alres, Argentina, State Department Dispatch 1445: Apr. 6,

, P. <.

14 Beconomic Geology, Structural Belts and Mineral Deposits of Northwestern Argentina:
Vol. 54, No. 5, August 1959, pp. 903-912.

15 7.8, Embassy, Santiago, Chile, State Department Dispatch 812: May 6, 1960, p. 2.

16 Chemical Trade Journal and Chemical Engineer (London), Anglo-Lautaro to Make
Borie Acid : Vol. 145, No. 3763, July 17, 1959, p. 1508.

17 Chemical Trade Journal and Chemical Engineer (London), Notes From Abroad: Vol.
144, No. 3755, May 22, 1959, p. 1174.

18 0il, Paint and Drug Reporter, Borax Concern Planning to Modernize in France:
Vol. 176, No. 7, Aug. 17, 1959, p. 5. .

19 Bureau of Mines, Mineral Trade Notes: Vol 49, No. 2, ‘August 1959, p. 39.

2 [J.S. Embassy, Rome, Italy, State Department Dispatch 1277 : Apr. 28, 1959, p. 1.

= Chemical Age (London), Borax Duty Petition ;: Vol. 82, No. 2090, Aug. 1, 1959, p. 84.

2 Fertilizers and Feeding Stuffs Journal (London), Boron Deficiency: Vol. 51, No. 10,
Dec. 18, 1959, p. 475.
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ASIA

China.—Extraction of borax from deposits recently found in north-
western Tsinghai was scheduled to begin in 1958. Output was ex-
pected to reach about 33,000 tons.2 )

India.—Deposits of borax were found in the Pugga Valley, 100 miles
southeast of the city of Leh. Plans were made to extract borax from
the deposits.?

Japan.—Plans were made to extract boron by ion exchange from
underground waters in the gasfields of Niigata Prefecture.?

Turkey.—Production of boron minerals continued to rise in 1958
to a new peak of 76,502 tons (revised figure) compared with 30,179
tons in 1957. Exports of boron minerals from Turkey in 1958 in-
creased to 56,506 tons valued at $2 million, compared with 24,244 tons
valued at $1 million in 1957. Turkey exported 24,158 tons of boron
minerals to the United States in 1958.2¢

TECHNOLOGY

An authoritative technical publication reported that the relation of
Tertiary Playa lake sediments to basalt flows could be a useful guide
in selecting areas to explore for boron minerals.? Gravity data were
considered helpful in outlining potential basins and associated faults.
Also, magnetic mapping could furnish information on volcanic flows,
which were considered indicative of potential zones of borate miner-
alization.

The use of boron materials in concrete for shielding against atomic
radiation has been questioned, owing to their cost and harmful effects
on setting time and strength of the concrete. However, boron-concrete
mixes were found to be practical and economical for many reactor
shields. Three boron materials suitable for use in concrete were cole-
manite, borocalcite, and boron frit.2

Removal of boric acid from primary-loop water of atomic reactors
with a strong-base anion exchanger was studied. Data indicated that
boric acid was reduced to the low levels required for reactor operation.
Ton-exchange resins could also be used to remove impurities from a
boric acid solution.?®

A study of the effect of carbon dioxide on boron carbide, elemental
boron, and several boron compounds yielded information that could
be useful in the field of atomic energy. Most boron compounds oxi-
dized rapidly to form boron oxide, which reacted to give a volatile
boron compound.?

2 Bureau of Mines, Mineral Trade Notes: Vol. 49, No. 1, July 1959, p. 29.

2% U.S. Embassy, New Delhi, India, State Department Dispatch 1038 : Mar. 11, 1959, p. 1.

’éggining Journal (London), Mining Miscellany: Vol. 252, No. 6460, June 12, 1959,
p. .

2 Bureau of Mines, Mineral Trade Notes: Vol. 49, No. 5, November 1959, pp. 34-35.

27 Griswold, William T., Colemanite as an Important Source of Borates: AIME Soc. of
Min. Eng., Preprint No. 59H20, Feb. 15, 1959, p. 1.

2 Journal of the American Concrete Institute, Properties of Nuclear Shielding Con-
crgzs%:hVol. 31, I‘fTo. 1, guly 3915{9, ptp. ?:;(—%6 Yon Bxeh P Ind -

ompson, Joseph, an eents, A. C., Jon Exchange Processes: Ind. Eng. Chem., vol.

51, No. 10, October 1959, pp. 1259-1261. & € !

% Davies, M. W., and Phennah, P. J., Reactions of Boron Carbide and Other Boron
gomzpl%uléci% With Carbon Dioxide: Jour. Appl. Chem. (London), vol. 9, pt. 4, April 1959,

D. —219,
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Boric acid and boric acid anhydride were produced in the absence of
added free acid by moistening an alkaline earth borate material with
water and heating it from 300° to 2,000° F. while in contact with
water vapor.®*

A new process for manufacturing boron trichloride was patented.
Liquified petroleum asphalt was applied to a boron compound heated
in a rotary kiln. The dehydrated boron and carbonized asphalt were
chlorinated to obtain boron trichloride.32

A promising process was discovered for hydrating hydrocarbon
compounds containing double bonds. The technique could be used to
rearrange and isomerize an unsaturated molecule. Chemists reacted
a terminal olefin with diborane and hydrogen peroxide at room tem-
Eera,ture, obtaining a primary alcohol. Mixed alcohols were derived

y treating an internal olefin. A primary alcohol was produced from
an olefin containing a double bond by heating it with diborane at 160°
C. for 1 hour, then oxidizing it.?® '

Investigations were reported on the use of sodium tetraborate as
a corrosion inhibitor for hydraulic brake fluids.® -

The possibility of preparing hydrolytically and thermally stable
polymers of exceptional solvent resistance by using boron was inves-
tigated. Some uses for these polymers could be as elastomers, plastics
for structural applications, hydraulic fluids, and heat transfer media.

Very pure boron nitride was found to have high insulation resist-
ance at 500° C. Conductance of boron nitride increased when baked
in an oxygen atmosphere at about 800° C. Boron nitride was con-
verted to boron oxide by atomic irradiation at 400° C.38

Studies of boron-nitrogen bonds revealed that adding diethylamine
dropwise to boron trichloride in methylene chloride led to the iso-
lation of insoluble diethylammonium tetrachloroborate and diethyl-
aminoboron dichloride.*

A general and simple method of preparing chlorides of organoboron
compounds was reported. Esters of organoboron acids, reacted with
phosphorus pentachloride, exchanged alkoxyl groups for chlorine
atoms. The reaction of organoboron chlorides with water, alcohols,
organic acids and their anhydrides, ammonia, and amines were
investigated.3®

Compounds of boron and phosphorus were unusually resistant to at-
tack by heat, water, and oxidation. Dicyclohexylphosphinoborine
trimer had the highest resistance to oxidation (484° C.) of any phos-

31 Harman, Cameron G. (assigned to Hcrizons, Inc.), Production of Boric Acid: U.S.
Patent 2,898,192, Aug. 4, 1959.

33 Montgomery, Charles W., and Pardee, William A. (assigned to Gulf Research and
Development Co. Pittsburgh, Pa.), Process for the Manufacture of Boron Trichloride:
U. 8. Patent 2,876,076, Mar. 3, 1959.
19;’90hem%0é113z§7nd Engineering News, Diborane Ousts Double Bonds : Vol. 87, No. 3, Jan. 19,

> PD. 56—-37.

% Jordan, Charles B., Review of the Use of Sodium Tetraborate as a Corrosion Inhibitor
]f&r %y'}é%‘éuc I7§rake Fluids: Coating and Chem. Lab., Aberdeen Proving Ground, Md.,

ay o, , P. (.

% Kupchik, B. J., Literature Survey on the Preparation and Properties of Inorganic
Polymers Based on Boron, Phosphorus, or Germanium : Materials Lab., Wright Air Develop-
ment Center, Wright-Patterson Air Force Base, Ohio, July 1952, 10 pp.

% Monk, Gaines W. Ultrathermic Capacitors: American Machine and Foundry Co.,
Alexandria, Va., Wright Air Development Center Tech. Rept. 57-599, August 1958, 75 pp.

37 Gerrard, W., Hudson, H. R., and Mooney, E. F., Interaction of Secondary Amines and
Boron Trichloride: Chem. and Ind. (London), No. 13, Mar. 28, 1959, p. 432.

3 Jzvestiya Akademii Nauk, U.S.S.R., Otdeleniye Khimicheskikh Nauk (Moscow), [Syn-
thesis and Transformation of Chlorides of Organoboron Compounds]: No. 11, November
1958, pp. 1399-1401.
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phinoborine compound. Preparation of linear dimethylphosphino-

orine polymer was said to be a major breakthrough in this field.
Possible uses for boron-phosphorus compounds are as elastomers, ad-
hesives, or fluids.®

Boric esters, boron-nitrogen systems, borazole systems, and boron-
phosphorus polymers were reviewed at the Oil and Colour Chemists
Association conference, Edinburgh, Scotland. A study of certain
linkages which might lead to the development of thermally stable
polymers was described.* . .

Boron phosphide, a refractory material harder than silicon carbide,
could make transistors usable at 1,000° C. The boron compound
had a very high energy gap (5.9 electron volts) compared with gallium
phosphide (about 2.4 electron volts), its closest competitor. Four
chemical reactions were reported that yield crystalline material of
semiconductor grade.®*

Methods of treating hardwoods with boron compounds for pro-
tection against insects were developed in Australia 25 years ago.
Timber was treated by pressure or diffusion impregnation. The
treated timber retained its natural color.*

A technique was patented for adding alkaline earth compounds to
boron nitride to give it a superior resistance to attack by water.*

An instrument that contained a radium-beryllium neutron source
was used to measure boron continuously in flowing liquid streams.

A lightweight synthetic rubber compound containing powdered
boron was developed for shielding personnel from neutrons in nuclear-
powered aircraft and ships.®

Vinyl foams were made by a new process that used sodium boro-
hydride as the blowing agent.

The reduction of wood pulp with borohydride gave a product similar
to cotton cellulose. This material was not economie, but it could
compete with cotton for certain uses if the price of borohydride could
be reduced.*

A triorganoborane (CH,):SiC,H,);B was obtained by reacting
sodium borohydride and aluminum chloride with trimethyl-
vinylsilane. The boron compound has potential use as an oxygen
scavenger in silicone fluids.*

A borosilicate glass panel coated with an electrically conductive film
intercepted and grounded radio interference from fluorescent lamps.*

% Chemical and Engineering News, Seek Polymers Stable at 1,000° F.: Vol. 37, No. 24,
June 15, 1959, X 40.
164"1({;%439micmsl27 ge (London), O.C.C.A. Polymer Conference—2: Vol. 81, No. 2079, May

y , D. .

4 Chemical and Engineering News, High Temperature Transistors: Vol. 37, No. 16,
Apr. 20, 1959, p. 60.

42 Chemical Trade Journal and Chemical Engineer (London), Wood Preservation With
Boron Compounds: Vol. 145, No. 3761, July 3, 1959, pp. 1447-1448.

6 Taylor, Kenneth M. (assigned to Carborundum Co., Niagara Falls, N.Y.), Boron
Nitride Shapes and Method of Making: U.S. Patent 2,855,316, Oct. 7, 1958.
1945490hem15<:2a152ng_{Engineering News, Analyzer Monitors Boron: Vol. 37, No. 23, June 8,

, PD. 92, 04, 9.
19‘5“90he12(i)ca1 and Englneering News, Rubber Stops Neutrons: Vol. 37, No. 25, June 22,
, D. 40.

4 Chemical Engineering, Sodium Borohydride Is Key to New Vinyl Foam Process:
Vol. 66, No. 16, Aug. 10, 1959, p. 33.

41 Chemical and Engineering News, Cotton Quality From Wood Pulp:. Vol. 37, No. 21,
May 25, 1959, pp. 44, 46.

A “%laexitgcgg angzmngineering News, New Organometallics, New Uses: Vol. 37, No. 16,

pr. 20, , D. 42.

4 Chemical and Engineering News, Glass Lighting Panel To Eliminate Radio Inter-
ference : Vol. 37, No. 35, Aug. 31, 1959, p. 52.
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Borosilicate glass was used in a shield designed to protect personnel
working in areas of intense heat.®®

A patent was issued for manufacturing of refractory bodies com-
posed of boron nitride and a metal boride. The boron compound has
potential use in rocket nozzles.s .

Recently developed ceramic coatings for aircraft and missiles con-
sisted of a high-temperature-resistant refractory base coating and a
boron nitride coating bonded with lithium compounds such as lithium
borosilicate.’

A method was patented for coating the surface of metal, glass, and
ceramic materials with a cermet consisting of 60 to 70 parts by weight
of aluminum and aluminum-base alloys and 30 to 40 parts of Gerstley
borate and lithia, and a suspension agent fired at a temperature of
1,230° F. The coating could be used for protecting aircraft and
missile surfaces.® }

The dielectric properties of borate glasses were superior to those of
other types of glasses. Substitution of lead oxide with barium oxide,
aluminum oxide, or silicon dioxide increased the sag point of lead
borate glasses and improved their dielectric properties.®

An electrical resistor containing boron material was said to have
excellent stability and high power dissipation. It was composed
essentially of 15 to 65 percent (by weight) molybdenum disilicide, up
to 20 percent aluminum oxide and zirconium oxide, up to 10 percent
molybdenum oxide, and 25 to 85 percent borosilicate glass frit.’s

Aluminum plate was treated with a solution of sodium borate, po-
tassium borate, and waterglass before enameling with borosilicate
frit. Good results were obtained when the enameled plate was tested
by bending. Mixtures of lithium borate and waterglass and sodium
borate and waterglass also gave good results.>®

Boron crystals were made by a new floating-zone technique. Boron
powder was coated with boric acid by boiling it to dryness. Pressed
bars of coated boron were heated under vacuum to decompose boric
acid to boron oxide, which bonded the boron granules together. The
boron oxide binder sublimed when the bar was melted, yielding
crystalline boron.*

Alloys of boron and lead were made by mixing boron powder with
molten lead, yielding a material stronger than lead. The boron-lead
alloys could be used as a versatile shielding material against gamma
rays and neutrons.®®

6 Chemical Engineering, New Eguipment: Vol. 66, No. 12, June 15, 1959, p. 238.

5L Taylor, Kenneth M. (assigned to Carborundum Co., Nia%ara Falls, N.Y.), Refractory
Bodies Containing Boron Nitride and a Boride and the Manufacture Thereof : U.S. Patent
2,872,827, Feb. 3, 1959.

&2 Ceramic Industry, What’s New in Refractory Ceramic Coatings for Supermetal Alloys:
Vol. 70, No. 3, 1958, pp. 62-64.

538 Lang, John V., and Furth, John V. (assigned to Solar Aircraft Co., San Diego, Calif.),
Protective Cermet Coating Method and Materials: U.S. Patent 2,898,236, Aug. 4, 1959.

8 Hirayama, Chikara, and Rutter, Mildred M., Dielectric Studies of Some Borate and
Phosphate Glasses: Jour. Am. Ceram. Soc., vol. 42, No. 8, August 1959, pp. 367-378.

58 Fenity, Robert D., and Harman, Cameron G. (assigned to Globe Un?on, Inc.), Fired
Electrical Resistor Comprising Molybdenum Disilicide and Borosilicate Glass Frit: U.S.
Patent 2,891,914, June 23, 1959.

5 Journal of the American Ceramic Society, Enamels and Refractory Coatings for
Metals: Vol. 42, No. 6, June 1959,Np. 150.

5 Chemical Week, Technology Newsletter: Vol. 85, No. 19, Nov. 7, 1959, p. 70.

8 Chemical and Engineering News, Metal Powders Give Lead Strength: Vol. 37, No. 32,
Aug. 10, 1959, pp. 50-51.
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A process was patented that gave promise of removing magnesium
from elemental boron. After leaching to remove soluble magnesium,
the contaminated boron was heated in the presence of a reagent con-
taining fluorine compounds to transform nonleachable magnesium to

‘soluble form. The }i)oron was leached again in hot aqueous acid
solution to remove converted magnesium.®

Research has disclosed that boron can form delta bonds in which
three atoms share an electron pair.®°

Boron dispersed in paraffin was used as shielding material in a
nuclear reactor. Paraffin slabs were lighter, cost less, and were easier
to handle than lead or concrete shielding.®*

Several types of steel with a relatively high boron content were
introduced for shielding and control rods in atomic reactors.®

In England, steel containing 8 percent boron was produced. A
research team discovered that steel containing 4.75 percent boron
lcoulld be forged if residual aluminum was maintained at a specified

evel.%® :

Boron vapor plating of steel was accomplished at 800° to 850° C.
in 4 to 5 hours, with a diborane to hydrogen ratio of 1 to 75 flowing
at 75 to 100 liters per hour. A very hard boronized case, 200 microns
thick, was obtained on carbon steel.’*

The mechanism by which traces of boron and zirconium improved
the creep properties of a complex nickel-base alloy was described.
Additions of 0.0002 to 0.0088 percent boron had a pronounced sta-
bilizing effect on the grain boundaries, grolonged the life to fracture
point of the alloy, and permitted greater deformation before fracture.®

Research and development work on high-energy boron fuels was
reported to be continuing despite plans to abandon quantity pro-
duction of the fuel.®

One section of the $45 million high-energy boron fuel plant at
Model City, N.Y., was retained to make research quantities of boron
trichloride. A pilot plant at Lewiston, N.Y., would continue to pro-
duce boron fuels for research purposes.s

59 Kroll, Wilhelm J., Nies, Nelson P., and Fajans, Edgar W. (assigned to U.S. Borax &
Chemical Corp.), Production of Elemental Boron: U.S. Patent 2,893,842, July 7, 1959.

@ Chemical Engineering, Chementator: Vol. 66, No. 7, Apr. 6, 1959, p. 74.
14°1J0111enii§3a}9}35}3gine$§ing, Boron Paraffin Shields Training Nuclear Reactor: Vol. 66, No.

, July 19, , P. .

62 Chemical Engineering, More Nuclear Steels Available: Vol. 66, No. 12, June 15, 1959,

p. 212,

wlsot_eiel2 Review, The British Iron and Steel Federation Quarterly, January 1959,
pp. .

¢ Zhigach, A. F., and others [Surface Impregnation of Steel With Boron]: Metallov
(Russia), vol. 4, No. 4572, April 1959, pp. 45-47.

65 Decker, R. F., and Freeman, J. W., Mechanism of Beneficial Effects of Boron and
Zirconium On Creep Rupture Progerties of a Complex Heat-Resistant Alloy : NASA, Wash-
ington 25, D.C., August 1958, p. 54.

A e I\%ssillg;gand fgockets, Pentagon Calls Halt to HE Boron Fuels Program : Vol. 5, No. 34,

ug. 17, p. 48.

67 ChemicaI'Engineering, Bad News for High-Energy-Fuel Engineers: Vol. 66, No. 21,
Oct. 19, 1959, p. 95.



Bromme
By Henry E. Stipp* and James M. Foley 2

4

ALES of bromine and bromine compounds increased in 1959 and
S exceeded in value the previous peak recorded in 1956. Exports of
bromine materials decreased for the second consecutive year. Fu-
ture consumption of ethylene dibromide in automobile gasoline was ex-
pected to increase; however, consumption of this bromine compound
in aviation gasoline was expected to decrease.

DOMESTIC PRODUCTION

Total sales of bromine in 1959 increased 11 percent over 1958.
Larger consumption of ethylene dibromide was chiefly responsible for
the increase. Bromine was extracted from sea water, well brines, and
saline-lake brines. The Ethyl-Dow Chemical Co. recovered bromine
from sea water at Freeport, Tex., and Westvaco Chemical Division of
Food Machinery & Chemical Corp. extracted bromine from sea-water
bittern at Newark, Calif. The Dow Chemical Co. plants at Midland
and Ludington, Great Lakes Chemical Corp. at Manistee, Michigan
Chemical Corp. at East Lake and St. Louis, and Morton Salt Co. at
Manistee recovered bromine from well brines in Michigan. The
Westvaco Chemical Division recovered bromine from well brines at
South Charleston, W. Va. Michigan Chemical Corp. recovered
bromine from oil-well brines at El Dorado, Ark. American Potash
& Chemical Corp. extracted bromine from the brine of Searles Lake
at Trona, Calif.

Michigan Chemical Corp. announced it would increase productive
capacity of its plant at Kl Dorado, Ark., to 10 million pounds of
bromine a year. Food Machinery & Chemical Corp. introduced
reagent-grade 48-percent hydrobromic acid in 1959. Halocarbon
Products Corp., introduced a bromotrifluoroethylene polymer for use
with flotation fluid.

TABLE 1.—Total sales of bromine and bromine compounds (bromine content) by
primary producers in the United States

(Thousand pounds and thousand dollars)

Year Quantity Value Year Quantity | Value
1950-54 (aVerage)a- - oe—cou-- 147,162 $30,460 || 1957 . 191,971 $48,038
1955 el 184,454 39,856 || 1958 _ . 176, 397 46, 689
1956 e eeeeeee 196, 730 47,434 ([ 1959. - oo 195,483 51, 508

1 Commodity specialist.
2 Supervisory statistical assistant.
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TABLE 2.—Bromine and bromine compounds sold by primary producers in the
United States

(Thousand pounds and thousand dollars)

Quantity
Value
Gross Bromine
weight content !
1958
Elemental bromine_ . _________________________________________ 14, 404 14,404 $3, 346
Other, including ethylene dibromide, sodium bromide, am-
monium bromide, and potassium bromide. ... 194, 606 161, 993 43,343
3 7 209, 010 176, 397 46, 639
1959
Elemental bromine._ .l 12, 537 12, 537 2,785
Other, including ethylene dibromide, sodium bromide, am-
monium bromide, and potassium bromide. ... 218, 901 182, 946 48,723
7 7 O 231,438 195, 483 51, 508

1 Calculated as theoretical bromine content present in compound.

CONSUMPTION AND USES

Ethylene dibromide, used chiefly as an additive to tetraethyl lead
antiknock fluid, consumed about 94 percent of the bromine output.
Ethylene dibromide and methyl bromide were used in fumigation
mixtures for controlling insects and other pests in seeds and soil. A
small quantity of ethylene dibromide was used as an intermediate in
the synthesis of dyes and pharmaceuticals; as a solvent for celluloid,
resins, gums, and waxes; and as an anaesthetic, sedative, and anti-
spasmodic agent.

Elemental bromine (6 percent of consumption) was used in many
organic and inorganic compounds. It was also used as a laboratory
reagent, as a bleaching and disinfecting agent, in brominated dyes, in
lachrymators, and in shrink-proof wool.

The alkali bromides, sodium, potassium, and ammonium bromide,
were used in sedatives in the pharmaceutical industry, in photo-
graphic plates, in films and emulsions, and as process and laboratory
reagents. Potassium bromate was used as a flour additive. Both
sodium and potassium bromates are powerful oxidizing agents and
were used for manufacturing and laboratory reactions.

Bromine was consumed in fire-extinguishing compounds, such as
monobromotrifluoromethane and bromochloromethane. Dibromo-
propyl phosphates and tribromoaniline were also used as flameproofing
compounds.

Bromine compounds were consumed in many other uses, such as
catalysts, dehumidifying agents, atomic energy shields and viewing
solutions, hydraulic liquids, flotation mediums for mineral recovery,
lithographic chemicals, and effervescent mineral waters.

One company official estimated that about 137 million pounds of
ethylene dibromide was used in 1959 in tetraethyl lead antiknock fluid
for automobile gasoline. The demand for ethylene dibromide in
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aviation gasoline was expected to drop from 83.3 million pounds in
1958 to approximately 24.8 million pounds in 1960.3

Argonne National Laboratory used bromine trifluoride as a re-
agent to fluorinate fuel elements for reprocessing.*

PRICES

According to the Oil, Paint and Drug Reporter, prices for most
bromine and bromine compounds were firm throughout 1959. Prices
were quoted as follows: Bromine, purified, cases, carlots, delivered
east of the Rocky Mountains, 32 cents a pound ; cases, less than carlots,
same basis, 34 to 39 cents a pound; drums, lead-lined, carlots, deliv-
ered east of the Rocky Mountains, 31 cents a pound ; drums, lead-lined,
less than carlots, same basis, 81 to 34 cents a pound ; ammonium bro-
mide, N.F., granular, barrels, 45 cents a pound ; ethylene dibromide,
drums, carlots, freight equaled, 8014 cents a pound; drums, less than
carlots, freight equaled, 8114 cents a pound; tanks, freight equaled,
2815 cents a pound; potassium bromide, U.S.P., granular, barrels,
kegs, 89 to 40 cents a pound; potassium bromate, drums, 1,000-pound
lots or more, 50 cents a pound; drums smaller lots, works, 52 to 62
cents a pound; and sodium bromide, U.S.P., granular, drums, works,

40 cents a pound.
FOREIGN TRADE°®

Exports of bromine, bromides, and bromates decreased for the sec-
ond consecutive year. In 1959 exports totaled 9.2 million pounds
valued at about $2.6 million compared with 10 million pounds valued
at $3 million in 1958. Canada and Brazil received the largest ship-
ments ; however, 38 other countries imported substantial quantities.

U.S. imports of bromine and bromine compounds (n.s.p.f.) in 1959
totaled 2,200 pounds valued at $12,500 compared with 10,400 pounds
valued at $37,000 in 1958. Imports of sodium bromide in 1959 totaled
24,000 pounds valued at $9,400 compared with 1,400 pounds valued

at $1,200 in 1958.
WORLD REVIEW

Germany, West.—Production of bromine and bromine compounds in
1958 t,(z)taled 3.8 million pounds compared with 8.5 million pounds
in 19578

Israel.—The Israeli Government and Baker Perkins, Litd., of Eng-
land, reached an agreement for the manufacture, application, and
marketing of tetrabromethane. A pilot plant with an annual output
of 276 short tons will be built at Sod%m, Israel. A demonstration unit
to produce 1 ton of ore per hour using tetrabromethane in the separa-
tion process will be built by Baker Perkins, Litd. The company will

s %léﬁlgécal Engineering News, Additives Are Big Business: Vol. 87, No. 22, June 1959,

D. .
39‘5 ghemlfgl Engineering, Fluorination Recovers Spent Uranium : Vol, 66, No. 2, Jan. 26,
h, D. .

¢ Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Division
of Foreign Activities, Bureau of Mines, from records of the U.S. Department of Commerce,
Bureau of the Census.

¢ Bureau of Mines, Mineral Trade Notes : Bromine and Bromine Compounds ; Vol. 49, No.
2, August 1959, p. 39.
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undertake to design, build, develop, and sell special equipment for a
tetrabromethane dressing process.” The production of bromine in
Israel has reached the rated capacity of the Dead Sea Bromine Co.,
Ltd. plant—2,000 tons a year.®

Ttaly.—In 1958 production of elemental bromine totaled 100,000
pounds.®

Japan.—Production of elemental bromine totaled 3.3 million pounds
in 1958 compared with 2.5 million pounds in 1957. Potassium bromate
production was 628,000 pounds in 1958 and 683,000 pounds in 1957.1°

Pakistan.—Large deposits of brine were discovered at Dhariala in
the Jhelum district of Pakistan. The brine occurs under high pressure
and can flow at 60,000 gallons per hour. Indications were that the
brine contained bromine.*

United Kingdom.—Bromine was recovered from sea water at two
plants. Most of the production was converted to ethylene dibromide
for use in gasoline antiknock compound. Over 80 percent of this com-
pound is exported.?

TECHNOLOGY

The Alberta Research Council of Canada was studying commercial
aspects of recovering bromine and magnesium from waste-oil waters
of the Redwater and Wizard Lake oilfields. The Redwater field was
said to yield about 700,000 barrels of water a month containing 1,400
mg. per liter of bromine or about 0.49 pound a barrel.*®

A special committee convened by the Surgeon General of the Public
Health Service reported that the tetraethyl lead fluid (contains 17.9
percent ethylene dibromide) content of gasoline could be raised from
3 cc. to 4 cc. per gallon without significant harm to public health.**

The consumption of tetraethyl lead-ethylene dibromide antiknock
fluid could be increased by the introduction of a new gasoline additive.
The additive (tert-butyl acetate) should cut costs to consumers, as this
method of increasing octane ratings is less costly than upgrading gas-
oline by refinery methods.?®

The consumption of ethylene dibromide could be increased by the
introduction of another new antiknock mixture composed of tetraethyl
lead fluid and methyleyclopentadienyl manganese tricarbonyl.*®

Brominated butyl rubber was used in a tire liner, as an adhesive for
retreading, or blended with natural and synthetic rubber.” The
brominated butyl vulcanized faster than butyl rubber; thus, it could
reduce processing costs.’®

7 Work cited in footnote 6, pp. 39-40.

8 Chemical Trade Journal and Chemical Engineer (London), Israeli Bromine: Vol. 145,
No. 3777, Oct. 23, 1959, p. 748. .

9 U.S. Embassy, Rome, Italy, State Department Dispatch 1277, Apr. 28, 1959, p. 1.

10 Bureau of Mines, Mineral Trade Notes: Bromine; Vol. 49, No. 1, July 1959, p. 29.

1 Canadian Mining Journal (Quebec), Outside Canada : Vol. 80, No. 8, August 1959, p.

7.
12 Chemical Trade Journal and Chemical Engineer (London), Heavy Chemicals in Eng-
land and Wales : Vol. 144, No. 3757, June 5, 1959, pp. 1257-1258,

18 Chemical Week, New Oil Dividend: Vol. 85, No. 24, Dec. 12, 1959, p. 76.

1 7.S. Department of Health, Education, and Welfare, Public Health Service, Public
Health Aspects of Increasing Tetraethyl Lead Content in Motor Fuel : Public Health Serv-
ice Pub. 712, Washington, 1959, pp. 1-49.

15 Chemical Engineering Progress, Scope: Vol. 55, No. 4, April 1959, p. 16.

16 Chemical Engineering News, Chemicals: Vol. 37, No. 46, Nov. 16, 1959, p. 58.
lggQChemiggzl gggineering, Halogens Boost Butyl Rubber’s Stock: Vol. 66, No. 4, Feb. 23,

, pp. 57, 60.
18 Chemical Engineering Progress, Industrial News: Vol. 55, No. 4, April 1959, p. 92.
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Bromomethyl alkylated phenol-formaldehyde resin reduced the cur-
ing time of butyl rubber and improved heat-resistance and compres-
sion-set properties.’

Bromine in the form of iodine monobromide was used to halogenate
butyl rubber. The modified butyl gave better covulcanization with
natural rubber, greater resistance to ozone, and increased adhesion to
natural rubber and metals.2

Monobromotrifluoromethane was said to be twice as effective as any
other extinguishing agent used for fuel and electrical fires. The army
has adopted it for use at all installations.*

A phosphorus-bromine mixture was effective in reducing the fire
hazard created by oil-type preservatives in railroad ties. Pentachloro-
phenol and 2-, 4-, 6-tribromoamline appeared to be suitable as halogen
carriers for this application.??

Polymers prepared by ammonium salts of mono- and bis- (dibro-
mopropyl) phosphoric acid and trimethylolmelamine were formed on
cotton fabric and gave excellent flame and glow resistance properties
to the cloth.? :

A patent was granted for production of an organic phosphonyl
halide by reacting a lower alkoxydihalophosphine and a hydrocarbon
compound containing bromine, chlorine, or iodine.?*

A potential market was reported for about 250,000 pounds a year of
bromine for treating water in swimming pools. Advantages of using
bromine include less eye and mucous membrane irritation, no odor,
and aesthetic appeal (bromine gives water a deep-blue color).>s

A two-furnace technique to determine bromine and chlorine content
of polymers, gas, oils, and heavy residual oils was reported.2s

A flux for joining and coating metals, comprising ammonium bro-
mide, ammonium chloride or urea, and an amine hydrohalide, was
patented.*”

19 Chemical Engineering, Curing Agent: Vol. 66, No. 11, June 1, 1959, pp. 72, 74.

20 Morrissey, R. T., Halogenation of Butyl Rubber with Yodine Monochloride and Iodine
Monobromide : Rubber World, Vol. 138, No. 5, August 1958, pp. 725-732, 742.
192190hem3(c)al Engineering News, Monobromotrifluoromethane: Vol. 87, No. 43, Oect. 26,

59, p. 90.

22 Chemical Engineering, Flames Die Just After Birth in P-BR-T Treated Wood : Vol.
66, No. 17, Aug. 24, 1959, p. 84.

= Reid, David J., and others, Investigation of Silicon Compounds and Dibromopropyl
Phosphates as Flame Retardants for Cotton: U.S. Army, Textile, Clothing, and Footwear
Diyision, Quartermaster Research and Engineering Center, Natick, Mass., July 1957, 30 Upg

2 Kwiatek, J., and Copenhaver, J. W., Production of Organic Phosphonyl Halides: U.S.
Patent 2,882,313, Apr. 14, 1959. )

% Chemical Week, Bromine Splash: Vol. 85, No. 24, Dec. 12, 1959, p. 90.

4 2:'4 ghemlcal Engineering News, Halogens Pinpointed: Vol. 37, No. 5, Feb. 2, 1959, pp.

27 Jordan, Elfred A., and Lederer, F. B, (Lederer, F. B., assigned to Jordan, Elfred A.),
Flux Comgosiﬁon and Processes for Soldering and Metal Coating: U.S. Patent 2,880,125,
Mar. 31, 1959, p. 1312,






Caclmlum
By Arnold M. Lansche?

L

PPARENT consumption of cadmium in the United States in 1959
A rose 40 percent to 11.5 million pounds. This high consumption,
coupled with decreased supply, caused cadmium stocks to drop
nearly 40 percent from 1958. Quotas on imports of zinc ores and con-
centrates, which contain cadmium, and strikes at domestic zinc
smelters and cadmium refineries contributed to the lower cadmium

supply.

TABLE 1.—Salient statistics of cadmium, in thousand pounds of contained

cadmium
1950-54 1955 1956 1957 1958 1959
(average)
United States:
Primary production._ .. ..___._..____ 9,078 19,754 | 210,614 | 310,549 29,673 28, 602
Metal imported for consumption.__..__ 831 927 3,116 1, 586 1,002 1, 638
B 05 4 10] o 7 506 1,394 1,284 693 580 900
Apparent consumption. . __ - 8, 559 10, 684 12,711 | 210,999 28,177 211,474
Price (average per pound) .. ..._..___. $2.18 $1.70 $1.70 $1. 70 $1. 52 $1.35
World: Production. ... ________.____. 14,400 | 318,500 20,100 | 221,000 | 319,900 19, 700

1 Primary cadmium metal only.
2 Primary and secondary cadmium metal.
$ Revised figure.

LEGISLATION AND GOVERNMENT PROGRAMS

General Services Administration, pursuant to Strategic and Critical
Materials Stock Piling Act, 53 Stat. 811, as amended, 50 U.S.C. 98b(e),
. announced in September 1959 the proposed sale (to take place 6 months

later) of 4,413 short tons of cadmium-magnesium scrap, 20 percent
cadmium content, from the national stockpile of strategic materials.

In February, the U.S. Department of Agriculture Commodity
Credit Corporation ended barter of surplus perishable goods for
foreign-produced cadmium metal.

DOMESTIC PRODUCTION

The combined production of primary and secondary cadmium metal
in 1959 was down to 8.6 million pounds, 11 percent below 1958, a de-

1 Commodity specialist.
271
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crease for the third successive year. Qutput in 1959 was adversely
affected by restrictions on imports of zine ores and concentrates and
strikes at zinc smelter and cadmium refineries.

Foreign flue dust provided 18 percent of the 8.6 million pounds of
cadmium produced in 1959. Except for the small quantity of sec-
ondary production, an estimated 48 percent of the remainder was
derived from domestic zinc ore and 52 percent from foreign zinc ore
concentrates and other base-metal concentrates containing zine and
associated cadmium. Mexico, Canada, and Peru were the chief
sources of imported zinc concentrates.

Some cadmium was recovered from the purification of zinc sulfate
solutions used to make lithopone. A small quantity of secondary
cadmium metal was recovered by processing scrap alloys.

Eagle-Picher Co. discontinued cadmium production at its Henry-
etta (Okla.) plant, and Kentucky Color & Chemical Co. became a
division of Harshaw Chemical Co. on October 1, 1959.

Output of cadmium sulfide, including cadmium lithopone and cad-
mium sulfoselenide (cadmium content), increased 26 percent to 1.2
million pounds in 1959. Statistics were not available for cadmium-
mercury lithopone.

The average cadmium oxide production for the 5-year period, 1950
54, was 769,000 pounds gross weight and 672,000 pounds cadmium
content. Annual oxide output is withheld to avoid disclosing indi-
vidual company confidential data.
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F1eure 1.—Trends in production, consumption, year-end stocks, imports, exports,
and average price of cadmium metal in United States, 1930-59.
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TABLE 2.—Cadmium produced and shipped in the United States, in thousand
pounds of contained cadmium

1950-54 1955 1956 1957 1958 1959
(average)
Production:
Primary:
Metallic cadmiom_____.._.__......__ 8,890 9,754 | 110,614 | 110,549 | 19,673 18,602
Cadmium compounds 3. __.____..___ 188 ® ® ® (O] ®
Total primary production.......__.. 9,078 9,754 | 110,614 | 110,549 19,673 18,602
Secondary (metal and compounds)24____ 177 286 @) @ @) @®)
Shipments by producers:
Primary:
Metallic cadmium. .__._..__..._______ 8,085 11,167 | 110,936 [ 110,091 17,921 111,273
Cadmium compounds 3...._._._______ 187 ® ® (O] ® ®
Total primary shipments.___________ 8,272 11,167 | 110,936 | 110,091 17,921 111,273
Secondary (metal and compounds)? 4____ 169 286 ®) ® @ ®
Value of primary shipments:
Metallic cadmium..._.____ --| $16,322 | $15,729 | 5$16,283 | 5 $14,921 | 8 $10,067 | * $12,054
Cadmium compounds 8___ 388 ® ® ® (O] @
Total value 16, 710 15,729 | 516,283 | 514,921 | 310,067 512,054

1 Total metallic cadmium, including secondary.

2 Excludes compounds made from metal.

3 Figure withheld to avoid disclosing individual company confidential data.

4 Bureau of Mines not at liberty to publish figures separately for secondary cadmium compounds.

§ Value of metallic cadmium shipments, including secondary.
( e Vaéue otfaln)aetal contained in compounds made directly from flue dust or other cadmium raw meterials
except metal).

TABLE 3.—Cadmium sulfide* produced in the United States, in thousand pounds

Year Gross Cadmium Year Gross Cadmium
weight content weight content
3,512 1,140 3,198 1,041
4,191 1,348 2,884 983
- 3,937 1,258 3,701 1,243

1 Includes cadmium lithopone and cadmijum sulfoselenide.

CONSUMPTION AND USES

The apparent consumption of cadmium metal was 12 percent above
the total new supply in 1959 and 40 percent above that in 1958. The
gain in consumption was attributed to an increase in the use of cad-
mium for electroplating, in cadmium compounds as colorants, as heat
and light stabilizers in plastics, and in nickel-cadmium batteries.

Cadmium was consumed in electroplating such items as automobile-
engine parts, aircraft parts, radio and television parts, and nuts and
bolts. Cadmium was also used in bearing and fusible alloys, paint
pigments, dentistry, photography, dyeing, and nuclear energy reactors.
Cadmium was used in the form of organocadmium compounds to pro-
vide heat and light stabilization for plastics.

A mixture of 60 percent cadmium succinate as the active ingredient
and 40 percent inert material was marketed as a turf fungicide for
control of grass diseases.
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Manufacturers of both pocket- and sintered-plate type nickel-cad-
mium batteries in the United States in 1959 were:

Nickel-Cadmium Battery Corp. East Hampton, Mass.

Nife, Inc Copiague, N.Y.

The Electric Storage Battery Co Philadelphia, Pa.

Thomas A. Edison, Inc .~ West Orange, N.J.
Producers of the sintered-plate type only were:

Burgess Battery Co. Freeport, Il1l.

Bagle-Picher Co. Cincinnati, Ohio

Gulton Industries, Inc Metuchen, N. J.

Sonotone Corp. Elmsford, N.Y.

STOCKS

Stocks of cadmium metal increased in the first quarter of 1959 to a
high of 5.94 million pounds and during the rest of the year declined
at an average monthly rate of 275,000 pounds to 3.46 million pounds
at the end of the year. Stocks of cadmium compounds increased 16
perceéxt over 1958. Total stocks were down 33 percent to 4.1 million
pounds.

The Government supplemental stockpile was reported ? to contain
6,107,756 pounds of cadmium metal at the end of calendar year 1959.
Cadmium in the Government’s strategic stockpile and that held by the
Commodity Credit Corporation continued to be restricted information.

TABLE 4—Industry stocks at end of year, in thousand pounds of contained

cadmium
1958 1959
Metallic [Cadmium| Total | Metallic |Cadmium| Total
cadmium| com- [|cadmium|cadmium| com- [|cadmium
pounds pounds

Metal producers_ oo 5,367 |- 5,367 3,103 |-cceeaa- 3,103
Compound manufacturers....._.._._.._.._ 75 508 583 183 588 771
Distributors .- o 153 51 204 174 59 233
Total stocks_ - ..o 5, 595 559 6,154 3, 460 647 4,107
Consumers’ StOCKS. ... ... [©) 0] 31,000 @ ® 31,000

1 Comprises principally 8 largest dealers and producers of plating salts; it was estimated that about 76, 000
pounds of metal and 14,000 pounds of oxide were in the hands of other dealers and distributors at the end of
1958. Comparable figures for 1959 were 112,000 pounds of metal and 10,000 pounds of oxide.

2 Data not available.

3 Estimate.

PRICE

On April 1, 1959, the quoted price of cadmium metal declined from
$1.45 to $1.30 a pound for sticks, bars, and shapes in lots under 1 ton;
$1.20 a pound was quoted for lots of a ton or more. Principal factors
in the price decline were the discontinuance of the U.S. barter pro-
gram for cadmium, the decline in price on the United Kingdom mar-
ket, and the increasing stocks of metal in the United States in the first
quarter of the year. On October 1, the quoted price increased to $1.40

2 7.8. Department of Agriculture, USDA Reports on Barter Contracts and Exports for
October—December Period : Washington, D.C., Mar. 9, 1960.
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a pound for lots up to 1 ton and to $1.30 a pound for ton lots. Three
factors influenced this price increase: Industrial activity increased ;
strikes involving various aspects of cadmium production began in
July and August; and available stocks of the metal decreased rapidly.

The London quotation declined in March from 9s. 6d. a pound in
lots of a hundredweight ($1.33 on the basis of $2.80 a £) to 9s. ($1.26),
and in November the price advanced to 9s. 6d. In Italy the price de-
clined in April to 2,100 lire a kilogram or $1.47 a pound on the basis
$0.00154 per lire. In France the price declined about August 1 to
%,300 )fra,ncs a kilogram ($1.40 a pound on the basis of $0.0024 per

ranc).

Cadmium-mercury lithopone, orange (deep-shade), declined 3 cents
to $1.58 a pound in barrel lots in April and increased to $1.61 in No-
vember in response to fluctuations in the metal price.

FOREIGN TRADE *

Tmports.—General imports of cadmium increased 58 percent over
1958, and imports for consumption rose 63 percent.

Mexico supplied all of the 1.5 million pounds of imported flue dust
(cadmium content) in 1959, 27 percent more than in 1958.

Exports.—Exports increased 55 percent in 1959, and cadmium metal
was the item of principal value in the exports. The United Kingdom
received the largest quantity—about 652,000 pounds. The average
value of all exports was $1.14 a pound. ‘

Tariff.—The import duty on cadmium metal remained at 8.75 cents
per. pound in 1959—the rate established January 1, 1948, as a result of
action taken at the Geneva Trade Conference of 1947. Cadmium con-
tained in flue dust remained duty free.

WORLD REVIEW

World production of cadmium metal declined slightly owing almost
entirely to the drop in U.S. output.

Mexico.—Cadmium was produced in Mexico at the Torreén (Coahu-
ila) smelter of Compaiifa Metalurgica Penoles, S.A., a subsidiary of
American Metal Climax Co. Cadmium was extracted from lead-
bearing minerals processed by the lead smelter at Torreén. Cadmium
production facilities at the smelter have an annual capacity of approx-
1mately 55 short tons.

United Kingdom.—About 2.8 million pounds of cadmium metal was
consumed in 1959, an increase of 28 percent over 1958. Supply, com-
prising 0.3 million pounds of internal production and 2.5 million
pounds of metal imports, increased 34 percent over 1958. Quantities
(in thousand pounds) used for various purposes were as follows:
Plating anodes, 1,404; plating salts, 241; cadmium-copper alloys, 110;
other alloys, 95; alkaline batteries, 188; dry batteries, 11 ; solder, 145;
colors, 580; and miscellaneous, 42.

3 Figures on U.S. imports and exports compiled by Mae B. Price and Elsie D. Jackson,

Division of Foreign Activities, Bureau of Mines, from records of the U.S. Department of
Commerce, Bureau of the Census.
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TABLE 5.—Cadmium metal and flue dust imported into the United States, by
countries

(Thousand pounds and thousand dollars)

[Bureau of the Census]

General imports ! Imports for consumption 2
Country 1958 1959 1958 1959
Pounds | Value | Pounds | Value | Pounds| Value | Pounds | Value
METALLIC CADMIUM
North America:
(7Y (Y T 508 $682 839 $920 508 $682 839 $920
MeXiCO-mmmm oo mcccccccmcceee | e | 91 47 |t 91 47
L1 1003 7Y 508 682 930 967 508 682 930 967
South America: Perttaoae--—----- 103 155 110 128 103 155 110 128
Europe:
Belgium-Luxembourg. -.---- liil) 1?? 187 209 lﬁ) lﬁ 180 201
Gormany, West- ---oooooooe | mmmmmo o |mmmae| 55| 23 IR I B 55| 53
Ve memmcm e 14 18 16 16 13 17 16 16
Netherlands.- ..o~ 22 28 33 38 13 19 40 45
NOIrwWaY - o cccccmcmmmmmmmem o fmmmm e m e oo 22 b7 I R 22 24
United Kingdom. ... ©] (O] ® ® ® ® ® ®
L 1] 7Y 166 196 313 340 156 186 313 339
Asia:Japan. oo 143 167 116 125 121 142 149 162
Africa:
Belgian CONgO-wvee oo - 59 69 163 176 59 69 136 148
Rhodesia and Nyasaland,
Federation of .- - 10 15 |cccmmmo o fommme e 10 15 foooomoc e ee
L1001 7 69 84 163 176 69 84 136 148
Oceania: Australia. - .coceeeoo-- 45 [ 71 PR 45 [ 70 PR,
Total metallic cadmium_. . 1,034 | 1,347 1,632 | 1,736 1,002 | 1,312 1,638 1,744
FLUE DUST (CD CONTENT)
North America: Mexico_._._-.-- 1,218 661 1,544 584 1,218 661 1, 544 584
Total fluedust .- oo 1,218 661 1, 544 584 1,218 661 1,544 584
Grand total oo —o-- 2,252 | 2,008 3,176 | 2,320 2,220 | 1,973 3,182 2,328

1 Comprises cadmium imported for immediate consumption plu
3 Comprises cadmium imported for immediate consumption plu

warehouses.
3 Less than 1,000.

s material entering bonded warehouses.
s material withdrawn from bonded

TABLE 6.—Cadmium metal, alloys, dross, flue dust, residues, and scrap exported
from the United States

(Thousand pounds and thousand dollars)

[Bureau of the Census]

Year Pounds Value Year Pounds | Value
1950-54 (aVerage) - - ---coe-ceme 508 $1,102 693 $1,060
1955. 1,394 1,938 580 771
1956. 1,284 1,932 900 1,024
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TABLE 7.—World production of cadmium, by countries," in thousand pounds?

[Compiled by Augusta W. Jann and Berenice B. Mitchell]

1950-54
Country (aver- 1955 1956 1957 1958 1959
age)
North America:
Canada. 1,066 1,919 2,339 2,368 1,756 32,200
Guatemala 107 84 52 |
Mexico (refined metal) 42 3114
United States (primary):
Metallic cadmium___.___.._______ 48,890 49,754 | 510,614 | 510,549 59,673 58,602
admium compounds (Cd con-
tent) 188 ® ©®) ® ® ©
South America: Peru?..__________________ 26 138 107 104 190 3190
Europe:
Austria. 5 25 25 394
Belgiums_______________ T TTTTTC 1,030 1,433 1,488 1,323 1,488 1,488
France...... 27 39 2 3
Germany, We; 233 709 645 611 703 926
Italy. ... 352 462 412 492 410 2309
Netherlands 3__ 822 34 36 77 88 88
Norway.._. 187 255 278 244 240 284
Poland 3______________ 439 550 542 560 573 | 595
ain______ 13 22 25 14 313
US.8.R.30 ______ 329 680 795 1,050 1,040 1,080
United Kingdom. 326 337 251 278 310
Yugoslavia__._______ 18 57 355 355
Asia:Japan._______________________ """ 379 757 886 873 964 1,082
Africa:
Belgian Congo.._______._______________ 75 366 611 911 1,075 1,047
Rhodesia and Nyasaland, Federation
of: Northern Rhodesia, 117 125 38 |ocmeeeee.
Oceania: Australia, 626 674 618 880 791 3752
‘World total (estimate) 12.__________ 14, 400 18, 500 20, 100 21,000 19, 900 19,700
Mexico 10 __ 1, 668 2,855 1,892 1,673 1,655 31,151
South-West Africa®0___________________ "~ 1,341 1,402 2,328 2,838 2,698 1,193

! Data derived in part from bulletins of the World Non-Ferrous Metal Statistics and annual issues of Metal

Statistics (Metallgesellschaft).
2 This table incorporates some revisions. Da\gia.1 do not add exactly to totals shown because of rounding

whergt estimated figures are included in the detail.

imate.

¢ In addition, secondary metal and compounds were as follows: 1950-54 (average) 177,000 pounds and 1955,
286,000 pounds.

§ Includes secondary.

¢ Figure withheld to avoid disclosing individual company confidential data.

7 Includes refined metal, beginning in 1955,

§ One year only, as 1954 was the first year of commerical production. .

¢ Estimates based on an assumed average cadmium content of 0.1 percent in zine concentrates.

10 To avoid duplicating figures, data are not included in the world total, as the cadmium content of flue
dust from Mexico is exported for treatment elsewhere; represents in part shipments from stocks on hand.
The cadmium content of concentrates from South-West Africa is also exported for treatment elsewhere.

TECHNOLOGY

A 5-percent cadmium, 15-percent indium, and 80-percent silver
alloy was reported in 1959 as a substitute for hafnium as control-rod
material in the pressurized-water nuclear reactor. The alloy was said
to be metallurgically stable under radiation, resistant to corrosion
when in direct contact with pressurized high-temperature water, free
of temperature distortion, ductile, a strong neutron absorber, low in
cost, and easily fabricated. .

Several reports ¢ ¢ described research on nickel-cadmium batteries
to drive electric automobiles or industrial vehicles. Other publica-

4 American_Motors, Sonotone to Work on Electric Auto: Wall Street Jour., vol. 153,
No. 64, Apr. 2, 1959, p. 3.

6 Ingraham, Josegh C., Old Electric May Be the Car of Tomorrow: The New York
Times, vol. 108, No. 37,073, July 26, 1959, p. X19.

8 Nickel-Cadmium Batterg oints to Keconomic Feasibility of Electric Auto: American
Metal Market, vol. 66, No. 210, Oct. 27, 1959, p. 7.
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tions covered the theory and electrical characteristics of alkaline stor-
age batteries; ? electrochemical oxidation and reduction of cadmium in
potassium hydroxide; ® com arison of the nickel-cadmium battery and
other batteries;® voitage ecays of electrodes in nickel-cadmium
cells; 1 investigation by means of X-ray diffraction patterns of the
reaction mechanism of the nickel-cadmium cell;** charge and dis-
charwe characteristics of nickel-cadmium cells containing palladium
as a hydrogen gas-oxygen gas recombination catalyst; ** the power of
energy sources used to operate electronic gear in space vehicles depends
on the weight of the power source; ** and use of batteries in missiles.**

Cadmium peroxide ** was prepared, and its structure and some of
its properties were determined. Patents® were issued on processes
for making cadmium-mercury pigments and for producing silver-
cadmium oxide powder ' suitable for fabrication into electrical con-
tacts. In the latter process, cadmium oxide particles are coated with
silver oxide, then the dry material is heated to a temperature of 300°
C. to 500° é., and the silver oxide is reduced to silver.

A paper ** discussed the use of cadmium 2-ethylhexanoate in poly-
ivlinglpchloride to stabilize the plastic against the action of heat and

ight.

Two methods were suggested to eliminate hydrogen embrittlement of
cadmium-plated steel. In one method ** a thin, porous cadmium plate
was electroplated onto steel, and a bake period was used to eliminate
hydrogen before applying full plate thickness required for E)rotecting
the steel against corrosion. Another method * consisted of electrically
vaporizing cadmium inside an evacuated chamber and allowing it to
condense on the steel part until the desired plating thickness was
achieved. A report?' claimed that cadmium plating does not con-
tribute measurably to the embrittlement of steel springs, but pro-
cedures involving a cathodic or acid pickle before plating do cause

7 Khomyakon, V. G., Mashonets, V. O., and Kuzmin, L. L., Teckhnologiya Elektro-
khimicheskikh Proznodstv, 1949, pp. 140-164. [Ch. 3. Alkaline Storage Batteries]:
Translation, Sept. 8, 1958, 23 pp.

8 Croft, George T., Controlled Potential Reactions of Cadmium and Silver in Alkaline
Solution + Jour. Blectrochem. Soc., vol. 106, No. 4, April 1959, pp. 278-284.

® LaFond, Charles D., Batteries Retain Their Power Role: Missiles and Rockets, vol. 5,
No. 35, Aug. 24, 1959, pp. 15-17.

1 §alkind, A. J., and Bruins, P. F., Nickel-Cadmium Cell Electrodes: Jour. Electro-
chem. Soe., vol. 106, No. 8, August 1959, ﬁ 198ec.

11 Falk, 8. Uno, Investigations on the Reaction Mechanism of the Nickel-Cadmium Cell :
Jour. Blectrochem. Soc., vol. 106, No. 8, August 1959, p. 198c.

12 Seiger, H. N., Sealed Nickel-Cadmium Cells Containing Palladium : Jour. Electrochem.
SO a, 82 ok Ao H 29 ha Pantel, A. F., E in §

ahl, H. A., Ziegler, H. K,, an aniel, A. F., Ener n Space: Pounds vs. P T
cngs i o ol et o M he 0 R U s vnd ke

erry, Don L niature Batteries Have Hea ssile Use: ssiles and Rockets,

offman, C. . W., Ropp, R. C., an ooney, R. ., Preparation, Properties, and
Structure of Cadmium Peroxide: Jour. Am. Chem. Soc., vol. 81,p Aug. 5, 195& pp. 3830-

3834.

16 Galiano, Louls John, and Daly, James Ernest (assigned to Imperial Color Chemical &
Paper Corp., Glen Falls, N.Y.), Pigments and Process of Making Them: U.S. P
2 suxaga Hatemo. P : £ gP ducing C ite Powd gf si1 e

atsukawa, Tatsuo, Process for Producing Composite Powder o ver and Cadmium
Oxide : U.S. Patent 2,894,839, July 14, 1959.

18 Frye, Alfred H., and Horst, Raymond W., The Mechanism of Poly (Vinyl Chloride)
Stabilization by Barium, Cadmium, and Zine Carboxylates. I. Infrared Studies: Jour.
Polymer Sei., vol. 40, 1959, pp. 419-431.

19'Cash, D. J., and Scheuerman, W., High-Strength Steel Can Be Cadmium Plated With-
out Embrittiement ;: Metal Prog., vol. 75, No. 2, February 1959, pp. 90-93.

2 Materials in Design Engineering, Cadmium-Coated Steel Does Not Embrittle: Vol. 49,
No. 4, April 1959, pp. 152 and 154.

% Gurklis, J. A., McGraw, L. D., and Faust, C. L., Hydrogen Embrittlement of Plated
Steel Springs: Batelle Memorial Inst. for Signal Corps, U.S. Army, December 1956, 45 pp.
(Order PB 151125 from OTS, U.S. Department of Commerce, Washington 25, D.C., $1.25.)
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embrittlement. The basic reason for hydrogen embrittlement of steel
may have been found in studies of the problem carried out at Argonne
National Laboratory.2? Research using a neutron spectrometer re-
vealed that, when hydrogen enters steel, bonds are formed between
the hydrogen and metal which are inherently weaker. than the origi-
nal metal-metal bonds.

The Federal Bureau of Mines issued a report * describing a pro-
cedure for recovering cadmium from magnesium-cadmium alloy by
vacuum distillation. - Another Bureau paper 2¢ reported on deter-
minating heats of formation of crystalline cadmium metasilicate and
crystalline lead metasilicate from the oxides and elements by hydro-
fluoric acid solution calorimetry.

Measurement of the vapor pressures of several magnesium-cadmium
alloys, as determined by the Knudsen effusion technique, was
described.?s

2 Chemical and Engineering News, Metal Failures Blamed on Bonds: Vol. 87, No. 47,
Nov. 23, 1959, pp. 44, 47.

% Caldwell, H. S., Jr., and Spendlove, M. J., Recovery of Magnesium and Cadmium From
{gg%ndli’?ry Alloys by Vacuum Distillation : Bureau of Mines Rept. of Investigations 5476,

, pD.

2t Barany, R., Heat and Free Energil of Formation Data for Crystalline Cadmium and
Lead Metasilicates: Bureau of Mines ept. of Investigations 5466, 1959, 7 pp.

% Borg, Richard J., and Birchenall, C. Ernest, Activity of Cd in Mg-Cd Alloys : Trans.
AIME, vol. 215, No. 3, June 1959, pp. 393-395.







Calcium and Calcium Compounds
By C. Meade Patterson * and James M. Foley *

g

ALCIUM and calcium compounds played significant roles in in-
dustry and research in 1959. High-purity calcium was obtained
by laboratory distillation. Its isotopes were used in research.

Calcium was used extensively to reduce rare and refractory metals.
Chemical replacement of the element by strontium 90 caused concern.

DOMESTIC PRODUCTION

Nelco Metals, Inc., Canaan, Conn., and Union Carbide Metals Co.,
Niagara Falls, N.Y., produced calcium.

Purity higher than 99.95 percent was obtained by fractional distil-
lation for reducing uranium tetrafluoride to uranium. Pellets of
calcium produced by Nelco Metals were redistilled at the Y-12 plant
of Union Carbide Nuclear Co., Oak Ridge, Tenn.?

In 1958 shipments of natural and synthetic solid and flake calcium
chloride and calcium-magnesium chloride (including 77-80 percent
and 94-97 percent CaCl,) were 531,565 short tons, valued at $15.3
million, and brine shipments (4045 percent CaCl,) were 204,359
short tons, valued at $2 million.* Calcium chloride and calcium-
magnesium chloride from natural brines during 1955-59 averaged
401,000 short tons annually, valued at $7.2 million.

CONSUMPTION AND USES

Calcium was used commercially in the reduction of chromium,
titanium, thorium, uranium, and zirconium from their oxides or fluo-
rides. The reactivity and low strength of calcium precluded any
structural use. Lead alloyed with calcium was used in storage bat-
teries, and 0.1 percent calcium yielded an alloy equivalent to 9 percent
antimony.®

Zircaloy was prepared by reducing zirconium tetrafluoride with
calcium in the presence of the alloying metals.® More efficient pro-
duction of ductile iron was achieved with a new alloy, 4-5 percent

1 Commodity specialist.

2 Supervisory statistical assistant,

‘Lglcgg%;y, W. J., High-Purity Calcium : Jour. Metals, vol. 10, No. 9, September 1958,
pp‘ U.S. Department of Commerce, Bureau of the Census, Industry Division, Inorganic
Chemicals and Gases, 1958 : Facts for Industry Series M28A—08, Nov. 5, 1959, p. 11.

5 Jackson, W. H., éaleium, 1958 : Canada Dept. of Mines and Tech. Surveys, Ind. Min.
Div., Ottawa, Rev. 6, June 1959, 4 pp.

6 Decroly, C., Gerard, J., and Tytgat, D., Contribution to_the Study of the Preparation
of Zirconium and Some of Its Alloys by Metallo-Thermic Reduction: Revue de Metallurgie,
vol. 56, February 1959, pp. 143-162.
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calcium, 30-32 percent magnesium, 50-55 percent silicon, and 1 per-
cent mischmetal, made by Union Carbide Metals Co.” Saudamet (cal-
cium 16-20 percent, manganese 14-18 percent, and silicon 55-60 per-
cent), by Union Carbide, Ltd. (London) was a ladle addition in the
open hearth process and a furnace and ladle addition in electric steel-
making. Containing two extremely active and strong deoxidizers, the
alloy produced clean steel, and uniformity and high ductility in steel
castings.®

Calcium hydride completely dried gases and liquids from below
room temperature to 1,400° F. Hydrogen, argon, helium, nitrogen,
hydrocarbons, esters, and alcohols were dried commercially by contact
in stirred tanks, by percolation, or by vapor passage through station-
ary calcium hydride beds.?

PRICES AND SPECIFICATIONS

The Atomic Energy Commission (AEC) increased the price of cal-
cium 45 from $5 to $6.50 per millicurie.® ~Calcium was quoted in ton
lots at $2.05 a pound cast, $2.95 a pound for turnings, and $3.75 a
pound distilled (99.9 percent pure). In lots of 100 to 1,999 pounds,
the corresponding prices per pound were $2.40, $3.30, and $4.55.1

Calcium-silicon alloy (30-33 percent calcium and 60-65 percent
silicon) lump, delivered, packed, was quoted at 24 cents per pound in
bulk in carloads, 27.95 cents per pound in ton lots, and 29.45 cents per
pound in less than ton lots. Calcium-manganese-silicon alloy (16-20

ercent calcium, 14-18 percent manganese, and 53-59 percent silicon)
ump, delivered, packed, was quoted at 23 cents per pound in bulk in
carloads, 26.15 cents per pound in ton lots, and 27.15 cents per pound
in less than ton lots.?

Prices for calcium chloride were constant throughout 1959: USP

ranular—$0.32 %)er Ib. (drums) ; purified granular—$0.27 per Ib.
%drums) ; flake, 77-80 percent—$31 per ton (paper bags, carlots, at
works frt. equald.) ; concentrated flake or pellet, 94-97 percent—$37.80
per ton (paper bags, carlots, at works frt. equald.) ; powdered, 77 per-
cent minimum—$37 per ton (paper bags, carlots, at works frt.
equald.zr; solid, 73-75 percent—$29.50 per ton (drums, carlots, at
works frt. equald.) ; solid, 73-75 percent—$36-$73 (drums, less than
carlots, at works frt. equald.) ; and liquor, 40 percent—$12.50 per ton
(tankcars, at works, frt. equald.) .

FOREIGN TRADE **

Imports.—Canada was the only source of imported calcium. Cal-
cium-silicon alloy imports came from France, 63 percent; Italy, 13

7Iron and Steel Engineer, Magnesium Alloy: Vol. 36, No. 5, May 1959, p. 227.
8 Metallurgia (Manchester), vol. 59, No. 355, May 1959, p. 16.

M" Cgexlns;g%l anf117Engineering News, vol. 36, No. 47, Nov. 24, 1958, p. 51 ; vol. 37, No. 18,
ay 4, , D. 17,

10 Chemical Week, vol. 84, No. 24, June 13, 1959, p. 106.

I Tron Age, vol. 184, No. 4, July 23, 1959, pp. 110, 122.

13 Work cited in footnote 11.

13 1%%,9 Paint and Drug Reporter, vol. 175, Nos. 1-27; vol. 176, Nos. 1-27 s Jan. 5-Deec.

28, .

14 Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi-
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of
Commerce, Bureau of the Census. ,
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percent; and from the Netherlands and West Germany, 12 percent
each. Calcium chloride was imported from West Germany, 45 per-
cent ; Belgium-Luxembourg, 30 percent ; United Kingdom, 16 percent
and the Netherlands, 9 percent.

Exports.—Calcium chloride was exported principally to Canada,
Mexico, Cuba, Republic of Korea, and Venezuela, in decreasing
amounts, with Canada receiving 91 percent, and the five countries re-
ceiving 97 percent. The remaining 8 percent was distributed amon,
30 other countries in Latin America, Asia, Oceania, Europe, an
Africa, in descending order.

TABLE 1.—Calcium, calcium-silicon, and calecium chloride imported into the United
States, and calcium chloride exported from the United States

[Bureau of the Census]

Imports Exports

Year Calcium - Calcium-silicon Calcium chloride | Caleium chloride

Pounds | Value | Pounds | Value Short Value Short Value

tons tons
1950-54 (average)._..| 615,408 | $642,989 | 133,956 $6, 707 1,649 | $54,670 15,203 | $460, 510
1955, - oo 699,799 | 834,732 | 689,114 92, 366 1,844 57, 881 20, 743 607, 579
8, 387 10,109 | 194,869 32,191 1,855 32,523 | 1,056, 958

59, 635
39,411 | 498,735 97,077 1,989 77,058 47,965 | 1,627, 545
24,084 | 130,866 25,111 11,234 | 145,977 37,632 | 1,325,460
1959 ccmeeeeeeeeee 7,425 7,506 | 918,556 | 138,188 1,756 66, 499 39,929 | 1,376,854

1 Revised figure.

WORLD REVIEW
NORTH AMERICA

Canada.—Calcium production was 70,259 pounds, valued at
Can$85,807 (Can$1.22 a pound) in 1958. Canada’s only calcium pro-
ducer, Dominion Magnesium, Ltd., was also the world’s largest pro-
ducer. Four grades were offered, ranging from Commercial Grade
(98 to 99 percent calcium) to Chemical Standards Grade (99.9 percent
calcium), only available as granules between 4- and 80-mesh. Gran-
ules, crystalline lumps, extruded forms, billets, ingots, wire, tubes,
shapes, and strip were offered in other grades. Output had declined,
because former markets no longer had pressing needs. Over half of
the 1958 calcium exports of 79,028 pounds went to Belgium and the
Pltliilted States, and the rest to West Germany, United Kingdom, and

ndia.!®
EUROPE

_ Netherlands.—A Gouda engineering works designed a mobile spray-
ing machine for allaying coal dust with an aqueous calcium chloride
solution containing a wetting agent.’

1 Work cited in footnote 5.
16 South African Mining and Engineering Journal (Johannesburg), For Dust-Proofing
Coal: Vol. 70, No. 3485, Nov. 27, 1959, p. 1387.
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West Germany.—Farbenfabriken Bayer A.G., Leverkusen, devel-
oped nonpyrophoric pellets of calcium for dehydrogenation.” A con-
tract was made between Degussa, Wolfgang, and Sumitomo Metal In-
dustries, Ltd. (Japan) for exchanging information on reducing
uranium tetrafluoride with calcium.!s

ASIA

China.—Chemical plants near Tientsin were reported producing
calcium from sea water.’®

India.—Import of calcium granules from Dominion Magnesium.
Ltd. (Canada) increased in 1958. It was used to reduce uranium
tetrafluoride at a new Bombay uranium plant.2

TECHNOLOGY

Calcium was extruded at about 420° C. and cast under protective
fluxes in a vacuum or inert gas atmosphere* A stainless steel
crucible containing 1 kg. of calcium was heated in a retort to 850°—-950°
C. under helium at a pressure of 2 mm. of mercury. In 30 minutes at
950° C., 100 grams ofp calcium was deposited as long, slender, discrete
crystals covering small granules. Small crystals, that condensed on
the upper walls of the retort, burned explosively in air. Redistilled
calcium was preserved under helium in screwcap jars, and some con-
tained less than 1 p.p.m. of magnesium, compared with 300-3,000
P-p-m. in the original calcium.2?

High-purity calcium (99.9 percent) was obtained by the Institute
for Atomic Research, Towa State College, Ames, Towa, and crystal-
lographic study confirmed its dimorphic nature and transition tem-
perature at 450° C. ** U.S. AEC signed a research contract with the
International Atomic Energy Agency to produce calcium 47 for medi-
cal and biological research less expensively than by irradiating cal-
cium 46 (0.003 percent of normal calcium) 1n a high-flux reactor.2*

Impurities in calcium were usually transferred to the metal being
prepared by reduction. Very pure calcium was obtained by vacuum
distillation of commercial calcium. Calcium with 10 p-p.m. carbon
and 3-14 p.p.m. nitrogen was prepared for reducing tungsten trioxide
in bombs.

Calcium chloride for electrolysis was dewatered by remelting at
850°-900° C. for 30 to 40 minutes. Electrolysis was conducted at
780°-810° C., using either anhydrous calcium chloride alone or a 25 14
calcium chloride-calcium fluoride mixture. Calcium chloride elec-

%7 Chemical Week, Dehydrogenation Pellets: Vol. 84, No. 2, Jan. 10, 1959, pp. 32, 34.
15 7.8. Embassy, Bonn, West Germany, State Department Dispatch 1458, Mar. 25, 1959,

p. 14.
1 Chemical Week, Chemicals—China : Vol. 84, No. 6, Feb. 7, 1959, p. 28.
20 Work cited in footnote 5.
3 Work cited in footnote 5.

”M%(_Zxéel%ry, W. J., High-Purity Calcium: Jour. Metals, vol. 10, No. 9, September 1958,

# Smith, J. F., and Bernstein, B. T., Effects of Impurities on the Crystallographic Modi-
glc)at;ggh %fl Calcium Metal: Jour. of the Electrochemical Soe., vol. 106, No. 5, May 1959,
% Chemical and Engineering News, vol. 37, No. 33, Aug. 17, 1959, p. 55

Chemical and Engineerin, News, U.S. Pushes Peace Plan for Atoms: 1. 37, No. 42,
Oct. 19, 1959, p. 100. & . 3 Vol 87, No
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trolysis with a liquid cathode yielded calcium-aluminum, calcium-
copper, and calcium-lead alloys. Calcium was separated from cal-
cium-copper alloys, and calcium-aluminum alloys containing up to 50
percent calcium were possible.” :

A Soviet publication discussed raw materials, the physicochemical
properties and uses of calcium, and the methods of producing cal-
cium.2®  As little as 0.5 p.p.m. calcium was detected by a new, dual-
source, grating spectroscope.?’

Calcium counteracted absorption by plants of fallout strontium 90.
Additions of calcium to acid soil retarded contamination until the pH
had risen to 6.8. Bones of sheep that had grazed on calcium-deficient
pastures during fallout contained twice as much strontium 90 as the
bones of sheep that had grazed on well-limed pastures at the same
time.?

Once deposited in skeletons of living animals, only very slowly could
strontium 89 and 90 from fallout be replaced by fresh calcium. Milk
was the major source of dietary calcium in western countries. Na-
tural, involuntary preferences for calcium over strontium by cows and
people reduced the concentration of fallout strontium from 20 parts
1n cow’s food to only 1 part in human bone. In rice-consuming East-
ern countries, where dietary calcium came directly from vegetables
without benefit of cows (living filters), radiostrontium was expected
to be higher in human bone.? A 1958 survey in the United Kingdom
found that the average diet contained 6 micromicrocuries of strontium
90 per gram of calcium.?

Progress was made in removing strontium 85 and 90 from high-
calcium environments, like bone tissue, in living organisms.* Uni-
versity of Tennessee—Atomic Energy Commission research removed
nearly 94 percent of the strontium 90 in milk using a calcium-based
resin that exchanged calcium for the radioisotope.2

University of Florida Agricultural Experiment Station, Bradenton,
Fla., eliminated blackheart in celery and blossom-end rot in tomatoes
by spraying with calcium chloride solutions.®® Accumulation of
excess moisture in the upper 2-foot layer of stored, shelled corn was
prevented by calcium chloride absorption.3+

Calcium chloride was used to maintain maximum firmness in canned
tomatoes and pickles.** The Food and Drug Administration included

% Voynitskiy, A. I, and Tayts, A. Yu. VAMI Studies in the Field of Calcium Metal-
lurgy : Legkiye Metally (Leningrad), No. 4, 1957, pp. 120-124.
M“ Doto§l19n5,9 13.2 A., Metallurgiya Kal'tsiya [The Metallurgy of Calcium], Atomizat,
0SCOW, s pp.
2 Fisher Scientifie, For Quick Qualitative and Semi-Quantitative Spectroscopic Analyses:
Bull. FS—214, December 1959, 7 pp.
2; grauffer, Walter F., Calcium vs. Fallout: Pit and Quarry, vol. 51, No. 12, June 1959,

p. 73.
2 Hawthorn, J., Food, Fallout and the Isotopes of Strontium : Chem. and Ind. (London),
No. 42, Oct. 17, 1959, pp. 1294—-1298.
% Chemical Age (London), Strontium 90 in Food Far Below Danger Level: Vol. 82,
No. 2089, July 25, 1959, p. 68.
19‘;9"311emisg_y,‘YRadioactive Strontium Removed from Animals: Vol. 33, No. 2, October
, pp. 16-17.
“Cl?emical and Engineering News, vol. 37, No. 27, July 6, 1959, p. 41.
33 Calcium Chloride Institute News, Calcium Chloride Solution Spray Helps Grow Better
Celery and Tomatoes: Vol. 9, No. 4, July—August 1959, p. 8.
3 Calcium Chloride Institute News, Moisture Absorption in Corn Storage: Vol. 9, No. 2,
March—-April 1959, p. 2.
1935590alci2um Chloride Institute News, It’s in Foods Too: Vol. 9, No. 2, March—April
y, P. 2.
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calcium chloride in its listing of 182 chemicals safe for use in food.
It was used as a buffer, neutralizing agent, and sequestrant.’

American Concrete Institute recommended 1 to 2 pounds of cal-
cium chloride per bag of cement for attaining high early strength in
concrete. To open pavement to traffic early, 2 pounds of calcium
chloride per bag of cement was used in the District of Columbia in
concrete mix when the temperature was expected to fall to 50° F. or
lower during the 24 hours after placing concrete.*” A Calcium Chlo-
ride Institute fellowship at the National Bureau of Standards con-
ducted research on calcium chloride in cement hydration and in
precast concrete.®® )

Kentucky Department of Highways spread $300,000 worth of cal-
cium chloride (2.1 1b./sq. yd.) on 750 miles of unpaved roads. The
first application was early in 1959, and the second in the summer.*®
Base specifications for a 3.4-mile segment of U.S. Route 70 South,
southwest of Nashville, Tenn., called for wet-mixing aggregate with
calcium chloride to keep down dust.* Michigan Highway Depart-
ment mixed calcium chloride with gravel for the top layer of the sub-
base to provide uniform moisture during compaction and paving.**

Virginia Department of Highways spread 2 1b./sq. yd. of calcium
chloride on the shoulders of U.S. Route 29-A at Lynchburg.** Shoul-
ders along Route 11 near Syracuse, N.Y., were stabilized by two ap-
%)hcatlons of 40-percent calcium chloride brine at the total rate of 2.5
b./sq. yd.# To remove guard posts from frozen ground the Minnesota
Department of Highways spread calcium chloride around the posts.*

The Highway Research Board published an annotated bibliography
of 449 references of 1924 to 1956 on soil stabilization with calcium
chloride, and a bulletin on ice-melting properties of calcium chloride
and salt mixtures.*®

Laboratory and field experiments in Louisiana used an extremely
high-calcium drilling mud (3,000 to 4,000 p.p.m. soluble calcium from
calcium chloride). This high-calcium drilling mud reduced shale
hydration, that enlarged the bore hole by formation sloughing, and
prevented excess mud viscosity, that could permanently reduce well
productivity.2®
30“ :g)ha%mical and Engineering News, FDA Lists Safe Food Additives: Vol. 37, No. 48, Nov.

& Caleiu%a Chloride Institute News, Extending the Season for Construction With
Calcium Chloride: Vol. 9, No. 6, November—December 1959, pp. 6-7.

2 Dickinson, William E., Research, a Major Purpose of the Calcium Chloride Institute:
Calcium Chloride Inst. News, vol. 9, No. 5, September—October 1959, pp. 3—4.

8 Calcium Chloride Institute News, Kentucky Improves 750 Miles of Unpaved Roads
With Calcium Chloride: Vol. 9, No. 3, May-June 1959, p. 9.

0 Calcium Chloride Institute News, Calcium Chloride Aids Construetion of Urban
Tennessee Highway: Vol. 9, No. 6, November-December 1959, p. 5.

4 Smith, H. A., Michigan Specifies Calcium Chloride in Gravel Subbase Under Concrete :
Calcium Chloride Inst. News, vol. 9, No. 4, July—August 1959, pp. 9-10.

42 Caleium Chloride Institute News, It’'s Easy to Spread Calcium Chloride: Vol. 9, No. 3,
M:}!-June 1959, pp. 6-7.

Smith, Ken, Shoulders of New York’s Ronte 11 Stabilized With Calcium Chloride:
Calcium Chloride Inst. News, vol. 9, No. 1, January-February 1959, p. 9.
- ﬁCaIciulrngShlorzide Institute News, Thawing Frozen Ground: Vol. 9, No. 1, January—
eprua » D. <.

45 Slalg;, I«‘loy&, 0., and Johnson, A. W., Stabilization of Soil With Calcium Chloride:
Highway Research Board, Bibliography 24, Wash., D.C., 58, 96 pp.
19]55[9ig1§zvay Research Board, Ice Melting Properties of Chloride Salt Mixtures: Bull. 220,

24 TD.

48 Monaghan, P. H., and Gidley, J. L., Use High-Calcium Drilling Fluid to Stop Shale
Hydration: Oil Gas Jour., vol. 57, No. 16, Apr. 13, 1959, pp. 100-103.
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EMAND for cement continued to increase in 1959 despite a steel

D strike and reduced requirements of concrete for the highway con-

struction program. Domestic production and shipments of port-

land cement in 1959 surpassed the former high record of 1956. A

monthly shipment of 37 million barrels established a new record in

July 1959. Strikes at a few cement plants had little effect on the
national output.

Expansion plans of the cement industry continued almost unabated
during 1959, even though plants operated at 77 and 82 percent of their
capacity in 1958 and 1959, respectively. Five companies announced
plans to erect new plants, and 9 companies planned expansions at 11
existing plants, which will add an estimated total of 20 million barrels
to the national capacity. :

TABLE 1.—Salient statistics of the cement industry

1950-54 1955 1956 1957 1958 1959
(average)

United States:
Production:
Portland.__thousand barrels1_| 247, 807 293, 260 312,204 292,923 306, 609 333, 767
Prepared masonry.__.__ do.... [©) 16, 519 15, 906 14,701 14, 361 16,205
Natural, slag, and hydraulic

lime__._. thousand barrels_.| 33,618 941 1,128 631 520 438

Total oo do._..| 251,425 310,720 329,238 308,255 321, 490 350, 410
Capacity used at portland-

cement mills____._ percent__ 883 94.1 90.7 78.2 71.3 80.5

Shipments from mills: :
Portland...thousand barrels..| 247,445 288, 648 304, 424 284, 146 302, 320 330, 060
Prepared masonry.-..._. do_.__ ©] 16, 526 15,898 14,381 14, 451 16,174
Natural, slag, and hydraulic
lime....._thousand barrels..| 33,623 954 1,074 662 492 441

Total . ocoaaas do....| 251,068 306, 128 321, 396 299,189 317,263 346, 675

Value of shipments ¢
thousands..| $649,766 | $884,381 | $989,234 | $961,499 |$1,038, 672 |$1, 144, 867
Average value per barrel $2.89 $3.08 $3.21 $3.27 $3.30
Stock at mills, I;ec. 31,

housand bairels.. 17,485 22,412 28,748 30,434 31,470

Imports._. d 5,220 4,456 4,427 3,3% 5,265
Exports. .. 1,795 1,981 1,331 641 217
309, 553 323,870 302,285 320,012 351, 663

Apparent co;
World: Production.

51,274,501 [51,381,794 |51, 447,012 |31, 543,394 | 1,720, 526

1 Barrel as used in this chapter, unless otherwise stated, refers to a 376-pound barrel.
? Not included in tabulation until 1955.

3 Includes masonry cement from natural, slag, and hydraulic lime cement plants.

4 Value received f.0.b. mill, excluding cost of containers.

s Revised figure,

1 Assistant chief, Branch of Nonmetallic Minerals.
2 Statistical clerk. 987
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Three classes of hydraulic cement were produced in the United
States—portland, natural, and slag cements. In addition, prepared
masonry cements were produced at many portland cement plants and
at all other cement plants.

LEGISLATION AND GOVERNMENT PROGRAMS

Air-pollution control laws passed by towns in the Lehigh Valley area
‘of Pennsylvania during 1958 resulted in estimated expenditures of
$9.5 million by 11 companies for dust-control equipment. In some
plants old crushing ang clinker-cooling equipment was replaced to
permit installation of dust collectors.

PORTLAND CEMENT
PRODUCTION AND SHIPMENTS

Production of portland cement reached a record of 339 million
barrels, 22 million barrels above the previous record of 1956. In
1959, 121 of the 168 plants producing in 1958 had larger outputs; the
47 plants that had reduced production were scattered in all sections of
the United States. Six new plants reported production in 1959:
Phoenix Cement Co., Division of American Cement Co., Clarksdale,
Ariz.; Mississippi Valley Portland Cement Co., Vicksburg, Miss.;
Ideal Cement Co., Tijeras, N. Mex.; Hudson Cement Corp., Kingston,
N.Y.; Columbia-Southern Chemical Co., Barberton, Ohio; and South-
western Portland Cement Co., Douro, Tex. In addition, two new
plants in Hawaii and one in Michigan were under construction.

Descriptions were published of equipment installed as part of
expansion plans or in new cement plants in Boettcher, Colo.,> Miami,
Fla.* Humboldt, Kans. :>* Wampum, Pa.,* Salt Lake City, Utah,” and
Milwaukee, Wis.?

Flintkote Co., which acquired its first cement plant in 1957 at
Kosmosdale, Ky., acquired three more in 1959: Glens Falls, N.Y.,
plant of the Glens Falls Portland Cement Co.; Los Angeles, Calif.,
plant of the Blue Diamond Corp.; and San Andreas, Calif., plant of
the Calaveras Cement Co. The National Gypsum Co. became a
cement producer by acquiring the Huron Portland Cement Co. The
General Portland Cement Co. took over the management of the plants
of the Consolidated Cement Corp. by a merger of the companies in
April 1959. The Volunteer Portland Cement Co. (Knoxville, Tenn.)
became part of the Ideal Cement Co. in September 1959.

3 Trauffer, W. H., Ideal’s Boettcher Plant Features: Pit and Quarry, vol. 51, No. 12,
June 1959, pp. 120-125, 128.

% Meschter, E., General Portland Moves Into Miami Market: Rock Products, vol. 62,
No. 11, November 1959, pp. S8-92.
lg’fl"gauffer‘,mv_vs.elﬂ., Lehigh’s New Miami Plant: Pit and Quarry, vol. 52, No. 6, December

. PD. .

Argo, C. F., Modern Industry in the Florida Everglades: Explosive Eng., vol. 37, No. 2,
March—April 1959, pp. 46-51.

5 Meschter, E., Challenge: Build a New Cement Plant Around Old One: Rock Products,
vol. 62, No. 2, February 1959, pp. 80-86.

% Herod, B. C., A New Chapter in Historic Wampum Operations: Pit and Quarry, vol.
52, No. 4, October 1959, pp. 76-85. .

7 Utley, H. F., Revamping Salt Lake City Cement Plant to Boost Capacity by 1,600
Bbls.: Pit and Quarry, vol. 52, No. 6, December 1959, pp. 87, 91.

8 Meschter, E., ACL Cement Plant Justifies Marquette’s Choice : Rock Products, vol. 62,
No. 12, December 1959, pp. 74-81.
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TABLE 4.—Portland cement produced and shipped in the United States,’ by types

Shipments
Active | Production Value
Type and year plants (thousand | Thousand
barrels) barrels Total Average
(thousands) per
barrel
General-use and moderate-heat (types I
and II): :
1950-54 (AVETrage) - - - oceoooooioooooooooo 155 216, 729 216, 594 $554, 050 $2.56
1955 157 | 2276,248 272, 768, 520 2.82
1956 160 2 292, 598 285, 856 858, 767 2.99
1967 . 163 2 275, 968 268, 855 844, 962 3.14
1958. . 167 2291, 688 287, 377 , 921 3.21
1959 171 2 316, 600 312,970 | 1,012,836 3.24
High-early-strength (type III): .
1950-54 (average) . - occoooooo- 96 8,051 7,970 23, 698 2.97
1955_ . 106 311,744 11, 459 37, 550 3.28
1956__ . 101 312,142 11,808 42, 596 3.61
1957__ 111 312,853 11, 867 43,325 3.65
198.. 120 312,161 12,274 45,107 3.67
1959 . 129 314,439 14, 363 , 484 3.72
Low-heat (type IV):
%950—54 (€55 527 C) 3 352 311 960 3.09
- 0
1956 2 14 3 9 3.29
1957 2 21 5 16 3.23
1958 . 2 7 9 35 3.90
1959 _ 3 10 10 46 4.4
Sulfate-resisting (type V):
1950-54 (AVETrage) - - - moeceocecccmemcea 4 67 85 295 3.48
1955 . 6 65 80 302 3.77
1956 - 6 93 79 312 3.95
1957_ 9 191 191 712 3.72
1958 9 244 205 767 3.75
1959_. 11 189 192 743 3.86
Oil-well:
1950-54 (AVerage) - - oo oo oo 17 1,736 1,747 4,988 2.85
1955. - - 16 1,898 1,851 6, 429 3.47
1956 - - 16 41,655 1,705 5, 687 3.33
1957__ 16 1,511 1,482 5,161 3.48
1958. . - 15 983 1,058 3,739 3.54
1959. 16 1,288 1,182 4,121 3.49
White:
195054 (AVETage) - - ccccccococcoccaeee 4 1,124 1,127 5,934 5.27
1955 4 41,191 1,205 6, 580 5. 46
1956 - - 3 41,171 1,133 7,025 6. 20
1957 — 4 41,087 1,024 6, 595 6. 44
1958. 4 41,377 1,237 8, 001 6. 47
1959 e 4 41,525 1, 515 9,819 6.48
Portland-pozzolan and portland-slag:
1950-54 (AVErage) - - oo coccmeccccceeee 6 2, 066 2,026 5,204 3. 57
1955. - ——— - 10 8 4,906 4,706 13,183 2.80
1956 - o oo 12 5 6,936 6,817 20, 940 3.07
B - 11 55,219 5,237 17,246 3.29
1988 . o e 11 6 4,096 3,977 13, 632 3.43
1959 - o e 8 53,653 3,806 12, 864 3.38
Miscellaneous: ¢
195054 (AVEIage) e - coocccccmccccecaan 22 936 942 3,021 3.21
1955 .- 22 1,401 1, 400 4,962 3.54
1956 - ——— 26 1,829 1,277 4,684 3.67
1957_. 26 41,574 1,037 3,942 3.80
1958... 21 4915 931 3,499 3.76
1959 e e 22 41,387 1,414 5,331 3.77
Grand total:
1950-54 (AVErage) - - oo ccccocmccme e 155 251, 568 251, 206 648, 826 2. 58
1985 - e - 7157 297,453 292, 765 837, 526 2. 86
1956 e ——— 7160 316,438 308, 678 940, 020 3.05
1957 .- 7164 298, 424 289, 698 921, 959 3.18
1938_ . - - 7168 311, 471 307, 068 997, 701 3.25
1959 o e 7172 339, 091 335,452 | 1,099, 244 3.28

! Incdudes Puerto Rico.

2 Includes air-entrained portland cement as follows (in thousand barrels): 1955, 31,858; 1956, 35,458; 1957,

32,791; 1958, 31,470; 1959, 38,961.

3 Includes air-entrained portland cement as follows (in thousand barrels): 1955, 3,378; 1956, 3,444; 1957,

3,497; 1958, 4,382; 1959, 5,126.

4 Includes a small amount of air-entrained portland cement.
5 Includes air-entrained portland cement as follows (in thousand barrels): 1955, 945; 1956, 1,382; 1957, 2,311;

1958, 2,164; 1959, 1,969.

¢ Includes hydroplastic, plastic, and waterproofed cements.
7 Includes number of plants making air-entrained portland cement as follows: 1955, 99; 1956, 104; 1957, 112;

1958, 113; 1959, 119.
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Two plants, idle for nearly ayear, were dismantled in 1959—Ormrod
(Pa.) plant of Lehigh Portland Cement Co., and Manheim (W.Va.)
plant of the Alpha Portland Cement Co.

TYPES OF PORTLAND CEMENT

General-use and moderate-heat portland cements (types I and IT)
were produced at 171 of the 172 operating plants and comprised 93
- percent of all the portland cement made. High-early-strength port-
land cement (type III) was produced at 129 plants, 9 more than
in 1958,

No output of portland-pozzolan cement was reported during 1959.
Eight plants reported production of portland-slag cement, and three
plants accounted for 84 percent of the 3.7-million-barrel output.
Seven of the eight plants produced other types of portland cement
in addition to portland-slag cement.

CAPACITY OF PLANTS

The estimated annual capacity of all portland cement plants on
December 81, reported to the Bureau of Mines by producers, was 4
percent greater than that on December 31, 1958. The capacity, 414
million barrels for plants in the United States (excluding Puerto
Rico) was 7 million barrels greater than that forecast by the cement
industry in December 1954. The 17.6-million-barrel increase in capac-
ity was the result of expansions at 24 of the 167 plants in operation in
1958 and the addition of 6 new plants.

Number of portland cement plants in the United States (including Puerto Rico)
in 1959, by size groups

Estimated annual capacity, Number Percent of
Dec. 31, million barrels: of planits total capacity
Less than 1 _— 10 1.7
1to2 57 20. 4
2to3 58 32.7
3to4 28 21.4
4t05. 10 10.0
5toll — 8 13.8
Total e 171 100.0

1 Does not include clinker-grinding plants.
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TABLE 5.—Portland-cement-manufacturing capacity of the United States
(and Puerto Rico), by districts

Estimated Percent utilized
(thousand barrels)
District
1958 1959 1958 1959

Eastern Pennsylvania, Maryland 52, 406 52, 529 70.6 73.0
New York, Maine. 23, 586 25,842 7.7 72.0
Ohio. 21, 245 23, 434 71.5 76.9
‘Western Pennsylvania, West Virginia_ .._.______ 16,160 15, 506 71.2 75.5
Michigan 25,742 25, 742 77.1 83.8
Ilinois. 9, 880 , 880 95. 5 96.8
Indiana, Kentucky, Wisconsin. ... __._.._... 23, 666 23,937 85.6 85.3
Alabama. 14, 869 16,273 83.2 82.7
Tennesses. 8,520 9, 554 93.0 90.9
Virginia, South Carolina. 9,270 9,390 73.9 88.2
Georgia, Florida- 14, 500 14,672 66.6 79.9
Louislana, Mississippi- - 8,525 9,276 81.3 80.2
Towa. : 14,050 14, 330 87.6 91.7
Eastern Missouri, Minnesota, South Dakota__..._...__ 17,686 17,722 80.0 86. 5
Kansss. . 12,148 12,441 76.1 81.8
‘Western Missouri, Nebraska, Oklahoma, Arkansas.___ 16,157 18,117 73.7 79.3
Texas 35,776 37,471 71.2 72.4
Colorado, Arizona, Utah, New MexiC0Ooouo oo .o , 850 12, 100. 5 87.2
‘Wyoming, Mont: Idaho - 3,150 3,150 92.8 97.4
Northern California. - ..o 18,435 19, 235 91.3 93.2
Southern Califormia .- - - oo 31,070 32,320 71.5 79.5
Oregon, Washington. 10, 095 10, 925 77.1 74.0
Puerto Rico. 6,000 6,000 81.0 88.7

Total- 402, 786 420, 395 71.3 80.7

TABLE 6.—Capacity of portland cement plants in the United States,® by processes

Capacity, Dec. 31 Capacity Total finished
utilized, cement produced
percent percent

Process Thousand barrels Percent of total
1957 1958 1959 1957 | 1958 | 1959 | 1957 | 1958 | 1959 | 1957 | 1958 | 1959

217,114 | 234,130 | 244,306 | 67.1 | 58.1 | 58.1  77.9 | 71.3 | 81.2 | 66.7 | 53.6 | 68.5
163,272 | 168,656 | 176,080 | 42.9 | 41.9 | 41.9 | 79.2 | 85.6 | 79.9 | 43.3 | 46.4 | 41.5

Total..... 380,386 | 402,786 | 420,395 [100.0 (100.0 (100.0 | 78.5 | 77.3 | 80.7 |100.0 {100.0 | 100.0

1 Includes Puerto Rico.

CLINKER PRODUCTION

Output of clinker was 9 percent greater than that in 1958 and reached
a record of 32 million barrels per month in May. At yearend the stocks
of clinker were 6 percent greater than those at the end of 1958.

TABLE 7.—Portland-cement clinker produced and in stock at mills in the United
States," by processes, in thousand barrels ?

Plants Production Stocks on Dec. 31—
Process
1958 1959 1958 1959 1958 3 1959 4
Wet 100 103 179, 853 198, 903 7,945 8,422
DIy e 67 68 132,954 141, 807 7, 560 8,048
Total ... ... 167 171 312,807 340, 710 15, 505 16, 470
1 Includes Puerto Rico. 2 Compiled from monthly estimates of producers.

3 Revised figure. 4 Preliminary figures.
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RAW MATERIALS

Approximately 71 percent of the domestic output of portland cement
was made from limestone and clay or shale. Argillaceous limestone
(cement rock) or a mixture of cement rock and limestone was used for
23 percent of the portland cement produced. Six plants used marl
instead of limestone, and nine plants used shells.

Blast-furnace slag was used as a raw material in the production of
portland cement at 24 plants, 8 of which used approximately 830,000
tons of slag to produce portland-slag cement.

TABLE 9.—Production and percentage of total output of portland cement in the
United States," by raw materials used

Cement rock and Limestone and clay Blast-furnace slag

pure limestone or shale 23 and limestone
Year
Thousand | Percent | Thousand | Percent | Thousand | Percent
barrels barrels barrels
51,443 20.5 181,235 72.0 18,890 7.5
71,764 24.1 206, 763 69.5 18, 926 6.4
72,722 23.0 221, 948 70.1 21,768 6.9
64,776 21.7 211, 743 71.0 21,905 7.3
71, 681 23.0 225,495 72.4 14,295 4.6
79, 895 23.5 239, 336 70.6 19, 860 5.9

L Includes Puerto Rico.

2 Includes output of 4 plants using marl and clay in 1950-54 (average); and 4 plants in 1955-59.

13 Irtxscludes ou%put of 7 plants using oystershell and clay in 1950-54 (average); 8 plants in 1955-56; and 9
plants in 1957-59.

TABLE 10.—Raw materials used in producing portland cement in the
United States?

Raw material 1957 1958 1959
Cement rock thousand short tons.. 17,152 20, 799 25, 663
Limestone (including oystershell) - 63, 903 62, 306 65, 250
Marl 1, 565 1,487 2, 006
Clayandshale?_ __________..__ 9,044 9, 400 10, 363
Blast-furnace slag 1,455 1,279 1,139
GYDSUIN.- oo oo 2, 366 2, 507 2,770
Sand and sandstone (including silica and quartz) 973 1,121 | 1,311
Iron materials 8 516 535 671
Miscellaneous 4.__ - 222 107 26
Total. e 97,196 99, 541 109,199
Average total weight required per barrel (376 pounds) of finished
cement. _ e pounds_ 651 639 644

1 Includes Puerto Rico.

2 Includes fuller’s earth, diaspore, and kaolin for making white cement,.

3 Includes iron ore, pyrite cinders and ore, and mill scale.

4 Includes fluorspar, pumicite, pitch, red mud and rock, hydrated lime, tufa, calcium chloride, sludge,
air-entraining compounds, and grinding aids.

FUEL AND POWER

More fuels of all types (coal, oil, and natural gas) were used in pro-
ducing cement in 1959 than in 1958. Coal and o1l supplied 55 percent
of all the heat used, compared with 58 percent in 1958. The amount of
natural gas consumed increased 15 percent, compared with that in 1958.
The 172 plants used an average of 1.25 million B.t.u. per barrel of
cement produced. :
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TABLE 11.—Finished portland cement produced and fuel consumed by the
portland cement industry in the United States,' by processes

Finished cement produced Fuel consumed
Process Percent Coal Oil Natural gas
Plants Thousand of thousand | (thousand | (M cubic
barrels total short tons) | barrels of feet)
42 gallons)
1958
S 2, 100 167,044 53.6 4,122 3,714 114, 863, 171
DIy 68 144, 427 46.4 4,305 761 50, 131, 796
Total oo 168 311,471 100.0 28,427 4,475 | 3 164,994,967
1959
A R, 104 198, 427 58.5 4,334 3,686 134,164, 350
1D o 68 140, 664 41.5 4,334 826 56, 355,013
Total . oooeeoeeaae 172 339,091 100.0 48,668 4,512 | 5190, 519, 363

1 Includes Puerto Rico.

2 Comprises 182,707 tons of anthracite and 8,244,485 tons of bituminous coal.

3 Includes 39,895 M cubic feet of byproduct gas and 858,725 M cubic feet of coke-oven gas.
4 Comprises 158,876 tons of anthracite and 8,508,775 tons of bituminous coal.

8§ Includes 44,584 M cubic feet of byproduct gas and 2,144,869 M cubic feet of coke-oven gas.

TABLE 12.—_Port1and cement produced in the United States,' by kinds of fuel

Finished cement produced Fuel consumed
Fuel Coal 0il
Plants Thousand | Percent (thousand| (thousand |  Natural gas
barrels of total | short tons) | barrels of |{(M cubicfeet)
42 gallons)

62 2112,075 36.0 5,928
8 211,737 3.8 |acmceo 2,178 |-
29 257,128 18.3 69, 893, 357
21 40,162 12.9 1,629 1,591 |
23 39,169 12.6 685 |occooo 3 33, 606, 380
16 35, 942 1L5 |cemaoC 601 45,001, 254
9 15, 258 4.9 185 105 16, 493, 976
168 311,471 100.0 48,427 4,475 164, 994, 967

61 2112, 429 33.2 5,887
7 213, 819 4.1 | 2,547 | ..
35 267,153 19.8 | oo 5 85, 830, 656
22 48, 257 14.2 2,003 1,008 |-
20 37,195 1.0 568 - 35, 620, 667
18 42, 614 126 | 931 49, 930, 537
9 17,624 5.2 210 26 19,137, 503
172 339, 091 100.0 68,668 4,512 190, 519, 363

1 Includes Puerto Rico.

2 Average consumption of fuel per barrel of cement produced as follows: 1958—coal, 105.8 pounds; oil,
O.Igisfifba{rels; natural gas, 1,223 cubic feet. 1959—coal, 104.7 pounds; oil, 0.1843 barrel; natural gas, 1,278
cubic feet.

3 Includes 858,725 M cubic feet of coke-oven gas and 39,895 M cubic feet of byproduct gas.

4 Comprises 182,707 tons of anthracite and 8,244,485 tons of bituminous coal.

& Includes 2,144,869 M cubic feet of coke-oven gas and 44,58¢ M cubic feet of byproduct gas.

¢ Comprises 158,876 tons of anthracite and 8,508,775 tons of bituminous coal.

TRANSPORTATION

The trend continued toward shipping cement in bulk rather than in
bags. Nearly 81 percent of all cement was shipped in bulk, and the
remainder in paper and cloth bags. Shipments by truck increased 3.5
percent, compared with those of 1958. Most shipments by boat were

567825—60——20
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TABLE 13.—Electric energy used at portland cement plants in the United States,!

by processes

Electric energy used
Average
Finished | electric
Generated at cement | energy
portland cement Purchased Total produced| used per
Process plants (thou- | barrel of
sand cement
barrels) | produced
Active | Million | Active | Million | Million | Per- (kilowatt-
plants | kilowatt-| plants | kilowatt- | kilowatt-| cent hours)
hours hours
1958
Wet 26 691 95 3,226 3,918 56.0 | 167,044 23.5
[5) o/ 33 1,407 63 1,671 3,078 44.0 | 144,427 21.3
Total 59 2,008 158 4,897 6,996 | 100.0 | 311,471
Percent of total electric
energy used. 30.0 70.0 100.0
1959
Wet ool 27 770 97 3,524 4,294 56.2 | 198,427 21.6
5 o 2, 32 1,455 61 1,896 3,351 43.8 | 140,664 23.8
017 I —— 59 2,225 158 5420 | © 7,645 100.0 | 339,091 22,5
Percent of total electric
energy used._ 29.1 70.9 100.0
1 Includes Puerto Rico.

reported from plants in Puerto Rico, Kentucky, and Louisiana; and
30, 24, and 15 percent, respectively, of the total shipments from these
areas were by water. Lesser quantities were shipped by boat in Ala-
alifornia, and Texas. The tabulations
in this chapter represent only shipments from producing companies
to consumers and do not include shipments between producing plants
or from plants to distribution centers.

bama, Missouri, New York,

TABLE 14.—Shipments of portland cement from mills in the United States,! in
bulk and in containers, by types of carriers

In bulk In paper bags ? Total shipments
Type of carrier
Thousand | Percent | Thousand | Percent | Thousand | Percent
barrels barrels barrels
Truck. 84, 527 34.8 21,917 34.3 106, 444 34.7
Railroad. 150, 897 62.1 41,838 65.4 192,735 62.8
Boat ... , 334 3.0 154 0.2 7,488 2.4
Used at plant. 330 0.1 71 0.1 401 0.1
Total - 243,088 100.0 63, 98 100.0 307,068 100.0
Percent of total...__________________ 79.2 |ecoaccaeae U F— 100.0 |oooooo.
Truck 103,481 38.2 24,974 38.8 128, 455 38.3
Railroad 157,987 58.3 39,333 61.0 197,320 58.8
Boat 9,213 3.4 73 0.1 9,286 2.8
Used at plant. 335 0.1 56 0.1 391 0.1
Total 271,016 100.0 64,436 100.0 335,452 100.0
Percent of total ... _______ 80.8 19.2 100.0 {occeeeeeon
1 Includes Puerto Rico.

2 Cloth bags included with paper bags to avoid disclosing individual company confidential data.
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CONSUMPTION

Net shipments of cement into a State afford a fair index of con-
sumption. Shipments were higher into 41 States and the District of
Columbia than those in 1958.

TABLE 15.—Destination of shipments of all types of finished portland and high-
early-strength cement from mills in the United States, by States, in thousand
barrels.

Finished portland High-early-strength
Destination
1958 1959 1958 1959

Alabama. 4,727 5,018 483 , 473
Alaska 1 3 &) @ @)
Arizona 3,575 3,860 1 11
Arkansas - 2,129 2, 624 27 24
Northern California. 13,408 15,227 20 20
Southern California. 20, 824 23,421 156 126
Colorado. 4,183 4,316 8 14
Connecticut 1 3,207 3,141 291 310
Delaware ! 853 1,114 81 110
District of Columbia 1 1, 525 1,600 99 90
Florida. 311,409 313, 550 865 1,162
Georgia. 5,741 6, 564 249 308
Hawaii ! Q] (] ® ®
Idaho. 1,453 1,230 2 2
Illinois. 19, 388 18, 162 664 614
Indiana. 7,328 8,697 346 437
Iowa. 7,755 7,585 187 242
Kansas . 6, 397 6, 889 102 114
Kentucky. 3,071 4,202 80 114
Louisi 8,048 8, 908 96 80
Maine. 956 1,104 70 90
Maryland 4, 558 5,280 258 303
Massachusetts ! 4,762 4,598 435 439
Michigan 13,997 15,214 1,139 1,197
Minnesota. 6,197 6,311 338 405
Mississippi 2,778 3,072 12 16
Missourl. 7,636 8,825 164 236
Montans. 1,394 1,425 8 14
Nebraska, 3,833 3,980 124 154
Nevada ! 580 780 6 5
New Hampshire 1 584 685 42 51
New Jersey ¢ 7,900 8,722 1,203 1,304
New Mexico. 2,430 3, 087 76 111
New York 19,196 20, 563 1,215 1,415
North Carolina ! 4,451 5,641 177 235
North Dakota L 1, 657 2,011 5 6
Ohio 16, 186 19,339 400 461
Oklahoma 5,131 5,374 22 32
Oregon 2, 594 2,913 5 7
Pennsylvania. 15,276 15,844 1,010 1,358
Rhode Island ! 819 639 66 57
South Carolina. 2,212 2,613 49 41
South Dakota. 1,392 1,666 41 45
Tennessee 4,288 4,983 91 146
Texas. 22,323 23, 884 738
Utah - 2,119 2,226 13 26
Vermont ! 353 364 16 20
Virginia. 5,180 6,354 331 437
‘Washington 6, 545 5,721 332 415
West Virginia, 2,009 2,076 7 13
Wisconsin. 6, 751 7,530 62 95
‘Wyoming. 962 1,100 21 6
Unspecified 1 1

Total United States 302, 070 330,033 12,233 14, 320
Other countries. 44,908 45,419 841 §43

Total shipped from cement plants.....eocceecaaaoo 307, 068 335,452 12,274 14,363

1 Non-cement-producing State.

2 Tncluded with “Other countries” to avoid disclosing individual company confidential data.

3 Includes shipments from Puerto Rican mills.

4 Direct shipments by producers to foreign countries, the States of Alaska and Hawaii, and to Puerto Ricos
including distribution from Puerto Rican mills.

s Direct shipments by producers to other countries, and the States of Alaska and Hawali.
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Response from 147 of the 172 plants representing 85 percent of ce-
ment shipments in 1959 indicated that of the 835 million barrels of
portland cement shipped, 54 percent (179 million barrels) went to
ready-mixed-concrete companies, 13 percent (45 million) to concrete-
product manufacturers, 13 percent (44 million) to building material
dealers, 12 percent (39 million) to highway contractors, 5 percent (17
million) to other contractors, 1 percent (4 million) to Government
agencies, and 2 percent (7 million) to miscellaneous customers.

STOCKS

Stocks of finished portland cement and clinker at portland cement
plants on December 31, 1959, were 2 and 6 percent higher, respectively,
than those on December 31, 1958. Changes in stocks from 1951 to
1959 are shown in figure 1.

MILLION BARRELS
40

35 r\

30

J
. N e N /\ \ I ;’\\\ I f\_\ /
o AP A
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A . [ AN \ , L
/ '\.\j AN ‘-\VA \ WY Y

s\ N\ "t '\U.' \ \.\I
\ \/ \ ]
'u/ '/Portlnnd—cemeni clinker 4
1950 1951 1952 1953 1954 1955 1956 957 1958 1959

Fieure 1.—End-of-month stocks of finished portland cement and portland-cement
clinker, 1950-59.

PREPARED MASONRY CEMENTS
PRODUCTION AND SHIPMENTS

Prepared masonry cements were produced at 128 portland cement
plants, 3 natural cement plants, 2 slag cement plants, and 1 hydraulic-
lime cement plant. Production was 13 percent greater than that
in 1958. Shipments were greatest to Florida, Ohio, Michigan, North
Carolina, and Pennsylvania.

Because prepared masonry cements vary in composition and bulk

density, statistics have been converted to equivalent 376-pound barrels
for comparison.
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TABLE 16.—Stocks of finished portland cement and portland-cement clinker at
mills in the United States® on Dec. 31, and yearly range in end-of-month

stocks
Range
Dec. 31
(thousand Low High
barrels)
Month Thousand Month Thousand
barrels barrels

Cement.. 27,087
--===-1Clinker.. 12,629
Cement_. , 868
-\Clinker. . 16, 151
{Cement.. , 893
-\ Clinker. . 23, 620
{Cement__ 36,734
-\Clinker. . , 409
Cement._ 37,711
=\ Clinker__ 27,709

1 Includes Puerto Rico.
2 Revised figure.

TABLE 17.—Destination of shipments of prepared masonry cement from mills in
the United States, by States, in thousand barrels

Destination 1958 1959 Destination 1958 1959
Alabama. oo 357 403 || New Hampshire !_____._____. 41 39
Alaska ! . 3) Q@ New Jersey '..____ - 385 433
Arizona, 5 6 || New Mexico.. - 89 109
Arkansas. oo ooooooooooaoC 139 162 || New York...___. - 858 925
California._ ... North Carolina 1. - 851 986
Colorado. - oeoeoeeo 206 232 || North Dakota !__ . __._...__ 37 44
Connecticut ! 86 78 || Ohio. 1,031 1,169
Delaware 1___ ... 22 21 || Oklahoma. 1 212
District of Columbia !________ 185 225 || Oregon 2
Florida. 1,111 1,246 || Pennsylvania________________ 915 979
Georgia 632 723 || Rhode Island 1. _____________ 24 24
Hawaii ! South Carolina__.__._._..._._ 427 466
Idaho. 13 16 || South Dakota_.._..___..__._. 39 44
TIHNOIS - o o oo 605 691 || Tennessee. - .--:coccecmmmmmne 554 661
Indiana. .. ..o 452 525 || Texas 637 718
Towa o ococmcmaas 153 170 || Utah . e 16 14
Kansas...ooco.._- 170 194 || Vermont 1. 27 25
Kentucky 321 369 || Virginia.___. 714 870
Louisiana. 253 272 || Washington. 34 38
Maine. 46 53 || West Virginia 178 173
Maryland. ... _.__.__ 355 378 || Wisconsin 415 425
Massachusetts 1. ..o 186 204 || Wyoming_ .. 10
Michi 913 990 || Unspecified 55 2
Minnesota_ oo 298 325
Mississippi 202 252 Total United States.._.| 14,437 16, 168
MiSSOUrT o oo ceemeceee 147 172 || Other countries 3. ... 14 6
Montana, 24 23
Nebraska. 57 70 Total shipped from ce-

Nevada ! ment plants. ... 14, 451 16,174

1 Non-cement-producing State.

2 Included with “Other countries” to avoid disclosing individual company confidential data,
3 Direct shipments by producers to other countries and to Alaska.
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NATURAL, SLAG, AND HYDRAULIC-LIME CEMENTS

Natural cement was produced for sale at two plants and slag cement
also at two. Output of these cements was small because the four
plants made larger amounts of prepared masonry cement. A third
natural cement plant and a hydraulic-lime cement plant produced
only masonry cement. The six plants reported an annual capacity
of less than 1 million barrels. One plant, which formerly made both
portland and natural cement, was converted entirely to the produc-
tion of portland cement. Producers reported using 82,000 tons of
limestone, 14,000 tons of slag, and 6,000 tons of lime, 12,000 tons of
coal, and 17 million cubic feet of natural gas in processing these
cements.

Because the prepared masonry cements made at these plants con-
‘tained some portland cement, they are included in the tabulations of
masonry cement prepared at portland cement plants (tables 17 and
18). Figures on production of natural and slag cements in 1957,
1958, and 1959 are not entirely comparable with figures for preceding
years because of changes in the method of reporting by some producers.

TABLE 19.—Natural, slag, and hydraulic-lime cements produced, shipped and in
stock at mills in the United States?

Production Shipments Stocks on
Dec. 31
Year (thousand
Active | Thousand | Thousand Value barrels)
plants barrels barrels |(thousands)
1950-54 (average) . 8 3,618 3,623 $10, 754 137
1955.__ 6 941 954 3 66
1956 _ 6 1,128 1,074 3, 589 116
1957 - e 5 631 662 2,027 79
1958 . e 5 520 492 1,633 107
1959 - o e e 4 438 441 1,450 103

1 Includes natural masonry cements through 1954,

PRICES

The average net price of all shipments from all cement plants was
$3.30 a barrel, compared with $3.271n 1958,

Portland cement prices at the plant increased from $3.25 a barrel
in the last quarter of 1958 to $3.27 and $3.29 in the first and second
quarters of 1959, respectively. The average prices dropped to $3.28
and $3.27 in the third and fourth quarters, respectively. Prices of
types I and II portland cement (93 percent of all portland cement
produced) increased from $3.21 a barrel in the first quarter to $3.25
In the second quarter and then fell to $3.24 and $3.22 in the third and
fourth quarters, respectively.

Average prices o¥ high-early-strength cement increased from $3.67
a barrel in the last quarter of 1958 to $3.78 and $3.75 in the first and
second quarters of 1959 and dropped to $3.72 in the third quarter and
to $3.70 in the fourth quarter.

The price of prepared masonry cement decreased from $3.78 a barrel
in the first quarter of 1959 to $3.77 in the second, and then rose to $3.78
and $3.80 a barrel in the third and fourth quarters, respectively.
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The composite wholesale price index of portland cement, f.o.b. desti-
nation, according to the Bureau of Labor Statistics index (1947-49=
100), was 152.2, compared with 150.6 in 1958.

TABLE 20.—Average mill value per barrel, in bulk, of cement in the United

States?

Natural,
Portland | slag,and | Prepared | All classes
Year cement | hydraulic- | masonry |of cement 3

lime cement ?

cements
1950-54 (average).. $2. 58 $2.77 . 13 $2. 59
1955 2.86 3.16 3.41 2.89
1956 3.05 3.34 3.75 3.08
1957 - 3.18 3.06 3.81 3.21
1958, 3.25 3.32 3.77 3.27
1959. 3.28 3.28 78 3.30

1 Includes Puerto Rico.
2 Includes masonry cements made at portland, natural, and slag cement plants.
3Includes shipments of masonry cements for 1955-59.

FOREIGN TRADE®

Imports.—Imports of hydraulic cement increased from 3.33 million
barrels in 1958 to 5.25 million barrels in 1959. Imports into Florida
dropped from 50 percent of total imports in 1958 to 28 percent, and
imports into New England and New York rose from 37 percent of
total imports in 1958 to 48 percent. Canada, Colombia, Belgium-
Luxembourg, and West Germany supplied 68 percent of the cement
imported in 1959.

Imports of white cement were nearly the same as in 1958; 70 percent
game through Florida, and 39 percent came from Belgium-Luxem-

ourg.

Exports.—Exports of hydraulic cement decreased to 43 percent of
the 1958 exports. The largest quantities were shipped to Canada,
Mezxico, and Costa Rica.

TABLE 21.—Hydraulic cement imported for consumption in the United States

[Bureau of the Census]

Roman, portland, and | Hydraulic cement | White, nonstaining Total
other hydraulic cement clinker portland cement
Year
Barrels Value Barrels | Value | Barrels Value Barrels Value

1950-54 (aver-
e).

ag 698, 717 (1$2, 072, 929 1,172 $6,938 | 28,593 | $159,890 728, 482 |1$2,239, 757
1955.. 4,559,953 |112, 712,524 | 466,962 | 589,061 | 192,785 | 1,052,827 | 5,219,700 |114, 354, 412
1956... 3,672, 527 |11, 362,209 | 483,423 |1,068,949 | 300,170 (11,757,417 | 4,456,120 |!14, 188, 575
1957 3,856,435 111,887,440 | 121,663 | 221,249 | 448,949 (12,710,781 | 4,427,047 114,819,470
1958.. 3,110,677 | 8,059,683 | 11,673 91,259 | 267,736 | 1,530,929 | 3,390,086 | 9,681,871
1959 - e 4,978, 661 | 12,267, 567 5,994 47,239 | 280,341 | 1,458,360 | 5,264,996 | 13,773, 166

1 Data not comparable with other years.

® Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi-

sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of
Commerce, Bureau of the Census.
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TABLE 23.—Hydraulic cement exporfed from the United States, by countries of

destination
[Bureau of the Census]
1957 1958 1959
Country
Barrels | Value | Barrels | Value | Barrels | Value
North America:
Bermuda_ 1,355 $5, 474 1,725 | $10,028 1,040 $8, 939
Canada 294,969 |1,322,117 | 168,677 | 730,060 99, 093 , 196
Central America: .
British Honduras. 1,133 5,780 3,964 18,678 200 814
Canal Zone 2,382 9, 756 132 957
Costa Rica. 15,250 49,796 25,584 | 124,324 17,912 58,398
ElSalvador ..o 200 2, 061 149 2,302
Guatemala, 1,600 6, 357 200 1,989 1, 057 7,404
Honduras 16,776 | 62,806 | 16,626 | 66,565 9,980 , 666
Nicaragua 10, 350 45,409 13, 363 55, 466 3, 804 18, 995
Panama. ,832 1,838 | 13,588 1,300 5, 660
Greenland 125 500
Mexico. 312,830 |1,346,547 | 221,241 | 988,608 18, 810 107, 446
West Indies: )
British:
Bah 13,092 64, 246 14, 520 84, 617 16,910 73,129
Barbado: 1, 500 7,673
Jamaica. 6,623 27,333 3,399 727 4,615
Leeward and Windward Is-
lands. 11,407 38,112 9, 268 30, 582 11, 250 37,572
Trinidad and Tobago.._...__ 1,472 8,146 1,750 8,928 412 2, 563
Cuba, 145,489 | 267,323 6,048 38,827 3,394 23,079
Dominican Republic .............. 613 3, 300 1,496 |- oeo o fo
French West Indies...____________ 6,553 16, 856 6,200 17,160 5,625 15,385
Haiti 50 1,180
Netherlands Antilles__...______._. 989 3,109 3,082 8,712 600 1, 560
Total 843,397 |3,287,688 | - 496,543 |2,213,502 | 192,246 951,378
South America:
Argentina, 3,476 28,796 - 9,285 51,398
Bolivia. 1, 99: 11, 2,483 14,754 4,477 32, 695
Brazil -1 20,059 89, 569 6 104 1,216 13,083
British Guiana. 1,056 4,776 264 1,194
Chile. o e 6,013 41, 2,110 22,406 5,834 59, 556
Colombia. oo oo 16,120 | 110,074 12, 962 83, 540 4,628 31,292
%cuador 48 596 55 i
araguay. y
Peru 943 6,478 3,591 11,205 379 , 824
Surinam 1,264 5,113 187 1, 580
L0 (0 EESBE: 2SI S, 444 9,187 100 1,890
Venezuela. 353,106 [1,055, 444 64,962 | 205,947 10, 201 50, 064
Total ---| 404,080 |1,353,709 87,009 | 349,917 36,370 249, 927
Europe:
Belgium-Luxembourg__.._._._________ 953 17,751 815 13,733 533 4,957
D K. 427 10,041 14 778 103 1,249
France. 1,893 12, 544 3,355 21,907 3, 900 21, 369
Germany, West 1,003 25,617 124 3,454 639 7,521
252 6,436 37 942
367 10, 854 213 5,480 65 1,800
795 , 928 234 6, 576
722 27, 261 441 13, 201
United Kingdom._ 300 7,400
Other EUrope.ace oo 1,008 20,208 |._ 486 9, 861
Total .. 7,810 | 165,040 5,233 66,071 5,726 46, 757
Asia:
12,157 3, 500 19, 267 4,098 31,023
14,808 |l 697 3, 588
13, 253 4,735 20,819 {__________ -
6,314 6, 453 34,415 10, 750 82,135
. 352 2,970
144,039 2,711 82,381 2,918 91, 403
132 96 740 4,618
8, 595 49,614 4,750 25,282 2,010 10, 261
Malaya, Federation of 7 3,871 -
Pakistan 4,008 18,263 | oo | 1,892 11, 230
Philippines. oo oo oo 2,924 23, 579 1, 608 14,386 1,807 18,399
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TABLE 23.—Hydraulic cement exported from the United States, by countries of

destination—Continued
1957 1958 1959
Country
Barrels | Value | Barrels | Value | Barrels | Value
Asia—Continued
Saudi Arabia_ .o ooooooooooo 856 | $11,304 2,246 | $34,672 125 $2,300
Turkey. 2, 600 10, 348 625 3,269 |_ oo Jeccooioo
Other Asia. 783 4,155 50 1,400 |- oo
017 ) 36,352 | 311,705 26,810 | 236,853 25,389 257,927
Africa:
British West Africa, n.e.c. 4, 250 16, 585
Liberia._ 13,156 53,342 14, 250 57,400 11, 250 46, 900
Libya. 1,250 6, 905 6,612 31, 520 1,782 22,003
Somaliland. .. 1,813 8, 257 661 3,870 250 1,900
Other Africa 465 5,628 135 1,713 4 1,200
Total 16, 684 74,132 21,658 94, 503 17, 536 88, 588
Oceania:
Australia__ 93 2, 508
British Western Pacific Islands.______ 5,444 23,025 500 2,062
New Guinea. 4,648 55,263 2,383 5,794 | feieaeas
New Zealand_ 7,830 32,538 930 3,818
Trust Territory of the Pacific Islands. 4,275 18,425
Total. 22,197 | 129,251 3,906 14,182
Grand total.... ..o 1,330,520 |5,321,525 | 641,159 (2,975,028 | 277,267 | 1,594, 577

WORLD REVIEW
NORTH AMERICA

Canada.—No new plants were opened, but Miron & Freres, Ltd., was
constructing a 4-million-barrel plant in the Montreal area.

British Portland Cement Co. of London announced plans to erect
a $15 million plant at Cobourg, Ontario; and Inland Cement Co.
planned to add a million-barrel kiln at its Edmonton (Alberta) plant.

Two deposits of pozzolanic materials were discovered in British
Columbia, one a shale material on Vancouver Island and the other
volcanic ash north of Savona. Preliminary tests showed both ma-
terials possessed cementitious qualities. Holdfast Natural Resources,
Ltd., announced plans to develop the shale deposit, and Industrial
Minerals, Ltd., the volcanic ash deposit.

Costa Rica.—A new law, effective November 1959, contained a provi-
sion that a cement plant could be closed down while a complaint that
the plant had violated the law was being heard in court. The suspen-
sion of operations shall be without responsibility to the State or to
the complainant.

Haiti—Duties on regular portland and natural cements were
doubled in January 1959. Cement was formerly dutiable at 3 centimes
per kilogram ($1.02 per barrel). The increase did not apply to white
portland cement.
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TABLE 24.—World preduction of hydrauliclz cement, by countries, in thousand
barrels

[Compiled by Helen L. Hunt and Berenice B. Mitchell]

Country 1950-54 1955 1956 1957 1958 1959
(average)
North America:
Canada (sold or used by producers)...| 18,047 23,430 26,713 32,178 32,729 33,433
Cuba 2,281 2,527 3,512 3,805 4,192 3,670
Dominican Republic. ... 704 1,372 1,448 1,642 1,583 1,114
Guatemala_ ... _.___._____ 334 475 - 469 575 692 680
2 21 17 SRR N 152 264 164 217 223
Jamaiea oo ... 2322 639 780 657 1,044 1,143
Mexico 9,434 11,815 13,351 15,010 15,127 15,901
Nicaragua. 123 170 246 252 235 205
Panama. 440 428 410 463 393 3410
Salvador. - 4252 334 405 498 510 487
Trinddad - oo o ool 5141 721 815 780 879 1,055
United States. 255,186 | 314,913 | 333,472 | 313,756 | 326,352 355, 734
Total _| 287,264 | 356,976 | 381,885 | 369,780 | 383,953 414, 055
South America:
Argentina._.. ... . ___________.__ 9,434 10, 959 11,961 13,861 14,494 13, 861
Bolivia - 211 223 193 141 170 170
Brazil___ - 10, 542 16, 247 19,202 19,900 22,222 822,281
Chile. - 4,181 4,714 4,521 4,263 4,362 4, 867
Colombia. - T 4,397 6,133 7,153 7,194 7,200 7,904
Ecuador 481 856 891 909 938 921
Paraguay. 218 70 82 70 41 76
eru. 2,345 3,195 3,237 3,195 3, 547 3,412
Uruguay. - 1,759 1, 560 1,988 2,445 2, 539 2,474
Venezuela . - - 4,872 7,517 8, 508 10,243 9,475 210,935
B 17 I, 38,240 51,474 57,736 62, 221 64, 983 66, 901
Europe:
Albania. - 94 252 381 410 457 3410
Austria_ 8,408 10, 900 11,351 12,483 12, 630 14,172
Belgium | 24,702 27,493 27, 346 27, 5R7 23,787 26,027
Bulgaria_ . oL 3,981 4,761 5,037 5,160 5,476 8.402
Czechoslovakia. ... _____.______ 13,081 16, 957 18,458 21, 530 24,063 27,792
Denmark - 6, 508 7,382 6, 960 6, 825 6, 262 8,121
Finland - 5,072 6,104 5, 629 5, 547 5, 6,
France. - --| 50,465 62,274 67,076 73,930 78, 650 78, 562
Germany:
East oo 11,932 17,420 19,167 20, 287 20, 862 24, 655
‘West 6_ 76,692 | 106,612 | 110,658 | 110,277 | 113,689 133, 965
GreeCe o e oo eceeee , 553 3 7,259 A A 8,349
1051 iT:52) o0 5,640 6, 5,834 5,799 y 8,402
Teeland - - oo oo e e e 193 457
Treland . oo oo 2,809 3,940 4,175 3,078 2,533 3,102
71 3/ 39, 800 62, 509 66, 484 70,072 75,185 83,417
Luxembourg - - 797 921 956 1,114 1,149 1,126
Netherlands. -« oo 4,620 6,455 7,364 7,740 8,009 9,381
Norway- —— - 4,122 4,691 5,248 5,963 6, 045 6,485
Poland - - 17,086 22, 357 23,658 26, 361 29,639 31,122
Portugal - 4,098 4, 568 6,004 5,740 6,004 6,045
Rumania. . 8,402 11,351 12,301 13,808 15,080 317,590
S8aT L il 1,454 1,659 1,929 2,058 1,718 1,829
Spain. . 17,936 25,400 27,710 29,117 31,193 32,711
Sweden. . 12, 800 14,951 14, 629 14, 365 14,717 16, 525
Switzerland. 8,414 12,413 13,955 14,723 12,811 15,731
USSR e 84,250 | 131,830 | 145, 75 169,426 | 195,283 227,496
United Kingdom . ____________________ 64,702 74, 581 76,059 71,274 68, 601 73,807
Yugoslavia - 7,464 9,164 9,117 11,627 11,533 13,017
Total _--| 488,882 | 660,454 | 700,495 | 743,484 | 786,484 885, 568
Asia:
Burma. - 188 352 229 217 211 211
Ceylon. . - 334 446 498 287 469 557
China - 17,865 26, 385 37,654 39,911 58,633 373,291
Cyprus. . ) R B 217 399 | - 487 434
Hong Kong - 434 686 709 610 891 833
India. - 20, 879 26, 731 29, 358 33,362 36, 341 40, 580
Indonesia - 774 874 850 1,472 1,741 31,759
346 774 1,343 1,642 2, 568 34,169
727 1,859 2,873 3, 541 3,923 3,876
2, 691 3,893 3, 594 4,216 4,181 4,579
44, 057 61,934 76,364 88, 981 87, 862 101, 247
3369 3 498 463 627 668 645

See footnotes at end of table.
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TABLE 24.—World production of hydraulic cement, by countries, in thousand
barrels *—Continued

Country 1950-54 1955 1956 1957 1958 1959
(average)
Asia—Continued
Korea: :
North 3. o licmaas 1,642 2,111 3,518 4,104 7,177 311,727
Republicof ... ... 188 328 270 539 1,736 2,099
Lebanon.__......._. - 1,747 2,656 2, 861 3,283 2,973 4,362
Malaya, Federationof .._._...___.._._ 4346 639 610 668 645 1,132
Pakistan. o ool 3,231 4,063 4,609 6,409 6, 391 5,875
Philippines. 1,771 2,345 2, 562 2,996 3,764 4,263
Taiwan 2,609 3,459 3,465 3, 541 5,951 6, 256
Thailand. ... 1, 542 2,263 2,334 2,357 3,025 3,389
Turkey. Ry - 2,908 4,814 5,687 7,394 8, 895 10, 167
United Arab Republic (Syria region). 803 1, 548 1,911 , 847 2, 269 A
Viet-Nam, South. ..o 1,319 31,759 32,052 32,052 32,052 32,052
Total. 106,770 | 150,417 | 184,031 | 210,455 | 242,853 286,124
Africa:
Algeria. oo el 2, 832 3,958 3,823 4,169 4,937 5,611
Angola. 4205 410 510 762 973 909
Belgian Congo....... 1,425 2,375 2,691 2,721 2,287 1,994
Cameroons, Republicof. _____________|._______ 29 76 64 64 364
B 0140100 o) £ T 364 3188 158 147 188 147
Kenya. - - 223 768 1,001 1,208 1,272 1,841
Morocco:
Northernzone. ... .. ... 529 258 3293 3293 3293 3293
Southern zone._ 2,809 4,016 3,436 2, 556 2,298 2,943
Mozambique... .- 469 803 885 979 1,055 31,055
Nigeria. oo oo - 663 709
Rhodesia and Nyasaland, Federation
of:
Northern Rhodesia._._.......__.. 7317 534 663 3,858 4,667 3,489
Southern Rhodesia_ ... 1,272 2,363 2,732
Senegal. oo __C 3 756 850 926 874 1,020
L5167 SRR - 375 393 352 3381 3422
TUNISIA e e e e eeem 1,261 2,246 2,111 2,351 2,022 2, 592
Uganda___-...__.. 193 293 358 504 622 1
Union of South Africa......_._....__ 11,850 13,697 14, 482 14,805 15,948 15, 549
United Arab Republic (Egypt region) . 6,420 8,039 7,921 8, 596 , 10, 413
B 0T 7 ) U, 29, 768 41,108 42,473 44,201 47,409 49, 522
8, 660 11,674 12, 530 13,615 14,418 14,834
1,507 2,398 2,644 3,166 3,289 3,512
10,167 14,072 15,174 16, 781 17,707 18,346
World total (estimate) ! _..__._.._.._. 961,001 (1,274,501 |1,381,794 (1,447,012 (1,543,394 | 1,720, 526

1 This table incorporates some revisions.
3 Average for 1952-54.

3 Estimate,

4 Average for 1953-54.

¥ Average for 1 year only, as 1954 was first year of commercial production.

8 Revised data; excludes clinker.
7 Average for 1951-54.

Honduras.—The first cement plant in Honduras began producing in
1959. The plant was built by Cementos de Honduras, which raised
‘almost all of its $3.5 million capital from Honduras’ leading business-
men. Approximately 200,000 barrels of cement was imported into
Honduras in 1958, and it was expected that the new plant (capacity,

300,000 barrels) would supply most of the Honduran market.*

Mexico.—The 400,000-barrel plant of Cementos California, S.A., at
Ensenada, Baja California, was described.’* Plans for the construc-

10 Bureau of Mines, Mineral Trade Notes: Vol 49, No. 4, October 1959, p. 34

u Utley, H. F., Baja California Gets Its First Cement Plant: Pit

No. 2, August 1959, pp. 82—86.

and Qu'arry, vol. 52,
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tion of two new plants, one by Cemento de Atotonilco, S.A., at
Atotonilco, Hidalgo, and the other by Cementos Atoyac, S.A., at
Puebla, Pueblo, were announced.

Trinidad.—Soconusco Quarries and Development Co., Ltd., planned
to construct a million-barrel cement plant 8 miles from Port Said at a
cost of $5.8 million.

SOUTH AMERICA

Argentina.—A $3.6 million expansion and modernization program
of its cement plants in Salta, Cordoba, and Mendoza provinces was
announced by Juan Minetti e Hijos.*?

Chile.—Cementos Bio-Bio, S.A., planned to erect a cement plant
adjoining a large steel mill at Huachipato, 350 miles south of Santiago.
Koppers Co., Inc., of Pittsburgh, Pa., Transoceanic Development
Corp., Litd., of Toronto, Ontario, Canada, and the Chilean sponsoring
group hold common stock in the company; and the International
Finance Corp. announced a commitment of $1 million in the company.
The 750,000-barrel plant will use slag from the steel mill to make
portland-slag cement.

The Government Economic Development Corp. announced that
another new cement plant was to be erected at Antofagasta. The
estimated cost of the 175,000-barrel plant was reported to be $100,000.

Colombia.—Nearly 2 million barrels was added to the capacity of
Colombia’s cement industry by opening new plants in Tolima, Caldas,
and Boyaca. Exports of cement increased from 94,000 barrels in 1954
to 745,000 barrels in 1958.

Ecuador.—La Cement Nacional, with a million-barrel plant at
Guayaquil, supplied the cement requirements of Ecuador’s coastal
area. Cemento Chimborazo C. A., with a 150,000-barrel plant at Rio-
bamba, supplied cement chiefly to consumers in the highland region.?®

Venezuela.—Five plants produced cement in Venezuela during 1959 :
C. A. Venezolana de Cementos, Pertigalete plant near Puerto La Cruz;
Fabrica Nacional de Cementos, La Vega plant; C. A. Cementos Cara-
bobo, Valencia plant; C. A. Cementos Tachira, San Cristobal plant;
and Cementos Coro, Coro plant. A fourth kiln was added at the
Pertigalete plant, increasing its annual capacity to nearly 400,000
barrels. Gas turbine generators in use at the Pertigalete and Valencia
plants were described.*

EUROPE

A description of the European cement industry in 1957 and 1958
and the investment program for 1959 was published.’* Although
world production and consumption increased from 1947 to 1958, world
trade decreased because in large measure of industrialization in the
traditionally importing countries.

4 Pit and Quarry, Argentina Cement Concern Begins $3,600,000 Expansion: Vol. 52,
No. 2, August 1959, p. 39.

13 Bureau of Mines, Mineral Trade Notes: Vol. 49, No. 2, August 1959, pp. 40-41.

M Walter, L., Gas Turbines Power Venezuelan Cement Plants: Rock Products, vol. 62,
No. 7, July 1927, pp. 80-82. .

15 Organization for European Economic Cooperation, The Cement Industry in Europe:
November 1958, 29 pp.
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Czechoslovakia.—The Senec cement plant, Banska, Bystrica, Slovakia,
with an annual capacity of about 3 million barrels, began operating
in 1958.

Germany, East.—The Government allocated $32 million for erecting
an anhydrite-sulfuric acid plant at Losing that would produce 1.3
million barrels of portland cement as a coproduct.

Greece.—A. slowdown in buildin activity throughout the country
reduced the growth rate for sales of cement.

Italy.—A 3-million-barrel cement plant to be operated by Cementir,
a Government-owned cement producer, was under construction at
Arquata Scrivia, 80 miles north of Genoa.’* Exports of cement from
Italy in 1958 were more than double those in 195?.

U.8.8.R.—Several articles published during 1959 described cement
programs that would surpass United States production by 1965.17

A new plant under construction at Acympt in central Siberia was to
utilize the nepheline residue from a nearby alumina processing plant.
The 19- by 574-foot kilns were shipped from France in 1959 1

United Kingdom.—Cement operations at the Hope works of G. & T.
Earle, Ltd., were described in a series of artioles, Chert, clay, and
fluorspar occurring in the limestone were removed by grizzlies and
vibrating screens.®

The quarry and plant of the Ketton Portland Cement Co., Ltd., were
described.®

Yugoslavia.—Nearly 25 percent of the cement production was ex-
ported in 1957.

ASIA

Afghanistan.—The Ministry of Mines and Industries contracted
with the Technoexport firm (Foreign Trade Corp. for export of com-
plete industrial plants) of Czechoslovakia to supply and install equip-
ment for the Pul-i-Khumri 700,000-barrel cement plant. The Jabal-
us-Seraj cement plant. (capacity of 200,000 barrels) was constructed by
Czechoslovakia in 1957.

China.—New cement plants in China included a 1.8-million-barrel

lant in the Vl%ihur region of Sinkiang, a 5.9-million-barrel plant at
ing-On in Fukien, and five plants in Kwangtun%)vnth a combined
capacity of 1 million barrels. The Liuliko plant, Peiping, added 10
kilns to increase its capacity b{ 1.2 million barrels.” Widespread use of
German-designed vertical kilns (Schacht-oven, annual capacity of
20,000 barrel? reportedly was responsible for the rapid expansion of
the cement industry. .

According to a Rumanian magazine, cement was being made in
China from nepheline residue; the process proposed for the new
Russian plant in central Siberia.
19?9Rock4183roducts, Italian Cement Plant to Use Steel Mill Slag: Vol. 62, No. 8, August

17 Es?s't Efn-ope, The Race to Catch Up: Vol. 8, No. 3, March 1959, pp. 15-17.

Rymarceivicz, H., Cement Production in the Communist Countries: Pit and Quarry,
vol. 51, No. 10, April 1959, pp. 98-101.

East BEurope, How Shall the Last Be First: Vol. 8, No. 6, June 1959, pg. 36-37.

18 Comte, J. M. A., Russia Gets World’s Largest Cement Kilns: Rock roducts, vol. 62,
No. 5, May 1959, pp. 128-131.

1 Mine and Quarry Engineering (London), Cement Production from the Mountain Lime-
stone of Derbyshire: Vol. 25, No. 3, March 1959, pp. 108-114; No. 4, April 1959, pp.
169-165; No. 5, May 1959, pp. 206-210.

2 Cement Lime and Gravel (Londoﬁ), Cement Production from the Ketton Stone of
Rutland : Vol. 34, No. 5, May 1959, pp. 131-135. .
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Hong Kong.—The Green Island Cement Co., the colony’s only pro-
ducer, supplied less than 40 percent of the cement consumed in 1958.

Tndia.—T'wo new plants began to produce in 1959, bringing the total
for the country to 31 plants.

Indonesia.— The four-kiln cement plant at Padang operated at about
80 percent of capacity during 1958. The N. V. Pabrik Semen Gresik
plant was to increase cagacity to 2 million barrels with a loan of
$6.9 million to the Republic of Indonesia from the Export-Import
Bank of Washington, D.C.

Tran—A 1.1-million-barrel plant at Doroud in southwest Iran be-
gan production in 1959.

Japan.—Tokuyama Soda Co. ordered a 2.6-million-barrel cement
kiln from the Mitsuibishi Shipbuilding and Engineering Co., Tokyo.
The Chichibu Cement Co. purchased a 1.2-million-barrel Allis-
Chalmers-Lellek plant, the fifth such plant to be installed in Japan.

Malaya, Federation of.—The Rawang plant of Malayan Cement, Litd.,
was expanded to an annual capacity of 1 million barrels by adding
a second kiln and two grinding mills. Two new plants were planned—
one at Batu Caves near Kuala Lumpur by the Malayan Industrial
and Mining Co. and the other at Petaling by the Cement Aids, Ltd.

Pakistan.——The Pakistan Industrial Development Corp. announced
plans to erect a 3-million-barrel cement plant at Mangho Pir near
Karachi.

Philippines—The Mindanao Portland Cement Co. planned to build
a 700,000-barrel cement plant on Mindanao Island # with a $3.7 mil-
lion loan from the U.S. Government.

Saudi-Arabia.—The Arabian Cement Co. completed a cement plant
at Jidda, and Saudi Cement Co. began constructing a cement plant
north of Hofuf in the Eastern Province.

Taiwan (Formosa).—Since 1956 five small cement plants with capaci-
ties ranging from 50,000 to 90,000 barrels per year were put into
operation. It was claimed that they competed successfully with
larger cement producers.?

Turkey.—Two plants, one at Elazig and the other at Pinarhisar,
were completed in 1959, raising to 14 the total number of operating
plants in the country. Two more plants, one at Gaziantep and the
other at Konya, were under construction. Five State-owned plants
were scheduled for construction at Nigde, Soke, Bartin, Batman,
and Erzerum.?® For the first time, Turkey had an excess of cement
and began to seek foreign markets for its surplus production.

United Arab Republic (Syria region).—Engineering firms from East
l(ierma,ny began constructing a 500,000-barrel cement plant near

leppo.

VI:i)eI;:-Nam.—Imports of cement increased from 1.3 million barrels in
1957 to 1.7 million barrels in 1958. '

2 Foreign Commerce Weekly, Philippine Cement Firm To Open Plant in Manila: Vol.
62, No. 19, Nov. 9, 1959, p. 38.
19‘;9Lee, lTéOY" Small Cement Plants in Taiwan: Pit and Quarry, vol. 51, No. 9, March
2 frean of Mines, Mineral Trade Notes: Vol. 49, No. 5. November 1959, pp. 36-40.
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AFRICA

Ghana.—Associated Portland Cement Co. investigated the feasibility
of constructing a $12 million cement plant in the Bonyeri area.

Nigeria.—Plans were announced to reopen an abandoned cement-
clinker mill at Port Harcourt. The Nigerian Cement Co. began an
expansion program to double the capacity of its plant at Nkalagu.

Rhodesia and Nyasaland, Federation of.—Nyasaland Portland Cement
Co., Ltd., expanded its plant at Blantyre and continued preparations
for a new plant at Changalumi.

Sudan.—The Sudan Portland Cement Co., Ltd., operated the only
cement plant in Sudan at Atbara. Capacity of the plant was limited
to 300,000 barrels by the size of its one kiln. To help meet domestic
requirements, clinker was imported from Egypt and Tunisia and
ground locally. Russian cement entered Port Sudan under a barter
agreement between the Sudan and the U.S.S.R.*

Union of South Africa.—The capacity of the Pretoria Portland Ce-
ment Co. plant near the Bechuanaland-Transvaal border was raised
to 1.2 million barrels.

United Arab Republic (Egypt region).—Over 15 percent (1.8 million
barrels) of the 1957 cement production was exported, principally to
Saudi Arabia.

OCEANIA

Australia.—Queensland Cement and Lime Co. began a program to
increase the annual capacity of its Darra plant to nearly 3 million bar-
rels.?® Fourteen plants with a total capacity of 16 million barrels
operated in 1959.

TECHNOLOGY

A new publication, the Journal of the Research and Development
Laboratories, was issued by the Portland Cement Association. The
magazine will present original experimental results from the labora-
tories of the Association and other organizations concerning the nature
and uses of cement and concrete.

The variability of 21 different cements, all meeting the standards
of the American Society for Testing Materials, was discussed in terms
of tricalcium silicate content, composition of raw materials, control
of concrete mixing, low strength associated with periods of peak pro-
duction, and better control of conditions in the cement making
process.z

Investigative work during the year included a redetermination of
the liquidus region between dicalcium silicate and tricalcium silicate ;**
a study of the hydration of tricalcium and dicalcium silicates in pastes

% Bureau of Mines, Mineral Trade Notes: Vol. 50, No. 1, January 1960, pp. 9-11.

2 Chemical Engineering and Mining Review (Melbourne), £11 mill. Program for
Queensland Cement Company : Vol. 51, No. 5, Feb. 16, 1959, p. 79.

2 National Ready Mixed Concrete Associatlon, Floor Discussion of Paper on Variations
in Portland Cement : Supp. to NRMCA Pub. 76, 1959, 11 pg.

1 Welch, J. H., and Gutt, W., Tricaldum Silicate and Its Stability Within the System
Ca0-S10 : Jour. Am. Ceram. Soc., vol. 42, No. 1, January 1959, pp. 11-15.

567825—60——21
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under normal and steam curing conditions;® the reaction between
portland cement and water;* and the errors caused by partial drying
during testing of hardened portland cement.® A brief review of nine
Russian papers on cement ** and information on the requirements for
cements other than portland imposed by the specifications of various
countries were published.?

The influence of gypsum on the hydration of portland cement was
discussed in several papers.®® The need for a special procedure for
determining the alkalies in cements having high alkali content was
studied by the Cement Committee of the American Society for Testing
Materials. Several papers on the reactions between aggregates and
high alkali cements were published.** The addition of calcium
chloride to raw portland cement mixes to make the alkalies more
readily volatile was discussed.®> A new analytical method for deter-
mining magnesium oxide in portland cements was patented.®*® Two
discussions of methods for particle-size analysis of cement were
published.*

A patent was issued for manufacturing portland cement from oil
shale, utilizing in part the fuel value of organic material in the shale.®®

Industrial engineering and scientific management were proposed
as tools for solving the problems of large scale production.®® Two
companies replaced truck haulage of limestone from quarry to plant
with conveyor belts, resulting in more economic operations.*

Grinding.—The commonest causes of trouble in the grinding system
of a cement plant were said to be ball charge, moisture, oversize feed,
improper set of air separator in dry circuits, and materials handling.*
Information was collected on the effectiveness of three types of classi-
fiers in general use in wet-grinding cement raw materials; vibrating
screens, rake-and-bowl classifiers, and liquid cyclones.*? Low tem-

2% Jour. of the Amer. Chem. Soc., Chem. Abs.: Vol 42, No. 6, June 1959, p. 148.

® Building Science Abstracts (London) : Vol. 32, No. 4, April 1959, p. 101.

® Building Science Abstracts (London) : Vol. 32, No. 7, July 1959, p. 195.

i Rockwood, N., Some Russian Research on Cement: Rock Products, vol. 62, No. 7, July
1959, pp. 18, 110, 112,

& Cembureau, Review of Standard for Cements Other Than Portland: The Cement Sta-
tistical and Tech. Assoc., Malmo, Sweden, 1958, 164 pp.

# Haskell, W. E., Three Factors Govern Optimum Gypsum Content of Cement: Rock
Products, vol. 62, No. 4, April 1959, p. 108.

Temper, Bailey, Control of Gypsum in Portland Cement: Dept. of Public Works, Div. of
Highways, State of Calif., June 1959, 18 pp.

Bulldln%Sclence Abstracts (London) : Vol. 32, No. 8, August 1959, p. 228.

Mining Engineering, vol. 11, No. 12, December 1959, p. 1225.
1985‘9J0uﬂiilg of the American Ceramic Society, Chemical Abstracts: Vol. 42, No. 6, June

, D. .

Hansen, W. C., Release of Alkalies by Sands and Admixtures in Portland Cement Mor-
tars : ASTM Bull. No. 236, February 1959, pp. 35—-38.

% Kraeger, B. C., and Geary, E. W., Calcium Chloride in Portland Cement Manufacture :
Pit and Quarry, vol. 51, No. 6, December 1958, pp. 120, 121, 126.

% Berman, H. A., An Improved 8-Hydroxyquinoline Method for the Determination of
Magnesium Oxide in Portland Cement: ASTM Bull. No. 237, April 1959, pp. 51-55.

8 Wieland, W., How to Measure Super-fine Powders: Rock Products, vol. 62, No. 8,
August 1959, pp. 131, 132, 134, 136, 138.

Mining Engineering, vol. 11, No. 12, December 1959, p. 1225.

3 Seelers, F. B., and Chapin, H. M. (assigned to Texaco Development Corp., New York,
N.Y.), Portland Cement Manufacture from Oil Shale: U.S. Patent 2,904,445, Sept. 15, 1959.

® Wolfe, J. M., New “Tools” Slice Cement-making Costs: Rock Products, vol. 62, No. 12,
December 1959, pp. 86—-88, 121, 122,

# Pit and Quarry, Shortening Quarry Haul Effects Operating Economy: Vol. 52, No. 4,
October 1959, p. 123.

Skillings’ Mining Review, Cross-Country Belt Conveyor System Serves Cement Plant:
Vol. 48, No. 39, Dec. 26, 1959, pp. 1, 4, 24.

4 Zacher, W. J., Here’s a New Approach to Crushing Problems: Rock Products, vol. 62,
No. 12, December 1959, pp. 94-96, 98, 126.

€ Tonry, J. Richard, Wet Grinding of Cement Raw Materials: Pit and Quarry, vol. 51,
No. 8, February 1959, pp. 93-97 ; No. 9, March 1959, pp. 95-99.
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peratures in clinker grinding mills were reported to improve the
quality of the portland cement.®* Modern grinding plants were de-
scribed in a German publication.* .

Slurry Thickening.—To increase the fluidity of slurries, small quanti-
ties of alkali metal polyphosphatosulfate 5 or small percentages of a
polybasic organic acid salt, a sulfonic acid of the naphthalene series,
and a carbazoltetra-sulfonic acid were suggested as additives.*® A
British cement plant used filter presses with nylon filter cloth to re-
move more than half the water from the slurry before kiln drying.*”
A patent was issued on a machine for cutting slurry cake.*®

Calcination.—Methods of increasing the thermal efficiency of cement
kilns were discussed.® Television cameras installed at the firing end
of the kilns at two plants of Ideal Cement Co. permitted the operator
in an air-conditioned room to adjust quickly for correct flame char-
acteristics and proper clinker formation.®® Oxygen enrichment of
primary air in cement kilns was suggested as a means of reducing the
velocity of air through kilns, thereby reducing the dust-carrying
capacity of the flue gases. Amplidyne speed regulators were said
to improve control of cement consistency and quality at a Washington
cement plant.®

Patents were issued for the following: The construction of a kiln
with a removal section in the area most susceptible to ring forma-
tion; a cement kiln having at least two tire sections supported on
plural rolling elements; a kiln rotating mechanism that does not stop
the kiln rotation when there is an electric power failure; and the use
of specially shaped metal shims to hold refractory brick lining in
cement kilns. Patents also were issued for a mixing and sintering
system to treat cement raw materials in deep pallets;® for an ap-
paratus to dry and preheat cement pulp while simultaneously pre-
cipitating dust from the kiln gases used for drying and preheating;*
and for an apparatus and method for instantaneously preheating

4 Takemoto, K., Ito, 1., and Hirayama, K., Keep Grinding Temperatures Low: Rock
Products, vol. 62, No. 10, October 1959, pp. 140, 144148, 154, 156.

4 Building Science Abstracts (London), vol. 32, No. 5, May 1959, p. 129.

4 Shaver, K. J. (assigned to Monsanto Chemical Co., St. Louis, Mo.), Method of In-
creasing Fluidity of Aqueous Industrial Mineral Slurries: U.S. Patent 2,900,266, Aug. 18,

959.

46 Dietz, K., Greune, H., and Stroh, R. (assigned to Farbwerke Hoechst A. G. vormals
Meister Lucius & Bruning, Frankfurt-am-Main, Germany), Aqueous Slurry of Comminuted
érgéll%%eoil%%imestone Material and Process of Producing Same: U.S. Patent 2,905,565,

ept. 22, .

47 Chemical Trade Journal and Chemical Engineer (London), Filtering Cement Slurry:
Vol. 145, No. 3768, Aug. 21, 1959, p. 196.

4 Bishop, L. H. (assigned to Associated Portland Cement Manufacturers, Ltd., London),
Cutting and Handling Machine for Cement Slurry Cake, Pug, and Like Material: U.S.
Patent 2.874,910. Feb. 24, 1959.

© Azbe, V. J., Lets Look at Cement Kiln Efficiency : Rock Products, vol. 62, No. 6, June
1959, pp. 81-85, 129-132.

Journal of the American Ceramic Society, Thermal Physics of the Rotary Cement Kilns:
Vol. 42, No. 6, June 1959, p. 149. A

5 LeClair, David, From This Room With This TV Camera Kiln Burning is Closely Con-
trolled : Rock Products, vol. 62, No. 38, March 1959, pp. 80—81; Closed Circuit Television
in Cement Kiln Operation : Canadian Min. Jour., vol. 80, No. 10, October 1959, pp. 102-103.

Meschter, B., Cement Plant Loses “Factory Look” : Rock Products, vol. 62, No. 9, Sep-
tember 1959, pp. 102-104, 106, 108. i

s TaVelle, M. J., Oxygen Enrichment of Primary Air Can Improve Kiln Production:
Rock Products. vol. 62, No. 3, March 1959, pp. 97, 100, 101.

51 Hand, L. M., and Eliason, J. R., Tiny Amplidyne Forces Correct Kiln Speed : Rock
Products, vol. 62, No. 7, July 1959, pp. 102, 104.

s McDowell, R. C., and Ban, T. K. (assigned to McDowell Co., Inc.), System for Mixing
and Sintering Cement Raw Materials : U.S. Patent 2,876,489, Mar. 10, 1959.
19;‘9Paley, L. A., Apparatus for Treating Cement Slurry: U.S. Patent 2,879,982, Mar. 31,
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cement raw materials using exhaust gases involving some precalcining
of the particles.>®

Vertical Kilns.—Portland cement made in vertical kilns in Australia
was reported to have a higher than average proportion of dicalcium
silicate.® A new stepped grate used in vertical kilns in West Germany
was described.”” Fuel economies of 582,000 B.t.u. per barrel were
claimed. Two patents were issued for methods of making cement
where the reactions take place in a mass of fluidized solid particles.®

Dust.—Fiber-glass bags, 11 inches in diameter and 25 feet long, were
reported to catch virtually all the dust in the flue gases at two cement
plants.® Low alkali content of the raw materials at one plant allowed
reclamation of all the dust. Two 173-tube Hagan Aerostatic Dust Col-
lectors, installed on clinker coolers at a Pennsylvania plant, resulted in
a 96.5 percent dust recovery. At many plants, separate dust collectors
were installed at crushers and the recovered dust was returned to the
stream leaving the crusher. FElectrostatic precipitators in use in the
gTorth Kent area, England, were said to remove about 90 percent of the

ust.®®

An apparatus was patented for separating dust particles from exit
gases in which a controlled amount of liquid was injected into the
gases. A method also was patented for treating recovered kiln dust
by heating to 1,000°F. to increase the alkali solubility, then leaching
tﬁ dli{ssolve the water-soluble material before returning the residue to
the kiln.

The soil-liming qualities of cement kiln flue dusts were compared
with selected pulverized agricultural limestone. Some cement pro-
ducers developed markets for high-alkali dusts as potash fertilizer but
many dusts were too low in potash to enter such a market. Experi-
ments in greenhouses showed that selectéd cement-kiln dusts compared
favorably with agricultural limestone as liming material.s!

Blast-Furnace-Slag Cements.—Constituents of portland blast-furnace
slag were found to oxidize during “loss on ignition” tests, resulting in
inaccurate determinations of moisture, combustible, and volatile matter
in the cement. Ignition in a helium atmosphere overcame this diffi-
culty and gave accurate values for loss on ignition. The helium pro-
cedure was recommended for laboratories that make frequent analyses
of portland-slag cement.®?

5 Laboulais, J. L. (assigned to Kennedy Van Saun Manufacturing & Eng. Corp.), Ap-

g%atxs amzd1 B({%tgxgd for Preheating Portland Cement Raw Materials: U.S. Patent 2,883,-
, Apr. 21, .

5 Rockwood, N. C., Uniform Cement From Vertical Kilns in Australia: Rock Products,
vol. 62, No. 8, March 1959, pp. 19, 20, 118.

57 Spohn, E., and Woermann, E., New Grate Boosts Quality of Shaft Kiln Cement: Rock
Products, vol. 62, No. 2, February 1959, pp. 96. 99, 100, 102, 140.

68 Pyzel, R. (assigned to Pyzel-Fitzpatrick, Inc., New York), Hydraulic Cement Process :
U.S. Patent 2,874,950, Feb. 24, 1959.

Smith, A. R. (assigned to U.S. Steel Corp.), Method for Making Cement Clinker: U.S.
Patent 2,882,033, Apr. 14, 1959.

8 Rock Products, Glass Bags, An Answer to Kiln Dust Problems: Vol. 61, No. 12, De-
cember 1958, pp. 104, 121. . )

California Mining Journal, New Cement Plant Filter Will Collect $1,500,000 Worth of
Dust in 10 Years: Vol. 28, No. 12, August 1959, p. 20.

Roclg() I;i(())ducts, Ideal Dedicates New $14 Million Plant: Vol. 62, No. 8, August 1959,

. 109-110.
ppw Chemistry and Industry (London), Cement Dust Troubles North Kent: No. 1, Jan. 8,
1959, p. 27.

ﬂWll)Jittaker, C. W., Erickson, C. J.,, Love, K. 8., and Carroll, D. M., Liming Qualities
of Three Cement Kiln Flue Dusts and a Limestone in a Greenhouse Comparison: Agron-
omy Jour., vol. 51, 1959, pp. 280-282.

€ Chaiken, B., Determination of Ignition Loss in Portland Blast-Furnace-Slag Cements:
ASTM Bull. No. 238, May 1959, pp. 53-58.
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A French publication described tests on slag samples, showing that
the hydraulic property of the slag was related to the fineness and to
withdrawal temperature from the blast furnace.’® Research was con-
ducted in Poland on the hydraulic properties of slag as a means of
expanding its cement industry.®® The central laboratory of the
U.S.S.R. experimented with slag-lime mixtures for making concrete
blocks.*

Pozzolanic Concrete.—A series of articles on pozzolans discussed po-
tential market areas, distribution of these materials, buffer action of
pozzolans in concrete, problems connected with the use of pozzolans,
and the establishment of an industry to supply pozzolans. An ex-
tensive bibliography was included.®

Heavy Concrete.—A method for calculating the thickness of concrete
needed for personnel safety from radiation was described.®” A Hun-
garian article explained the use of bauxite ore for shielding protection
against combined neutron and X-ray radiation.®® Articles were pub-
lished on concrete walls at an atomic powerplant,® the physical prop-
erties of a high-density concrete under standard and heated condi-
tions,” and general shielding requirements with particular emphasis
on fast-neutron shields.”

Soil Cement.—Soil cement was used in California and Texas as a
road base where there were shortages of good rock aggregate. An
article described three methods of preparing soil cement road bases:
(1) Dry blending of broken soil and cement in place; (2) wet blending
of broken soil and cement in place; and (3) wet blending of aggregate
and cement in a pug mill before placing on a prepared subbase. The
blended materials were compacted by rollers, sprayed with a curing
coat of asphalt, and alloweg to cure for a week before adding the
bituminous concrete wearing surface.™

% Journal of the American Ceramic Society, vol. 42, No. 1, Januar, 1959, p. 8.

¢ Journal of the American Ceramic Society, vol. 42, No. 6, June 1 59, p. 149,

% Chemical Week, Cementless Concrete: Vol. 85, No. 20, Nov. 14, 1959, p. 12.

% Bauer, Wolf G., The Coming Role of Pozzolans: Pit and Quarry, vol. 51, No. 12, June
1959, pp. 92-97, 101; vol. 52, No. 1, July 1959, pp. 89-91, 96; No. 3, September 1959,
pp, 107-110 ; No. 7, January 1960, pp. 181, 182, 184,

87 Journal of the American Ceramic Society, Dimensioning of Shielding Walls Against
v-Radiation : Vol. 42, No. 8, March 1959, p. 73.

% Journal of the American Concrete Institute, Bauxite Ore Aggregates for Shielding
Concrete : Vol. 81, No. 5, November 1959, p. 430.

% Tabler, L. Barl, Jr., Internal Shielding Construction at Shippingport Nuclear Power
Plant : Jour. Am. Construction Inst., vol. 30, No. 11, May 1959, pp. 1209-1214.

7 Davis, H. 8., and Borge, O. E., High Density Concrete Made with Hydrous-Iron Aggre-
gates: Jour. Am. Construction Inst., vol. 30, No. 10, April 1959, pp. 1141-1147.

7 Henrie, J. O., Properties of Nuclear Shielding Concrete : Jour. Am. Construction Inst.,
vol 31, No. 1, July 1959, pp. 37—46.

12"5’ szllgtlillz(:gtion Methods and Equipment, Soil Cement: Vol. 41, No. 5, May 1959, pp.
) y .






Chromium
By Wilmer McInnis ! and Hilda V. Heidrich 2

4

NITED STATES consumption and imports of chromite were
higher than in 1958, even though steel strike cut demand for
chromite by the ferroalloy and refractory industries during most

of the last half of the year. Prices of foreign chromite ores declined
about 20 percent. The Turkish Government increased the export pre-
mium on chromite to improve the competitive position of its producers.

TABLE 1.—S$alient chromite statistics, short tons

1950-54 1955 1956 1957 1958 1959
(average)
United States:
Production (shipments)... 50, 000 153, 300 1207, 700 166, 200 143, 800 2 105, 000
Value (thousands) 3$2, 588 $6, 644 $8, 715 $7,815 $6, 187 3$3, 765

Imports for consumption..| 1,628,000 1,83%, goo 2, 175, 000 2,283,300 1, 263, 000 1, 554, 000
1 00

Exports_..oo_ . ____ , 500 , 300 s 00 700 , 000
Consumption... - 1,125,000 | 1,584,000 | 1,847,000 [ 1,760,000 1, 221,000 1,337, 000
Stocks Dec. 31 (consum-
ers’) ... 856,000 | 1,110,000 | 1,227,000 | 1,619,000 | 1,537,000 | 41,799,498
World produetion...__._______ 3,615,000 | 4,020,000 | 54,575,000 | 55,110,000 | ¢ 4,165,000 4, 255, 000

1 Includes 45,710 short tons of concentrate produced in 1955 and 1956 from low-grade ore and concentrate
stockpiled near Coquille, Oreg., during World War II.

2Produced for Federal Government only.

3 Estimated by Bureau of Mines.

4Includes stocks at locations other than consumers’ plants.

§ Revised figure.

LEGISLATION AND GOVERNMENT PROGRAMS

The Office of Minerals Exploration (OME) offered financial assis-
tance to private industry to encourage exploration for domestic chro-
nlaljte deposits, but no applications for assistance were received during
the year.

In August 1959, the General Services Administration (GSA) an-
nounced that approximately 2,050 long tons of Government-owned
low-grade chromite ore and concentrate, of domestic origin, had been
declared excess to mobilization requirements and could be sold after
a statutory wait of 6 months.

The Commodity Credit Corp., Department of Agriculture, con-
tinued to acquire chromiite ores, chromium ferroalloys, and chromium
metal under the surplus agricultural product barter program.

1 Commodity specialist.
2 Statistical assistant.

319
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DOMESTIC PRODUCTION

Except for small quantities produced (shipped) in California and
Washington all domestic chromite output was from the Mouat mine
in Montana. The American Chrome Co. shipped 105,000 short tons
of concentrate, with an estimated value of $3,765,000, to the Federal
Government stockpile under a long-term contract. The concentrate
shipped averaged 38.5 percent Cr,Os and had a Cr/Fe ratio of about
1.6:1. In addition to shipments to the Government stockpile, the
‘American Chrome Co. consumed chromite in the manufacture of
charge ferrochromium. This was the only domestic chromite reported
used in making chromium ferroalloys.

The Bureau of Mines obtained 9 short tons of lumpy chromite ore
from the Twin Sisters area in Washington for mineral dressing re-
search, and a small quantity of chromite ore was shipped from the
Lambert mine in California.

TABLE 2.—Chromite production (mine shipments) in the United States, by States,
in short tons, wet weight

1958 1959
State 1955 1956 1957
Ship- Value Ship- Value
ments ments
Alaska. 7,082 7,193 4,207
California. - ccccmcmaeaeeeee 22,105 27,082 34,901 20, 588 | $1, 646,000 [ JE I ——
Montana. 118,703 | 118,780 | 119,149 [ 119,057 } 24 539, 000 3105, 000- | 2 $3, 765, 000
Oregon 5,341 | 454,577 7,900 4,133 (et
‘Washington 22 b L P — 17 2,000
Total. comcemmmeeeee 153,253 | 4207,662 | 166,157 | 143,795 6,187,000 | 3 105,000 | 2 3,765,000

: %mall qusantity produced, Bureau of Mines not at liberty to publish.

stimate.
3 Dry weight; excludes quantity consumed by American Chrome Co.

¢ Includes 45,710 short tons of concentrate produced in 1955 and 1956 from low-grade ore and concentrate
stockpiled near Coquille, Oreg., during World War II.

CONSUMPTION AND USES

Domestic consumption of 1,337,000 short tons of chromite ores and
concentrate containing about 395,000 tons of chromium, was approxi-
mately 10 percent higher than in 1958. This increase occurred despite
the steel strike which resulted in a sharp decrease in the quantities
consumed in producing chromium ferroalloys, and chromite refrac-
tories during most of the last half of the year.

The metallurgical industry consumed 781,000 short tons of chromite
(containing 249,000 tons of chromium) in producing 324,000 tons of
chromium ferroalloys and chromium metal (containing 195,000 tons
of chromium). In addition, 15,000 tons of chromite containing 5,000
tons of chromium was added directly to steel. Of the chromite con-
sumed in making chromium ferroalloys and metal, 81 percent (47.9
percent Cr,0;) was Metallurgical-grade ore, 13 percent (44.5 percent
Cr,0;) Chemical-grade ore, and 6 percent (34.6 percent Cr.0;) was
Refractory-grade ore. Sixty-seven percent of the Metallurgical-grade
ore had a Cr/Fe ratio of 3:1 and above, 27 percent had a ratio be-
tween 2:1 and 8: 1, and 6 percent had a Cr/Fe ratio of less than 2: 1.



CHROMIUM 321

Production of low-carbon ferrochromium declined 17 percent com-
pared with output in 1958, but production of high-carbon ferrochro-
mium increased 11 percent. The decrease in production of low-carbon
ferrochromium was probably caused by the smaller quantity produced
for delivery to the Federal Government rather than to a major shift
in industrial use practice. The average chromium content of the low-
carbon ferrochromium produced was 68.3 percent, and the high-carbon
ferrochromium was 60.9 percent compared with 67.3 percent and
59.1 percent respectively, in 1958. '

Producers of chromite refractories consumed 37 1,000 short tons of
ore (containing 89,000 tons of chromium) in makin bricks, mortars,
and other refractory products, and 8,000 tons of ore %containing 1,900
tons of chromium) was used directly in furnace repairs. This was
22 percent higher than the quantity consumed in 1958. The increase
was due mostly to expanding use of basic roofs in open hearth and
other type steelmaking furnaces where chrome-magnesite and mag-
nesite-chrome bricks were used instead of silica bricks. .

The chemical industry consumed 162,000 short tons of chromite
containing 50,000 tons of chromium (the highest in any year except
1951) in producing 119,000 tons of chromium chemicals, sodium bi-
chromate equivalent.

TABLE 3.—Consumption of chromite and tenor of ore used by primary consumer
groups in the United States, in thousand short tons

Metallurgical Refractory Chemical Total
Year
Gross | Average | Gross Average |- Gross | Average | Gross Average
weight | CryOs | weight| Cr0; weight | Crq0; | weight| Cri0s
(percent) (percent) (percent) (percent)
597 47.1 380 34.1 148 44.5 | 1,125 42.6
994 46.5 431 34.4 159 44.8 | 1,584 43.0
1,212 46.8 475 34.4 160 45.4 1 1,847 43.5
1,177 47.1 435 34.8 148 45.0 | 1,760 43.9
778 46.9 312 35.2 131 45.6 | 1,221 43.8
796 46.7 379 35.0 162 45.4 | 1,337 43.2

As shown in figure 1, chromium (in chromite ores and concentrates)
consumed by the metallurgical industry during 1940-59 ranged from
a low of 49.4 percent in 1949 to a peak of 71.7 percent in 1957, aver-
aging 61.7 percent of the total chromium consumed in the United
States during the 20-year period. Chromium, in ores and concen-
trates, consumed by the refractory industry comprised 24.7 percent
of the total for the 20 years, and that used by the chemical industry
was 13.6 percent of the total. In terms of gross weight of ores and
concentrates the metallurgical industry use§r56 percent of the 21.4
million short tons consumed during 1940-59, the refractory industry
used 31 percent, and the chemical Industry consumed 13 percent.

Based on apparent consumption, the data given in table 4 represent
about 94 percent of the total chromium ferroalloys and chromium
metal consumed in the United States during 1959.
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PERCENT
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Ficurg 1.—Percent of total chromium contained in chromite consumed by
domestic primary consumer groups, 1940-59.

TABLE 4—Production, shipments, and stocks of chromium ferroalloys and chro-
mium metal, 1959, in short tons, gross weight

Net produc- | Chromium Producers
Alloy tion contained Shipments stocks

Dec. 31, 1859

Low-carbon ferrochromium 143,811 98, 014 138, 004 27,535
High-carbon ferrochromium 108, 426 " 66,058 111,446 31,300
Low-carbon ferrochromium silicon._ .. .o~ 45,788 19, 022 42,736 10, 587
Other ! - 25, 492 11,690 27,870 2,911
Total - 323,517 194,784 320, 056 72,333

1 Includes chromium briquets, chromium metal, exothermic chromium additives, and other miscellaneous
chromium alloys.
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TABLE 6.—End use of individual chromium ferroalloys and chromium metal in the
United States, 1959, percent

Stain- | High- | Other | Other |Gray and|Hightem-|Nickel- | Other
Alloy less speed | tool alloy |malleable| perature | base | alloys
steel steel steel steel | castings | alloys | alloys
Low-carbon ferrochromium.._.__ 80.9 0.4 0.8 11.9 0.4 4.8 0.4 0.4
High-carbon ferrochromium.____ 54.8 1.0 2.7 35.3 4.5 0.4 | . 1.3
Low-carbon ferrochromium-sili- )
con 89.5 0.1 9.8 0.1 0.5
Chromium briquets._ 92.8 3.1 f: 3 T (SRR 0.2
Exothermic ferrochrome-silicon.__ 94.0 6.0
Low-carbon exothermic ferro-
chromium 93.6 0.4 6.0
Hi%]h-carbon exothermic ferro-
chromium 97.8 1.4 0.8
Chromium metal 2.0 0.1 5.2 0.6 56.3 5.3 30.5
Other chromium alloys 4.9 95.1

Chromite ores and concentrates held at locations other than con-
sumer plants are not included in industry stocks before 1959. Stocks
at the end of 1959 were equivalent to a 16-month supply. :

Chromium ferroalloys and chromium metal at producers’ and con-
sumers’ plants totaled 72,333 tons and 28,818 tons, respectively at the
close of 1959.

Chromium chemicals at producers’ plants on December 31, 1959,
were 19,600 short tons, sodium bichromate equivalent.

TABLE 7.—Stocks of chromite at consumers’ plants, December 31, 1955-59, in
thousand short tons

Industry 1955 1956 1957 1958 1959
Metallurgical 628 640 849 749 1955
Refractory. 313 432 610 612 730
Chemical 169 155 160 176 115
Total 1,110 1,227 1,619 1,537 11,800

1 Includes stocks at locations other than consumers’ plants.

PRICES

There were no price quotations published for domestic chromite
ores and concentrates, E&MJ Metal and Mineral Markets quoted
prices for foreign chromite ores and concentrates delivered to east
coast ports were about 20 percent lower at the yearend than at the
beginning of 1959. Declines in prices for Metallurgical-grade chro-
mite were not uniform. Price declines for ores from Turkey and the
Federation of Rhodesia and Nyasaland were greater than for ores
from other sources. On May 6, 1959, the Turkish Government in-
creased the export premium on chromite by increasing the total ex-
change rate from TL 4.9 to TL 9 to the dollar that improved the com-
petitive position of the chromite producers in that country.
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Prices quoted for standard-grade high- and low-carbon ferrochrom-
ium and chromium metal were not changed. The prices quoted for
bulk carlots delivered continental United States were: High-carbon
ferrochromium (4 to 9 percent carbon, 65 to 70 percent chromium)
28.75 cents a pound of contained chromium; low-carbon ferrochro-
mium (0.10 percent carbon, 67-72 percent chromium) 38.50 cents a
pound of contained chromium; special ferrochromium (0.01 percent
carbon, 63 to 66 percent chromium) 37.75 cents a pound of contained
chromium ; and electrolytic and aluminothermic chromium metal $1.15
a pound. The yearend quotation for charge ferrochromium No, 1 was
22 cents a pound of contained chromium and refined ferrochromium
No. 1 was 25 cents a pound of contained chromium in bulk carlots
delivered continental United States.

TABLE 8.—Price quotations for various grades of foreign ohromitg in 1959
[E&MT Metal and Mineral Markets]

Price per long ton !
Source Cr;0; Cr Fe
(percent) | ratio

Jan. 1, 1959 | Dec. 31, 1959

Rhodesia 2_ 48 $34-35
Do 48 30-32
Do 48 25-26
Union of South Africa, 48 24-26
Do 44 18.25-19
Turkey. - 48 36-37
Do 46 33. 50-34

1 Quotations are on a dry basis, subject to penalties if guarantees are not met, £.0.b. cars, east coast ports.
2 Term contract.
3 February 5, 1959.

FOREIGN TRADE*®

Imports—Imports of chromite ores and concentrates contained
455,310 short tons of chromium of which 59 percent was in Metallurgi-
cal-grade material, 21 percent in Refractory-grade, and 20 percent
in Chemical-grade ore and concentrate. The average value f.o.b.
foreign sources for all grades of chromite ores was $22.96 a long dry
ton. Average value by grades was: metallurgical (46.4 percent
Cr.0;) $27.84, refractory (34.2 percent Cr;0;) $19.68, and chemical
(44.0 percent Cr;0;) $13.49 a long dry ton f.o.b. foreign sources.

Compared with 1958, imports of all grades of chromite from the
Union of South Africa increased 27 percent, Federation of Rhodesia
and Nyasaland 112 percent, Philippines 46 percent, but those from
Turkey decreased 53 percent, and were the lowest since 1947.

Metallurgical-grade chromite was imported from 11 countries, but
69 percent of the total was from the Federation of Rhodesia and
Nyasaland, and Turkey, the free world’s two major sources of high
Cr/Fe ratio ore.

3 Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi-

sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of Com-
merce, Bureau of the Census.
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Chromium metal imports totaled 2,865 short tons valued at
$5,179,482 of which 2,442 tons valued at $4,497,752 entered duty free
for the United States Government. The import data for chromium
metal in 1958 (Minerals Yearbook, 1958, page 312) were revised to
2,326 short tons valued at $4,716,176 of which 2,093 tons valued at
$4,322.246 entered duty free for the United States Government.
Ninety-four percent of the ferrochromium containing 3 percent or
more carbon, and 69 percent of the ferrochromium containing less
than 3 percent carbon imports given in table 9 entered duty free for
the United States Government. Sodium chromate and sodium bi-
chromate imports totaled 2,786 short tons valued at $588,018.

TABLE 10.—Ferrochromium imported for consumption in the United States, by

countries
[Bureau of the Census]
Low-carbon ferrochromium (less High-carbon ferrochromium (3
than 3 percent carbon) percent or more carbon)
Country Short tons Short tons
Value Value
Gross | Chromium Gross | Chromium
weight content weight content
1958
North America: Canada.—- - oo oo 9,372 5099 | $2,159, 862
Europe:

By 0 1 Y 3,205 2,297 | $1,313,284 49 35 13,227

Germany, West. - 5,287 3,676 | 2,184,799 |-cooooo o |oom e

Norway._..-- R ORI FUU S R 372 258 92, 494

Sweden...._ - 36 25 15, 812 838 559 270, 771

Yugoslavia. - ccoooooeoaoo 2,018 1,548 714, 464 165 131 23,611
Total 10, 546 7,546 | 4,228,359 | . 1,424 983 400, 103

Asia: Japahaeeeeecammmcemeeeee o 1, 536 1,052 493, 700 1,422 949 335, 626
ca:

Rhodesia and Nyasaland,

Federation of__ .- ._.-___ 146 103 62,824 |- oo -

Union of South Africa__------ 277 196 126, 207 56 37 11, 520
Total oo 423 299 189, 031 56 37 11, 520
Grand total .. oo 12, 505 8,897 | 4,911,090 12,274 7,068 2,907,111

1959
North America: Canada....ce---- 30 22 10, 763 3,995 2,706 1,063, 281
Europe:

France. 9,813 6,900 | 3,680,531 2,254 1, 546 762, 038

Germany, Westoceooooooooaeoo 4,706 3,364 | 1,715,135 10, 288 7,272 2,779, 491

Ttaly cceocmeeee ) ORI R PR 9,192 6, 159 2, 326, 337

Norway... - 3,780 2,602 | 1,467,487 8,728 5,982 2,280, 485

Sweden_._... ... - 5,753 4,007 | 2,190,389 2,543 1,735 , 984

United Kingdom... I PRSI B 5,237 3,597 1,443,290

Yugoslavia_ c-.---- - 1,858 1,315 620,049 {----ooeeo R
Total_- 25,910 18,188 | 9,673, 591 38, 242 26,291 10, 215, 625

Asia: Japan... 9, 536 6,322 | 3,776, 561 8,070 5,430 2, 562, 601
Africa:
Rhodesia and Nyasaland,
Federation of - - —ccceo- 1,680 1,190 528,641 |- _____

‘Union of South Africa. - oooof-mmomoomo oo 5,868 3,917 1,918, 925
Total oo 1,680 1,190 528, 641 5, 868 3,017 1,918,925
Grand totaloocococamomaoao- 37,156 25,722 | 13,989, 556 56,175 38,344 | 15,760,432
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Exports.—In 1959 domestic exports included 6,127 short tons of ferro-
chromium valued at $2,095,978; 596 tons of chromic acid valued at
$348,948; 6,737 tons of sodium bichromate and chromate valued at
$1,541,748, and 7 tons of chromium metal valued at $18,623. Re-
exports of ferrochromium totaled 708 tons valued at $198,930.

TABLE 11.—Chromite ore and concentrates exported from the United States

[Bureau of the Census]

Domestic ! Foreign 2
Year
Short tons Value Short tons Value
1950-54 (average) 1, 527 $77, 512 9,101 ’ $416, 426
1955 1,341 75, 656 2, 950 86, 986
1956 1,727 99, 169 12, 990 501, 938
1957 837 52, 579 4,872 193, 546
1958 717 48, 829 52,303 2, 157, 966
1959. 372,645 | 33,084,033 24, 467 976, 431

1 Material of domestic origin or foreign material that has been ground, blended, or otherwise processed in
the United States.

2 Material that has been imported and later exported without change of form.

3 Believed to be mostly foreign ore that was re-exported.

Tariff.—There were no changes in tariffs on chromite, chromium al-

loys, or chemicals.
WORLD REVIEW

Estimated world production of chromite ores and concentrates was
slightly higher than in 1958. Although chromite was produced from
deposits in 22 countries, 70 percent of the total was produced in 4
countries: Federation of Rhodesia and Nyasaland, Philippines, Union
of South Africa, and the U.S.S.R.

567825—60——22
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TABLE 12.—World production of chromite, by countﬁes,’ in short tons?
[Compiled by Pearl J. Thompson and Berenice B. Mitchell]

Country 1 1950-54 1955 1956 1957 1958 1959
(average)
North America:
Cuba 75,771 85,107 59,248 | 127,126 | 382,800 3 66, 000
Guatemala. 413 287 979 31,100 1,168 452
United States. 50,189 | 153,253 |4207,662 { 166,157 | 143,795 | 5 105,000
Total _| 126,373 | 238,647 | 267,889 | 294,383 | 227,763 171,452
South America: Brazil 3,038 4, 546 4,536 8,748 6,336 6,177
Europe: .
Albania. 72,091 | 135,000 | 154,000 | 184,000 | 221,800 | 3 220,000
Greece. 29, 466 27,902 86, 920 82, 700 72,217 371,600
Portugal 46 - —— ;
U.8.8.R.3¢. : 645,000 | 750,000 | 815,000 | 850,000 { 880,000 940, 000
Yugoslavia . o oceoemo oo 126,334 | 139,119 | 130,913 | 132,570 | 125,188 117, 965
Total 13 893,000 1,075,000 |1,210,000 |1,270,000 1,320,000 | 1,370,000
Asia:
Afghanistan 138 - - e - -
Cyprus (eXports) « ce-mmemmememmccaaaas 13, 668 9, 599 5,858 5, 678 13, 260 314, 300
India. . 40,297 | 100,071 59, 009 87,968 67, 668 93, 936
Iran? 15,767 38, 504 36,156 42,549 | 338,600 338, 600
Japan 42,200 29, 269 43,947 51,216 46, 155 62, 900
Pakistan 22,027 31, 808 25,487 18,114 26, 935 17, 662
Philippine: 460,076 | 655,882 | 781,598 | 799,733 | 458,903 718,149
Turkey. 723,927 | 715,557 | 918,305 |1,052,665 | 574,194 395, 957
Total 8. 1,318, 100 |1, 580, 690 |1, 870,360 |2, 057,923 |1,225,715 | 1,341,504
Africa:
Egypt- 171 926 281 114
Rhodesia and Nyasaland, Fed. of:

Southern Rhodesia. - ccemememaeeaa- 483,041 | 449,202 | 448,965 | 654,072 | 618,841 543,104
Sierra Leone 20, 205 23,231 21, 929 17, 602 15, 944 22, 400
Union of South Africa- c-oeeeeeeeeaoav 658,545 | 597,368 | 600,851 | 733,612 | 696,057 749, 873

Total 1,162, 862 {1,070, 727 |1,162,026 |1, 405,400 (1,330,842 | 1,315,377

Oceania:
Australia-. P 2 6, 828 3,415 869 3330
New Caledonia. 107, 551 50, 790 53,932 70, 768 52,249 48,463
Total 110, 094 50, 790 60, 760 74,183 53,118 48,793
‘World total (estimate)!. . .ooaooo--- 3, 615,000 |4,020,000 |4, 575,000 |5,110,000 |4,165,000 | 4,255, 000

1 Chromite is also produced in Bulgaria and Rumania, but production data are not available; estimates
by senior author of chapter for these countries are included in the world total.

3 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding

wl,l%etgstil?ated figures are included in the detail.
stimate.

¢ Includes 45,710 short tons of concentrates produced in 1955-56 from low-grade ores and concentrates
stockpiled near Coquille, Oregon during World War II.

& Produced for Federal Government only; excludes quantity consumed by American Chrome Company.

¢ Qutput from U.S.8.R. in Asia included with U.S.8.R. in Europe.

7 Year ended March 20 of year following that stated.

NORTH AMERICA

Cuba.—On October 27, 1959 the Cuban cabinet enacted a mining law
that empowered the minister to order reactivation of inactive mines
within 60 days of official notification, but with a provision that non-
compliance automatically cancels concession rights and turns the mine
ownership to the State. Another requirement of the law was that
mine concessionaries must pay a tax in cash or ore equivalent, at the
Government’s option, of 5 percent of the value of production. The
tax rate increased to 25 percent of the value of the mineral when ex-
ported. Chromite production in Cuba declined sharply. Production
from the Cayouguan mine was reported to have totaled only 7,450
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short tons compared with 11,405 tons in 1958, and 29,818 tons in 1957.
The ore produced averaged 37.42 percent Cr;Os, 11.33 percent Fe, 3.54
percent gioz, 25.12 percent Al,Os, 16.33 percent MgO, and 0.84 per-
cent CaO.* Chromite was produced in Camaguey Province by Minera,
Basica, S.A. and Minera Del Valle.

Chromite exports from ‘Cuba totaled 26,162 short tons of which 80
percent was shipped to the United States, 9 percent to Italy, 7 per-
cent to the Netherlands, and 4 percent to Peru.

Guatemala.—Chromite was produced from the Mina La Paz mine
in Department of Jalapa and from the Anabella mine in Depart-
ment of Huehuetenango. Exports of ore from the two mines totaled
452 short tons.

EUROPE

U.S.S.R.—Precise information on chromite production in the
U.S.S.R. was not available. Chromite production in the country dur-
ing 1958 was reported to have comprised 21.7 percent of the ‘world
total output.® Exports of chromite ore in 1958 were said to have
totaled 237,000 short tons of which 59 percent went to free world
countries and the rest to Communist nations. In 1959, the U.S.S.R.
exported chromite ore to the United States for the first time since 1950.

AFRICA

Rhodesia and Nyasaland, Federation of.—The chromite reserve in the
Federation of Rhodesia and Nyasaland was estimated at more than
500 million short tons of ores’

Chromite resources occur in three types of deposits : Large lenticular
bodies in the Selukwe, Belingwe, Mashaba, and Kwanda areas; paral-
lel seams in the Great Dyke; and eluvial in flat, poorly drained soils
of some areas of the Dyke.” All three grades of chromite (Chemical,
Metallurgical, and Regmctory) were produced during 1959, and it
was estimated that the ratio of production was Metallurgical-grade ore
: 5}? percent, Chemical-grade ore 28 percent, and Refractory-grade ore
17 percent.

Union of South Africa.—The Allied Chemical Corp. was reported to
have acquired 51 percent of the shares of the Montrose Exploration
Co., Ltd., a United Kingdom Company which owns chromite ore
deposits and mines in the Transvaal District, Union of South
Africa.® Allied Chemical Corp. entered into a long-term contract
with Montrose Exploration Co. for its requirements of chromite ore.
The geology of some chromite deposits in the eastern part of the
Bushveld Complex was described.? Another report dealt with the

¢U.8. Embassy, Havana, Cuba. State Department Dispatch 1227, Mar. 7, 1960.
3 SBurealug 605! Miinlzs, Mineral Trade Notes, Special Supplement No. 58: Vol. 50, No. 1,

anuary , p. 11,

¢ U.S8. Consulate, Johannesburg, Union of South Africa, State Department Dispatch 78:
Sept. 29, 1959, pp. 12-13.

7 Department of Mines, Salisbury, Southern Rhodesia, Facts and Figures of the Southern
Rhodesian Chrome Industry: Oct. 10, 1959, 6 %p.
D 8 ngmllg%l9 Tra{izem.lournal and Chemical Engineering (London), vol. 145, No. 3786,

ec. 25, 3 .

¢ Cameron, '}f gene N., and Emerson, Mark H., The Origin of Certain Chromite Deposits
of tli(:el aa?ltgfg Part of the Bushveld Complex : Econ. Geol., vol. 54, No. 7, November 1959,
pp. - .
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geology and description of chromite deposits in the Rustenburg area
of the Bushveld Complex.?

Sierra Leone.—The change from primitive mining at the mines of
Sierra Leone Chrome Mines Co., Ltd. in Sierra Leone to modern
mechanization using a sectional conveyor system for moving over-
burden was described.’* The mines are near the town Hargha and
are 8 miles from the nearest railroad. Although 22,400 short tons of
chromite was produced from the mines in 1959, only 5,600 short tons
was reported exported.

ASIA

Cyprus.—The Cyprus Chrome Company, Ltd. produced about 15,000
short tons of chromite ore and concentrate that averaged about 46
percent Cr,0Os.

Iran—The principal productive chromite deposits in Iran are in the
northeast and southeast parts of the country. ~The deposits in north-
east Iran near the Village Forumad, are reported to be irregular
lenses, pipes, or beds, and those in southeast Iran are tabular with
steep dips.'* The deposits are mostly high-grade, having a Cr,Os
content ranging to more than 50 percent and a Cr/Fe ratio up to
3.25:1. -

Japan.—The Japanese ferroalloy industry increased capacity to pro-
duce both high- and low-carbon ferrochromium. The reported ca-
pacity at the end of 1959 was about 114,000 short tons of which
approximately 44,000 tons was high-carbon and 70,000 tons low-
carbon.** Ferrochromium producing firms in Japan include Showa
Denko, Nippon, Kokan, Nippon Denki Yakin, Toshiba Denko,
Azuma Kako, Nisso Seiko, and Tekkosha. The latter firm produces
electrolytic chromium metal, also, and was producing at the rate of
about 110 short tons a month at the beginning of the last quarter of
1959.14 '

Philippines.—Refractory-grade chromite comprised 82 percent of the
total chromite ores and concentrates produced in the Philippines. All
of the Refractory-grade ore was produced from the Masinloc prop-
erty in Zambales Province, where it was reported estimated ore re-
serves at the beginning of 1959 totaled about 6,483,000 short tons com-
pared with 5,594,000 tons at the beginning of 1958.15 The Acoje
Mining Co. continued to be the major producer of Metallurgical-grade
chromite. Preliminary data indicated that 78 percent of the 572,000
tons of Refractory-grade ore was exported to the United States, 12
percent to the United Kingdom, 6 percent to Japan, and the rest to
Belgium, Italy, and the Netherlands. The Metallurgical-grade ore
was exported to Japan, United States, and Italy.

Turkey.—Chromite production in Turkey was the lowest since 1948.
Many small chromite mines were presumably closed and those that

10 Fourie, G. P., The Chromite Deposits in the Rustenburg Area: Union of South Africa,
Department of Mines, Geol. Survey Bull, 27 (Pretoria), 1959, 45 pp. )

1 Journal of Mines, Metals and Fuels (Calcutta, India), Mechanised Handling of Ore
in African Chrome Mines: Vol. 7, No. 10, October 1959, pp. 21-22,

12 Nahai, L., and Murdock, Thomas G., Iran—A Growing Source of Chromite: World
Min,, vol. 13, No. 2, February IBGOéé)p. 35-37.

13 Japan Metal Bulletin, Production Capacity of Ferrochrome Reaches 103,000 Tons:
No. 1019, Jan, 26, 1960, p. 1.

14 Bureau of Mines, Mineral Trade Notes: Vol. 50, No. 1, January 1960, p. 11.

B Mining World, vol. 21, No. 7, June 1959, p. 89.
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continued to operate were reported to have experienced considerable
difficulty in finding ready buyers for their output. The Turkish
Government increased the premium on chromite exports early in May
by allowing conversion of dollars earned from chromite exports at 9
Turkish Lira (T.L.) to the dollar compared with T.L. 4.9 before May.

economic study of chromite mining in Turkey was made by the
American Minerals Attache in Ankara.’® The report compared per-
formance between the Government-owned chromite mines and those of
private groups, cost of chromite mining with other minerals, and vari-
ous other aspects pertaining to the economics of chromite mining and
marketing.

The Turkish Ministry of Commerce gave exporters permission to
use chromite ore (with a chromic oxide content not exceeding 42 per-
cent) for barter with countries which did not have a trade or pay-
ments agreement with Turkey.” Negotiations between the Commodity
Credit égrp., U.S. Department of Agriculture, and the Turkish Gov-
ernment for the exchange of some 80,000 tons of wheat for chromite
ore had not resulted in a contract by yearend. An agreement was
made between a United States firm ‘and Turkish firms for the ex-
change of truck components for chromite ore.

No progress beyond the planning stage was reported in constructing
a ferrochromium plant near Antalya.

Exports of chromite ore and concentrate from Turkey, the lowest
in any year since 1947, totaled 837,176 short tons compared with 568,-
796 tons in 1958. The ore was shipped to 15 countries with 36 percent
going to the United States.

TECHNOLOGY

Chromium technology described in literature and in patents issued
ranged from rapid methods for analyzing chromite and its ores to

reparing the metal in ultra pure form. The Federal Geological
gurvey developed methods for quantitative determination of the major
constituents of chromite from aliquots of a solution, prepared by
fusing a sample of chromite with sodium peroxide followed by water
extraction and acidification.’® An electrolytic method for preparing
high-purity ductile chromium containing 0.005 percent oxygen, less
than 0.002 percent nitrogen, and only traces of metallic Impurities
was described by Federal Bureau of Mines researchers.® Another
method involving thermal decomposition of chromium iodide was re-
ported to yield chromium of 99.99+ percent purity.2

American Chrome Co. conducted research to improve the quality
of chromite concentrate for use in its ferrochromium plant at Nye,
Mont. The work resulted in plans to build an addition to the firm’s

16 Bureau of Mines, Mineral Trade Notes: Special Supplement No. 57, Vol. 49, No. 1,
July 1959, 34 pp.
lgg'ngnig%liJournal (London), Turkish Chrome for Barter: Vol. 253, No. 6477, Oct. 9,
, D. .
18 Dinnin, Joseph I., Rapid Analysis of Chromite and Chrome Ore: Geol. Survey, Bull.
1084-B, 1959, 68 pp.
1 Block, F. B., Good, P. C., and Asai, G., Electrodeposition of High-Purity Chromium :
Jour. of Electrochem. Soc., vol. 106, No. 1, January 1959, plg. 4347,
1 9?93’“1"2" Technical Review, New High in Chromium Purity: Vol. 8, No. 11, November
, D. o
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plant for upgrading the concentrate before smelting into ferro-
chromium.

Contamination of chromium from atmospheric nitrogen during both
production and potential high temperature use was investigated. At-
mospheric contamination of chromium after heating in air at 950° C.
for 200 hours was reported to effect the metal’s ductile to brittle tran-
sition temperature significantly.?* Although the test specimens picked
up both oxygen and nitrogen, no penetration of oxygen was detected
but nitrogen had penetrated to a depth of 14 inch causing a marked
effect on the mechanical properties of the metal. A study to determine
the source of nitrogen impurity in chromium deposited from chromic
acid electrolytes concluded that dissolved atmospheric nitrogen in the
electrolyte had no influence on nitrogen contamination of the electro-
deposited metal.??

Progress in research on fabricating chromium was reported to have
resulted in techniques for extruding thin walled tubing from
laboratory-grade chromium powder.2?

A method was patented for upgrading chromite ore and concentrate
by roasting the fine ground chromite with carbonaceous material under
reducing conditions followed by leaching the roasted product with a
sulfuric acid solution having a pH between about 2.0 and 6.0.2* Other
patents issued during the year included a method for removal of lead
from chromium sulfate electrolyte, forging chromium-manganese
austenitic steels, heat treating and working chromium steels to effect
resistance to creep, coating magnesium articles with chromate,
chromizing iron and steel, and plating chromium directly on
aluminum.?®

2 Wilms, G. R., and Rea, T. W., Atmospheric Contamination of Chromium and Its Effect
on Mechanical Properties: Jour. of the Less-Common Metals (Amsterdam Netherlands),
vol. 1, No. 2, April 1959, pp. 152-156.

23Ryan, N., and Lumley, E. J., The Source of the Nitrogen Impurity in Electrodeposited
Chromium : Jour. of the Electrochem. Soe., vol. 106, No. 5, May 1959, pp. 388-391.

23 Metal Progress, Ductile Chromium Metal: Vol. 76, No. 6, December 1959, p. 29.

2 Harris, Dwight, L. (assigned to American Chrome Co., Nye, Mont.), Chemical Up-
grading of Chromium-Bearing Materials: U.S. Patent 2,905,546, Sept. 22, 1959.

25 Carosella, Michael C., Jacobs, James H., and McNeill, Thomas R. (assigned to Union
Carbide Corp.), New York, Lead Removal in the Electrowinning of Chromium : U.S. Patent
2,872,395, Feb. 3, 1959. Mitchell, Joseph R. (assigned to United States Steel Corp. of
New Jersey), Method of Forging Chromium Manganese Austenitic Steels: U.S. Patent
2,878,150, Mar. 17, 1959. Harris, Geoffrey, T., and Child, Henry C. (assigned to the Bir-
mingham Small Arms Co., Ltd.), Birmingham, England., Creep Resistant Chromium Steel :
U.S. Patent 2,905,577, Sept. 22, 1959. Whitby, Lawrence (assigned to the Dow Chemical
Co., Midland, Mich.), Composition for and Method of Chrome Pickling of Magnesium
Shapes: U.S. Patent 2,887,418, May 19, 1959. Samuel, George A. (assigned to Metal
Diffusion, Inc., Philadelphia, Pa.), Chromizing Coating: U.S. Patent 2,885,301, May 5,
1959. Wasserman, Arthur (assigned to Tiarco Corp., Newark, N.J.), Electroplating:
U.S. Patent 2,888,387, May 26, 1959.
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ONNAGE of clays sold or used by producers in 1959 increased
T13 percent over 1958 and total value was 11 percent larger. Im-
ports and exports also increased. The gain in clay tonnage used
was counted in virtually all segments of the industry. Most States
likewise reported increases.
The 100 leading firms supply 15 percent of clay production ; the next
1,300 firms supply 85 percent.

TABLE 1.—Salient statistics of clays and clay products in the United States
(Thousand short tons and thousand dollars)

1950-54 1955 1956 1957 1958 1959
(average)
Domestic clays sold or used
by producers:
QuANtitY - ecmncacaaaax 141,879 48,105 80, 774 45, 622 43,750 49, 383
1$120, 536 $139, 539 $163,048 $155, 805 $143, 487 $159, 659
148 192 176 162 2162 176
$2,124 $2,941 E:Z' 969 $2,940 $2, 900 $3,288
299 406 511 485 450 489
T 1T S —— $6, 967 $10, 891 $12, 593 $13, 528 $12,129 $13,474
Value of clay refractories,
shipments. . «c-cocveeeeaen 3$149,523 |  $181,076 $208, 608 $207, 640 $162, 887 $178, 522
Value of principal clay con-
struction products, ship-
ments. 4$399,600 | $491,200 $503, 400 $437,000 | & $453,000 $521, 500

1Includes Puerto Rico 1953-54.

2 Adjusted by Bureau of Mines.

: ?0523 ?:‘1” include value of shipments of ground crude fire clay, high-alumina, and silica fire clay for 1954
954 only.

§ Revised figure.

1 Commodity specialist.
2 Statistical clerk. 335
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Trends in the clay industry were toward research on improved
products, more economical processes, and more efficient equipment;
new plant construction, expansion, and modernization; and a closer
liaison between producers, architects, and consumers..

The market for lightweight aggregate continued to be strong in
the masonry unit, structural, precast, and prestressed concrete fields.
Activity in the new all-clay lightweight building block field continued
toincrease.

TABLE 2.—Value of clays produced in the United States, by States

(Thousand dollars)
State 1958 1959 Kinds of clay produced in 1959
Alabama. ... _____ 1$1,787 | 1$2,089 | Kaolin, fire clay, miscellaneous clay.
Alaska, 1 | Fire clay.
Arizona. 2179 2179 | Fire clay, bentonite, miscellaneous clay.
Arkansas_._____________________ 1,578 2,406 | Fire clay, miscellaneous clay.
California. 5,012 5,646 | Kaolin, ball clay, fire clay, bentonite, fuller’s earth,

miscellaneous clay.
1,111. 1,160 | Fire clay, miscellaneous clay.
299 368 | Miscellaneous clay.
5,808 | 136,171 Kao%n, fuller’s earth, miscellaneous clay.

31,253 36,232 0.
2 433 | Fire clay, bentonite, miscellaneous elay.
5,910 4,950 | Fire clay, misc. llaneous clay.
2,477 2,915 Do.

41,054 1,168 Do.
1,145 1,271 Do.
Kentueky - oo 2,957 3,595 | Ball clay, fire clay, miscellaneous clay
Louisiana. 2755 2904 | Bentonite, miscellaneous clay.
Maine 26 26 | Miscellaneous clay.
Maryland___.__________________ 5815 §944 | Ball clay, fire clay, miscellaneous clay
Massachusett: 111 229 | Miscellaneous clay.
Michigan 1,813 1,937 Do.
Minnesota. 150 267 | Fire clay, miscellaneous clay.
Mississippi- oo coeoooo . 3,338 4,064 | Ball clay, fire clay, bentonite, fuller’s earth, mis
cellaneous clay.
Missouri 5,986 6,898 | Fire clay, miscellaneous clay.
Montana 2419 2448 | Fire clay, bentonite, miscellaneous clay
Nebraska, 110 133 | Fire clay, miscellaneous clay.
New Hampshire_.______________ 26 26 | Miscellaneous clay.
New Jersey - veemmmeeee oo 2,181 1,895 | Fire clay, miscellaneous clay.
New Mexico. ¢73 477 Do.
New York. 1,714 | Miscellaneous clay.
North Caroling....._._________ 11,522 | Kaolin, miscellaneous clay.
North Dakota. oo _________ 266 279 | Bentonite, miscellaneous clay.
Ohio. 15,346 | Fire clay, miscellaneous clay.
Oklahoma 3970 | Fire clay, bentonite, miscellaneous clay.
Oregon 293 308 | Bentonite, miscellaneous clay.
Pennsylvania______________ - 17,196 | Fire clay, kaolin, miscellaneous clay.
South Carolina. .. 5,920 | Kaolin, miscellaneous clay.
South Dakota 2155 2227 | Bentonite, miscellaneous clay.
Tennessee 4,210 4,952 | Ball clay, fuller’s earth, miscellaneous clay.
Texas 65,424 6 5,703 Firle clay, bentonite, fuller’s earth, miscellaneous
clay.
Utah 1488 1484 | Kaolin, fire clay, bentonite, fuller’s earth, miscel-
laneous clay.
Virginia, 1,143 1,396 | Miscellaneous clay.
‘Washington 4183 4171 | Fire clay, bentonite, miscellaneous clay.
West Virginia_____._.____________ 1,960 2,492 | Fire clay, miscellaneous clay.
‘Wisconsin 167 192 | Miscellaneous clay.
‘Wyoming. 49,968 | 439,449 | Fire clay, bentonite, miscellaneous clay
Other 74,963 | 75,906
Total 143,487 | 159,659
PuertoRico. oo 83 83 | Miscellaneous clay.

! Value of kaolin included with “Other” to avoid disclosing individual company confidential data.
3 Value of bentonite included with “Other’ to avoid disclosing individual company confidential data.
d StValue of miscellaneous clay included with “Other” to avoid disclosing individual company confidential
ata.
4 Value of fire clay included with “Other” to avoid disclosing individual company confidential data,
8 Value of ball clay included with “‘Other” to avoid disclosing individual company confidential data.
¢ Value of fuller’s earth included with “Other”’ to avoid disclosing individual company confidential data.
7 Includes Delaware, D.C., Hawaii, Nevada and Vermont; values indicated by footnotes 1 through 6.



CLAYS 337

REVIEW OF DOMESTIC PRODUCTION, PRICES, AND FOREIGN
TRADE BY TYPE OF CLAY

CHINA CLAY OR KAOLIN

The quantity and value of domestic kaolin sold or used increased
14 percent. The paper, rubber, refractories, and pottery industries
continued to be the principal consumers, accounting for 81 percent.
The remainder was used for a variety of purposes including cement,
floor and wall tile, fertilizers, chemicals, insecticides, paint filler or
extender, and linoleum. All large uses for kaolin increased.

Most production came from Georgia, which accounted for 77 per-
cent of the tonnage.

Deposits of kaolin were found in Puerto Rico on Cerro La Tiza
Mountain 16 miles southwest of San Juan, by geologists working for
the Economic Development Administration of Puerto Rico.?

THOUSAND SHORT TONS

2,800
% Other uses
(XXX
k5 Refractories
7
2,400 7] Pottery, stoneware, tile
' £ Rubber
/| Paper filling and coating
2,000
1,600

1,200

800

400

RO

_

1945 1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959

(o]

Fieure 1.—Kaolin sold or used by domestic producers for specified usest
1945-59.

3 Mining World, International News: Vol. 21, No. 8, July 1959, p. 82.
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TABLE 3.—Kaolin sold or used by producers in the United States

Sold by producers Used by producers Total
Short tons Value Short Value Short tons Value
tons

Year
1950~54 (AVerage) —--cccecoeeeooe 1,699,734 |$25,031,219 | 140,913 $885,887 | 1,840,647 | $25,917,106 -
1955, 1,942,369 | 29,943,156 | 224,031 1,939,878 | 2,166,400 | 31,883,034
1956 2,003,087 | 31,829,389 | 246,833 | 2,674,327 | 2,249,920 | 34,503,716
1957, 1,941,801 | 33,072,638 | 241,884 | 2,525,143 | 2,183,685 | 35,597,781

State

1958
California. 10, 516 161,282 |- ooooo|cemeio 10, 516 161, 232
Florida and North Carolina._... 31, 745 766,702 | oo 31,745 766, 702
Georgia. 1,568,210 | 28,135,677 | 128,488 | 1,212,584 | 1,696,698 | 29,348,261
South Carolina. . . .__.__.______ 1 1 1 1 , 535 4,664, 363
Other States 2. ooooooooooo 393,055 | 4,927,702 90,171 1,217, 300 105, 691 1, 480, 639

Total 2,003,526 | 33,991,313 | 218,659 | 2,429,884 | 2,222,185 | 36,421,197

1959
California, 12,959 203, 028
Florida and North Carolina_.._. 29, 288 706, 359
Georgia 1,809,883 | 32,919,921
Pennsylvania.. 29, 607 "168, 150 , 607 168
South Carolin: (1) O] 1) 0] 446, 086 5,292, 097
Other States 2. 423,397 | 5,270,379 99,944 | 1,369,009 77,255 1, 347,291

Total. ool 2,305,134 | 39,267,837 | 230,340 | 2,414,117 | 2,535,474 | 41,681,954

1 Included with “ Other States.”
2 Includes Stetes indicated by footnote 1, and Alabama, Pennsylvania (1958 only), and Utah,

TABLE 4.—Georgia kaolin sold or used by producers, by uses

China clay,| Refractory
paper clay, uses Total kaolin
ete.
*Year
Value
Short tons | Short tons | Short tons
(thousands) | (thousands)|(thousands)
Total Average
(thousands)| per ton
1950-54 (AVerage) - - - o cceeoccmcccceceee 1,148 156 1,304 $19, 006 $14.58
1955_ . 1,327 166 1,493 23,376 15.66
1956. - 1, 456 208 1, 664 26, 605 15.99
1957__ 1,414 245 1,659 28,210 17.01
1958_. .1, 510 187 1,697 29, 348 17.30
1959 . 1,751 189 1, 940 33,965 17.51

Prices quoted in December by Oil, Paint and Drug Reporter for
Georgia kaolin were: Dry-ground, air floated, 99 percent through 825-
mesh, in bags, carlots, f.o.%. plant, $10 to $12 a short ton; same, less
than carlots, $15 a ton; air floated, 99 percent through 300-mesh, in
bags, carlots, f.o.b. plant, $13.50 to $14.50 a short ton ; same, less than
carlots, $35 to $36 a ton.

Prices for imported china clay in December were quoted by Oil,
Paint and Drug Reporter as follows: White, lump, carlots, ex dock
(Philadelphia, Pa., and Portland, Maine), $20 to $35 a long ton;
powdered, ex dock, in bags, $50 a ton; less than carlots, $60 to $70
a ton.
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Imports of kaolin increased 5 percent over 1958 to 141,000 short
tons.  Over 99 percent of the imports came from the United Kingdom.
The remainder came from Canada and Mexico.

Exports of china clay or kaolin increased 26 percent over 19583 67
percent went to Canada, 11 percent to Mexico, and 3 percent each to
Venezuela, Cuba, and Italy. Small tonnages also went to other coun-
tries in Central America, South America, Europe, Africa, and Asia.

BALL CLAY

Tonnage increased 20 percent, and the value of ball clay sold or used
by producers increased 17 percent over 1958. Tennessee continued
to be the major producer, accounting for 64 percent of the U.S. total
tonnage.

Approximately 58 percent of the ball clay produced was consumed
in the pottery industry.

In December 1959 the Oil, Paint and Drug Reporter quoted prices
for ball clay as follows: Crushed, shed moisture, bulk, carlots, f.o.b.

lant (Tennessee), $8 to $11 a short ton; air floated, in bags, carlots,
.0.b. plant (Tennessee), $17.50 to $21.50 a ton.

Quotations on imported ball clay in Oil, Paint and Drug Reporter
for December 1959 were: Air floated, in bags, carlots, Atlantic ports,
$42 to $45.75 a short ton ; lump, bulk, Atlantic ports, $29.50 to $35.75
ashort ton.

Imports of common blue and ball clay increased 43 percent in ton-
nage and 48 percent in value over 1958. Unmanufactured blue and
ball clays represented the major share of the imports; the United
Kingdom supplied 99 percent of this classification and most of the
imports of manufactured blue and ball clay. Small tonnages of un-
manufactured blue and ball clays came from Canada, West Germany,
Malta, Gozo, and Cyprus. Imports of Gross Almerode clays, includ-
ing fuller’s earth, totaled 547 short tons, a 39-percent decrease from
1958; Canada, with 175 short tons in 1959, compared with total im-
ports of 582 short tons in 1958, accounted for the decrease. Other
imports of Gross Almerode and fuller’s earth were from West Ger-
many, United Kingdom, Japan, and Colombia.

TABLE 5.—Ball clay sold or used by producers in the United States

Short tons Value Short tons Value
Year State
1950-54 (average) . -—-—--- 320,685 | $3,843,858 1659
1955 411,354 5,386,777 || Kentueky._ ______________ 111,620 | $1,519,345
1956 - 458, 806 6,081,318 || Tennessee - --occooeceee 303,188 4,163,739
1957 e 408, 286 5,521,195 || Other States 1. ___________ 60, 427 776,818
State Total oo 475,235 6, 459, 902
1958
Kentucky..______________ 94,217 1,332,968
Tennessee . oo oo ccmooeoeoe 252,433 3,541,045
Other States 1. ... 50,299 628,973
Total oo ooeeae 396, 949 5, 502, 986

1 Includes California, Maryland, and Mississippi.
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FIRE CLAY

The tonnage and value of fire clay sold or used by producers in
the United States increased 12 percent over 1958. A greater demand
for fire-clay brick and block was responsible for the increase.

The three States producing the largest quantities—QOhio, Pennsyl-
vania, and Missouri—all reported substantial increases. Together,
these states accounted for 59 percent of the total U.S. fire-clay produc-
tion. Only Illinois and New Jersey reported decreases.

The principal uses of fire clay were for manufacturing refractories,
which consumed 54 percent of total output (44 percent in 1958), and
heavy clay products, including architectural terra cotta, which con-
sumed 42 percent (51 percent in 1958). About 1 percent was used in
floor and wall tile, 1 percent in chemicals, and 2 percent in a variety
of applications. Fire clay used in manufacturing refractories in-
creased 39 percent, accounting for the increase in total tonnage used.
Decreases were noted for chemicals and floor and wall tile.

The average value per short ton of fire clay sold by producers (as
reported to the Federal Bureau of Mines) was $3.47, compared with
$3.24 in 1958, $3.20 in 1957, and $2.86 in 1956. The average value of all
fire clay, including both sales and captive tonnage, was $4.58, com-
pared with $4.59 in 1958.

Prices quoted on firebrick in December 1959 in E&MJ Metal and
Mineral Markets were: Superduty, $185 per thousand; high duty,
$140; low duty, $108.

Exports of fire clay increased 9 percent in quantity to 137,389 short
tons, and increased 31 percent in value over 1958. The average value
was $17.96 a short ton, compared with $14.93 in 1958. Canada received
40 percent, Mexico 34 percent, Japan 17 percent, Netherlands 2 per-
cent, and Italy 1 percent of the exports. The remaining 6 percent
comprised small tonnages to many destinations in Central and South
America, Europe, Asia, and Africa.

BENTONITE

The quantity of bentonite sold or used by producers increased 6
percent, and the value increased 3 percent from 1958, principally
because of higher consumption in foundries and steelworks and in
drilling mud for oil exploration.

The foundry and petroleum industries consumed 83 percent of the
total tonnage compared with 78 percent in 1958. Wyoming, the largest
producer, accounted for 56 percent of total production. Although a
9-percent gain over 1958 production for Wyoming was reported, the
value decreased. Mississippi and Texas accounted for substantial
production with 15 percent and 10 percent, respectively.

The Oil, Paint and Drug Reporter, December 1959, reported the
price of bentonite as follows: 200-mesh, in bags, carlots, f.0.b. mines
(Wyoming), $14 a short ton; Imported, Italian white, high gel, in
bags, 5-ton lots, ex warehouse, $95.20 a ton and 1-ton lots $99 a ton;
Italian, low gel, in bags, 5-ton lots, ex warehouse, $93.40 a ton and
1-ton lots $97.16 a ton.
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The average value per short ton, as reported to the Bureau of Mines,
was $11.54, compared with $11.86 in 1958.

The Archer-Daniels-Midland Co., Upton, Wyo., completed rebuild-
ing its bentonite plant, which was destroyed by fire in 1958.

TABLE 6.—Fire clay, including stoneware clay, sold or used by producers in the
United States?®

Sold by producers

Used by producers

Total

Short tons| Value

Short tons Value

Short tons Value

Year
1950-54 (AVerage) - c-cecccumen-
1955,

2,871,016 | $9,107,377
3,275,044 | 10, 265, 553

,476, 571 1330, 476, 857
, 564,785 | 31,854,002
, 260, 552 | 43, 600, 870
7,857,301 | 41,879, 524

10, 347, 587 | $39, 584,234
10,839,829 | 42,119, 555
11,808,093 | 53, 749, 886
10,805,099 | 51,310, 764

96, 581 267, 200
50 50
313,150 | 1,312,784
221,731 693, 950
60, 118 267,732
5225, 916 | 1, 652’5, 631

183,232 439,493
1625, 231 9720, 641

@
1,043,119 | 4,629, 254

, 450 )
@
1,595,729 | 7, 583,069
300 3,000
1,216,633 | 11,333,900
2 @)
17,757 48,184
?) (O]
1,089,433 | 3,841,123

236,016 617,998
50 50

313, 150 1,312,784
372,355 1,116,794
267, 164 769, 896
725,321 2,733,257
517, 544

183,232 439, 403
180,481 | 1,051,863

200, 291

1,212,238 5,139,314
50 2,450
135,413 1,049, 909
2,293,459 9, 943, 150
300 , 000
1,544,275 | 12,147,405

22,320 74,348
264, 107 1,732,634
182,722 433,017

6, 531,430 | 33,050, 861

8,808,175 | 40,420,240

1956. 3, 542, 541 | 10, 149, 016
1957 2,947,798 | 9,431,240
State
1958
Alabama. . oo meeeees 139,435 350, 798
Arizona,
Arkansas..
California. 150, 624 422,844
Colorado- -« oo 207,046 502, 164
Illinois 199,405 | 1,075,626
Indiana. Q@) @)
Kansas. - -
Kentucky - oocoomeceeaees 24,250 81,222
Maryland - oo eeaameae 2 2
Missouri 169,119 509, 660
Nebraska. -
New Jersey - cceoemmomameanan ) (2)
io. 697,730 | 2,360,081
Oklahoma_ _____ | femmomaes
Pennsylvania.. oo 327, 642 813, 505_
Texas. ©) )
Utah. 4,563 26,164
West Virginia. - oo ocooooanan (2) (2)
Other States 3 coceoooeoo 356,931 | 1,227,315
Total ool 2,276,745 | 7,369,379
1959
Alabama. 185,296 455,735
Alaska
Arizona.
Arkansas_.
California, 90, 681 271, 502
Colorado. 193,339 550, 355
Tlinois. @) )
Indiana. @) @)
Iowa @ @
Kansas.
Kentueky . o oooooommccecaae 78, 624 309, 986
Maryland._ ... ® ®
Mississippi
BLY UTET5 1 o 228,861 540,913
Nebraska.
NeW Jerseyammcmmccamacmaacann @) )
Ohio 568,066 | 2,296,240
Oklahoma.
Pennsylvania_ .- _._________ 357,465 | 1,029,239

25,991 64, 570
2 2’

(2)
544,128 | 2,358,486

92,348 281,367
180 ,458
50
398,799 | 2,022,918
345,812 | 1,296,745
77,244 346, 560
@) 2
@) @)
@) 2)
266, 930 516, 711
68, 800 9427, 351

70, 000 140, 000
1,428,222 | 5,379, 673

2
1,790,434 | 9,649,080
325 3,250
1,445,704 | 11,054,956
6926, 109 | 1, 5321, 224
2) 2
805,828 | 4,140,012

277,644 737,102
180

1,4

50 50
398, 799 2,022,918

270, 583 896,915
321, 593 2,157, 582
365, 662 564, 782
15,820 635
266, 930 516, 711
247,424 1,257,337
58,265 , 809

0, 000 140,000
1,657,083 5, 922, 591
126,943 947, 659

328,792 | 2,178,974
95, 633 274,912

2,272,451 | 7,877,026

7,589,235 | 37,313,810

9,861,686 | 45,190,836

1 Includes stoneware clay as follows: 1950-54 (average)—74,692; 1955—62,446; 1956—74,143; 1957—30,089;

1958—26,429; 1959—27,418.

2 Included with “Other States.”
3 Includes States indicated by footnote 2 and Idaho, Iowa (1958), Minnesota, Mississippi (1958), Montana,
Nevada, New Mexico, Washington, and Wyoming.
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TABLE 7.—Bentonite sold or used by producers in the United States

Short tons Value Short tons Value

Year

1,211,809 | $13, 452,274
1,480,205 | 17,219,015
1,570,610 | 18,414,807
1,450,867 | 17,806, 546

5,979 $123, 047

. 40 1,400
200, 256 2,494,325
148 3,000

133,317 946, 588

6, 703 81,029

Washington. 50 300

Wyoming._._____.__ 763,834 9, 449, 024

Other States 1 261, 859 2,742,742
5,843 105, 715

177 041 2, 080, 801 Total.coeooocaaeeee 1,372,286 | 15,841,455
121, 106 889, 014
6,325 76,923

200
i - 702, 237 9, 592, 209
Other States 1. - 278, 852 2, 572, 388

Totaloe oo 1,291,414 | 15,317,250

;]intcludes Arizona, Idaho (1958), Louisiana, Montana, Nevada, North Dakota, Oklahoma, and South
ota.

THOUSAND SHORT TONS

1,600~
1400 ——
Other uses
% Foundries and steelworks
1,200—— -
) Rotary-drilling
mud
E:i Oil refining
1,000 -
800
7
600
400 o
o ecs|
200

|945 1946 1947 |94e 1949 1950 1951 1952 1953 I954 |955 1956 19 57 1953 l959 ‘
Fieure 2.—Bentonite sold or used by domestic producers for specified uses,
19



CLAYS 343

FULLER’S EARTH

Fuller’s earth sold or used by producers increased 14 percent in
tonnage and 19 percent in value over 1958. Sixty percent of the pro-
duction came from Florida, which continued as the leading producer.
Absorbent uses accounted for 44 percent of the national consumption
insecticides and fungicides, 23 percent; rotary-drilling mud, 16 per-
cent ; mineral oil refining, 10 percent ; and other minor uses and exports
the remaining 7 percent.

The average value per short ton of fuller’s earth reported sold or
used in the United States was $22.04, compared with %)21.26 in 1958.

TABLE 8.—Fuller’s earth sold or used by producers in the United States

Short tons Value Short tons Value
State
Year 1959
Florida. .coooooooae 245,288 | $6,171,076
1950-54 (average)-oceu--- 422,932 | $7,197,668 {| Georgia 99, 212 1,719,182
1985 e 369, 719 7,620,319 || T 30,028 456, 504
1956 oo 417,715 8,879,324 || Utah 2,818 38, 700
b L 366, 101 8,056,841 || Other States 1.._.._..__... 32,276 641, 597
State Total oot 409, 622 9,027, 069
1958
Florida.ccoameccmccaacaaas 210, 517 5,143,191
QGeorgia. 83,930 1,425,742
TeNNeSSe...creemeemccemciman 27,485 389, 236
Utah 3,086 41, 400
Other States 1_..__....__ 32,865 609, 480
N0 7 | 357,883 7,609, 049

1 Includes California, Mississippi, Nevada (1959), and Texas.
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Quotations on domestic fuller’s earth in Oil, Paint and Drug Re-
porter for December 1959 were: In bags, carlots, Illinois mines, $19 a
short ton ; same, calcined, $20 to $21.75 a ton ; Insecticide grade, dried,
powdered, in bags, carlots, Georgia or Florida mines, $17.50 a short

-ton; Oil-Blacking grade, 100-mesh, in bags, carlots, f.0.b. Georgia and
Florida mines, $16.30 to $17 a short ton; same basis, 200-mesh, $17.50
to $18; and spent, in bags, carlots, shipping point, $4.50 to $5 a short
ton. '

Effective January 1, 1955, fuller’s earth import statistics were not
classified separately but were included under “Other clay.” Exports
are not given separately in official foreign-trade statistics; however,
9,986 short tons was exported, according to reports made by producers
to the Bureau of Mines.

The Florida Company claimed to have reserves of fuller’s earth
at Quincy and Jamieson, Fla., that would last for 100 years.

MISCELLANEOUS CLAY

This section presents the statistics for the large-tonnage clays and
shales—other tﬁan those discussed in the preceding pages—used in
manufacturing heavy clay products, portland cement, and lightweight
aggregate. With these are grouped small tonnages of slip clay, oil
well drilling mud, pottery clay, and clays that cannot clearly be identi-
fied with one of the types discussed separately in this chapter.

Miscellaneous clays sold or used by producers increased 18 percent
in tonna§e and 8 percent in value over 1958. Increases in the quantity
of miscellaneous clay used in heavy clay products, lightweight aggre-
gate, cement, and floor and wall tile accounted for the rise in produc-
tion. Captive tonnage—clay produced by mine operators for their
own use in manufacturing brick, tile, cement, lightweight aggregate,
and other minor products and marketed for the first time as such—was
97 percent of the miscellaneous clay sold or used in 1959. Of the
States for which data are shown in table 9, all except four reported
increased tonnage. Texas and Ohio reported tonnages exceeding 3
million short tons.

The average reported value of miscellaneous clay sold as crude or

repared clay was $1.74 a short ton, compared with $1.72 in 1958.
gome special types of clay included under the miscellaneous-clay
classification, however, sold at much higher prices. The value of cap-
tive tonnage was computed from individual estimates averaging
slightly over $1 a short ton.

The Sunray Mid-Continent Oil Co. of Tulsa, Okla., reported dis-
covery of a million tons of pure clay on a 25,000 acre tract in the
Mojave Desert of Southern California, on which they have been core
drilling.
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TABLE 9.—Miscellaneous clay, including shale and slip clay sold or used by
producers in the United States

Sold by producers

Used by producers

Total

Short tons Value

Short tons Value

Short tons Value

Year

1950-54 (average)! . _______._ 1,485,786 | $2,866, 520
1955 1,099,230 | 1,642,354
1956 1,487,222 | 2,044, 557
1957. 1,097,620 | 1,588,484

26, 249, 920 ($27, 674, 767
31,738,954 | 33,668, 556
32,786,954 | 39,374,481
29, 310, 775 | 35,923, 688

27,735,706 | $30, 541, 287
32,838,184 | 35,310,910
34,274,176 | 41,419,038
30,408,395 | 37,512,172

State

1958
Alabama. 50 45
Arizona. —
Arkansas_ - - oooemmcmmceeie e
California. 475,763 | 1,127,817
Colorado. 45,435 79, 511
Connecticut. - - o ceeeeaao_- 36, 540 27,405
LY a3 - YRS (N I
Idaho
Illinois, ® @
Indiana 62,772 75,908
Iowa, ©] (©]
Kansas._ -
Kentucky. ...
Louisiana.
Maine.
Maryland. - - cooe_ 0] ®
Massachusett:
Michigan. .o @ [©)]
Mississippi---
Missouri
Montana.. - v
Nebraska.
New Hampshire.
New Jersey.
New Mexico. ® @
New YOrk. oo 1,036 24,750
North Carolina

North Dakota.
Ohio

116, 530 102, 426
2 2
Q) 2

125, 362 32,301

Tennessee.. - -
Toexas @ @
Utah oo @ ®
Virginia - - o oo e
‘Washington ® [0)
West Virginia.
‘Wisconsin_ -

‘Wyoming.

Undistributed 3. ooeooo... 116,077 217,022

1,311,731 | 1,169,720
119,203 179,003

23,370 19,430
105, 462 107,087
26, 100 26,

2
1,083,811 | 1,393,675
2,046,561 | 1,187,119

65,440
2,809,562 | 3,036,442
@ @
@) )
1,647,963 | 4,870,945
550, 970 492,257

155,012 155,012
6524, 814 2729, 590

2 2
1,152,850 | 1,143,160

(2) (2)
245,699 227,340
154,177 167,318

372,747 375, 854
9,239,305 | 11,689,276

1,311,781 1,169, 765

, 203 179,003
264,678 264,678
1,972, 529 3,452, 556
64 , 795

198, 831 299,130
1,161,868 478, 598
000 19,950

)
692, 209 705,490
453, 759 571, 800
755,157 755,157

23,270 25,633
556,472 614, 399
4, 999 110, 999

1,663,078 1,813,043
293, 108 293,108
847,751 846,773

23,370 19,430
105, 462 107,087

26, 100 26,
548,893 1,131,270

550, 970 492, 257
155,012 155,012
654,814 279, 590
3,096, 642 3,400, 157
125,140 3
1,152,850 1,143,160
195,776 , 884
245,699 f
154,177 167,318
872,747 375,854
404,098 428,148

b N0)7: ) D 979,565 | 1,687,185

29,693, 948 | 36, 529, 282

30,673,513 | 38,216,467

Arkansas. . . R
California. .- -ceoeoeo 413,451 991, 647
Colorado. 2 )
Connecticut. .. _._________ 35, 485 26,614
QGeorgia.
Idaho.

Tllinois. : 28,803 54,906
Indians. 87,735 | 116,375
Towa. ® @

Kansas. .
Kentucky. ..

Louisi

Maryland. . @) ®
Michigan. oo [0) ®

See footnotes at end of table.

567825—60——23

1,508,336 | 1,351,583

) 1, 850
1,879,008 | 2,737,358
, 238, 2,233,299

1, 508, 336 1,851, 583

119,488 179,233
383,445 383,445
2,242,094 3, 596, 662
146, 898 263, 094
279,937 367, 651
1,312,749 547,831

50 )
1,907,811 2,792,264
1,325,888 2,349,674

895, 518 1,125,387
753 753, 630

, 630 3
625, 237 818,370
904, 149 904,149

25,104 26, 232
602, 516 709, 092
101,124 228,736

1,770, 685 1,936, 842
430, 549 432,169
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TABLE 9.—Miscellaneous clay, including shale and slip clay sold or used by
producers in the United States—Continued

Sold by producers Used by producers Total
Short tons Value Short tons Value Short tons Value
State—continued
1959
Missouri 977, 636 $977,812 977,636 $977,812
Montana. - - cccmcecccaccamoea- @ ® ® ) 46,023 47,730
128,834 130, 385 128,834 130, 385
26, 150 26, 150 26,150 26, 150
New Jersey. 573,343 946, 932 573,343 946, 932
New Mexico. 2 [©) 2) (2 45, 388 77,641
New YOork o mom e 2,269 $29,487 | 1,307,256 | 1,684,140 | 1,309,525 1,713,627
North Carolina. 2,523,631 | 1,522,423 | 2,523,631 1,522,423
North Dakota.- 61, 381 78,648 , 381 78,648
Ohio. 171,207 206,365 | 2,948,889 | 3,194,158 | 3,120,096 3,400, 523
966, 370 966, 770 966, 370 966, 770
O] @) Q] 2) 293, 904 305,050
105, 859 32,609 | 1,527,726 | 4,910,981 | 1,633,585 4,943,680
714,081 , 489 714,081 628, 489
South Dakota. .. 227,118 227,118 227,118 227,118
T -- 812, 683 331,388 'y 331,388
Texas. 9, 548 25,891 | 3,004,890 { 3,134,029 | 3,014,438 3,159,920
857 | 2 (O] (2) (2) 137, 877 267, 826
Virginia_ .. 1,346,014 | 1,396,433 | 1,346,014 1,396,433
Washington. ... coceeeameaoaen @ O] @ () 179, 820 , 668
‘West Virginia. 266, 932 312,970 266, 932 312,970
‘Wisconsin . - 178, 363 192, 229 178,363 192, 229
Undistributed 3. 159,716 282,402 | 4,732,207 | 5,454,276 773,294 833,448
B (02 7: 1 1,014,073 | 1,766,386 | 33,716,821 | 39,689,268 | 34,730,804 | 41,455,654

1 Includes Puerto Rico 1953-54.

2 Included with “Undistributed.”

3 Includes States indicated by footnote 2 and Delaware, District of Columbia, Florida, Hawaii, Minne-
sota, Nevada, Vermont, and Wyoming (1959).

CONSUMPTION AND USES—ALL CLAYS

Of the total clay consumed in 1959, heavy clay products (building
brick, structural tile, and sewer pipe) accounted for 47 percent.

The total tonnage of clays consumed increased 13 percent, con-
tributed by most branches of the clay industry. Some of the increases
were: Enameling, 105 percent; exports, 51 percent; fire-clay mortar,
49 percent; firebrick and block, 43 percent; total refractories, 37 per-
cent; insecticides and fungicides, 81 percent; stoneware, 22 percent;
whiteware, foundries and steelworks, and absorbent uses, each 21 per-
cent; paper filler, 20 percent; paint, 17 percent; art pottery, 16
percent; lightweight aggregate and rubber, each 14 percent; cement,
11 percent; and rotary drilling mud, 3 percent. Some decreases in
consumption were: Glass refractories, 20 percent; filtering and
decolorizing for vegetable and animal oils, 7 percent; and chemicals,
2 percent.

Refractories.—Shipments of clay refractories increased 10 percent in
value over 1958. Almost all classifications of clay refractories
registered increases.

Trends in the refractories industry were toward increased research
to develop new forms and improve the quality of refractories. Exist-
ing facilities were expanded, new ones built, and new fields of refrac-
tories research were entered. Customers demanded a higher standard
of quality. The trend toward basic refractories continued.
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TABLE 10.—Clay sold or used by producers in the United States in 1959, by kinds

and uses, in short tons

. Fire clay Ful- | Miscella-
Kaolin | Ball and Benton- | ler’s |neousclay| Total
clay [stoneware ite earth | including
clay slip clay
Pottery and stoneware:
‘Whiteware, etC. - cccmmcmmaaaan 107, 814{270, 959 378,773
Stoneware, including chemical
StONEWATE .o e oo ccmmmcmmmmm e 2281 2,200 11,287} e 10, 447 24,162
Art pottery, flower pots, and
21276 SHP - wac oo em oo 7,747 4,160 16,131 65, 042 93, 080
Total .. 115, 789(277, 319 27,418 75,489 496, 015
Floor and wall tile_ oo ooocomaeooo 15,162|111,152]  156,810) oo eeeae 146, 756 3
Refractories:
Firebrick and block ... 181,961] 20, 546 4,283, 771f |-~ - 6,303| 4,492, 581
Bauxite, high-alumina brick..__|.._ 37,347 37,347
Fire-clay mortar 1,345 185,364| —-ccoomoo|omomaee 5,997 192, 706
Clay crucibles. ), 225 19, 225
Glass refractories. e omvooooamaeno 20, 698| 29, 559, 7, 059 57,316
Zine retorts and condensers..__. 55,411 55,411
Foundries and steelworks.___.... AL I 613,804 470,349 11,236] 1,102,488
Saggers, pins, stilts, and wads... 7,421} 11,492 4, 089 23,
Other refractories. ..o 44, 452| 5 506] 158,764 10 275 209, 097
Total. 261, 631| 68, 538 5,364,834] 470,359 ... 23,811} 6,189,173
Heavy clay products: Building
brick, paving brick, drain_tile,
sewer pipe, and kindred products. 3,456| 4,180, 546, 19, 164, 700{ 23, 348, 702
Architectural terra cotta. 4,654 4, 654
Lightweight aggregates. 5,270,298] 5,270,298
Filler:
Paper filling. - 599, 305| 599, 305
Paper coating 751, 541 751, 541
Rubber.. 322, 875 287 23, 162
Linoleum and oiicloth 15, 287, 6, 655 1, 631 23, 573
Paint__. 51, 693, 521 51, 745
Fertilizer 12, 846| < oo c oo | e f e 5,229 18,075
Insecticides and fungicides. . ... 80, 837 427 23,373| 95,733 - ccccmeee 200, 370
Plaster and plaster products.. 2, 240 2,240
Plasties, organic. o -oceeeoeoeooo 9,362 2,000 3,487 14, 849
Other fillers 39,801 490 6, 564 53] PR S — 47,010
Total. oo ceccemm e 1,885, 787| 2, 490 13, 646 23, 580] 99, 220, 7,147| 2,031,870
Portland and other hydraulic ce-
ments 67, 097| 16,441| ... 9,989, 698| 10, 073, 236
Miscellaneous:
Enameling. 2, 697| 2,697
Filtering and decolorizing:
(raw and activated earths)
Mineral oils and greases 113, 075 154, 869
Vegetable or animal oils and
fat 64, 639 66, 360
Other ﬁltering and clarifying. 2, 638 3,825
Rotary-drilling mud.- 1,130 483, 858| 65, 566, 104
ChemicalS. o o ccmcmeccmeeeeee 23,310(-—cc-—- 94, 203 3,421 124, 509
Absorbent uses 9, 788 188, 115
Exports. 57,906 6, 505 9, 242 47, 256 130, 845
Other uSeS. - -ccememmmccacocoeoen 106, 095 5, 775 9,203| 137,231 304, 045
Total. 190,008| 12,280 113,778/ 861, 906(310, 402 52,995| 1,541,369
Grand total:
1959. 2, 535, 474|475, 235 9, 861, 686| 1, 372, 286409, 622/ 34,730, 894| 49, 385, 197
1958. 2, 222, 185 396, 049| 8, 808, 175 1 291 414(357, 883| 30, 673, 513 43,750, 119
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A new Refractories Bibliography, with data drawn from over 1,150
periodicals, was compiled and published.*

A description of the operation of the modernized plant of the
Valentine Fire Brick Co. (a Division of A. P. Green Fire Brick Co.)
was published.®

Articles described the operation of Engineered Ceramics Manu-
facturing Co., Chicago, 111, producer of refractories and technical
ceramics,’ and of a new high temperature kiln of the Centralab Divi-
sion of Globe Union in Milwaukee, Wis.?

Cost control in a fire clay refractories plant was discussed.®

The new basic refractories plant at Milpitas, Calif., of Kaiser
Chemicals Division, Kaiser Aluminum & Chemical Corp. was
described.?

The Refractories Division of H. K. Porter Company, Inc., opened a
$12million Pascagoula, Miss., works in September.

Harbison-Walker Refractories Co. opened a $2 million Garber
Research Center near Pittsburgh, Pa., June 1959.

A. P. Green Fire Brick Co. acquired Climax Fire Brick, Climax,
Pa., adding additional items to Green’s line of products. The com-
pany announced plans to construct a new $2 million basic refractories
plant at Tarentum, Pa.

The refractories division of the Norton Co., Worcester, Mass.,
announced plans to expand its facilities.

p Frank B. Pope Co. was building a new refractories plant at Mayport,
a.

Kaiser Chemical Division, Kaiser Aluminum and Chemical Corp.
announced expansion of its Columbiana, Ohio plant for the second
time in 3 years. This c