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Services Administration, the Office of Emergency Preparedness, and the Depart-
ment of Commerce. Partial financiai support of this contract was provided by the
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As a part of the National Research Council, the National Materials
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sources for their competence and interest in the subject under consideration.
Members of these groups serve as individuals contributing their personal knowl-
edge and judgments and not as representatives of any organization in which they
are employed or with which they may be associated.

The quantitative data published in this report are intended only to
illustrate the scope and substance of information considered in the study, and

should not be used for any other purpose, such as in specifications or in design,
unless so stated.

No portion of this report may be republished without
prior approval of the National Materials Advisory
Board.
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ABSTRACT

Chromite ores of several 'grades (all imported are used by three industries:

1., Metallurgical—-50% Cr203-for ferrochrome which is used primarily
in stainiess and alloy steels (61% of total Cr usage—growing 5% per year).
Current ferrochrome practice uses ir mix 75% of the highest quality ore
(with Cr/Fe ratio in excess of 3/1 being desired), available mostly from
Russia, Turkey, and Rhodesia (clcsed by sanctions). Stockpile releases

have been supplementing requirements.

2. Chemical—45% Cr203~t'or pigments, plating, leather, foundry
facings (16% of total Cr usage—growing 2.4% per year). Ore is primarily
from South Africa and is in plentiful supply.

3. Refractory—34% Cr203—high alumina—for melting furnace linings
(19% of total Cr usage—shrinking 4% per year). Ore from Philippines is in
decreasing supply. Application is important but declining as open hearths

are replaced by basic oxygen furnaces.
Potential substitutes and technical deveiopments:

1. Metallurgical—There is no adequate replacement for chromium in
corrosion, oxidation-resistant, or high temperature alloys. This lack of a
possible alternate is unique among alloying elements: it may be possible to
use something else in place of stainless steel, but stainless steel cannot be
made without chromium. Limited quantity (5% of total stainless capacity)
may be replaced by copper-nickel, or titanium-alloys at cost penalty.
Decorative uses and alloy steel uses can generally be substituted. Emission
control for autos may accelerate stainless growth by over 15%. New tech-

nology may partially circumvent requirement for highest quality ore.




2. Chemical—Most major applications can use other chemicals at
some cost or performance penalty. Drilling muds are essential and have
no known substitutes.

3. Refractory—Magnesite can be substituted for some applications,
but chromite is necessary for others.

The many stockpile specifications for various ores and ferroalloys are
reviewed, with some recommendations made for changes ir the specifications

along with recommendations regarding grades for holding and for disposal.

Of strategic importance is our current deperdence on Russia for high quality
metallurgical ore, and the danger of losing the output from the other mzjor source,
Rtodesia, if sanctions continue.




R R

I. SUMMARY AND RECOMMENDATIONS

As summarized in Table 1, U. S. consumption of chromite falls into
three principal categories, each requiring a different grade of ore: (1) metal-
lurgical, about 50% Cr203, (2) chemical, about 45% Cr203, and (3) refractory,
about 34% Crzo3 with high alumina. All ore is imported; domestic supplies would
cost three to four times as much, are of much iower quality, and would last only
three to four years. 1) The metallurgical application is growing at an estimated
5% per year. Chemicals are expected to grow at 2, 4% annually while the re-
{ractory use is decreasing 4% per year as open hearth furnaces are replaced by

basic oxygen melting.

For the largest application (61% of total consumption), ferroalley addi-
tions to stainless and alloy steels, a high quality ore is desired. Quality consider-
ations include the physical nature (hard lump), a high Cr203 content (48% or better),
a Cr/Fe ratio of over 3/1, and an MgO/A1203 ratio of 1. 8 or below. These factors
significantly affect the grade of ferroalloy produced, the conversion cost, and the
output of the ferroalloy facility. In times of emergency, lower quality ores could
be utilized but at a significant sacrifice in facility output of both the ferroalloy and
steel furnaces and a substantial increase in cost. Of the Free World's supply of
high-grade ore, 70% of the reserves in this quality are found in Rhodesia and it
was a principal source until recent sanctions stopped all shipments. Currently,
essentially all requirements for this grade are being obtained from Russia (over
50%), which has large high-quality reserves, from Turkey and from 1J. S. stock-

pile releases.

() F. E. Brantley, Chromium Chapter, 1970 Mineral Facts and Problems,
Bureau of Mines, U.S. Department of the Interior (Drafi}.
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Figure 1 illustrates the supply /demand relationships for all taree
grades of chromite ore. The South African and Philippines cres are usod pri-
marily for chemical and refractory purposes, and are economically unsuituble
for most metallurgical purposes.

The historical consumption of chromite and its contained chromium
are reviewed for the three industries in Table 2,

Table 3 summarizes data from the body of the report for 1968 and
projected 1973 chromium use in principal applications, with estimated allowances
for chromium recovery in recycled scrap, and resultant net new chromium re-
quirements. Foundry facing sands which use the chemical grade ef ore may experi-
ence rapid growth,

Table 4 translates the data from Table 3 into chromite ore require-
mants in 1968 and 1973, with growth rates indicated for each application. As
described in the footnotes, an estimate was incorporated for recycled scrap,

beneficiation losses, etec.

Table 5 summarizes chromium usage trends by major product, and
Table 6 provides a similar summary by industry. The comments cover potential

major substitutions and reasons for usage trends.

A techiological development that could significantly affect chromium
consumption is emission control devices for automobiles. These may employ ten
pounds of additional stainless steel per car or 50, 000 tons additional stainless
product, equivalent to up to 25, 000 tons additional chromite, required per year.

Recent developments in the technology of producing stainless steel
which reduce the partiai pressure of CO in the bath (by means of vacuum or inert
gas purging) enable the use of cheaper high carbon ferrochrome and raise the
recovery of chromium (to about 97%). These developments are projected to in-
crease the consumption of high-carbon ferrochrome at the expense of low-

carbon ferrochrome and ferrochrome-silicon. A licensor of one such process




SauIly jo neang "S°n 93N0S
€L jl
290 (49) WINWOND JO SUGT WOYS PUESNOY S1Nf)
JISSRD jeINSnpu) paepung IS
awunsy /S5
T e s I K £8b'2---32T|Eq 31813015 WaLIAA0Y
$19npod sHee")
ov
= 200 Mtwosyd 1s
. = suodxau [ aisem r |
(6LvE ‘9182 1S || pre ety e
swied pue suawbiy ‘Aaepuodsg . (44 oot’
“XTITTLITYTYY
L e
144 (TLPE %) t44 ] 0
aseajas .
sivlow [ 81 1920 M
10320}
j0 Buneyg <hojje r bt ] L] 911
*suodx3 n 1 eweqyy
9z | [ :
SL (L62E‘EE JNS) ] 89/1/1 ]
s19npasd Kioroeyay 542018 n €Ll
Ansnpu| -
= 8¢ saurddiiiyd
-
9 -
-4 (£9¢€ NS $0¢ 806 T Y mﬂv AN |
wawdinbx pue L.‘. puRwap *§°n £)dd H- ,_SuJE Ja
o
S3oURI|dY NUOK 74 tgdns °s°n ispuadin n Ly Kayany
-
- L%
6L (9€°'GE NS i TITYCLTY oty
wawdnda skoj|e o ey YInog
P G She *syodu) ¥ 40 dtjgnday
89/1¢/21
9T (9T ‘ST NS $y3018 £nsnpy| e 007 €4
s1posd [ o w.a_h.:“..“_.. szt '¥'S'S N eipuy
voNMSUOD) 3
> SEt
eisapoyy
$8 - Rnaw-..m.” e saims pajun S
1
vER'l /o

NOILINQOYd GTHOM

896T ‘wniwosy) 10j sdiysuoiiejay puewag-A|ddnS - T a.nbi4

Kieuruijaig




e e e 0

o P NI R S g

TABLE 2

U. S. Consumption of Chromite by Indusiry of Usage

Thousand Short Tons
Metallurgical
Metallurgical Refractory Chemical Consumption as
Year Total* Cr Cont. Total** Cr Cont. Total Cr Cont. % of Total Chromite
1952 o077 218 340 80 147 45 58
1953 743 236 441 101 152 46 56
1954 502 159 278 65 133 41 55
1955 994 316 431 101 159 49 63
1956 1212 388 475 112 160 50 66
1957 1177 379 435 104 148 46 67
1958 778 250 312 75 131 41 64
1955 796 252 379 91 162 50 60
1960 665 211 391 93 164 47 54
1961 662 211 37 89 163 51 55
1962 590 138 365 87 176 55 52
1963 632 210 368 87 187 58 53
1964 832 279 430 99 189 58 57
1965 907 309 460 109 217 67 57
1966 828 281 439 104 194 60 57
1967 866 294 310 72 179 55 62
1968 804 273 311 72 202 62 61

*Some part of the total, usually between 10,000 and 20, 000 tons, was added
directly to steel. The balance was used to make ferroalloys and Cr metal.

** A small quantity, usually between 5, 000 and 10, 000 tons, was in direct

furnace repairs; the balance was used in making brick and other refractory
products.

Source: Bureau of Mines Minerals Yearbooks
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TABLE 4

Forecast Growth in Chromite and Chromium Consumption in the U. §

Thousand Short Tons
Chromite After Chromium Content
Allowance for Scrap % Change After Allowance for Scrap
1968 1973 1968 1973
Stainless Steel 525 659 +26 163 2056
Alloy Steel 125 157 +26 39 49
Tool Steels! (all types) 16 19 +19 5 8
High-Temp & Non-ferrous
Alloys 61 87 +43 19 27
Foundries-Metallurgical 61 84 438 19 26
Miscellaneous Metallurgical
Applications 2 _8 10 187 _2 _3
Sub-Total, Metallurgical 7944 1016 +28 247 318
Foundries-Facing Sand 26 65 +150 8 20
Refractories 310 25¢ -19 74 60
Chemicals3 226 254 2 _10 18
GRAND TOTAL 1356 1585 +17 399 474

1
Based on production of 96, 000 tons of tool steel with an average Cr content of 6%.

2
Includes cutting and wear-resistant materials, welding and hard facing rods and use in other steels.

3
Consumption in chemicals market in 1968 was estimated at 149, 000 tons of sodium dichromate eqguivalent. One
ton of Na Cr2 2H O requires 1.4 tons of ore based upon an 80 to 85% recovery.

Th!s is calculated as 50% ore, but small quantities of chemical grade ore (44-45% Cr) and refractory grade ore
(34-37% Cr) are used.

Notes:

F @

a. The projection includes allowance for losses during use of the ferroalloys in metallurgical processing.
b.

The projectior. includes an additional 10% loss for processing chromite into ferroalloys.
Average assay of ore for metallurgical uses is 50% Cx'zo3

Average assay of ore for refractory use is 35% Cx'203 and no processing loss is assumed.

Average assay of ore for chemicals and facing sand uses is 45% Cl'203




TABLE 5

Future Chromium Usage Trends by Major Product

Estimated Chromium Usage, Usage Trend
1968 (lu tons) 1968 - 1973 Potential Substitutions

Stainless Steel 263, 000 Increasing No major substitutes obvious

' for chemical process equipment
or high temperature applications
requiring corrosion or oxidation
resistance. In sinall quantities
(5% of total stainless capacity),
copper-nickel or titanium-base
alloys could be substituted at
higher cost.

Alloy Steel 46,000 Increasing Main markets are in the con-
struction and automotive indus-
tries. Substitutions usually
feasible.

Refractories 74,000 Decreasing  Due to rapid decline in use of
open hearth furnace for steel
manufacture. Magnesite can be
substituted in some applications.

Chemicals 70, 0G0 Increasing Segments including pigments,
plating, metal treatment, cata-
lysis will increase. Use in leather
tanning will decrease. Substitu-
ticn in major uses is usually
feasible at cost or performance

penalty.
Foundry Applications 31, 000 Increasing Production of steel castings and
Iron & Steel Castings increasing use of chromite as a

facing sand is responsible for
most of the increase. Zircon
sand could be substituted at
higher cost.
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TABLE 6
Future Chromium Usage Trcnds by Industry

Estimated Chromjum Usage, Usage Trend

Market 1968 (in tons) 1968 - 1973 Co:nments
Motor Vehicles 89, 000 Increas’ng All applications for sutomotive use
appear to be rising,
Aircraft 22,000 Decreasing* Alloy and superalloy consumptiou
has been, and continues t. be, on
. the decline.
Marine Trans. 1,000 Decreasing*  Alloy use is dropping irregularly.
Appliances, Uten- 19, 000 Increasing Population growth alone means
sils, Service growth here,
Machinery
Clothing (leather) 6,000 Decreasing Synthetics and hide shortages to-

gether with increased imports mean
a drop in usage of chrome tanning

chemicals.

Electrical and 10,090 Increasing The increasing general importance
Electronics of this industry presages growth in

chromium usage.

Process Industry 13,000 Increasing This use should continue to increase

with population growth.

Heavy Industry Equip. , 168, 0¢0 Increasing Expansion may be somewhat slowed
Agriculture, Mining, in next few years but increares are
Construction, Metal- still projected.
werking, Petroleum
Cheniicals

Construction and Con- 79,000 Increasing This market should increase at an
tractors Products above average rate in the nex: few

years.

All Others 51, 000 Little Some of the items in this category
Includes Ordnance, Change will increase ~ others will decrease.

Export, Misc. Chemicals

TOTAL 515, 600

*Predicted on lower production of military aircraft and naval vessels, A sharp increase would
occur should our defense effort require more aircraft and ships.




o L ]

Loie B o i e MO OB O+

1¢

(oxygen-argon) estimates that 20% of U. S. stainless steel will be made by this
process in 1971 any 40% in 1972. Another process (ASEA-SKF) involves electric
arc meiting foliowed by vacuum treatment and induction stirring. Because of
this change in stainless practice. it is estimated that during the next five years
high-carbon ferrochrome consumption will increase by 50%, while ferrnchrome -
silicon and low-carbon ferrocizrome usage will be relatively static. This change
in orocduct mix will increase the deinand for hard lump, low MgO/A1203 ratio ores
as these two quality features are of considerable importarnce in producing the
high-carbon grade of ferrochrome. This increase in requirement for high~carbon
ferrochrome will exist despite higher chromium recoveries by the new methods,
Some development work has been done on the blast furnace melting: of chemical-
grade (fine) ore into a high-chromium pig iron for subsequent refining into

steel, but this work has been discontinued because of the need for major capital
investment, and it is not expected to b a commercial process within the next

five years.

In the manufacture of stainless steels, the steel industry draws on a

variety of chromium-bearing materials, various types of ferroct romium, chromiwm-

bearing scrap steel and chrome ores. The amounts of the available materials for
a heat are selected to give the least cost of production based on the unit prices of
chromium and important physical and quality factors that influence operating costs.
Thus, the amounts used in a heat of a given grade of steel will vary with the costs
and availability of these materials. It is generally desirable to have the ratio of
chromium to iron in the ferroalloys as high as pogsible and, in turn, the manu-
facturers of the ferrochromium alloys prefer to use ores wkose Cr/Fe ratio is
greater than 3. In the absence of such high-quality ores, both the producers and
users of the ferrochromium incur some penalties in the cost of their products and

in the loss of chromium,

The metallurgical grade chromite and ferroalloy specifications are

generally satisfactory. While the standard grade of low-carbon ferrochrome now
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being used by the industry is .05% maximum carbon compared to the stockpile
irventory specification of .10% maximum carbon, the material in the stock-
pile 18 sztisfaclory for general or emergency use. With the current oxygen blow-
ing practice, the stainless steel melier is capable of obtaining carbon levels well

] below specification. Further, with the reduced pressure practices for decarburi-
zation, the low-carbon ferrochrome additions will be less than in the present
practice; therefore, the . 10% carbon alloy can be used without difficulty. However,
to provide maximum flexibility, it is recommended that any future purchases for
the stockpile be specified as .05% or . 02% maximum carbon.

The refractory grade specifications should be brought into line with
current ores by reducing the silica content from 6.0% maximum to 3.0% maximum and
raising the iron allowable to 20, 0% maximum. If purchased to the existing speci-
fication, it is further suggested that much of the present refractory grade ore in

. the stockpile be sold and replaced with smaller stockpiles of current Philippine

and Transvaal concentrates,

With regard to the stockpile specifications, the chemical grade
chromite should have the Cr203 content raised to 44-46%, the SiO2 content low -
ered from 5.0 to 2. 5%, and vanadium to 0. 25% maximum, with no specific recommenda-
tions on its disposition. Although chemical grade ores are currently avaflable on

the market, reserves in the stockpile should be maintained at a level to supply the

industry's needs for two and a half years.
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II, CHROMIUM SUPPLY

A. World Resources

Chromium is obtained from deposits of chromite that occur in igneous
complexes found in many areas of the world. The Western Hemisphere has no
important commercial grade reserves, nor Go the free nations of Europe have
indigenous supplies. Of all the leading industrial nations, only the U.S.S.R. is
considered to be self-sufficient in chromite. Reserves of the present commer-
cial grade chromite in the U.S. are insignificant, and although moderate reserves
of low-grade material exist, concentrates have been produced from the material
onlv by expensive beneficiation.

The name "chromite' is applied to those members of the spinel group
of minerals in which chromium oxide is an essential constitutent. Chromite ore
varies considerably in chemical coraposition and physical character, which
determines the end-use of the ore as metallurgical, refractory or chemical.
Commercial chromite containg from 35 to 54% Cr203 (23-37% Cr) and can be
considered, basically, as oxides of chromium and iron, but alumina and magnesia

are present in varying amounts.

Commercial chromite comes from ‘wo principal grcups of chromite
deposits, (1) deposits in layered complexes of mafic and ultramafic igneous
rocks, commonly termed "'layered" or '"stratiform, " and (2) deposits or bodies

of dunitic and related rocks, normally referred to as ""pod" type deposits.

Deposits of the '"stratiform'' type contain the great bulk cf the world's
known and inferred reserves of chromium ore. The largest deposits of this type
of ore are those in the Bushveld complex in Transvaal Province of the Union of

South Africa. Second in importance are the deposits of the Great Dyke of
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Rhedesia. The layers or seams of ore range from 1 inch to 18 inches thick in the
Great Dyke, but may be up tc several feet thick in the South African deposits. Ores
from the "layered" deposits are friable in nature, and most of the South African
material is low-grade with a chromium/iron ratio of 1.5/1. The deeper seams

of the Great Dvke depesits in Rhodesia have chromium/iror ratios as high as 3/1,
Because of the chemical composition and/or physical nature of the "stratiform"
ores, their use has largely been restricied to the manufacture of chromium chemi-~
cals. Agglomeration of fines into a pellet or briguet strong enough to hold together
in a furnace may be difficult to achieve. In any case, such treatment is not now a

commercial process.

Chromite deposits in dunite, peridotite and related rocks are the prin-
cipal source of high-grade metallurgical and refractory ores. The deposits,
which range from tabular to podlike deposits, contain from a few tons to hundreds
of thousands of tons and have been found in many parts of the world. Most deposits
of this type are in U.S.S.R., Turkey, the Philippines, Albania, Iran, and Rhodesia.
Because of the difficulty in exploration for the "pod" type deposits, as compared
to the "layered" complexes, the reserves are not well known; however, it would
appear that the tonnage of ores ultimately recovered from the ""pod" deposits will

be a fraction of that taken from the ''layered" complexes.

For most metallurgical use, the "pod" type ore is more desirable as
its physical nature (hard lump) results in supericr furnace operation, a high
chromium recovery, and resultant ferrochrome alloys of low-carbon and low-
silicon contents. Currently, the industry's purchases are approximately 72%
high-grade iump ore, 16% high-grade fines or concentrates, and 11% low-grade
South African ore. The consumption of high grade fines and/or concentrates :s
limited to about 50% of ore requirements for low-carbon ferrochrome production.
Usage of the low-grade South African ore is limited by the availability of lump ore
of this type and the economics of converting the lower Cr/Fe ratio ores to ferro-

alloys. In an emergency, an increased amount of the South African ore could be




utilized at the expense of furnace output, ferroalloy product quality, and cost.
However, at prevailing prices and with normal mining, transportation and smelt-

ing costs, the overall economics are in favor of the high-grade lump ores.

Ores for refractory usage have traditionally been cbtained from "pod"
type deposits of high-alumina content. The principal source of this type of ore
is the Philippines However, some tonnage is produced by Albania, Turkey, and
the U.S.S.R. Recent technological changes have resulted in an increasing use of

the high-iron stratiform ore by the refractory industry in place of high-alumina
"pod" type ore.

Based on geological surveys, 2 the Free World reserves of chromite
ore are estimated at 2, 650, 000, 000 tons. -Jo up-to-dat: information is available
concerning the ore reserves in the U.S.S. R. ; however, indications are that these
reserves are substantial—in view of the fact that Russia currently represents one-
third of the chrome ore production of the world. Of the Free World reserves,
2,000, 000,000 gross tons are located in South Africa, 600,000,000 gross tons in
Rhodesia, and about 50, 000, 000 gross tons in other areas of the world. Cf the
Free World reserves, other than Rhodesia, it is estimated that not more than
15, 000, 000 tons exist as high-grade ore with a chromium/iron ratio of 3/1. Over
75% of current metallurgical uses require this 3/1 ore, and any future downgrad-
ing will significantly increase costs. Table 7 shows the estimated Free World

reserves of chromite by types and countries.

The reserves of high-grade, lump ore, both metallurgical and refrac-
tory, are being depleted rapidly, but there is no shortage of resei'ves of high-grade
concentrating ores or "stratiform' low chromium/iron ratio ores. Although the

metallurgical and refractory industries are using an increasing amount of fines

(2) Dr. T. P. Thayer in Materials Survey, Chromium, 1962, BDSA, Department
of Commerce.
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TABLI: 7

Estimated Free World Reserves and Potential Resources of Chromite

(thousand long tons)
Highest Grade®)  High @ o
Country Total Metallurgical ~ Chromium ™ High Iron Aluminum
So. Africa, Rep. of 2,000,000 100, 000 1, 909, 000
*Rhodesia 600, 000 -- Total both grades 300, 600 300, 000
Turkey 10, 000 0 9,000 1,000
United States 8,000 é‘ 400 7,400 200
Philippines 7,500 :g’ 1,500 6, 000
Finland 7,500 '§ 7,500
Canada 5,000 3 5, 000
India 2,000 E 1,206 800
Malagasy Republic 2,000 § 2,000
Yugoslavia 1,500 g 1,500
Iran 1,000 o) 1, 000
Greece 750 ; 375 375
New Caledonia 600 é 600
Japan £00 8 250 250
Sierra Leone 150 5 150
Brazil 150 g 150
-
Pakistan 100 .g 100
Cyprus 100 g 100
Other 1,000 a 600 — 200 200
Free World Total 2, 647,850 4i8,925 2,220,100 8,825

1 ..

( )4 5% Minimum Cr,O,, Minimum 3/1 Cr/Fe—This quality currently represents over 75%
of the ore used for metallurgical purposes, which, in turn, is 60% of all chromite
consumption.

2
@) 459 Minimum Cr,0,, Minimum 2/1 Cr/Fe.
)40 cr.0

90q» Less than 2/1 Cr/Fe.

4 .
( )20% Minimum A1203, Refractory Usage.

Source: '"Mineral Facts and Problems, ' 1965 Edition, Bureau of Mines, Bulletin 630.

*Under sanctions.
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anc low-grade friable ores, most processes are based on lump ore, and the use
of fines will require expensive change-overs {(or aggiomeration) and, possibly,
lowering the quality specifications for ferroalloy compositions.

B. World Production

There has been a definite shift in the world production of chromite
since 1959 with the U, 8.8, R. producing an increasingly greater share. As of
1965-1268, the U.S.S.R. represented about 30-35% of the total world production.
More significant is the fact that the Russian production consists of approximately
70% high-grade metallurgical ore and 30% refraclory ore, respectively. This
trend of world dependence on Russian ore was accelerated in 1966 when voluntary
sanctions were imposed by various countries, including the United States, against
the importation of chrome ore from Rhodesia, and on December 16, 1966, manda-
tory sanctions were imposed by the United Nations Security Council. This action
has created an artificial Free World shortage of high-grade metallurgical ore,
with Russia, Turkey, and the other producing countries apparently able to increase

their production only enough to cover about one-half of the normal Rhodesian ~xports,

Table 8 summarizes estimated world demand for chromium ore in
1961-1967. Comparison with Table 9 clearly shows that of the industrial countries

needing chromium. oniy U. S, S. R, has any significant production of chromite.

Rhodesian ore represented about 45% of the high-grade metallurgi-
cal ore consumed by the United States industry. Therefore, the United States hae
been particularly affected by the sanctions. Since 1966, the United States importa-
tion of metallurgical-grade chrome ore has not been in balance with consumption.
It is estimated that the current ore mix for the domestic metallurgical industry
contains approximately 10 to 12% chemical ore (South African). Table 10 shows
that in 1968 the importation of metallurgical grade ore was equal to only two-
thirds consumption. Furthermore, about 70% of the imported chromite came

from the U.S.S.R. The physical quality of the Russian lump ore has deteriorated
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TABLE 8

Estimated Demand for Chromite, 1961-1967
(thousand long tons)

1961 1962 1963 1964 1965 1966 1967
United States 1178 1289 1233 1269 1345 1648 1220

U.S-S.R. 475 665 652 647 664 595 486
Japan 388 308 266 433 394 447 586
W. Germany 312 224 171 231 299 303 280
France 194 158 150 189 221 234 245
U.K. 257 116 159 222 201 186 98
Sweden 105 104 113 150 139 156 138
Poland 123 100%* 84 116 153 142 148
Yugoslavia 116 102 127 122 20 80 100**
Norway 100 50 32 108 75 69 62
Austria 81 61 46 48 40 46 52%*
All Others* 83 93 81 70 78 84 80**

TOTAL 3412 3270 3114 3605 3729 3980 3495

*Includes Belgium, Luxembourg, Spain, Switzerland, E. Germany, Hungary,
Netherlands, Greece, Canada.

**Egtimate.

Source: Statistical Summary of the Mineral Industry Institute of Geological
Sciences, Mineral Resources Division, U.K. and Metais Bulletin
Handbook,

Note:  Demand for chrome ore was calculated roughly by adding imports to
production (if any) and subtracting exports. Many of the countries listed
above import and export ferrochromium alloys and chromium metal, the
figures for which are not included in this table.
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TABLE 9

World Production of Chromite by Countries
(thousand short tons)

a 1 ) 1) 1968 (Estimated)(z)
1964 1965 1966 1967 1968 % of Total
U.S.S.R. 1,435 1,565 1,653 1,731 1,815 356.0
So. Africa,

Rep. of 936 1,038 1,169 1,267 1,268 24. 4
Philippines 516 611 617 462 445 8.6
Rhodesia 493 645 NA NA NA NA
Turkey 455 625 583 678 550 10.6
Albania 338 342 345 349 360 6.9
Iran 132 165 193 198 200 3.9
India 39 66 86 114 227 4.4
All Other 288 291 327 _ 31 320, _6.2

TOTAL 4,632 5,348 4,973 5,110 5,185 100.0
1)

John L. Morning, CHROMIUM, 1967 Bureau of Mines Minerals Year Book.
2)

Preliminary estimate.
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TABLE 10. U.S. Imports (thousands of short tons)
Chrome Ore - All Grades

1965 1966 1967 1968

Rhodesia 329 182 147 1
U.S.8.R. 242 281 299 336
Turkey 164 185 108 151
South Africa 481 797 481 424
Philippines 279 332 194 167
Other 23 87 11 8

TOTAL 1,518 1,854 1,240 1,085

Metallurgical Ore Only

1965 1966 1967 1968

Rhodesia 325 182 147 1
U.S.S.R. 245 281 299 336
Turkey 175 185 108 151
Other 15 22 11 __ 6
TOTAL 760 670 565 494

Consumption - Metallurgical Industry

1965 1966 1967 1968
Metallurgical 830 760 780 760
Chemical (So.
Aflrica) 75* 65* 85* 100*
TOTAL 905 825 865 860
Consumers' Stocks of Chromite at Year-End
1965 1966 1967 1968
Metallurgical 143 463 459 381
Refractory 526 578 486 307
Chemical 142 265 252 207
TOTAL 1,111 1,306 1,197 895

Shortfall in Metallurgical Grade (consumption less imports)

1965 1966 1967 1968

70 90 215 266
*Estimated at 8% in 1965 increasing to approximately 12% in 1968.
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since the sanctions on Rhodesian ore were invoked, and the increase in the Russian
import rate over the 240, 000 tons of 1965 has been largely run-of-mine ore some
of which contained excessive fines, which drastically limits its utility particularly

in the production of high-carbon ferrochrome.

The 1965-1968 shortfall of 640, 000 net tons of metallurgical grade ore
has been made up by purchases of 939, 050 tons of medium and high-grade lump
and fines from the Supplementai Government Stockpile and by reduction in con-
sumers' inventories. No uncommitted high-grade metallurgical ore now remains
in the Supplemental Stockpile, however, approximately 425, 000 tons of the quantity
purchased has not yet been physically removed. This remaining tonnage is mostly

in the form of concentrates or fines and, therefore, is usable at a very limited rate.

Based on the projected growth of the Uniied States metals industry, it
is estimaied th. . the use of chromiun ore for metallurgical purposes will be 794, 000
net tons in 1968, increasirg to 1,016, 000 net tons by 1973 (see Table 4). The use of
chemical grade ore is projected to increase by 2.4% a year, resulting in a requirement
of 252, G00 net tons and 319, 000 net tons in 1968 and 1973, respectively; these totals
include facing sand. Due to the decline in the use of open hearth steel furnaces, the
refractory ore requirement is expected to decline over the next five years from
310, 000 net tons in 1968 to 250, (00 net tons in 1973. Because of the large reserve
and ease of production of the chemical grade ore deposits of South Africa and the low~

er projected usage of refractorv ores, there should be ample supplies of these grades.

The current rate of imports of metallurgical grade chrome ore is insuf-
ficient to susiain the metallurgical industry during the next five-year period, and it

appears that the following options are available:
1. Removal of sanctions on the importation of Rhodesian ore.

2. Release of suitable chromium-containing material from the National
Stockpile. Current inventories in the National, Supplemental, and GPA Stockpiles of metal-
lurgical ore and ferroalloys, as compared tc stockpile objectives (May 13, 1969) are

as follows:




Thousand Short Tons
{nventory Objectives

Metallurgical Ore-Stockpile Grade 2.376 2,911
High-Carbon Ferrochrome 403 70
Low-Carbon Ferrochrome 319 0
Ferrochrome Silicon 59 0
Chromjum Metal 8 8.8

3. A switch by the industry to the use of substantial quantities of
the low-grade South African ore. This option would result in substantial changes
in ferroalloy composition, reducing the capacity of the ferroalloy industry, and
increasing the cost of the chromium-bearing steels. For example, the grade of
high-carbon ferrochrome which can be produced from the respective ores are
tabulated below:

High-Grade Lump So. Afr. Low-Grade

Chrome 67.00-70.00% 52.00-55.00%
Silicon 1. 50% Maximum 5.00% Maximum
Carbon 5.50% Maximum  7.00% Maximum

The above reduction in chromium content would lower the output of the ferroalloy
furnace in units of chrome by 20%, and the higher carbon and silicon levels will
reduce the productior. rate of the stainless steel furnace. The effects of such a
change in alloy composition would also be reflected in increased usage of electri-

cal power, labor, coal, and coke,

4, Technological developments in ferroalloy or stecl production
could reduce cur dependence on the scarce high-grade ores. Sonie possibilities
which warrant exploitation include:

a. Pelletizing (or briquetting) of chromite ore fines. The
improvemnent in physical characteristics could be combined
with chemical upgrading and/or partial reduction.

b. Further development of steelmaking innovations such as

vacuum or inert gas treatments which might permit better
reccveries and/or use of lower grade charge material.
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C. Government Stockpile Specifications

1. nMatjonal Stockpile purchase specifications are provided for the
three grades of chromite, as well as the various ferroalloys used for metallurgi-
cal purposes. Following are the chemical and physical requirements for each
grade, together with suggestions for changes received from interested groups:
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CHROMITE - METALLURGICAL GRADE Specification P-11-Ri, June 4, 1956

(Supersedes Issue of January 10, 1955)

1. Description:

This specification covers chromite ore suitable for use in the produc-

tion of commercial ferrochrromium and special chromium alloys.

2. Chemical and Physical Requirements:

Each lot of chromite ore purchased under this specification sha!l con-

form to the following chemical an<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>