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recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
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INTRODUCTION 

In any program which anticipates the utilization of large amounts 
of metals or metallic compounds, one must constantly be aware of the 
distinct problem of limited availability as well as economic considera
tions . 

In the past the United States has not been significantly aware of 
mineral supply limitations and the dire need for conservation. Now, 
however, certain metals are becoming scarce, not only from the viewpoint 
of increased demand and usage hut due to depletion of first-grade ores 
and lack of known economical mineral reserves. Stock-piling has been 
shown to "be absolutely essential for certain minerals and metals, and 
it is necessary that such stock piles be adequately maintained against 
all emergencies 

The United States has large amounts of certain metals within the 
continental borders, and in other instances has available supporting 
stocks from other North and South American countries along supply lines 
which can be maintained. In general, the common metals which can be 
considered as abundant or can be considered sufficient under proper 
rationing schedules are: iron, aluminum, magnesivua^ lithium, sodiiim, 
potassium, calcium, titanium, vanadium, copper, zinc, molybdenum and lead. 

A second group of metals -- due to extremely great demand for them 
and because United States' supplies are very limited or are of too low 
grade for development under the present price structure -- are considered 
to be scarce but are available in sufficiently large amounts because of 
imports and stock piling. These metals (and their minerals) are chromium, 
manganese, nickel and zirconium. Chromium, manganese and nickel are of 
course the three most useful allcsdng elements for steel. The rapid develop
ment of various high-temperature power plants such as gas turbines and jet 
engines will undoubtedly place an even greater demand on two of these 
elements -- chromium and nickel. 

There is a third group of metals which is definitely inadequate in 
amount to meet all demands. There is not only a limited amount of these 
elements in the earth's crust, but some of the elements do not occur as 
primary minerals. Some of these metals are by-products of other metal
lurgical processes and accordingly the production depends on the demand 
for the prime element. These metals include berylliimi, bismuth, cadmium, 
cobalt, columbium, indium, mercury, platinum and the platinum group metals, 
tantaliom, tin, tungsten and uranium. 

Of this group cobalt, coliimbium and tantalxjm are not only very scarce 
but there is a great demand for them. All have been used extensively in 



LP-172-2 

UMRI SIFIEO 

the past in electronic equipment, surgical and dental appliances, jet-
engine and gas-turbine materials and tool steels of all sorts. The use 
of columbium as a stabilizing element in stainless steels to prevent 
intergranular corrosion and to permit welding is well known. These 
elements are finding their way into more and more alloys and are used 
in appreciable amounts in all high-temperature alloys. The expanded 
use of the latter alloys will bring about an even greater demand for 
these elements. 

Finally, there is a group of elements which is scarce because of 
both limited demand and scarcity of known minerals. These elements are 
cesium, gallium, germanium, rubidium, thallium and the rare earths. 
Some of these elements will find or have already found use in atomic-
energy developments of various sorts. ' The least that may be said about 
this group of metals is that metallurgical and chemical processes ought 
to be developed for extracting them in usable amounts. 

The following tabulation shows values in percent which are based on 
the "amount produced from U.S. minerals of the total consumed". This is 
based on the period 19ifO to 19̂ 1-4. 

Antimony 
Arsenic 
Beryllium 
Bismuth 
Cadmium 
Chromium 
Columbiiun 
Cobalt 
Copper 
Lead 

12 
50 
10 
60 
55 
8 
2 
6 
70 
60 

Mercury 
Manganese 
Molybdenum 
Nickel 
Platinum Metals 
Tin 
Tantalum 
Tungsten 
Uranium 
Zinc 

50 
10 
100 
1 
15 
0 
3 
50 
? 
80 

Table 1 shows briefly certain statistics regarding the availability 
of some of the scarcer metallic elements. 

DISCUSSION 

Beryllium 

Beryllium ore has apparently been stocked in sufficient amounts to 
fulfill current demands by both industry and the Atomic Energy Commission. 
Thus far, most of the beiyllium utilized by this country is in the form 
of oxide or a laaster alloy with copper. Pure beryllium metal is used 
only in relatively small amounts. The demand for beryllitim metal and the 
oxide will undoubtedly increase as fabrication techniques are improved for 
both products. 

Actually, the sources for beryllium are few and scattered and new 
soTirces must constantly be discovered to maintain a supply. At no time 
will it be proper to consider beryllium as being adequte for all desired 
uses. Beryllium is a scarce element and must always be handled as a rare, 
important commodity. United States technology and facilities are the best 
in the world and are geared for high production. Reserves in South America 
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are relatively good. Brazil and India are known to have the best 
reserves of commercial grade. 

Bismuth 

Bismuth is not an abundant element, being only one-half as abundant 
as beryllium in the earth's crust. Bismuth is derived almost entirely as 
a by-product of lead and silver production and the amount produced de
pends on the amount of lead and silver produced. More uses are being found 
regularly for bismuth. Fortunately, a large amount of the bismuth used 
presently is for pharmaceuticals, and substitutes are being found regularly 
for many of the drugs. Nevertheless, a large stock-pile of bismuth must 
be maintained because the element is scarce and the demand for it is great. 

Any planned use of bismuth as a liquid-metal coolant might require 
large amounts of the metal. This would place an extra burden on the 
present supplies and would have to be anticipated by correct stock piling. 

Cadmium 

Cadmium is referred to as the rarest of the common metals. There 
are no known commercial deposits of cadmium in the world. Almost the 
entire production is totally dependent on zinc and lead production, 
of which cadmium is a by-product. The United States is by far the largest 
producer of cadmliim. However about 50^ of the total United States pro
duction is from imported zinc and lead residues, mostly from Mexico. 
Cadmium is an extremely important element and was scarce throughout the 
war into the present period. 

United States reserves are small at best and stock piling must be 
undertaken to ensure a supply for any emergency. Any new use of cadmium 
must be carefully considered and planned. Secondary metal recovery runs 
from 200,000 to 400,000 pounds per year. 

Chromium 

The United States does not have enough domestic plant facilities or 
sources of chromite to meet domestic consumption for either peace or war. 
In the period lSkO-19ikh, United States mines produced only 6.8^, 93-2^, 
being imported. In general, the Western Hemisphere is badly situated with 
respect to chromite of commercial value. The big producers are Cuba, Union 
of South Africa, Turkey, Russia and South Rhodesia. This element must 
absolutely be stock-piled in enormous quantities to meet the ever-growing 
demands. 

Cobalt 

Cobalt was considered the second or third most critical element 
during the recent war. About 80^ of the total went into stellite alloys, 
magnets and high-speed tools. On top of this is the current increased 
demand for dental and surgical appliances as well as the expected steep 
demand for use in gas turbines and jet engines. United States reserves 
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are considered to be fairly good on the basis of Missouri and Idaho 
deposits which may supply 50 to 80 percent of United States demands if 
properly developed. This element must be stock-piled now, however, in 
extremely large quantities to f\ilfill all demands. Nuclear-powered 
aircraft will imdoubtedly place further demands on cobalt for various 
high-temperature parts. Most of our cobalt now comes from Belgian Congo, 
French Morocco and Canada. 

ColTimbium 

Columbium and tantalum were the two metals, which during the past 
war were considered least available. About 80^ of all the columbiiim 
consumed in this country is used as a stabilizing agent in stainless 
steels. Recent developments in the jet-engine and gas-turbine field 
have placed an even greater demand on tantalum and columbium since 
most of the alloys require from 1 to 4 percent of these elements. There 
is no doubt that supplies will not be adequate in any future conflict 
unless gigantic strides are made in stock-piling these elements. The 
use of these elements in high-temperature pile construction must be 
carefully considered. Most of the columbium comes from Nigeria, whereas 
most of the tantalite ore comes from Brazil. World reserves are estimated 
to be very low. 

Gallium 

Gallixim is one of the extremely rare elements in the earth's crust, 
constituting less than 10~° percent of the earth's crust. There are 
no known minerals of gallium and concentrations greater than 5 parts 
per million seldom occtir. The ash from the combustion of coal in England 
is high in gallium. It is suggested that 1000 tons per year might be 
procured by scrubbing all of the stack gases from English coal-burning 
power plants. It is further indicated that 75 tons of gallium could be 
produced by treating the aluminum ore residues rejected from the production 
of 500,000 tons of aluminum. Processing of zinc residues in th.e Missouri 
area will also yield gallium in appreciable amounts. 

Gallium as a liquid-metal coolant has been discussed in the final 
Lexington Report. It must not be intimated from this disciission that 
gallium is readily attainable because figures of 75 and 100 tons are 
used. The metalliirgy of extraction is not well worked out. The costs 
are prohibitive. A greater demand for gallium alone may bring down the 
price. In general, data are not at all available regarding present pro
duction by the Atomic Energy Commission. 

Indivun 

American production capacity of indium exceeds requirements at 
present; accordingly indium is not deliberately stock-piled. As early 
as 19i)-2 it was indicated that 1,870 pounds per month could probably be 
produced in this country if the demand required it; since then production 
has increased rapidly. 

Indium, because of its low melting point, may be useful as a liquid-
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metal coolant or as an alloying element in a liquid-metal coolant. 

Mercury 

Mercury is a possible liquid-metal coolant and as such deserves con
sideration. The mercury production of the world is 80^ controlled by 
Spain and Italy. United States production comes primarily from California, 
but this country is the largest consumer of mercuiy and a stock-pile 
miBt be maintained to meet the very large demand. United States post-war 
requirements are about 2,300,000 pounds which is more than United States 
production. United States reserves are adeqtiate for a few years but the 
picture for the future is rather bleak. In part, the production depends 
on the world price as can be seen from Table 1. 

Platinum Metals 

Platinum constitutes 3/5 or more of the platinum-group metals. The 
United States mines little of the large amount of platinum it consumes. 
Canada, according to available figures, is the largest prime producer of 
platimxm, although probably Russia actually produces more. During the 
past war, the platinum metals were Inadequate in quantity to meet the 
demand. The large figures of United States cons-umption are misleading 
in that about 3/5 of the quantity consumed Is recovered secondary platinum 
which is reused year after year. The use of platinum or plantinum-alloy 
tubes for reactors would surely deplete our supply of these metals. 
Accordingly, it does not appear that such use is warranted. The vtse of 
platinum or platinum-group metals in general for nuclear aircraft is not 
possible except for small instruments and other parts requiring very small 
quantities of these metals. 

Tantalum (See also discussion under Columbium) 

One company produces essentially all of the tantalum and tantalum 
oxide in this country - The Fansteel Metallurgical Corporation. 

United States as well as world reserves of tantalum ores are very 
small. The United States is indicated to have possibly up to 200,000 
pounds of tantalum oxide; however, this is not from a well-measured 
reserve. United States production comes primarily as a by-product of 
feldspar and lithium minerals. The world's production comes primarily 
from Brazil with lesser amounts from the Belgian Congo, South Rhodesia, 
Nigeria, Australia and Argentina. 

United States production of tantalum metal was 12,000 potmds in 19^1; 
45,200 pounds in 19^2, and a maximum of 81,286 pounds in 19^3. Production 
fell to 60,000 poimds in 194-5. Other uses of tantalmn are as oxide and 
carbide, the latter for sintered carbide cutting tools. 

Thorium 

Thorium, which is of interest as a fissionable material as well as 
a shield material comes primarily from Monazite sands which are of high 
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thoria content. These sands are imported mostly from British India, 
although sands of lower thoria come from Brazil also. The United States 
is indicated to have fair quantities of monazite sands in Florida. The 
high thoria monazite sand should be stocked for thorium and thoria pro
duction. 

Tin 

United States sources of tin are negligibly small. In spite of 
fairly large yearly production tin is a scarce metal and inadequate to 
meet the demand. The Malay states, Bolivia and other South American 
countries are the main sources of this metal. Stock-piling of tin is 
being pursued diligently because of the difficulties encountered in the 
past war due to severe shortages. While the United States has some pro
duction capacity (11,000 tons in 19^5), none of it comes from United 
States mined minerals. 

Tungsten 

United States commercial reserves are estimated at a 4 years' supply, 
based on peace-time use. Sub-marginal reserves are estimated good for up 
to 25 years. The United States is the leading producer of refined tungsten. 
United States production of ores runs only 10-25^ of the world's total but 
production of metal from all ores is largest by far in the United States. 
The demand for tungsten is growing each year whereas the supply grows more 
meager. The use of extremely large amounts of tungsten in shields, turbines 
and other high-temperature parts of nuclear planes will create a severe 
tungsten shortage unless substitutes are found for other tungsten-bearing 
applications, or unless stock piles are maintained to meet the demand. 

Uranium 

While date on uranium are not available, it is known that deposits 
of uranium are fairly good. The Belgian Congo, Canada and Czechoslovakia 
are the biggest producers, in the order given. Considerable effort to find 
and develop uraniijm deposits in the United States are meeting with success. 

Uranium is of interest not only as a fissionable product but possibly 
also for shielding purposes. Its high specific gravity makes it of interest 
for stopping gamma radiation. It is probable that some uranium would be 
available for shields if a design calling for it were devised. 

Zirconium and Titanium 

These two elements have only recently come into the metals picture, 
particularly for high-temperature applications. Titanium is now being 
produced in up to 100 pound lots of high purity, and zirconium will be 
similarly produced shortly. Both of these elements are abundant in the 
earth's crust and ocxur as high-grade ores in quite high concentration. 
The United States does not have large known reserves of the two high-
grade zirconium minerals and must import both in large quantities. 
Titanium-bearing ores are fairly plentifiil and of high grade. Develop
ment of both of these elements as well as alloys based on them should 
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add greatly to the solution of some of the high-temperature problems. 

Molybdenum 

This metal is readily available in the United States. The supply is 
quite adequate for all proposed uses currently of interest. 

Lead 

Lead is produced in extremely large quantities in the United States. 
(880,000 tons produced in North America in 1945) and sufficient amounts 
of it can be diverted to any contemplated use, although the demand from 
all quarters is equally large. 

Vanadium 

There is no demand at present for the ptire metal. The supply of 
vanadium is adequate for United States needs. Large deposits are also 
available in South America. 

Nickel 

The United States supply of known nickel ores is essentially non
existent; however, Canada, the world's largest supplier, has vast reserves 
and this has always been available to the United States. The demands for 
nickel are constantly Increasing, and a stock pile should be maintained to 
insiire against even a temporary shortage. Cuba has extremely large reserves 
which are now being developed. 

CONCLUSIONS 

In view of the preceding discussion and tabulation of mineral and 
metal resources, extreme care must be exercised in planning any weapon 
or vehicle which will consume large amounts of such materials. For 
example, since the shield for the reactor will require 100 or more tons 
of material, it would be impractical to consider the use of platinum 
metals In anything but very thin layers, if at all. The use of excessive 
amounts of tungsten, too, nmst be carefully planned because while there 
is enough tungsten for 100 such planes, such use would cripple the war 
effort from all other approaches. The exhorbitant use of tantalum or 
columbium must also be avoided since both metals are scarce and are ur
gently required elsewhere. Gallium, which has been proposed as a liquid-
metal coolant is now not in production and processes must be worked out 
for its extraction. 
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Table 1 

Metallic ^ of 
Element Earth's Crust 

Be 

Bi 

Cd 

Co 

Cb 

<Ga 

In 

Hg 

Pt 
Metals 

Ta 

Sn 

Th 

W 

U 

Zr 

10-'̂  to 10' 

10-5 to 10-6 

10 ""̂  to 10 -5 

Cr 10-1 to 10-2 

10-2 ̂ Q 10-3 

10-5 to 10-6 

10-Q 

10-5 to 10"''' 

10-^ to 10"5 

10-''' to 10"^ 

10-5 to 10-6 

10-^ to 10*5 

10-2 to 10-3 

10-5 to 10-6 

10"^ to 10"^ 

10-1 to 10"2 

World 
Production 

U.S. 
Production 

U.S. 
Consumption 

5000T Beryl(43)* 35^1 Beryl(43) 4700T Beryl(45) 
1200T Beryl(46) lOOT Beryl(46) 2300T Beryl(46) 

1020T 

5500T 
5500T 

(46) 500T 

3350T 
900T m 
1,344T Ore (44) 

1,300T Ore (46) 

893OT 
5282T 

52800 lb. 
48000 lb. 

32OT Ore 
25OT Ore 

225,000T 
120,000T 
90,000T 

(i^-3) 
(̂ 6) 

(î 3) 

(46) 

(̂ 1) 
(̂ 3) 
i^6) 

15,000T 
5,000T m 

4233T 
4192T 

l60,000T 
Chromite 

4,107T 
Chromite 

105T 
7OT 

3 T Ore 

382T 

963T 

2920 lb. 
2500 lb. 

4 T Ore 
I.5T Ore 

None 
from U.S. 
Ores 

5OOOT 
2000T 

data not available 

(46) 675T 

(43)1 369IT 
(45)1 375OT 

(̂ 3) 

(46) 

m 
ih3) 

(̂ 7) 

(̂ 6) 

(̂ 3) 
{h6) 

m 
I6OT Zir

con (43) 
79î 6T Zlr-

con (46) 

964,OOOT 
Chromite 
734,700T 
Chrcjmite 

2975T 
815T 

400T 

(î 3) 

(î 5) 

1375T 

207IT 
1186T 

42400 lb. 
40300 lb. 

3OOT Ore 
25OT Ore 

120,000T 
32,000T 
80,000T 

5OOOT Mona
zite 

95OOT 
3OOOT 

(̂ 7) 

(î 3) 

(46) 

{h3) 
(46) 

(̂ 1) 

(46) 

(î 3) 

16,000T ,, , 
Zircon (43) 

28,700T Zlrr, ,, 
con (46) 

*figures in parenthesis indicate year. 
Notes: 1. 50^ from U.S. ores and 50^ imports - mostly Mexico 

2. No known ores - dependent on Zinc and Lead production. 
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U.S. 
stockpile 

4000T Beryl 
2400T Beryl 

500T 

1514T 

500T ore 

TVTo'n*^ 

6250T 

? 

3000 lb. 

5OOT Ore 

55,600T 

ih6) 

(h5) 

{^5) 

i^l) 

ih6) 

(^6) 

3I88T Monazite (44) 

11,000T {h3) 

Table 

U.S. 
Reseirves 

low grade % 

15-30,O00T 

2 

Fair 

Good for 
10 years 3 

insignificant 

325OT to 
I825OT 

very small 

insignificant 

insignificant -

smg.n 

estimated at 

1 

World 
Reserves 

),000T Beryl 

Good 

unknown 

fair 

smFi,ll 

fair 

fair 

Metal 
Cost, 1946 

$55 per lb. pure meta 

$1.25 per lb. 

$1.10 per lb. 

$1.00 per lb. 

$1.60 per lb. (1948) 

$200 per lb. pure 
$2.50 per lb. in FeCb 

$1000 per lb. 

$1.50 per lb. 

$80 per oz. (1948) 

$30 per lb. 

$0.65 per lb. 

$2.00 per lb. 
12,000T (̂ 6) 3-5 years supply 

17,600T Zircon (46) goo d5 good $50/lb„ 

Notes: 3. New deposits found in Idaho (Cobalt-copper mixture) and old 
deposits of complex Nickel-cobalt ore in Missouri. 

4. 6,500,000 lbs. at $100 per 76 lb. flask and 36,500,000 lbs. 
at $300 per flask. 

5. U.S. does not have good reserves of the high grade minerals but 
lower grade ores plentiful. 
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