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Dr. James BozTd was born in ~ ~'~ ' .Kano~,a~ Western Austra!ia, in ].904 

He wa~ educate~ in both ~' ~ '~ ~ ~, ..... . .  ~n.~a, , .a  and t h e  ' T n i t o d  S t a t e s ~  r e c e i - ¢ i n g  
~ om the Ca7 fi .eornia a ~oo, .degree in engineering and economics ~ --.- 

Institute o£ Technolo~r .~m .!927. He was awarded sz~ I~{.S. by the 
" ~,~ " ~..~.~nes i n  geoph~rs i c s  i n  ~ c ' 3 ~  and r e c e i v e d  h i s  Colorado S.,noo± of .... " .... 

~,.~.e s c h o o l  i n  g e o l o ~ "  in 3.934 ',.~+.~ s e r v z n ~  ~ro  
y e a r s  ( lO27-3 .929)  as  f i e l d  e n g i n e e r  w i t h  t h e  l l a d i o r e  Company~ 
Dr. ~0oyd was engaged as instructor by the Colorado School o£ l['tnes 
In 1935 he was a,.~,omnte,~.p,~ " "~ a,.,~.L,~S~: ~t.,ant- oro£essor ~ ~  a ~ost,. which he held 
~nti! .1939 when he was named associate ~ro#.'esSoro D~m.ing }Torld Vfar 
I!~ he served J_n both this country and E'orope. ~ attaining, the rs~nk 
of colonel. In !941-1942 he was chief o£ the }.,[etals and l:.[aterials 
Section~ Commodities Branch, Resources .... e"zv~omon~-" ' Headquarters 
Services o£ u !~. " S pp.o lh 3.9.!~3-~.94.% he served in the Office of the 
Director of ~,[ater'.ai~ Headq~a~'te~s Ar~Ti Service Forces in Washington~ 
and was the U.S. Ar~;" represen+,at.!ve on ~roo"~am. ~...~ Adjustment of the lTar 

. ~ rd.o _ 1 9 / ' 5  ~ " ~  ~ - , ~ P r o d u c t i o n  ~oa . Tn . . . . . . .  o z o n e  VE.,daz% C o l o n e l  Boyd was s e n t  t o  
E t~ope  t o  d i r e c t  t h e  a c t i v i t i e s  o£ t h e  P r o d u c t i o n  C o n t r o l  Age~c2~ u n d e r  
@-4 o f  t h e  Supreme H e a d q u a r t e r s  o£ t h e  A l l i e d  ~ < p e d i t i o n a r ~  F o r c e s  and  

O., .f lce o f  ?,~z "~-~ - a l s o  t h e  T n d u s t r ~  D i v i s i o n  o£ t h e  ~ " ~ .~ , iu~rF  G o v e r n m e n t .  The 
l a t $ e r  o r g s ~ u i z a t i o n ~  f ~ - ~ c t i o n ; i n g  ~ n d e r  G e n e r a l  ~av~,_-g~ M i l i t a r y  G o v e r n e r  
o£ t h e  A m e r i c , ~  zone  o f  o o c u o a t i o ~  i n  Germ:~,ny~ h e l o e d  t o  r e o r g a n i z e  
and reestaolmsh German m~es~ miils~ plants~ and ot:~er indus1~ies. 
Colonel .~::,oyd remained in Ger'nany tu~til "the srm.'~ner o£ 1946~ returning 
then to the Colorado School of _t[ines. :Ln reco~.,~nition of his wartime 
s e r v i c e s ~  he , ~ e c e i v e d  o.~e L e g i o n  o£ ~,~erit ,awar6~ w i t h  oak  l e ~  ~ ~~  
In August !9~7 Dr. Boyd was made Director of the Bureau of ~,,[ines~ h'.s 

pro sent .Do sition o 
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NONFF~RROUS }~TAIS 

20 November 1950 

COID~]L BERI~]LEY: During the oast several weeks the co~se 
on nat~1~al resources has been oresented through a series of lectures, 
seminars, and exhibits. "As you will recail~ the lectu~es covered 
J~on and steel materials~ ener~i resources~ oetroleum and :na~t~ral gas, 
and the stocl~pi].ing program. The class seminars considered agricu].tural 
reso~u~ces m~d rubber. The'exhibits covered a wide range o£ national re- 
sot~rces. These activities, it is hoped, have provided a wider ~mder- 
standing and a fuller appreciation of the role of natural resotu~ces in 
both ~rar and peace. This mornin~ the subject of o~ ~ lect-~re covers the 
one rema'ming broad group of nat~ral resources which has not as yet 
been considered, that is~ the nonferrous metals. These metals include 
copper, iead~ and zinc~ the li~htweeights aluminum and magnesium] and 
the new middleweight champion titani~m, which has been introduced to 
you b~ Colonel ~" ~ ~ Emcke~. These and ot=~er metals of this group have been 
receiving frOnt-page attention in our daily newspapers with increasing 
frequency. This attention stems from the fact that the]~ have wide 
and numerous applications in. militarY supplies and equipment. 

Yon have all read the biograp~ of our speaker. To that bio- 
grap~h$r I would like to add ~vo postscripts. In the first place, the 
Research stud Development Poard a few weeks ago held a conference of 
representatives of government and industry to consider the present 
status and future-application of titanium. Of all the people in and 
ou~ of government, our speller was asked to serve as chairman for this 
conference. Second]c~, he has most recently been desig~nated Executive 
Administrator for the Defense I~iinerals Administration, vrhich has been 
established under the provisions'of the Defense Production Act 8f 1950. 
The ouroose of this organization, among others, is to'assist in the 
expansion of the minerals ~dustr~. As you are aware, our Soeaker 
wears many hats. He is the Director of the Bureau of !~ines, the 
Deput~ Administrator of the Defense }$inerals Administration, a doctor 
of science in the field of geology stud mining, and ~vas a colonel in the 
United States Ar~l during World War II. It is a pleasure to welcome 
to this platform Dr. J~mes Boyd. 

DR. BOI~: Here at the National War College on I ~.~arch 1950, I 
discussed the influenceof raw materials upon the problems of shrategic 
planning. At that time, although the United States was looking ahead 
to a possible future conflict, f~-~ realized that before the summer was 
over American troops would once again be engaged in battle on foreign 
soil. In my earlier lecture I attemoted to explain herr the supply of 
raw materials, specifically of mineral ravr materials, influences the 
conduct of war; today I am going to present a somewhat different aspect 
of the sanle problem~the supply of nonferrous metals. 
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First~ ~,~hat are nonferrous metals? It is probably easier to 
define this particular metal classification by indicating ~#hat they 
are not. This may seem an odd procedure~ b~t metal and mineral 
classification methods are fa~ ~ from perfect~ and it is necessary to 
reme~foer that one metal may have applications in a number of fields. 
The ferrous metals~ v~hich ! shall not discuss in this ].ect~e~ are 
ti~ose used in ma~.~ing iron a~d stee~. ' .In this elass~ication are 
cb~omi~nu, mangamese~ cobalt~ vanadi~m~ t~mgsten~ titani~ nickel~ 
mo]cybdennm~ and~ of course~ iron and steel. Under certain specialized 
conditions~ tantal~ colt~mbi~m~ boron~ and'even copper could be in- 
cluded. !n fact~ to be absolutely accurate~ all metals that go into 
alloys for iron and steel should be listed~ and it is obvious to 
those familiar v~ith modern metallurgical ~nractice that the list ~#ould 
be a !on~ one. However~ for the sake of this discussion ! do not in- 
tend to split haJ~s~ and in considering nonferrous metals I shall , 
discuss the general group that includes copper~ lead~ zinc~'mercur2r~ 
tin~ cadmi~_m~'antimony~ ~...smut,~ the light metals (aluminum, maz, nesi~m~ 
sasd titani'a~)~ and a fe~~ other metallic commodities that enter the 
pictt~re~ First, I shall exs!ain the distinction be~,~een the so-ea!]_ed 
"base metals" and the ,,precious metals." The term "base metals" is 
oredicated ftuud~uentall~ ~ o.pon the ancient concept that tarnishable 
n~eta!swere base and those that ~vere notwere noble. Thus~ gold, 
silver~ and plat~msvm v~ould be classified as noble meta!s~ v~hile copper~ 
lead~ and zinc ~vot~ld be considered base metals. 

Revie~H_ng the problems associated ~,:,itl-J. nonferrous metals the 
problem of supply trill not be discussed on a co~odit3T basis. To 
handle this adeq~£stely svould take several ho".ars~ furthermore ~ it might 
be imoracticabie to reviev~ the subOect effective]:~ ~ in one lec~ur . 
Some g~enera! problems will be considered as they apply to the non- 
ferro~s.s metals in order to oresent a panora~..a of the current domestic 
situation. Ho~-~ever~ before-these problems are stated~ the fsndamentais 
of miming and mineral extraction ~vill be outlined~ because they in- 
£!uence the supply of nonferrous essential ra~£ materials. 

Unfortunately~ the geologic ~rocesses responsible .for the desosition 
o£ ore ar_d the establishment of ore deoosits have been most unsyste- 
matic, Nonferrous metal deposits are scattered over all quarters of the 
globe~ some in the midst of dense jungles~ some along the t0os of in- 
accessible mo~u~tains~ some in r~ateriess deserts; some under arctic 
t~mdras~ and some on isolated isis£ds in the middle of the Pacific Ocean. 
No one nation and no one continent is favored exclusive!y--the ~-rorldTs 
ore deoosits occur on the six continents and border the seven seas~ 
irrespective of oolitical or national botmdaries. This helter-skelter 
arrangement has motivated :~ars ~uc}. altered international bo'J~ndaries. 
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The Development of an Ore Deposit 

Where au ore deposit has been discovered and it is evident that 
the grotuqd contains enough mineral to justify f~rther investigation, 
the first tas}< for a geologist or a mining engineer is to determine 
the ~:rorkab!e reserves. He must attempt to determine not only the 
quantity of ore available but also its grade and sooner or later some- 
one must analyze the ore from a metallurgical standooint~ Fortunately, 
the owners or operators of an ore denosit are in a favorable nosition 
};-ith resoect to sales--they are not introducing~a new-product thaZ 
mus~ be advertised~ the market for copper, !ead~ zinc, and other metals 
is long-established and depends only tkoon industrial demands,'not the 
whims of the public, i~owever, %he q%estion invariably arises, "Is the 
deposit workable?.. By this is meant, "Is it possible to extract the 
ore economically?,, 

Before 1900 it had been uneconomic to mine the extensive low-grade 
copper deposits that furnish mo~t of our domestically produced supply 
today. ~echanization of m~n~ng and metallurgical pro~ress have changed 
the mountains of rock to ors depostts o Fo~nerly, copper ores had to 
contain several percen~ of the red metal~ but s#.nce 19£3 the average 
copper ore mined in the United States has contained less than 1 percent. 

Assuming that a mineral deposit has been located and that it is 
practical to extract the metal from the ores, the feasibility of mining 
must also be considered~ The factors that affect the economic work- 
ability of a mine are varied and may include such questions as whether 
or not the mine can be ooerated by open nits or through underground 
workings. Power supply must be available and it may be necessary to 
install p~ps for eliminating waten from the lower levels,. Obviously, 
the methods and costs of transporting the ore or concentrate enter into 
the calculations, as well as employee--housing and machinery supply. 

All of this preliminary work requires tremendous capital. A 
generation or more ago a prospector could go into a field with rather 
sketch~T equipment and develop a small property with comparatively little 
capital--today this is a3~most'impossib!e. In the early days of pio- 
neering in the ~.Vestern States~ when prospectors were searching primarily 
for prccious metals, small-tonnage operation was feasible an@ practical. 
Today metal production is thought of in terms of huge tonrages; this 
applies particularly to the'nonferrous metals. Because mining is in- 
herentl~ a risky enterprise, investors are not interested un!e'ss there 
is a chance for good return on capital investment° What this rett~n 
should be is of course subject to considerable discussion and interpre- 
tation. No ~vo economists will agree on this particular point. 
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Time Factor is All-Important 

Moreover, it is well to remember that these prel~inaries take 
time. !,~fines cannot be opened or closed merely by turning a spigot 
or thro~ving a switch. The development of a successful tonnage opera- 
tion is not a matter of weeks or months but often of years. It took 
nearly 20 years to develop one of our largest copper orodueers in the 
Southwest. Because every ore deposit differs inherently from every 
other ,one~ the development of any specific mine or ore body may involve 
investigation of some highly specialized metallurgical or chemical 
process, which may take many months or even years. 

To refer again to capital requirements~ it must be remembered 
that mining occupies a unique position in that it is the one industry 
that is perpetually depleting its caoital resources~ unlike farming, 
mining is a one-croo project. Consequently~ both in financing and in 
t~oxation~ soecia! al.]_o~vance must be made to replace capital out of 
what appears to the tuqiformed to be net return. In addition~ mone~r 
invested in mining is often tied up for mm~y years; consequently~ 
when mimes actually begin to nroduce,_ an ~vestor logically expects a 

.~ • .u large p_opOrtmonaoe return on his money, ~mmcn may have been tmoroductive 
for lO, 15, or 20 years since his or~_ginal investment. 

The Seven Snecific Problems of Nonferrous }~ta!s 

Rather than present a discussion of nonferrous metals by commodity 
groupings or as individual meta!s; ~xhat might be called the seven major 

~naust ~ will be reviewed in terms problems of the nonferrous metals, ~ ° r ~ 
of generalities rather than snecific technical or economic problems. 
T~_n brief~ the seven specific ~roblems ~der discussion can be listed as 

fo!!ov~s~ 

I. The nrobiem of diminishing domestic supp3~j--the 
snec~_fic examples being copper, lead, and zinc. 

2. The nroblem of meeting requirements for the big 

three. 

3. !~fnere sources of the metal lie abroad--the case 

of tin. 

4. Were hoover is a primary factor in production-- 

the light metals. 

5. Where a metal is only a b~qoroduct--as with cad- 
mien and bismuth. 



7Si 

6. ~]ere price governs new production--the case 
of mercury. 

7. V~ere sale of a byproduct has provided the 
needed stimtulus--the place of silver. 

It is ~portant to remember that virtually event metal presents 
problems of its ovm. Thus, ~e economics a~d metall1~r of copper 
differ considerably from those of al~m~in~. The problems of quick- 
silver and those of lead and zinc show very little similarity, in 
many'instances our mines produce more th~u one metal. As many of you 
½~ow, lead and zinc usuail~ are associated ~n the s~me ores~ and in 
some instances copper or silver are present as well. 

The Problem of Diminishing Domestic Supoly 

The problem Of diminishing supply is well illustrated by the 
metal copper. Copper is possibly one of o u r  most imoort.~nt non- 
ferrous metals. Without copper the electrical industry would be very 
d~-ffe~'ent~ moreover, copper is requ~_red by the brass and other alloying 
industries. Needless to s~, without copper it would be extremely diffi- 
cult for otu ~ technologic age to function. 

From 1935 to 1939 domestic mine oroduction Of copper approx~ated 
625,000 tons a year. During this period the'United States'consumed an 
average of approximately 583,000 tons a year, ~moorted 263,000 tons a 
year, and exported abo~t the same quantity--imports were largely copper 
that c~me into this country in bond for processing. Look at the 
situation today, The United States now produces more than in the 1935- 
1939 period, ~ud in 1949 production j~mped to 753,000 tons. However; 
the consumotion figure was 1,O72,OOO tons; importswere 550~O00 tons, 
exports 13~,OOO tons, and net imports £15,O00 tons. That figure, 
415,000 tons, represents the copper deficit for 1949; last year this 
deficit was 66 ~rcent of tl~e 1935-1~/ average mine production figure, 
which, as previously stated, was 625,000 tons. Putting this in another 
wayj copper imports today are about two-thirds of the previous pro- 
duction during the five years 1935-1939. ~his statement should be 
food for serious thought. 

NeXt consider another versatile metal, lead--an industrial metal 
almost as important as copper. Lead is used in protective paints as 
red lead and white lead~-oxides of the metal that are extreme!y 
valuable fo1~ protecting structural steel~ especially when exposed to 
the corrosive action of salt water, it is lead oaint that protects 
large suspension bridges spanning the harbors of great ocean ports. 
Lead is also the most important ingredient in storage batterles; lead 
imoarts antiknock qualities to gasoline~ lead cgoles make it possible 
for telephone lines and other electric installations to function 
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underground. Thedemands on _lead are man~r~ in addition to the uses 
already mentioned, it is also ~uportant for alloy'Lug metals~ solders~ 
by~e metals, calking, amm~[nition, buildinz~ and shieldinzo I-io,,vever~ 
lead that is consumed in storage batteries, cable coverings, ~d 
certain other uses has scrao value and 5~ many instances can be 
recovered, ~gneras lead that goes into white lead, red lead~ and 
litharge oaints or tetraethyl lead c~not, of course, be recovered 

and is lost forever. 

Let us revie~,r the situation as to lead production and consumption. 
Production here means mine production, and consumption means new _"Lead 
and not scrao. During that ssme period from 1935 to I~39, the average 
annual production of lead in the United States was 39!,000 tons and 
consumotion 3~I~O00 tons--just I0~000 less. Imports totaled 4C~OO0 
tons and exports 33~000 tons annually; net .imports were thus 15,000 
tons. In !949 the United States produced 4!0,000 tons of lead but 
consvmed 593,000 tons. Imports were 38~,O00 tons and exoorts none. 
Obviously, some of this lead went into the national strategic stock- 
pile, but aside from that, it is evident that this country now im:oorts 
as much lead as it oroduced from !9_q,5 to 1939. 

The last of these three important nonferrous metals is zinc-- 
one might call copper~ lead, and zinc the traditional tri~&mvirate of 
the nonferrous base-metal ~vorld. As with copper and lead, the uses of 
zinc are legion. Its most imnortant single use is for galvanizing, 
the application of a protective coating of zinc to prevent the oxida- 
tion of iron and steel. ~:[oreover, it has an important place in the 
alloying industrsr and of co~rse is used in bronze and brass. Zinc 
paints are also in demand, m~d the zinc-casting industry is a large one-- 
many automob, ile carburetors are made of zinc,'and all of you can recall 
~inc castings as used in household appliances, and so on° 

The situation ~.vith respect to zinc dvring the 1935-!939 period, 
compared with that for copper and lead, iS as fo!lovrs: The average 
annual United States mines output :vas 564,000 tons and consumption 
approximately 510,000 tons; imports totaled about 34,000 tons, and 
exports were relatively small during this period. In 1949 the 
situ&.tion changed~ and very noticealoly, l~ine production was 593,000 
tons, somev~hat higher than the annual average for" 1935-1939; con- 
s~.Dtion totaled 7!2,000 tons and net imports 309,000 tons. This 
discussion will ignore consvg.otion of scrap a~.d the small quantity of 
zinc exported, because the latter v~as smelted in this country from 
foreign ores for the foreign market. The outstanding feature is, how- 
ever, that domestic requirements have increased by leaps and bounds; 
approximately 200,000 tons more zinc is needed than durLng that 19~5- 
1939 period, but domestic production has not been stepped up in pro- 
portion to these ne.~ demands. Imports nov~ represent somewhat over 
50 percent in quantity of the mine output from 19~5-1939. 
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The.. Problem of ;~eting Requirements for the Bmo"~ Three 

The question will invariably be asked, "How did the United States 
get into this situation, and what is the reason for the present deficit 
of these three'important key metals?" The reasons are many and varied; 
but, primarily, the metal industry faces the problem of supplying an 
expanding economy, plus operating against a fLxed or comparatively 
fixed reserve of mineral co~:1odity in these three fields. This ex- 
panding economy has been caused by a nu~oer of factors, including an 
increase in population, the requirements of ~ar, s~ud the demands of a 
high3y mechanized economy that continues to grow irrespective of the 
limitations of metal and mineral reso~uoces. Fortunately, in many 
instances ~mpend:',ng shortages and deficits have been overcome through 
technology that either made lower-grade deposits workable or pointed 
to the way to the utilization of substitute metals available from more 
abo~dant resources. For example, in ma~y instances aluminum sheet 
has replaced steel sheet galvanized with zinc~ many farmers are now 
finding aluminum sheet roofing just as effective as galvanized roof Lug. 
Aluminum paint has also be substituted for red lead paint as a covering 
for structural steel, and in some :hastances is nearly as satisfactory. 

The time undoubtedly has come with respect to these three £mportant 
metals when imports should be stepped up sharply.. The few f.ig~es pre- 
sented ma/~e this conclusion inescanable, and of course from a military 
standpoint this poses a very ~portad% logistic prob!em--mai~taining 
a long supply line during a national emergency, Fortunately~ friendly 
neighbors octupy the country ts northern and southern boundaries. Some 
copper, lead, and zinc can be obtained from Canada~ but it must be 
remembered that Canada,s requirements are also expanding. ~[exico and 
other Latin American countries csa~ also supply.large qum~tities of non- 
ferrous metals. It is of utmost ~nportance that copper from Chile 
continue to be available and every effort should be made to  see that 
nothing inhibits the flow of ores and mebmls from other .Lat~ American 
SOliI'ce S. 

The ~[ebals VCe ~ust .TGnport 

The third of the seven problems posed involves metallic and non- 
metallic commodities ~rhose source materials ~re unavailable within 
the territorial boundaries of the United States or its possessions. 
The outstanding nonferrous metal in %~his category is gin. AS reported 
by the International Tin Study Gro~qo'and the Bureau of ~[ines, in 1949 
the v~0r].d produced somewhat over 161,O00 long tons Of tin. In that 
year a major " portion came from I~D.laya--a total of 54~910 tons. Bolivia" 
furnished 34,123 long tons ~d the third .largest producer was Indonesia, 
v~ith28,965 tons. The Belgian Congo tin production was 13,593 long 
tons, and the balance'of the'world outn~Dnt cairo from such scattered'areas 
as Nigeria, Australia, ChJnua, Portugal, the United Kingdom, Uganda, 
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and others° You ~il! noto that no tin is recorded from the United 
States~ and although one mine in Co!ors.do does extract some tin as a 
byproduct from its concentrates', production is only aro~nd one ton a 
monbh. The United States consumes approXimabel~ ~ one-half of the 
wor!d~s tin. ~roduction~ in 1949 using 47~163 ].ong tons of primary tin; 
29,895 tons in the production of tin plate. 

Tin is now almost an irreplaceable meta].~ it is used for tin 
p!ate~ solders, in the brass industry, bronze, Babbitt metal, t~e- 
meta].~ and tinning. In 19~9 l]nited States in,ports comprised'38~58 
long tons Of tin in concentrate and 60~322 longtons of bars~ pigs9 
blocks, and so on; Jm~Dorts ther~~fore totaled 98,680 tons, It is 
necessary to remember thab ver~/ nearly'60 percent of the world is tin 
comes from the Far Easb-.-B~.~rma~ ~:fa!sya~ Thai]..and, and ~adonesia° 
These figtu~es indicate this count~l~s deoendence u~oon forei~ sot~rces 
for .tin; and~ although substitutes for this h~portant metal in mm~yin- 
stances may ultimately be fo~.@~ at present it is indisoensable~ and 
every effort must be made to insure a continuing supply in the future~ 
F-~rthermore, the United States @ust insure a continuous s~pply from 
Boli~zia; in view of the current sit<~ation in the Far East~ this becomes 
doubly J~por rant. 

The question is freq~,ently asked, "Is ~ere any possibility'of 
improving the domestic tin ~ooduction situation?" Unfortunately, 4-)~e 
answer must be "No." The United States and its territorial possessions 
simply are not endowed with cc~nercial grade tin oreo Despite the con~ 
certed efforts of industry and gover~%ment a[~encies d~'ing recent years, 
there is little indication that eno~.gh tin ore will ever be found to 
satisfy even a small proportion of the national req~.iremo~.t: Although 
there are some small tin deoosi.ts in'South Dakota, Co!orado~ New Hexico, 
California, and other western states, none of them have~ uoon investi- 
gation~ warranted deveiopment~. Probably America will. continue to 
rely upon foreign sov.rces for this metal and will have to search more 
assiduously for substitutes as time goes ono 

Tin is probably tb.e most important sing].e nonferrous metal that 
must be procured from foreign so~Jrces, This coventry also lacks nickel, 
here classified as a ferrous metal even though in some instances it 
has nonferrous uses. A n~nber of nonmetallic miners.Is must also be 
imported, includin~ quartz c~ystals, strateg'.c grades of mice., ]~igb. 
grades of asbeshos~ and industrial diamonds. 

~ere Po~,~er is a Primary Factor in Production--the Light l~eta!s 

Although electric po~ver plays an imnorta_~l.t role in %he metal in- . 
dustriesj the nower requirements o~ the .light metals industry are 
proportionately more important because nrocluction of light metals de- 
pends entirely upon electrolytic orocessos. Therefore the quantity of 
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aluminum and magnesJmm--titanium might be added at this point--that 
can be produced is a direct f~Inction of the electric poorer available. 
This poses the fourth of the seven problems--production of minerals pre- 
£io$%~d upon the availability of electric power. 

Take a brief bird 's-eye view of the a!m,~inum industry. In 1949 
consenter demand for primary al~ninum far exceeded the p:~oductive 
capacity of the industry d~ring the early part of the year. A huge 
backlo~ of orders for al~aimm~ maintained a relatively firm m~rket 
throughout most of the first quarter of the year. Thereafter, as With 
most other metals, demand fell rapid]~, n~'oduc~rs' stocks exDanded, 
and metal shortages disappeared~ It should be noted, hog,ever, that the 
beginning of the do~m~vard spiral ~t~ al~mint~ demm~d coincided in 1949 
~'~ith abandomaent of plans for a 70-gro~p Air Force~ 0bviously~ this 
situation has changed toda~ with the increase in military orders. 

The uses of al~min~m are many and varied. }{o~ever~ a pronounced 
shift has developed in the application of alc~in~m during recent years, 
especiall~f ~ithin the traasportation field. ~[uch of this his resulted 
from the expanded use of a].~a.~num, i~ military aircraft p=-ocux'ement 
programs. Although motor vehicles previonslz[ used'about tvo-thirds of 
the alumim,~n cons~ned by transportation industries, it is estimated that 
over half Of the 1949 total for transportation was used in aircraft,, 
DuriDg 1949 many ne~ aluminum products ~ere introduced, including 
for~ed al~inum truck and %railer ~b.ee!s and variations of extruded floor 
systems and other parts for %h.ese vehicles. ~,fan~fact~mers have fo~.~d 
that motor transport operators demand v~eich$ savin~ reduced maintensu~ce~ 
and other advantages accruing from the use of ~ "" ~ a~.~mmnu,~ ~Iore aluminum" 
was also consumed in 1949 in railroad tank cars than in any other ~lear, 
and new designs in certain passenger ~n~its have Z~ti!ized !arze quantities. 
In 1949 the United States consmned more than'8!6~000 short tons of 
metallic ai[~min~ Of the total, roughly /+$,000 tons w'ere recoveTed 
from old scrap and I$6~000 tons from scrap goner:areal and shipped from 
cons~ing plants. Averaging the annual national cons'omption for 1940- 
19i& (~?hich 6f course incl~des part of ~or]d War ii) gives a figure Of 
738,000 tons, including 3F7~000 tons recovered from old scrap and 167~000 
tons from plant scrap. 

A!umin~m is derived from the mineral bauxite ~ and~ except for rela- 
tively low-grade ores still available in Arkansas~ the United States 
must ~n~ort huge tonnages of bauxite for domestic a]mninum production, 
B~ far the largest portion comes from S~Jrinam or Netherlands Guiana on 
the northeastern coast of South America~ bauxite ores are also _~m- 
ported from Indonesia and %o a lesser degree from B~'itish Guiana~ ~Thic'n 
is also the maim source of supply for the aluminvm of Canada° Here 
again the major source of an important metal lies overseas~ and once 
more bobs up the problem of aaintaining a supply line in ~;~artime. 
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As previously noted, the production of alumi~um is predicated 
largely upon electric power; where s~ch power is available from re- 
latively cheap hydroelectric installations, it is obviously advanta- 
geous to have plants nearby. Since the conclusion of ~Vor!d War Ii~ 
C~nada has ~roduced approxJ~nately one-fourth of the wor]_.d~s primary 
alt~ninum ingot. I~w-cost hydroelectric po~Ter'has enabled the Al~ninum 
Company of Canada, the only Canadian producer, to maintain a-pos'.tion 
as the leading supplier of metal on the international market, parti- 
cularly for consumption in Great _Britain and the United States. All 
five of its reduction plants,'inc!udJ~g the largest in the world at 
Arvida in the Saguenay Valley, are in the Province of Quebec. Here in" 
the United States where aluminum plants are functioning at the present, 
they are close to available inexpensive power~ usually hydroelectric. 
It is well to remember that every po~md of al~=ain,~m produced takes 
nearly !0 kilowatt-ho~ms of electrical energy. This figure cannot be 
greatly reduced so long as aluminv~ production continues. Thus expansion 
of domestic production facilities and location of aluminum plants for 
wartime purposes vri!l depend mot only upon the possibility of adequate 
protection in case of bombing, but also upon accessibility to cheap 
hydroelectr$c power. 

The second light metal listed is in a somewhat similar category. 
Magnesium, like aluminum, depends ~pon electric power for ~roduction 
and refining; but, unlike aiumin~n~ the sources of magnesi~n are 
boundless. At present, production and fabrication capacity greatly 
exceeds current needs; and, since magnesium is extracted from sea water~ 
as well as from magnesimm-bearing rocks, which occur in tremendous 
quantity, especially in the ~estern'States, sources are assured for 
generations to come. Unfortnnately~ the ~roduction of magnesium from 
sea water is ex~ensive. When mao~nesiv~ is extracted from magnesium 
chloride using the electrolysis method, the'plant facilities cost on a 
ton-year basis is appro~=imately $]_.,650. 7L~ on the other hand~ mag- 
neSimn carbonate is reduced with ferro$ilicon~ the fig~'e drops from 
~!~650 ~er ton to ~720o Unfortunately, however, chrome-nickel steels 
in quantity are required for retort purposes in'this process. The 
present out~ut of magnesium is approximately 18~000 short tons a year. 

Undoubtedly, magnesium metal has a great future. The so~rce of 
supply is infinite~ as time goes on, magnesium will undoubtedly replace 
other metals in many fields. A magnesiz~n engine block weighs less than 
half that of a block cast from iron--it is also lighter than s,n aluminum 
block. The density of magnesium is 1.74, while that of iron is 7.89~ 
and that of al~nninum iS 3.70. Unfortvnately~ magnesium is'not an easy 
metal to work; however, as metallurgical practices improve, the day 
nndoubtedly ~rill come when magnesium will be fabricated as easily as 
copper, iron, or other metals in common use. 

!0 



The final metal in this group~ titanium, is rather a newcomer. 
Although the element has been knov~ for many years, it was not until 
recently that researches disclosed its properties and its many advan- 
tages. Titanium has a density of 4.54--remember that iron has a density 
of 7.89. Ho~over~ titanium has a higher melting point; and, where iron 
melts at 1,539 ° C., titani~m~ melts at I~725 ° C. If this melting point 
is compared with that of the austenitic stainless steels, it is fo~d 
that these steels melt at I~535 ° C. against I~725 ° C. for titanium. 
Furthermore~ titanium resists corrosion, and the titani~a oxides have 
been used for many years in white pigments, largely replacing white 
load. 

It is obvious that titanium shot~Id have important military applica- 
tions in the future. Its strength, lightness, ability to resist corro- 
sion, and high-melting point all indicate that it can replace iron and 
steel to advantage in many fut~e weapons, If nickel shortages are 
imminent, titanium may be substituted for certain nickel ste~Is. Unfor- 
tunately, once again the power problem arises. Titanium at present 
requires magnesium in its processing; in addition, the extraction of 
titanium also consumes tremendous quantities of power. It is no~ an 
expensive metal; but~ as ti~e goes on, and the technology of titanium 
extraction and metallurgy improves, it is reasonable to hope that the 
price will dropo Today titanium is at about the same point that alumi- 
num was in 1890. It is well to remember t~at at the St. Louis ~orld's 
Fair an ingot of aluminum displayed in a glass case had to be watched 
by special guards. Aluminum was a precious metal 60 or more years ago 
and as late as 1917 was termed a minor metal. If the history of a!umi- 
n~o~ is repeated, it is reasonable to forecast that titanium ~Tll! become 
cheaper and have a wider application as time goes on. 

7n brief, this summarizes the picture with r~:~spect to America,s 
light metals~ those metals that depend large!y upon availability of 
po~er for their production. The sources of all three are vast and 
readily available in the 7/estern Hemisphere. Production will depend 
largely upon the development of cheap power. 

The B~fproduct ~+~etals 

The next group of metals to be discussed and the fifth problem 
affecting the nonferrous metals embrace metals that are essentially by- 
products of other operations. A mine seldom produces a single metal. 
With application of oil flotation to love-grade metallic ores, it might 
well be said that everything is extracted from the pig including the 
squeai. Developments in f!otation~ especially in the science of selec- 
tive or differential flotation~ where one metal is floated and another 
is depressed in reagents that are specifically used for the purpose~ 
have converted extracti~ of more than one .metallic mineral from complex 
ores into a routine process° Suppose that an ore contains lead, 
zinc, and copper; it nc~v becomes possible to extract no~ only the lead 
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but also the zinc and copper. In some instances all three of these 
are extracted, plus other metals or minerals that may have consider- 
able value as rare substances. Under certain conditions, lead may 
be considered a byproduct of a zinc operation and vice versa. Cad- 
mium, which has become an important industrial metal, is a byproduct 
of zinc operations. Nobody ever heard of a cadmium mine. ~Vhat is 
true of cadmium is also true of bismuth, selenium, tellurium, arsenic, 
some of our antimony, and other rare materials with specialized uses. 
Although some of these substances are not actually metals, since they 
have Lmportant industrial and scientific applications~ they merit 
discussion in this review. 

As already mentioned, cadmium is a metal in this group. Cadmium 
minerals occur too rarely to support profitable mining, hence no ore 
is mined or concentrated for the recovery of'cadmium alone. The metal 
is recovered entirely in the mining, milling, and smelting of sul- 
fide ores containing zinc and is obtained chiefly from the zinc sulfide 
sphalerite, on which greenockite (cadmium sulfide) occurs as a yellow 
stain or coating. Although some zinc concentrates have been reported 
to contain as much as I percent cadmium, the content seldom exceeds 
0.5 percent. Zinc concentrates from the Tri-State region average 0.35 
percent cadmium, and concentrates from mines in the Rocky 3Fountain 
region in the far West rarely carry more than Oe2 percent. The entire 
domestic supply of primar~j cadmium is recovered, concurrently with 
ores of other metals, as a byproduct of the f!ue dusts of zinc-mine 
roasting furnaces and lead blast furnaces, of zinc dusts collected in 
the early stages of distillation in zinc retorts, and of the high- 
cadmium precipitate obtained in purifying zinc electrolyte at electro- 
lyric zinc plants. 

In 1949 the United States produced and shipped approximately 
6,000,000 pounds of cadmium metal and a little over 350,000 polmds of 
cadLmi~m compounds. D~ring the same period~ America apparently con- 
sumed slightly over 7,676,000 pounds of cadmium in all forms and im- 
ported a little less than 2~000,000 pounds of cadmium in 1948. Exports 
of this important metal are declining. 

Cadmium has a number of significant uses. It is useful plating 
metal for protecting against corrosion and has a high degree of reais- 
tivitF to atmospheric~ alkali, and salt water action. It is also an 
important bearing metal and is used with var}~ing quantities of nickel, 
silver, or copper, depending upon the type of bearing desired. Small 
quantities of cadmium metal are employed in manufacturing solder and 
for use in other alloys. Cadmium is not cheap. It is c~rrently quoted 
at approximately $2.50 a pound, and the price has been going up steadily 
in recent months. 
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Some Specialized Netals 

Two other important special.ized metals are selenium and tellurium, 
which are. both recovered as ~fproducts, for the most part from anode 
muds accumulated in the electrolytic refining of domestic andim- 
ported blister copper. Selenium is used by the glass~ rubber, ~ n d  

electronics industries for deco!orizing, acceleration~ and rectifier 
compounds, respectively. Seleni~.]m recDifiers have been extensively 
used in industry for many years and as voltage rectifiers for radio 
and television sets. They can deliver-200 to 500 volts of direct 

i. j • current from a l!7-vo].t a!oerna~mng current source, eliminating a 
heavy and bulky transformer and recDdfier tube. Selen.i~ and. tellurium, 
when ~.dded to steel or copper, improve their machineabi!ity to a high 
degree without affecting electrical conductivity° Telluri~m is ~smd 
extensively as a core r ' w.~sn in foundries as a chill i~ducer for iron 
castings~ C~ermani~m~ another important byproduct metal, is recovered 
from zinc smelters trea~.ng germanmferous ores. Germanium has many 
applications in the, electronics i~dustry as the key component in the 
diminutive crystal units used for rectifying radio-frequency currents 
ranging up to about I00 me~acycleso Large n~bers of germanium diodes 
are now used i~ tbe video detectercircuits of television sets and in 
simiiiar electrical test equipment, Geiger counters, crystal sets, 
electronic computers~ and telephone circuits. Other metals, of 
specialized usage, that are recovered from byproducts are thallium? 
gal!i~m, and hafnium. Those of you who are interested in further " 
Information on these metals are referred to the latest edition of the 
}{inera!s Yearbook, published by the Bureau of N~nes, ~ h~.cn" ' contains 
considerable descriptive matter on the uses of these byproduct metals. 

Bismuth is another metal d~rived entirely as a byproduct, in 
this instance from the smelting of lead ores and the refining of imported 
bismuth b~rs containing 16ad as a major impurity. The to bal quantity 
of bismuth recovered in 1949 slightly exceeded 1948~ reflecting a 
continued high rate of acDivity of primary lead smelters. Bismuth 
metal is consented mainly in compounding low-fusibility alloys and 
pharmaceuticals used principally for treating stomach disorders. The 
fusible alloys of greatest utility contain 40 to 60 percent bismuth~ 
with varying proportions of snch other metals as tin., lead, cadmiums, 
antimony, indi~, and zinc. Alloys of this t~pe have become strategic 
because of their time-sa~.ng applications in the aircraft, machine 
tool~ and automotive industries° A few important ~:~ses are in bending 
of thin wall t~.bi~g, spotDing an4. securing dies and punches, pattern 
making, and electroforming. ]3ismuth is also employed to a small e~tent 
in preparing phosphors, selenJmm rectifie-~-s, special solders, and 
safety devices. 

10p~rcent!n 1949fromthiScanada,COun%ry8 imoorted_ '18 percent of its bismuth from Peru, 
percent from ~oslavia~ 2 percent from Japan, 

anc ~. percent from Korea° ~ports dec].in$d sharplyo 
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There are of course a number of other substances derived as 
b~products; one of the better kno~n~ is arsenic. Arsenic is seldom 
used as metal but as refined white arsenic is consumed principally 
in making calcium and lead arsenate. The calcium arsenate is employed 
for controlling cotton insects and the lead arsenate largely by apple 
growers to combat the cod].ing n~th. As an insecticide, arsenic has 
been replaced by some of the newer organic compounds, notably DDT. 
However, it still has a number of important uses in producing glass, 
as a wood preservative, an acide inhibitor, and for poison baits, 
weed killers, sheep dip, alloys, and special pharmaceuticals. 

~here Price Governs New Prodvction 

During 1949 only t~o important mercl~y-producing mines were 
operating in the United States° Such mercury output as is available 
here comes largely from California, Nevada, and Oregon. Of the record 
receipts of metal'in 1949, 94 percent was from Europe: Italy supplying 
82 percent9 Spain, 9 percent~ and Yugoslavia, 3 percent, l~st of the 
material that entered this country was slated for the government stock- 
pile, and metal acquired from Italy by the Economic Cooperation Adminis- 
tration was bought with counterpart funds acc~n~!ated there and ear- 
marked for such purchases. 

The price of mercury has fluctuated tremendously during the last 
decade. The European mercur~ carte]. (mercuric Europeo) has been able 
to control the market and oroduction largely through exercising its 
advantage in grade of ore. Domestic producers~ who on the Whole, with 
ores of much lower grade than those from Italy and Spain~ must attempt 
to compete with them, h~e again and again been forced to close onerations 
because this country was flocded with mercury from producers in the 
cartel. The changing mercury prices reflected the depressed condition 
of the domestic industry during the past year. Late in December ]948, 
the Spanish-!talian cartel marked up its price for mercury ~14 a flask 
(a flask of mercu~/ weighs 76 pounds), reversing the downward trend that 
has been generally in progress'since March 3945. The average price for 
1949, which was ~g9o46 a flask,'barely permitted domestic operations to 
exist. In 19£3, during th~ war, the price of mercury reached a high 
of nearly $200 a flask, but the pos~va~ decline in price has stopped 
most domestic production. Fort~mately, unmined tonnages indicated by 
exploration work of the Bureau of Mines would be available during another 
period of high prices such as might prevail during a war. 

Obviously, it is difficult for an.. indust~ to exist in a healthy 
state when it is subjected to such terrific fluctuations in product as 
those that attend mercury production in this country. For years the 
American merculDr industry has been at the mercy of these economic 
conditions. 

14 

~.¢ I,~ c..':-~'.~ ~ l l . ; J  l i t {  " tl  ,< ft Vt 
~"t\,[<~,.,,-,")J II i l \ \ ~ t t . , . . 4  I t  i ~ . , l i , &  ~ 



76i 

Mercury has a nt~nber of important uses. It is an ingredient in 
the manufacture of antifouling paint, it has important uses in 
electrical apparatus, including a new electric cell, and of co~Irse 
the merc~t~y boiler.' is a development in which mercury has an important 
part. Mercury compounds are used as ftmgicides and bactericides in 
the preservation of textiles~ mercury is also used in medicine a_~d 
dentistry, as a catalyst.~ for industrial an~ control instruments, for 
amalgamation, and so on. En 1949 the United States conslzled just under 
~0,000 flasks of mercury, but it is well to remember that in time of 
war, consomotion would probably exceed 50,000 flasks--in 19£5 it ex- 
ceeded 62,000. Thus it can readily be seen that mercury- is primarily 
a metal that is subject to the fluctu~.tions of the market as far as 
domestic production is concerned, and thLs poses a very serious and 
difficult problem with respect to .continuation of supply" from domestic 
sources in times of peace. As s~ted previously, it is difficult 
if not impossible to turn production on and off as" one would turn water 
on and off in a spigot. Unless a nucleus of production technique is 
retained, it is difficult to resuscitate mining operations once oro- 
perties have closed down. Morc]~ry has always been a '%var baby, in 
this coventry. To a certain extent in the American metal picture it is 
one of the great exceptions to most metal mining in that thei~ are 
virtually no byproducts. Consequently, the metal must carr~/ aosts of 
mlning and refining, as well as depreciation. 

Of course it is obvious that price is bound tO govern all metal 
industries to some extent; but~ as regards mercury, it has probably 
been the controlling factor with respect to domestic production. The 
price of copper and of land may fluctuate, but there are enough low- 
grade and high-grade deposits to take up the slack in the price differ- 
ential. 

~.ere Sale of a~ Byproduct has._ Provided the Necessary Stimulus 

In closing, the special place that silver occupies with respect 
to nonferrous metals production should be noted. One of the Natmonrs" 
most important lead-zinc district~ is the Coeur d'Alene region in the 
northern Idaho panhandle. Were it not for the silver produced by these 
mines, "in many instances it would be inlpossible for them to show a 
profit~ and to a certain extent, irrespective of the wisdom of main- 
taining a silver price, the lead and zinc produced in the Coeur d IAlene 
district has been aided b.v the price that the oroducer has been able 
to get for his silver. This is an extremely complicated economic 
question--that of the price of silver.--and many vol~nes of t~he Con- 
gressional Record have been filled with debates covering this subject.. 

The Question of Foreign. Supply 

The seven major questions that govern the production .of nonferrous 
metals have been discussed. The next portion of this talk--which is 
of utmost concern to you as members of the armed forces--concerns 
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foreign supply. However, before doing this~ some recapitulation is 
in order. This disussion has covered the sevenmajor specific 
problems governing nonferrous metals production~ including the prob-" 
lems'of diminishing domestic supply with special reference to copper, 
lead~ and zinc and of meeting future requirements for this important 
trio. The question of foreign availabiliTgw has also been discussed, 
as well as the problem of power, the" status of metals that are primary 
byproducts of other metal operations; and the problem where price 
governs domestic production; finally, it has been indicated how the 
economic output of a specific precious metal ~roduct may'influence 
the production of other less valuable metals. 

The problems of foreign supply, especially d~ring a period of 
actual confliot~ are complex and difficult. The necessity of guarding 
foreign supply routes can divert milita~v forces requff~ed for active 
campaigning. The United States would be in a most serious position if 
it did not recognize at this moment the necessity'for such action. 
Unfortunately this co~try must be prepared to maintain its industrial 
raw material supply lines throughout the world. 

Tt has been said that strategic minerals and metals have largely 
governed military strategy. Although this statement may be somewhat 
of an exaggeration, there is no doubt but that access to important 
raw materials has been an important factor in'military planning throljgh- 
out all recorded history. It may he recalled~ for example, that Julius 
Caesar invaded Bri~Jain for possibly more reasons than mere conquest-- 
he required tin *~o alloy with the copper .from the Rio Tinto mines'in 
Spain to furnish weapons to his legion~. As late as 1914 and 1915, an 
important sea campaign was based upon'Great Britain's deficiency in. 
nitrates. When World Vfar I broke out, %~he Germans were to all i n t e n t s  
and purposes self-sufficient in nitrates. Professor Fritz Haber had 
developed a process whereby it was possible to extract nitrogen from the 
air. Britain did not have the Haber process and hadto rely upon Chilean 
nitrates for its own supply. Consequently, a naval campaign early ~~ 
World War I resulted in destruction of the German Pacific fleet com- 
manded by Admiral yon Spee~ which was s~u'~ off the Falkland Islands 
after a terrific series of sea engagements, The cost to Bri.tain was 
heavy~ Before the German Pacific l leer was eliminated, a British 
~quadron commanded by Admiral Craddock was sunk, with loss of virtually 
all men on board, in a tragic battle near Coronel off the coast of 
Ohilei~ Many of this group are familiar from personal experience with 
the problem of guarding American t~kers in the Caribbean during World 

~a r II, Moreover, quartz, crystals, -b~ngsten ores, and p~Tethr~a 
owder (a~ important ingredient for insecticides) literally had to be 

flown across the oceans to make up deficiencies in!:the supply of these 
~portant materials in the United States during the war. In WQrld War 
Ii net o~!y were tankers:sunk'at sea,'but also cargo vessels containing 
valuablQ ores o£ bauxite, ti;~ copper, lehd, a~d zinc. It was necessary 
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• to maintain a sea route to Murmansk in order to have available s~o- 
plies of Russian manganese. The problem of keeping sea lanes open 
to sources of strategic mineral supply is going to reappear if war 
breaks out. Such diversions obviously reduce the striking power of 
the fleet. 

Coupled to the necessity for keeping tl~e sea lanes open, eve~ 
effort must be made to insure a high degree of self-sufficiency wherever 
possible. One of the under!yjng purooses of stockoiling has been to 
~mn~mzze diversion of forces from the major effort in case of war. 
Thus not only the minerals themselves are stockpiled but the time and 
manpov~er required to produce them° These ~re problems to be faced in 
the days ahead; and in the nonferrous metals field America is e~:pecially 
vulnerable. Upon effective judgment will rest the outcome of future 
conflict~ without the nonferrous metals needed %0 ftu'nish the necessary 
weapons, the strength of the Nation will decline in the very field ~. 
which it is pre-eminent--large-scale industrial production. 

QD~STION. It appears that lead is now a quite important material 
for shielding in the development of atomic ~eapons and atomic energy~ 
Does that foreshadow a greater demand for and consequent further 
shortage of Zead? 

DR. BOYD: No. We have checked into that with the Atomic Energy 
Commission as t~ the requirements for leado Although the requirement 
for lead is going to be a substantial one, it is not goin~ to result in 
a serious drain on our lead resources. There are other materials that 
can be used for shielding which are cheaner and more oaor~sfactory ~ "" " than 
lead. When you come to the use ~_u atomic reactors for transportation 
equipment~ maybe some lead will be used, but there are substitutes even 
there that may be helpful. 

QUF~STION: In your talk you indicated that we are not going to get 
any production in some of these new metals like titanium. Do you have 
any oro ~ ~-7 

_ =noo~s on the use of titanium and whether anything is being done 
to develop a steady market for such metals so as to develop a source 
of supply in this co~mtry? 

DR. B0~_39: New uses for titanium are being discovered. Vfe are 
expanding our industry as rapidly as it is possible to do so in the 
light of titanium developments. ?re have been working for a long time 
trying to find out the cheapest way to produce titaniu~! from its ores. 
The only method that is reall~ workable at this time is the Cole 
process. Dr. Cole is a br~lliant motal]urgist who c~me Over from 
Lux~:embolmg and ~ho is he!ping to develop the process for us in our 
laboratory. .... 
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Industrially, it has not been economical to use the Cole process. 
It means that you have to produce magnesium first~ and then you pro- 
duce titanium from the magnesi~m compound. Then you have to regenerate 
the magnesium. That costs twice as much in power as would be required 

for a!umin~m. 

~e are expanded at the moment as much as we are likely to be if 
we let the industry go on its o~n~. The price will have to go up before 
many years. Othe~vise we wonrt have any titanium industry. The 
material industrially is selling now at about 5 dollars a pound~ and 
I am sure that it is costing them at !e~st ]D dollars a pound to produce 
it. Vfhen they get into mass production, the cost of production will 
come down. But we will never ~et the price dovm anywhere near that of 
a!um~ium or magnesium. I don't/think it will ever come dova~ to 50 cents. 
That is a crystal bali statementwhich no one should ever nmke. Some- 
one will come along and find out how to do it. But at the moment we 
can see no possibility of it. 

The problem here again, as in almminum and magnesium, is to find 
power sources. We are ta!k~mg now only on the order of IO to 90 tons 
a day for the development phase. Some of that will probably go into 
the production of Air Force requirements. 

QDESTION: You spoke about the Defense Production Authority ~id 
its connection with minerals. Vfould you discuss briefly the Defense 
~[inerals Adm~mistration ? 

DR. BOYD: I wish ! could do i$ as positively and as clearly as 
you would like to have me. The President made it very clear in his 
Executive order establishing the }~Jlinerals Administration tc handle the 
Defense Production Act as it applies to minerals that it should be done 
as much as possible through existing agencies of the Goverimnsnt. That~ 
of course, brings about complications because of having divided authority. 
But I am not too sure that this is going to be as bad as one might hhink~ 
because cooperation is sometimes easier when you have people with re- 
sponsibi!ity in various fields who have the will %o coordinate their 
efforts. The result was that the responsibility for the minerals field 
was placed in the Secretary of the Interior because there are $~o 
organizations in Interior--the Geological Survey and the Bureau of 
~es--that have quite large staffs and are quite familiar vrith the 
nroblems. In the last war they were pretty well put aside, particularly 
the Bureau of Mines, and their skills not utilized to the fullest extant. 
The President wants the staffs of these two b~reaus in the Interior 
Department to be utilized to the utmost. His order creates only one 
small coordinating staff in the Defense Minerals Administration as such. 
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That will be divided into three divisions. The first one is 
the Production Expansion Division, which will have responsibility for 
selecting the mines and certifying loans. The NSRB will grant certi- 
ficates of necessity and guarantee the loans to the Federal Reserve 
banks. They will certify the !os~ns to the RFC. The Board of 
Directors of RFC'will not attempt to build ~.p a staff of engineers 
to plan the work, as was done the last t'me. }%~e ~ilZ actually certify 
the loan to the RFC and the directors will act only as fiscal agents 
for it--check the financial responsibility of the carries involved, 
and so forth. 

I% ~i!l be the same way ~ the proc~rement contracts. We are 
work£ug very closely with the General Services Administration now on 
aluminum. 7~e will actually certify to ~'o !arsen the contracts which 
should be entered into for the exoansion of a!~inum. I% is our job 
%o develop the a,lum~in~m p#ogram and select the contractors. Havi~g 
determined the contracts theft v~ need to have~ we will certify them to 
~{r. Larsen. 

The second division is the Supply Division, which }~il! be respon- 
sible for the progrm~ing of~expansion. This division will have 
geologists, mining engineers, and mineraio~ists. They will go out in 
the field and develop the plans for the progrmn and fit any projects that 
come in, into that program. They will h~,ve direct contact with e%~ • field 
staff~ see v~here we need to inveso money, either in the domestic field 
or the foreign. They will check into the engineering feasibility of 
these programs. %Ve have one representative who Will devote his time to 
the foreign fie.~d. 

The last division, v~-hich has claimant responsibility, is the 
Requirements Division. They ~ - ~ q wmll assemo~e the requirements for steel, 
copper, and so forth i'or ~:achines, motors, and so forth and take them 
over to the NPA and have them made available to the industries caDab!e 
of producing them. 

That is in general a brief s~mm~r of D},~. We will keep it quite 
small. I don't believe we will have more than a hundred people~ in- 
cluding clerks, in thai bureau as vre have it planned. We will get 
most of our technical information that ~{e need to carry on o~" work 
from the Geological Survey and the Bvreau of 3,{~es. 

I sDeak of carrying on our v~ork--i/%is r 
- e s e a r c n  }~rork that the 

~o bureaus ~'ii! be doing is just our normal ~ ~- 
- ~ror~--oecause we have been 

plaraning our work aro~n~d these defense problems ever since the war 
started and even before the war. Actuai]y it vras our planning that 
brought about the stockpile. }~Ye have concentrated our progrmns on the 
strategic materials. A lot of o~m vrork ~'s tied in with the stoclqoiling 
program. So we are reaZlv just carrying on work that we started before 
the war., -" 
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QUESTION: How does the aiumin~-~n production at the present time 
compare with the peal,'. ~-oductf.'.on d~u-ing ~Torld Y~ar ~I? 

DR. BOYD: ~},~ memory is not. so ~oed on some of these figures~ 
but ! would say that the production in the peak period, in 1943 and 
!9£g--and this is total availabi!ity~ from secondary a~d p~imary pro- 
duction in this co~try and imports from abroad--~,'¢as 1,300,OOO tons. 
Don't put too much faith in these figures,. I will get you the r ight 
ones. Our total availability todaT, i~".,.cluding about 150,000 tons a 
year from Canada andout'domestic oredt~ction and the secondary~ is 
~nst a little over !,O00,000 tons.° 

That figure is a !itbTe less thsz~ that in the paper in yoga ~ mail- 
box. 7,~e are sending arouud a correction on that, so you will have 
~ne right figt~e. It is just slightly belov¢ the "oeak. Some plants 
have been dismantled, but some ne-~r plants have come in. life are a 
little bit below our peak ~roduct!.on at the moment. ~e are ta!kin~ 
about expanding it approximately 60 ~ercent. 

!ncidenta]:ly, we are tr.ving to do this thing t~mough private 
enter~rff.Seo 71e haven't built any new plants. Vie, are ~ry:i.ng to 
persuade private com~0anies to e)q)and~ It is going to be most difficult 
to get them $o do so. The progress on the alt~min~m expansion program 
has been slow. 

There are fov~r thi~gs that the alden, triton-producing companies in 
this certify tell us they want us to do if they are to expand° First, 
they want us to bui%d the new p!,.~ntso Second~ the~" want us to guar~tee 
a market for I00 Kercent of their product~ that is, they :,'rant us to 
guarantee them procurement contracts° Third, they ~:,'ant us to guara?.tee 
them a profit. Fourth, they we;at us to gu,'.~.rantee their loans at the 
bank. But that ~ould defeat ot~ whole p1~pose. ~,re want the industry 
to do it on its o~@n. 7~e would be sticking our nechs cut if we were 
to guarantee such a profit. 7fe th:Lnk industry should be ~,ri!ling to 
take some kind of risk, since it is going to ova~ the olants. That is 
the kind o£ thing that we are w'orlc:L~g on noyr. It is a financial 
problem~ v~h.ich is difficult to work out. 

QUESTION- ! am ~mder the impression that some tin has been dis- 
covered in ~iexico. Am I wrong about that? 

DR BOYD: No. There are some ~ma..l tin ~:',.'_nes there. The qur~,ntity 
is ~ot at a].l substa~,tial. ['£e are trying to find a ~ra7 to get the tin 
out, but it will never be very significant. 

QUKST!ON: I would like to ask a ql~estion in connection with the 
aluminum situation. 7Ze have had described to us an essential " "'" ~ C _uV!_a!a~ 

requirement for a!v~nSn~ for such things as railroad passe,n~er, and 
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freight cars, and so for+9~. Do you have any idea as to how much 
the utilization of alum.inca has increased in essential civilian fields 
since the war? 

DR. BOYD: That is a very difficult question to answer. I 
might put it %/~is way: Vie have to make a pure gnless at that. We 
don ~t have the information coming in that ~e bad during %/~te wa~-. V{e 
don ~'b have the consumption industry by industry. We can only make a 
guess.° Our guess is that it will be about 200,000 tons a year. This 
is the figure that we are using as our top figure for essential 
civilian requirements. 

In our modern life we are qom~ig bo consider as necessities what 
we used to think of as p~re luxuries. ~:[any things start out as 
luxuries and after a while tlney become necessities. I remember one 
scboo!boy who was asked what the r~ecessities of life are, and the 
firs% thing he put down was "an automobi!e~, ~qqen i was going to 
school that was a pure !uxury~ Tod.%v it is a necessity. In the same 
way we have uses of al~ninum for things that we used to consider as 
luxury uses, such as for the "~rs~smission of power° It will become 
feasible to use alumin~ for that if we c&nnot get copper. 

COLONEL GODARD: D~rJ_ng your talk you approached the problem 
of shortages by saying that we should stockpile certain of these 
critical materials. I would like to approach that problem from another 
direction enti~'e.]~, that is, to try to get s~vay from'these fancy steels,- 
fancy mixtures, and so forth. ~at is bei.~g planned, and what are you 
doing in defense mobilization ~articu!arlyj to make sure that we aim 
a% minimmm specifications of t~ese scarce materials in o~ ~ designs? 

DR. BOYD: We haven,t gotten very far into that. ~;fe have only 
touched the fringes in our relations with the Munitions Board. But ! 
woul4n,t be inclined to favor aiming only at the minimum--when there is 
enough demand for these things, someone alvrays finds a way to get them. 

Novr9 Obviously, that is not true with some of these things. For - 
'instance; in the case of col~:~bium; which is one of the lighter metals, 
with a high temperature resistance, so that it can be used in these 
hot spots, iZ would be ~onderful if we could put it in ~et engines and 
some other things. Unfortr~ately, if we did tba% ~ our present air- 
craft program, it would take more co!~mbium annually than the total 
~..% o - ~ n  ~ ~ .- 

vorla resources° So it is impossible to do that, a n d .  ~e have to 
design columbium out of our jet engines for the moment. 

The FF~% has already put in an order for a quantity of columbium to 
be used'for defense applications. If we c o u l d  use it in our jet 
engines, we could cut do~ the factor of safety in the ~@ings tremendous!v, 
because of the reduction of rotation in the engine. 
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That is one problem that ~-e ought to solve. They ought to keep 

that req~airement before us. They ought to needle us to got after 
the industry for the capacity to meet their demands. They ought to 
keep after us, because we don't have enough production capacity now. 

V/e. should do a caref~ll ~ob of p3.anr~ing on some of those ferro- 
alloys, like molybden~n~ tungsten, nickel, and chrome. %'~[e should 
plan on J~nterchanging some of %/lese things ~nd using different com- 
bin..ations. !~fhen you come do~,a~ ~.~d say, '~at are the requirements for 
molybdenum? l~%at are the requirements .for nickel?" S~mebody should 
be smart enou?~h to say~ "Hero is a bal~.ce~ req0.irement." Nobody has 
done that. That is the sort of thing that we need° T:e ought to be 
able to say., "Here is the min.J~,.~ requirement for mo]ybden~n." Then 
we could try to get that minim~ requirement of moJjfbden~n as fast as 

possible. It is 'going to take us some time to p!sa% for that~ hut ~ve 

are going to do it. 

QUESTION: Can alumin~ scrap be used to make al~,inum? 

DR. BOYD: Yes. 

QUESTIOn7: C~n such ait~tin%~n be used for military purposes? 

DRo BOI~: Yes. That was one of the ~eat mistakes ":re made 
during U~or!d V~ar lio I ~vas told by },:~r, ~n~!,'_er~ v,~ho was in charge of.  
al~min~a, that ~.,oe did not give any credit to al~z~in~m.~ scra~ because 
it was thought at that time that ~'~e could mot usc seconda~:, a!~in~n 
in the manufacture of airplanes° Act~..alJ:y~ when you use a good grade 
of a!um.:in<~n scram to make a-].va~Jn~, sheet~ ~nd use that in wing sections 
and other airplane parts~ it is just as good s,s any a!::min~m available. 
They take it back and reme_].t'am4 rerol! it. They can use from 50 to 
35 percent scrap. Of course~ you c,.-%n't use dirty or cont~m.in~ted 
scra~. Actually the price of aluminm~ scrap is almost dogble~ at least 
50 percent higher than the price of ~:irgin a!~m~in-om today~ because there 

isn't much of it° 

qb~SilON. One of o~r officers tells us that ~a~ani~m ore is re- 
latively plentiful in this country~ but that it is uneconomical to 
v~ork the deposits because they are of !o~" co.ucentration, something like 
four parts in a million° Has any v,'ay been £ound to ~'~ork what may orove 

to be a vlentiful s~pply in this ee~ntry! 

DR. BO!,~: I ~m not f~iliar svith the ~'rhoie program.,., because it 
is not all handled ~ us; but I vril! tell you what I k~qo~:, i don"b 
think there is any doubt tT~at -:re all want to find ne~: somrcos of con- 
centrated ores. Obviously, there comes a time ~:hon ~:e have to bal~ice 
o~ manpo~vor reouiroments. Y~l terms of the dollar cost :h~vo!ved in 
getting out this u~ani-t~m, it is actually not exoensive ~ but tl:e cos'b in 
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manpovrer and materials is very, great. If the deposits run what you 
say--only four parts of uranium in a million--you could literally 
spend the entire national energ~ in getting that out and producing 
the ~,zranium necessary for some of these orogr~s .that they are talking 
about. 

But we are looking for m~re concentratdd ores all the time. The 
Colorado field and all that area is being very thoroughly explored 
for new sources of urani-~m, i[e are being constant3~ alerted on a31 
new sov, rces. But there ,must come a poP, it where there must be -an 
economic balance, 

It is the s~ne way ~ith mam~g~_n.ese. We have reserves of manganese 
in South Dakota that would rt~ this country for many yeasts'if their 
could be develooed. But they run. only ! percent msmgsnese, as corn- 
named vfith the foreig~.a ore average of /+8 percent. Vgnen yo~ think of the 
manpo~er it ~'r6uld take to dig that ore out, concentrate it~ and move it 
to the market, it is just out of ~II proDortioP, to what it; wOu%d be 
wor t h .  " 

QUESTION: Doctor~ you ~oJ.nted out that ~-'~- • t.,_m,~ country is rapidly 
becoming an importer of the nonferrous me:ta!s. That appears to put us 
in a dilemma. ~,,:[ha ,+ does t.h~ future look like? ~'e you optimistic on 
our capability of .~°indin~ substitutes? Do we have to cut dov~ on o~. 
use of some types of these meta3s, esDecial!y since we are becomin~ 
dependent upon trade re!ations, upon ~zar:!ous de~osi-bs that could be 
cut off under certain circt~msta~.c~s? 

DR. BOI~: That is the 6-4-~ollar" que ~-~--" o~zon, v have b e e n  ; " ~" - V al~].ng 
for you to ask that~ I don't ]¢nov~ the comDlete a~,ver. It is #~ore 
than just a question of becoming dependent-upon foreig~ sources, 
because there are economic factors involved, 

For instance, take the availability of copper. It becomes less 
all the time. Some day new meta!Ivrgicai D~ocesses -,,~il ~ ma~e +~ .... 
o z  ex~ractin~ such that i+. v,r-~7-1 ~m~ ~ . < ~ - ~  . t - .  ~. ~,~[" . . . . . . . . . . . .  
~+,,_._ i~_~ ~ .... T~ ~,, ~o~.:.:~±e ~o pu~ o~ner sources into 
r ..... ~mun bnaL a_e uneconomlca± nov¢.. It depends upon the workin~ f 
iaw.s of supply and dems~nd and the a~ailabilit,v of depos-~ts. ,~ o the 

C~rrentf7, the prob~.ems are less difficult as they involve defense 
and security. V,[e must try to make this country as self sufficient as 
possible. ~aintaining the sea Imles open_ in time of war means d'zve~tzng" 
some of our energ5~ for that instead of for fighting the ~,vsm. That is 
one of the reasons for the stockpiling program. 

~[e haven 't r -~ Balmy found any important new minera2 9ources in the 
last 25 years. ?le have found one or tyro here and there, but they are 
not important. %7e haven,t exhausted the possibilities yet. To really 
explore these vast unprospected areas would take the time of a lot of 
geologists. It ~vould be a difficult ~nd costly job. We,haven,t had 
to do it so far. 
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V~en we really get do~n to tackling it, I think we are going to 
find new sources. We are going to find substituteS. To say that we 
are a "have not" nation is begging the question. Actually when 
tif~uium really comes in Do the metals pictt~+.re, we are going to find 
that we have almost inexhaustible sou~ces of titaniferrous ores. The 
industry~ however, must find new orocesses of extraction. Also we 
haven lt really solved the metallurgical problems of magnesiums. !7e 
have inexhaustible sources of that too. We have vast rock formations 
in l:his co,retry and we can produce magnesian from sea water. 

It is the same in al~minum. The on]7 reason we have been using 
bauxite is because it is the cheapest source. If we could develop a 
process which would produce a!~nnint~u as cheaply from other sources, 
we would design more of it into o~ eq~_ipment. We have hi~-grade 
al~minum cl~ys and some rocks contain substs~tial amounts of aluminum 
that will be used some day. The percent may not be as high as in 
ba~xite~ but 'ohe alt~min~m is there. 

I firmly believe that the price of mineral products must rise in 
such a way that the producers will be able to recover in the orice of 
the product the cost of exploration ~nd development, the cost of finding 
new deposits. Somebody has to pay for that. At ~'le present time our 
economic struct~3re is not favorable toward such vent~zres. I think it 
is only fair to recognize that the cost of ~)roduction is not truly re- 
flected in the price of the minerals today. That is the kLnd of economic 
problem we are faced with, and I donit see any way of working iD out 
until we get that done. 

QUF~TT_ON: What is the possibility of substituting silver for 
copper in electrical circuits? Is it economical for that purpose or 
not? 

DR. BOYD: It is not economical. Of course, during the last war 
they pub silver bus bars in to take the place of the copper ones. And 
that can be done again~ It was a tough job all d~.~ing the war to guard 
those bus bars told it was exoens-veo Silver is still a semiprecious 
meta!j also it has to be guarded. 

~T?~.'~'r~,~T,,:.:,,~...~.~. What is the ootential of Canada for copper and other 
nonferrous metals ? 

DR. BO~'. Yt is tremendous~ Canada is a thoroughly~., mineralized 
i • l counf~j. Some of C~uaca ms inaccessible and often short seasons matte 

prospecting difficu!b. 

I would say that outside possibly Africa, and maybe a few other 
areas of the world, Canada has more oossibilities than ~y other country. 
It certainly has a greater mineral potential than any other country Jm 
this hemisohere. It is very difficult to prospect there, even worse 
than in some areas in this couu~y, but we know the minerals are there. 
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QUESTION: Are there an7 high-grade deposits of critical materials 
in this Country or in adjacent areas, like Canada and ~,[exico, that 
have not been worked because of engineering difficulties or because 
they are unexplored? 

DR. BOYD: I suppose so. ! don't know where they are, offhand. 
~ining companies and their mining engineers are always scoutir~ for 
new ore deposits in Canada a~d l~[exico. They are always working in 
unexplored and inaccessible areas. In fact, I don tt ]~ovr of many 
metal mines that are not remotely located. ~fines are usually found in 
the most inaccessible olaces. You have to go into areas like that to 
find minerals. Obviously~ when you discuss mineral economics, whether 
a mine is economic or not depends upon its accessibility and the cost 
of transportation. 

I thJ~nk that all ol~r easily available mineral deposits in this 
country have been pretty thoroughly explo~'ed by the Geological Survey 
or the Bureau of Nines. We Ioao~v of a lot of marginal mines. We kno~r 
of four or five ~ copper. Under the c~a-rent price of copper we couldn't 
get them developed ~!ess we guaranteed them a market. If the price 
stays where it is now-~ 24.5 cents, any companies opening those mines 
v~ould soon be out of business and would waste their money. 

C0~G~NT: And if they were really high-grade~ they ~ould be in 
operation now. 

QUESTION: In the ferrous metals they are beginning to prospect for 
them with aerial surveys, picking out things in the landscape that indi- 
cate the presence of iron ore. Is any bhing being done like that with 
the nonferrous metals? 

DR. BOYD: Very definitely. We are using all these scientific 
methods of prospecting. ]i~en I was dov~ in ~Texico I heard that they 
are using the technologic approach in discovering new deposits. They 
made careful aerial surveys, looking for specific indications in the 
landscape, and had very careful analyses made by geologists. They 
fom~d important new sources of rare minerals. 

Vie have bean studying all the new methods used by geologists that 
have bben developed in the last fe~*r years. The mining operation is 
main]st physical--getting the ore out ~id bringing it into use. But a 
lot of these studies, such as when you start*looking belovr the surface, 
when you go out and drill holes, sink shafts, and run tunnels, cost a 
lot of money. You m~st have geological Imowledge at the bottom of it. 
You have to use not only common sense, but a lot of technical knock-ledge. 
You must have people ~rho can use their imagination, and there has to be 
some chance of getting a return for their'efforts. There has to be some 
incentive for them. If you don,t have it~ you are not going to solve 
the raw material problem. 
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COLO}~L BERKE!}I~" Dr. Boyd, our ~uimatcd question and an~'{er 
period has indicated better than any words of mine could exoress 
o~ir interest in your lecture. _hank you very much. 

(3 jan 195!--650)S. 
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