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ABSTRACT 

This report presents assessments of the efforts of the Bureau of 
Mines in two areas of its mineral resources technology program: alloy 
substitutes research , which deals with substitution of plentiful 
domestically available metals for imported strategic or critical metals , 
and minerals substitutes research , which deals with the development of 
strategic or critical mineral supplies from nontraditional domestic 
sources . 

The alloy substitutes work represents a greatly augmented and 
expanded effort for the Bureau. In 1 982 , much of this work , which had 
been reprogrammed in response to the �ational Materials and Minerals 
Policy Research and Uevelopment Act of 1 980 , was just beginning and a 
detailed, p roject-by-project critique was considered premature. Thus , 
general observations are presented concerning such things as a 
comprehensive strategy for alloy substitution research , alloy development 
as a traditional industrial research forte , long-run high-risk proJect 
support ,  and cooperative agreements between the �ureau and 
nongovernmental organizations. Recommendations focus on the need tor 
establishing clearly defined goals , identifying equipment and manpower 
needs , determining optimum levels of support , redirecting programs to 
more long-range activities , continuing contract research, expanding 
cooperative agreements , continuing joint sponsorship of symposia and 
workshops ,  increasing levels of expertise in al loy development , and 
concentrating alloy substitution work at a single research center . 

Substitute raw materials research and development is a traditional 
Bureau pursuit. Given the poor economic condition of the domestic 
mining , milling, and ore processing industries , it is noted that the 
tiureau must continue to expand its efforts in this area if the nation is 
to reduce imports of critical and strategic materials and remain 
competitive in world markets. The observation , already recognized by the 
Bureau , is made that there is an overemphasis on development of 
nonbauxitic processes for recovering aluminum from domestic 
nonconventional resources , ana it is recommended that the scale of these 
efforts be reduced and that increased emphasis be placed on chromium , 
nickel , cobalt , manganese , and the platinum metals. Also recommended are 
increased Bureau efforts concerning improved recovery of nonferrous metal 
by-product elements (especially in in situ leaching) ,  potential recovery 
of additional elements from seafloo;-noaules , alternative potash 
resources , improved recovery of P205 f rom phosphate rock , and 
recovery of additional materials from solar salt bitterns . It also is 
noted that many of the issues affecting increasing imports are 
institutional rather than technical and that it therefore may be 
important for the Bureau to provide for deeper consideration of such 
issues. 
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PREFACE 

In 1980,  at the request of the Bureau of Mines of the U . S.  Department 
of the Interior , the National Materials Advisory Board established the 
Committee on Mineral Resources Technology to provide an ongoing 
as ses sment of the materials aspects of the Bureau's Mineral Resources 
Technology Program. Emphasis was to be on identifying gaps and 
suggesting opportunities for making the program as effective and 
responsive as possible to national needs. Uuring 1 9 82 ,  the committee 
continued its efforts and examined in greater depth selected portions of 
the program areas considered the previous year (i. e. , the Bureau's 
efforts in minerals thermochemistry and materials substitutes) . 

This report presents the results of the committee's evaluation of the 
Bureau's materials substitution efforts . An on-site assessment of the 
Bureau's research centers at Albany , Oregon and Rolla ,  Missouri was 
performed by committee members John J .  deBarbadillo and Harold E . 
Goeller. They were joined for the Albany visit by committee chairman 
Nathaniel Arbiter, committee member Milton E. Wadsworth, liaison 
representative Kenneth w. Mlynarski , and staff officer Richard M .  
Spriggs. Accompanying them for the Rolla visit were liaison 
representative James T .  Dunham and staff officer Spriggs. Committee 
member Wadsworth also visited the Bureau's Salt Lake City , Utah research 
center. The initial draft of this report was prepared by Messrs  
deBarbadillo and Goeller. 

It should be noted that several months have elapsed since the on-site 
as sessment was completed (in September 1982) . In the intervening period , 
the Bureau has already implemented a number of changes anticipated by the 
recommendations of this report and the on-site discus sions held between 
committee members and Bureau staff . 

This report has been reviewed by the committee and by outside 
reviewers. Readers should keep in mind that this report deals only with 
a limited portion of the total Bureau of Mines effort in mineral 
resources technology . Reports evaluating other parts of the effort are 
being published separately, as will be the committee's overall report on 
the mineral resources technology effort . * 

On behalf of the committee , I would like to thank those who 
participated in this project. Special thanks are extendea to the 
directors and staffs of the Bureau of Mines research centers at Albany , 
Rolla , and Salt Lake City . 

Nathaniel Arbiter 
Chairman 

*As a result of a recent reorganization of the Bureau of Mines , the 
nonmining portion of the Mineral Resources Technology Program is now 
identified as the Minerals and Materials Research Program . 
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1 

INTRODUCTION 

The Committee on Mineral Resources Technology has been charged with 
providing an ongoing assessment of the Mineral Resources Technology 
Program of the Bureau of Mines and especially with identifying gaps and 
suggesting opportunities for making the program as responsive as possible 
to national needs . 

During 1 982 the committee was asked to assess in depth those portions 
of the program dealing with minerals and materials substitution efforts . 
The overall program for 1 982 focused on three general topical areas: 
advancing mineral science and technology , conserving domestic mineral 
resources, and developing domestic mineral resources. That portion of 
the program devoted to developing domestic mineral resources included 1 5  
projects concerning the use of plentiful resources and 3 4  projects 
concerning substitutes for critical and strategic minerals .* The 
critical and strategic materials project area represented a Bureau of 
Mines response to requests from the industrial community and directives 
from Congress and federal agencies to develop research programs aimed at 
reducing U.b.  dependence on imported strategic and critical materials. 
It included ongoing projects that had been reprogrammed into the new area 
as well as a number of new projects in the physical metallurgy-alloy 
development field. Because the new p rojects represented an important and 
greatly expanded Bureau effort in several areas of metallurgy , the NMAB 
Committee on Mineral Resources Technology was requested to review these 
activities in detail . 

Bureau projects typically are distributed among the various research 
centers according to available manpower , equipment , and traditional 
industry orientation . During 1 982 , members of the NMAB committee visited 
the Bureau research centers at Albany , Oregon; �alt Lake City , Utah; and 
Rolla , Missouri. Projects being conducted at these centers were 

*In the broadest context , critical and strategic minerals or materials 
are considered to be those that would be needed to supply the military , 
industrial , and essential civilian needs of the country during a national 
emergency and are not found or produced in the United �tates in 
sufficient quantities to meet such needs. 
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2 

discussed in detail with the element managers , research supervisors , and , 
in many cases , the project scientists . Information on additional 
projects was available from committee members who had visited other 
Bureau research centers during the previous year . 

It was immediately apparent that the projects included in the area 
identified as "substitutes for critical and strategic materials" covered 
a broader spectrum of research than the area title would suggest. In 
fact , some of the projects were unrelated to the substitution theme , and 
the project docket was subsequently redefined to eliminate this confusion. 

The following review of the Bureau program has been restricted to a 
consideration of two aspects of the substitution effort: minerals , which 
actually deals with the development of strategic or critical mineral 
supplies from nontraditional domestic sources , and alloys , which includes 
substitution of plentiful , domesticall y available metals for import ed 
strategic or critical metals. Although the minerals area is at moat a 
reclassification or reorientation of some ongoing Bureau activities , the 
alloys area represents a greatly augmented and expanded effort. Since 
the two program areas are quite distinct , their reviews are presented 
separately in this report . 
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2 

ALLOY SUBSTITUTES 

Awareness that different materials can fill the same end-use 
requirements probably is basic to the development of industrial society. 
Contrary to the impression one might draw from recent trade literature, 
organized efforts to seek substitutes for scarce or expensive materials 
undoubtedly predate the time when metallurgy was recognized as an 
engineering discipline. Substitution itself is a rather broad subject 
involving the interchange of alloying elements within a basic alloy 
system, the interchange of alloy systems with alternate nonmetallic 
materials, and the use of composite products. 

The number of applications in which materials are interchangeable is 
great and many quite commonplace materials are involved . Consider , for 
example , the container industry in which coated steel , aluminum , glass, 
paper , woven fibers , plastic , wood , and animal hides all vie for a share 
of a multibillion dollar business . Substitutions of one of these 
materials for another occur constantly in response to changes in energy 
and raw materials availability , production costs , recyclability ,  and 
service requirements . 

Historically , industrial research on alloy substitutes has been 
concentrated on improving properties or reducing raw materials costs and 
only during occasional shortages ,  especially during World War II and the 
�orean conflict, were major substitution efforts undertaken. In some 
cases , research aimed at developing substitutes for scarce metals has 
produced generally applicable results. One example is in the area of the 
hardenable grades of alloy steel. Originally , these were single alloy 
materials of rather high alloy content. Research projects in several 
laboratories over a period of years demonstrated not only that 
hardenability could be provided by a number of interchangeable elements, 
but also that the elements were synergistic in their effects . As a 
result , a new family of hardenable steels having small quantities of 
several elements emerged. Specification of the composition of such 
alloys has become highly sophisticated with the use of computer-based 
alloy selection programs that facilitate specification of composition 
based on optimization of one or more variables such as alloy cost , 
physical properties , or mill processing factors . (One such program is 
the International Harvester Company computer alloy program called "CHAT , "  
in which the Bureau has participated . )  

3 
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During recent years substantial interest in the substitution of 
alloys or alloying elements has resulted from recognition that the United 
States is dependent on imports for many of its metallic raw materials . 
The Arab oil embargoes and the development of the OPEC oil price 
structure followed by severe shortages and high prices for metals such as 
cobalt and tantalum have stimulated great concern that u . � .  political , 
military , and economic objectives could be affected adversely by external 
noamarket factors . One strategy to combat such potential vulnerability , 
which reportedly has been pursued extensively by the Soviet Union , is to 
use only domestic raw materials wherever possible even though reduced 
service performance or higher product cost may have to be tolerated .  

Alloy substitution research aimed at ameliorating the above concern 
departs significantly from the traditional efforts in that the goal is to 
develop substitutes for elements that are neither scarce nor costly but 
simply not produced domestically. However , the possibility that the 
availability of such elements might be restricted or that their p rice 
might be increased arbitrarily is not sufficient , given today's economic 
climate , to stimulate industrial investments in such research . 
Furthermore , industry will not use the results of a substitution research 
program unless the resulting alloy offers superior properties or lower 
cost. Thus , it generally has been agreed that the initiative for 
sponsoring alloy substitution research , if it is to be done at all , will 
have to come from the federal government. This might take the form of 
work conducted within government research facilities , contract or 
cooperative research at outside facilities , or the compilation and 
dissemination of available published information . In those cases where 
immediate industrial application of the results of substitution research 
was not practical , the data could be incorporated into an information 
stockpile which would be managed by an appropriate agency for utilization 
when needed. 

An additional issue bears on the direction of alloy substitution 
research. Although it sometimes is justifiable to conduct research 
projects in a general area with the hope that the results will have such 
broad applicability or take such a serendipitous turn that the results 
will justify the effort , sponsoring organizations usually demand a 
clearer view of the potential usefulness of their funds. In the case of 
alloy substitution , the principal benefits are perceived to arise in the 
event of restricted availability of various mineral commodities. 
However , several observers have pointed out that mineral commodities are 
likely to be restricted for only brief periods because of the financial 
needs of the supplying corporations or countries . Consequently , it is 
possible that only during a major non-nuclear war would substitution for 
imported elements become a major strategic requirement. In this context , 
a number of short-range strategies including stockpiles , allocation , and 
general conservation procedures must be considered along with the longer 
range strategy of alloy substitution. In addition , the question is 
raised as to whether substitution research should cover the entire 
spectrum of critical element usage , should concentrate on the largest 
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volume uses , or should restrict itself to defined essential uses. 
Consideration of this question is important because the field of alloy 
research is so broad that a program within the financial and technical 
resources likely to be available to the Bureau of Mines will have to be 
carefully targeted and directed to be effective . 

CUR&ENT PROGRAM 

The Bureau's projects on alloy substitution were reviewed during the 
summer of 1 982 .  At that time, the substitution for critical and 
strategic materials area included 34 projects. Of these, six in-house 
projects and four contracts dealt with substitution for critical elements 
within a defined commercial alloy base. Eight other in-house projects 
were aimed at the development of unique coatings, claddinga , or composite 
structures with the stated objective of reducing requirements for 
critical metals in industrial applications. Three additional projects 
were considered to fall into the category of exploratory phenomenological 
research, again with the goal of indentifying opportunities for alloy 
substitution work. The alloy substitution projects are listed in 
Table 1 . The remaining projects are considered in the substitute raw 
materials chapter of this report. 

The total planned expenditure for alloy substitution for fiscal 1 982 
at the research centers was $3 . 76 million. A significant portion of the 
Bureau's all oy substitution work represented research that had recently 
been reprogrammed in response to the National Materials and Minerals 
Policy , Research , and Development Act of 1 980 . Not all of it was 
reviewed , and a detailed project-by-project critique seemed premature. 
For the moat part, the committee's assessment was that tbe problema 
identified were real and the project goals were technically realistic. 
There is a significant degree of duplication of prior and ongoing 
industrial work (some of which may be proprietary); however , this is 
quite understandable considering the abort period of program preparation 
for the augmented and expanded portions of the reprogrammed effort. In 
general , the equipment available to support the work under way at the 
Albany Research Center was adequate. Equipment at Rolla , and possibly at 
the other research centers , appears to the committee to be somewhat 
out-dated or inadequate for this research. However , it is assumed that 
as the projects evolve , additional state-of-the-art equipment will be 
acquired or cooperative arrangements made to use non-Bureau laboratory 
facilities. 

The committee was informed that current restrictions have made it 
difficult to hire engineers experienced in the alloy development fiel d .  
Consequently , the research center managers have been forced to shift 
personnel from other research f ields into the alloy development work in 
order to meet the new programming goals. Nevertheless , the personnel 
interviewed at Albany and Rolla were generally enthusiastic about their 
work and appeared to have acquired a creditable level of expertise in the 
technologies involved. Again , the committee assumes that additional 
staff members with pertinent experience will be hired. 
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t&ILE 1 Alloy Subatitution leaearcb Project• 

lulluwa Code T1tle 

Pheno.eaoloaical or Loal-laD&• Alloy Developeent Project• 

S-82�-ll 
Av-82�-ll 
10-82�-15 

Wear of ainina equipaent 
Applied corroaion reaearch 
Alloy• to reaiat hydroaen eabrittl ... nt 

Allot Subatitution Proiecta 

AL-82�-19 Subatitutea for critical .. teriala in 
ainina aDd proceaaina equipaent 

AL-82�-16 Cbroaiu.-free aad lov-chroaiua alloya 
•• aubatitutea for atainleaa ateela 

AL-82�-22 Diaperaion-atrenathened alloy• to reduce 
critical .. teriala needa 

AL-82�-17 Subatitutea for cobalt in c ... nted carbide• 
aDCI tool atHla 

U-82�-15 Cobalt aubatitutea in pera&Dint .. aneta 
J0188167 Developaent of chroaiu.-free coutructioaal 

alloy ateela 
J0295073 Chroaiua aubatitution in atainleaa ateela 
J0295073 Potential for developaent of .. naaaeae-baae 

alloya •• aubatitutea for chroaiua-
bearina alloya 

JOll3104 Developaent of chroaiua-free conatruction 
alloy• ateela 

Unique Structure• and Co!poaitea 

AL-82�-18 

AL-82�-24 
10-82�-13 

10-82�-12 
AV-82-tli-12 

10-82�-ll 

W.ar-reaiatant .. teriala for ainina aad 
aiaeral proceaaina equipaent 

Surface alloyina of iron-baae caatina• 
Ch-ical-vapor-depoaited coatina• for 

valve coapoaenta 
Hard aurfacina of ateela 
Surface nitridina for corroaion 

protection of puap and valve coaponenta 
laproved aolderina aDCI bra&in& ayat-• 

Miacellaaeoua Project• 

SJ.-82�-15 

AJ.-82�-15 

Vapor-ph••• production• of titaniua alloy 
powder 

laproved titaniua coaponenta throuah 
innovative proceaaina techboloay 

leHarch 
Center 

Spokane 
Avoadale 
Rolla 

Albany 

Albany 

Albany 

Albany 

Reno 
Contract 

Contract 
Contract 

Contract 

Albaay 

Albany 
Rolla 

Rolla 
Avondale 

Rolla 

Salt Lake 

Albany 

Puadina 
(thouaaada 
of dollara) 

20 
310 
150 

130 

610 

230 

415 

155 

500 

us 
155 

165 
120 

190 

240 

215 
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GENERAL OBSERVATIONS 

As stated previously ,  the Bureau's present alloy substitution 
research represents a greatly augmented and expanded program made 
pos sible by reprogramming in response to the 1 980 Act. Research work is 
under way in the newly programmed areas , and same interesting results 
already have appeared. However , before the Bureau invests much more time 
and money in the program, the following matters should be addressed: 

1 .  At the time of the as sessment , the Bureau had not yet developed a 
comprehensive strategy for alloy substitution research. The current 
program at that time was clearly a "grass roots" response to a fairly 
vague and broad directive , and the direction and probable results of some 
projects may not be consistent with the goal of reducing requirements for 
critical elements. 

2 .  Alloy development has generally been the traditional forte of the 
industrial research community and , to a lesser extent, the national 
laboratories .  Despite the current economic climate and widespread staff 
reductions at many industrial research facilities , an enormous amount of 
this type of work continues .  Industrial firma generally are better able 
to identify problems or opportunities for new alloys and are more capable 
of commercializing their work directly . The institutional isolation of 
the �ureau laboratories from the marketplace could prove to be a major 
disadvantage. 

3 .  Since both industrial and national laboratories have been active 
in alloy development for many years ,  they possess a vast body of 
experience, equipment , and proprietary information. The cost of 
duplicating even a part of these technical and intellectual assets may be 
beyond the resources of the Bureau of Mines . Through appropriate 
contract funding (as exemplified by its contract with the International 
Harvester Company) , the Bureau could gain direct access to some of these 
facilities and knowledge; if it does not do so, pertinent information on 
alloy development is likely to be incomplete and out-dated when available 
at all. 

4 .  Many believe that government involvement in any research should 
be restricted to supporting very long-range, high-risk projects (e. g. , 
developing technology to extract minerals from domestic, low-grade , 
unconventional deposita) and to addres sing national problema for which 
private-sector economic incentives are lacking (e. g . , finding substitutes 
for chrominum in iron and steel). The Bureau's current alloy 
substitution program includes projects in areas already being addressed 
by industry . This is especially true in the coatings , claddinga , and 
composites field , and continuation of the Bureau's applied research and 
development projects in this area should be reviewed very carefully for 
any duplication. 

5 . The Bureau has established an extensive series of cooperative 
agreements with industrial firma , trade associations , and other 
government agencies . For the most part , these agreements are in the 
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traditional spheres of the Bureau's activities .  However, it has moved to 
establish new agreements in the alloy development field. In particular , 
the Bureau has developed ties with the American Society for Metals , with 
which it cosponsored a symposium at Vanderbilt University in 1 9 82 .  It is 
essential that these ties be extended and strengthened so that the 
Bureau's activities will have the visibility necessary to stimulate the 
needed technical input f rom industry . The effectiveness of such 
interaction would be further enhanced if it were directed by an 
individual with considerable experience in industrial or academic alloy 
research and market development. 

RECOMMENDATIONS 

In the area of alloy substitutes the following recommendations are 
made: 

1 . The Bureau's Washington staff should establish clearly defined 
goals for the alloy substitution research. Based on these goals specific 
Uaplementation strategies can then be developed. The foregoing should 
take into consideration the major substitution programs of other 
organizations and government agencies . 

2 .  Equipment and manpower requirements for the next five years 
should be determined. The resources likely to be available to the Bureau 
must be reconciled with what is needed to do the job . 

3. The level of funding required to support successful research in 
specific selected areas should be determined. The needs of the 
industries moat familiar to the Bureau should be emphasized . The 
resources lequipment, personnel , etc. ) needed for specific projects will 
vary , but current funding levels for individual projects appear to be 
inadequate. 

4 .  A permanent , independent oversight committee to advise the Bureau 
on the currency and pertinency of ita alloy research , and composed of 
representatives f rom industry and academia who are experienced in the 
alloy development field, should be established. 

5 .  Consistent with federal directives and guidelines for research , 
the alloy substitution program should be redirected to focus on 
long-range activities. Work should be aimed at identifying broad alloy 
responses to industrially important environmental conditions. The 
specification of optimum alloy should be lef t to industry . 

6 .  Consistent with overall funding and staff levels within the 
Bureau, contract research at industrial facilities with extensive 
capabilities in specific alloy fields should be continued . 

7. Cooperative agreements with appropriate societies and industrial 
groups should be strengthened and expanded to provide for program 
visibility and to generate private-sector input . 
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8. The various activities of the Hureau and its personnel in areas 
such aa joint sponsorship of symposia and workshops , committee 
participation , publication of reviews and data sheets , which have been 
effective in the past , should be continued. 

9 .  The Bureau should increase its expertise in physical metallurgy 
and alloy development. This should include the hiring of personnel with 
industrial experience. 

10 . Alloy substitution work should be concentrated at one research 
center to facilitate project management , staff interaction , and efficient 
utilization of equipment . The research center at Albany , Oregon appears 
to be the moat logical choice . 
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S UBSTITUTE .lWl MATERIALS 

Whereas tbe a l l oy substitutes work represents a greatly augmented and 
expanded effort for the Bureau of Mine s , the deve l opment of new proc e s se s  
to win me ta l s  and othe r  p roducts f rom ore s  has l ong been a s ignif icant 
Bureau c oncern and fal l s  c learly within i t s  h i s torical ly def ined 
respons i b i l itie s . Thus , the deve lopment of p roc e sses to uti l ize domestic 
raw materia l s  as substitute s  for �ported raw materia l s ,  ore 
c oncentrate s ,  and f inished mater ia l s , re f l ec t s  only rede f inition of the 
goa l s  o f  a trad it ional Bureau ac tivity--as indeed is the case with the 
material s re searc h  work . 

The gene ra l h i storical pe rspec t ive and current s t rategy for 
sub s t itute raw materia l s  re search is muc h t he same as for subst itute 
al loy deve l opment . S ince the se aspects of the Bureau ' s effort s were 
d iscus sed in Chap ter 2, t hey wi l l  not be mentioned here except to note 
certain d i f fe rences . 

The Bureau has had long stand ing and c l ose re lat ionships wi th the 
various dome s t ic indus t ries involved in t he mining , mi l l ing ,  and 
proc e s s ing of ore s  and has done cons ide rab le re searc h in mining , 
bene f ic iat ion , and proc e s s  deve lopment to aid the se indus t rie s .  ue spite 
suc h e f fort s ,  domes t ic produc t ion of many nonrenewab le materia l s  has been 
dec l ining s tead i ly ,  e spec ia l ly s inc e World War I I , and the United S tates 
now imports some 90 percent or mo re of 15 e l ement s and me tals and some 
50 percent of 28 mate rial s .  This dec l ine has been acce lerated by several 
factors inc lud ing extens ive dep let ion of the dome s t ic high-g rade ore s  of 
numerous material s ;  h igh l abor cos t s ; s t r ic t  envi ronment a l  regulat ions ; a 
s l owing of industrial re searc h ,  which i s  aimed more at �provement of 
ex i s t ing proc e s se s  than at deve l opment of new one s ; and more aggre s s ive 
re searc h  and ope rat ions in fore ign nat ions , many of wh ic h extens ive ly 
subs id ize such e f forts.  As long as dome s t ic manufac turing indus t ries 
cont inue t o  ut i l ize lowe s t  cost materia l s , �port s are a lmo s t  c e rt ain t o  
cont inue to inc rease desp i t e  c oncern about the nation ' s  l ac k  of 
se l f -suf f ic iency . Only if greater s e l f -suf f ic iency we re to bec ome a 
primary nat iona l goal as it is in the Sovie t Union wou ld there be a turn 
around in the U . S .  �ports pos ition. 

Neverthe le s s ,  the Bureau's role in developing new proc e s s e s  is viewed 
a s  va l id in that it is a imed at slowing, wheneve r possible , the increased 
use of imports. Unlike alloy development, which i s  largely the arena of 

1 1  
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private indus try , the serious position in which the domestic minerals 
industry now finds itself virtually requires an active Bureau program 
designed to develop new processes to utilize domestic resources in order 
to keep up with foreign developments and to p rovide a technological base 
for application in conjuction with national stockpile policies in any 
long-term emergency. 

The development of new processes can be aimed either at the use of 
relatively low-grade conventional ores or at the use of alternative , 
nonconventional resources. Both approaches can result in substitutes for 
imported materials ,  but the latter seems more appropriate for Hureau 
research and development since it more nearly meets the oft-mentioned 
criteria of long-range , high-risk research that industry is less likely 
to undertake in the near future. Nevertheless , current Bureau activities 
include process developments for both low-grade and alternative resources. 

In most cases, the use of low-grade conventional resources represents 
only small to moderate additions to existing resources. The Duluth 
gabbro is an exception, however, since its successful exploitation 
through process improvement or new process research would greatly expand 
domestic reserves of nickel , cobalt, and , possibly , chromium and the 
platinum metals ,  all of which are imported to the extent of 90 percent of 
demand or more. Although industry could develop this resource, it is not 
likely to do so because of the material's low grade and resulting high 
cost. Thus, the Bureau has conducted an extensive program on this 
resource aimed at providing data to industry through technology transfer 
in the hope that earlier-than-anticipated exploitation might occur and 
significantly reducing the nation's import dependence on some or all of 
these critical and strategic metals.  

The development of new processes for using alternative or 
unconventional resources in some cases can extend present conventional 
resources greatly. For example, successful development of processes to 
recover beryllium from nonpegmatitic resources and columbium (niobium) 
f rom pyrochlore increased world resources of these two metals a 
phenomenal hundred fold.  New processes to utilize bastnaesite as well as 
monazite tripled rare earth resources and use of brines in addition to 
spodumene and other pegmatite minerals doubled lithium resources . The 
Bureau currently is developing a proces s to recover lithium from 
lithium-bearing cl ays that, if successful , again may double resources of 
this element . Because domestic bauxite resources are very small ,  the 
Bureau has conducted numerous development projects aimed at recovery of 
alumina f rom a number of alternative resources including clay 
(kaolinite) , anorthosite, dawsonite , powerplant fly ash , and anthracite 
culm. 

Such research activities are not , however , all embracing. For 
example, the likelihood of finding domestic conventional or alternative 
resources of tin is so small that no efforts beyond limited geological 
exploration to provide small incremental additions to a small resource 
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base seem warranted. With existing technology the same is true for 
chromium. However, development of improved beneficiation methods to 
permit utilization of low-grade resources could greatly increase domestic 
chromium resources , and the Bureau already has had succes s with domestic 
laterite resources . 

Although the aim of the Bureau's substitutes development program is 
to replace imports at least partiall y ,  it would appear that this is not a 
wholly justifiable goal in many cases. For example, even though the 
United States imports 90 percent or more of its requirements for nickel, 
cobalt, manganese, niobium and the platinum metals ,  the resources {as 
opposed to reserves) to demand (R/D) ratio for all of these metal s is at 
least 40 years , which is sufficient to justify development of a 
substantial domestic industry in each case if costs and prices could be 
made more nearly competitive with imports. Because f oreign ores 
generally are richer , it seems unlikely that new process development 
alone will meet this competition and economic incentives such as tax 
incentives , tariffs ,  and subsidies also will be needed if greater 
domestic self-sufficiency is to be achieved. Part of this analysis 
centers on the fact that unless the need for such policies is recognized, 
the nation will continue to fall increasingly behind . 

CURRENT PIWGRAM 

In fiscal 1982, the Bureau was pursuing 10 projects (8 on aluminum 
and 2 on cobalt and nickel) in the substitutes for critical and strategic 
minerals area . In addition, a large number of other Bureau projects 
focus on modifying existing processes and devel oping new ones to use 
leaner conventional or alternative ores , and these activities al so have, 
at l east in part, a substitute aspect . 

The 10 projects on substitute raw materials are listed in Table 2.  
Of these, only the two on recovery of alumina from clay by 
carbochlorination being carried on at the Bureau's Albany research 
center , which was visited by members of the committee , were reviewed with 
the research staff . The other 8 projects are being done at other Bureau 
research centers not visited this year and their review was based on 
reports and discussions with committee members who had visited some of 
these sites last year . 

The bulk of the work on alumina is being carried out at �eno , Nevada 
and ita satellite , pilot plant facility at Boulder City.* The first 
three projects are concerned with various aspects of the recovery of 
al umina from clay by leaching with hydrochloric acid. The next three 

*As pointed out in the preface , several months have elapsed since the 
present asses sment was completed. In the intervening period , the Bureau 
has implemented a number of changes , such as the completion of the 
alumina work and the closing of the Boulder City facility . 
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tABLE 2 lev Kateriala Subatitution Reaearch 

luMinea Code 

IC-82-tlll-3 

IE-82-Mil-12 

U-82-Mil-13 

u-82-ta-14 

IC-82-IIR-5 

J0215022-ll 

AL-82-IIR-14 
J0199151-AL 

Title 

Extraction of al�ina f� clay 
uaina hydrochloric acid leachiq 

lleedatre• treat-at and al.,.inua 
chloride hexahydrate diaaolver deaian 

Extraction of al .. ina fr� clay by 
new , U.,roved leachina technique• 

!&traction of alumina fr� anorthoaite 
uaina bydrochlorite acid leachina 

Recovery of alumina fr� coal aah and 
coal abale 

Extraction of al�ina fr� anthraci te 
cub. with ener&J recovery 

Carbochlorination of da.eatic clay 
Kaaa apectra.etric atudy of vapor­

tranaport reaction• in carbochlorination 
of clay 

Mickel, Cobalt, and Platin.,.-Group Metala 

TC-82-Mil-23 

SL-82-Mil-14 

Recovery of platinua-aroup -tala, 
cobalt, and nickel fr� Duluth Gabbro 

Separation and recovery of cobalt 
fr� hydro.etalluray aolutiona by ion 
eac:haqe 

Reaearch 
Center 

Boulder 

Reno 

Reno 

Reno 

Boulder 

City 

City 

Fundiq 
(thouaanda 
of dollara) 

175 

95 

240 

85 

130 

Reno /lneraY lnc. 0 

Albany 300 
Albany/Colorado 50 
School of Minea 

Twin Citiea 300 

Salt Lake City 205 
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projects are designed to determine the feasibility of applying this 
process to anorthosite , coal ash and coal shal e ,  and anthracite culm. 
The culm project is being conducted under a subcontract with Energy, 
Inc . , and also is concerned with the recovery of energy for process use 
from the residual anthracite in the culm. The work at Albany , incluaing 
a subcontract with the Colorado School of Mines , is devoted to the 
development of an alternative process for clay using carbochlorination to 
produce an anhydrous aluminum chloride free of impurities . 

Several projects on the recovery of alumina from nonbauxitic 
resources in other Bureau program areas also are in progress or have been 
completed. They include additional support projects at Reno and Boulder 
City for leaching of clay with hydrochloric acid, recovery of alumina and 
soda ash from dawsonite-bearing oil shales (Albany ) ,  recovery of alumina 
from clay by nitric acid leaching (Boulder City) , fractionation of 
aluminum and silicon chloride mixtures (Boulder City) , and two 
subcontract efforts . 

The first of the second group of projects on substitute raw materials 
listed in Table 2 is concerned with filling in gaps in existing 
technology to permit recovery of nickel, cobalt , and the platinum metals 
from Duluth gabbro (Twin Cities) ,  while the second involves use of ion 
exchange rather than conventional precipitation methods for the 
separation and recovery of cobalt from hydrometallurgy sol utions . uuring 
1 981, 1 982, and/or 1 983 the Bureau also pursued six additional process 
development projects on nickel, five on cobalt, two on platinum metals, 
six on chromium, and one or more on most other critical and strategic 
elements . Finally, the Bureau has working agreements with a large number 
of mineral companies , mineral industry associations , and universities 
designed to identify problema and areas where Bureau research may be 
needed, to facilitate the transfer of Bureau-devel oped technology to 
industry and to promote cooperative , process test demonstrations within 
industry . 

Because so much of the current substitute raw materials effort is 
devoted to development of new processes for recovering alumina from 
nonbauxitic domestic raw materials, it seems appropriate to review this 
Bureau activity over a longer time frame in order to show how projects 
become initiated and how incentives and goals can change as the overall 
problems and conditions change with time. In the wake of the Arab oil 
embargo of 1 9 72-73  and OPEC's success in bringing about very large 
increases in oil prices, there was considerable concern that other 
cartels would be formed for nonrenewable materials in which the Unitea 
States is resource-poor . This was particularly true in the case of 
bauxite resources , which occur predominantly in tropical developing 
countries . In response , the Bureau became actively engaged in a number 
of projects aimed at providing processes (most employing acid-leaching 
methods) for utilizing alternative domestic al uminum resources such as 
clay. 
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Attempts to form a bauxite cartel failed , however , and Australia , a 
f riendly and reliable source of imports, continued to be the world's 
leading bauxite producer with the world's second largest resource 
(1 8 percent) , surpassed only by Guinea with 22 percent. Uiscovery of 
bauxite resources , already with an R/D ratio of 470 years lcompared to 8 
for the United States) , continued to increase ,  and the world and domestic 
aluminum industries showed little interest in shifting away from bauxite; 
in fact , it became increasingly apparent that the domestic industry was 
very unlikely to invest in new alumina production facilities of any 
kind. Thus , the development of nonbauxitic processes seemed increasingly 
less necessary . Nevertheless ,  by fiscal 1 981 , 1 982 , and 1 983 , the Bureau 
had 1 7  projects, including subcontracts , in progress. 

Based on committee observation, the traditional Bayer proces s for 
bauxite is so simple , efficient , and economic that it seems very unlikely 
to be replaced by more complex acid-leaching processes . By its own 
admission, the Bureau concedes that these acid processes are fraught with 
difficulties , which is probably the main reason for the proliferation of 
projects , many of which were established to work out various proces s 
shortcomings. In recognition of these facts, the Bureau now is 
concluding most of its efforts in this area. It now seems that the only 
advantages of using domestic nonbauxite resources would be to marginally 
improve the nation's balance-of-payment position and to as sure an 
aluminum supply in the event of a war of such duration as to completely 
deplete aluminum resources and materials in the national stockpile . 

GENERAL OBSERVATIONS 

This section summarizes the committee's general observations on the 
Bureau's raw materials substitution research and development program . 
Specific recommendations on ongoiQ¥ and future efforts are covered in the 
last section of this chapter. Insofar as possible , these comments have 
attempted to answer questions posed on page 3 of the 1 982 committee 
report,  "As sessment of Mineral Resources Technology Program of the u.s. 
Bureau of Mines" (NMAB-399). 

1 .  The current list of projects in the raw materials part of the 
Bureau's program for substitutes for critical and strategic minerals 
appears incomplete since many of the Bureau's other process development 
activities fall well within the definition of substitutes , as is quite 
evident from a perusal of the various project descriptions in Appendix A 
of NMAB 410-3 . The present list appears to overemphasize alumina , which 
involves 13 separate projects versus a maximum of 6 for any other 
element. It is suggested that a further subdivision into processes for 
low-grade , conventional ores and processes for alternative , 
unconventional resources may be helpful ,  since work in the former area 
focuses largely on existing-process improvements and in the latter , 
mainly on the development of new processes . 
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2. Us ing this expanded def init ion ,  t he  Bureau ' s  p roj ec t s  appear t o  
rep re sent a reasonab ly balanced e f fort among t he various c ri t ical and 
s t rateg ic minera l s  ( exc ept for a lumina )  and be tween indu s t ry need s and 
government a l  s t rategic conc e rns . The commi t tee ag ree s wi t h  t he Bureau ' s  
recent de-emphas i s  of i t s  effort s  on alumina and rec ommend s  that t he 
free ing up of manpowe r and fund s by suc h  de-empha s i s  be red i rec ted to 
inc reased e f fort s on the "ultr81B8fic" me t a l s , chromium , nic ke l , coba l t , 
and the p lat inum me t a l s  and s ignif ic ant ly inc reased ac t ivity on 
mangane se ,  which is an ind i spens i b le ingred ient in s tee lmaking . The bulk 
of re sourc e s  and produc t ion o f  mo s t  of t he se e lement s i s  in southern 
Af r ica and the Soviet Union , bot h  potent ia l ly unre l iable import sources. 

3. S inc e t he p l ight of the dome s t ic mine ra l s  indu s t ry has 
cons iderably worsened s ince t he c ommi t t ee ' s ove ra l l  review (�-399)  in 
1981, i t  heart i ly re-endorse s it s sugges t ion ( p .  1 4) t hat t he Bureau ' s  
ef forts on new p roce s s  deve l opment be s igni f ic ant ly expanded . In 
part icular , s ince many of t he minera l s  c ompanie s have reduced t he i r  
re search s t af f s , this wou ld b e  a n  exc e l lent t ime for t he Bureau to 
augment its profe s s iona l s taff wi t h  we l l  t rained sc ient i s t s  and eng inee rs 
i f  manpowe r ce i l ing s  could be l if ted . 

4 .  It wi l l  be ve ry d i f f ic u l t  to improve ex i s t ing p roc e s se s  or to 
deve lop new one s t hat can compete economic a l ly with import s of many 
materia l s  bec ause fore ign resourc e s  now are gene ra l ly bet ter and ric her , 
fore ign techno logy and fac i l i t ie s  are of ten supe rio r ,  labor cos t s  a re 
lowe r ,  and envi ronmenta l  regu lat ions are l e s s  seve re . Thus , p roc e s s  
deve l opment s wou ld have to b e  supp lemented w i t h  economic incent ive s for 
indus t ry suc h  as eas ier t ax write-offs.  I n  add i t ion, improved 
se l f-suf f ic iency s hou ld depend on greater at tent ion to s t rateg ic 
cons iderat ions by gove rnment s ince ec onomic forc e s  a l one wi l l  re su l t  only 
in inc reas ing import s .  Ue sp ite t hese prob lems , an ac t ive re searc h  
p rog ram b y  t he Bureau is imperat ive t o  ke ep suc h p roblems from bec oming 
eve n worse . 

5 .  Some inc rease i n  ba s ic re searc h  e f fort s appears warranted under 
the long -range ,  high-risk p roc ess se lec t ion c riteria because t h i s  i s  
p robably t he be s t  way for the Uni ted S t ates t o  make quantum leap s  in 
technology a dec ade or more away and to stay in c ompe t i t ion with other 
nations. This type e f fort ( e . g . , thermochemi s t ry at Albany ) c an be done 
in-house where personnel and facilities are available and adequate , but 
muc h of it should be subcontrac ted to universities whe re most of the 
latest scientific discoveries and innovations are being made . 

6 .  At the other end of the process development spec t rum ,  the Bureau , 
in cooperation with the national laboratories , c ou ld cons ider becoming 
involved to a greater extent in the p i lot planting of new processes . 
Given the current economic condition of the mineral industries , it is 
becoming inc reasingly l ess likely that industry wi l l  undertake such 
work . Thus , if such work is to be done at all, the Bureau must take the 
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l ead . I t  i s  hard to se l l  new p roc e s s e s  without a p i l o t  p l ant 
demons t rat ion . S im i l a r  e f fort s are be ing supported by fore ign 
gove rnment s ,  and unle s s  the U . � .  government support s suc h  ac t ivit ies 
the nat ion wi l l  undoubted ly f a l l furt her behind in demons t rated new 
tec hno logy . 

7 .  The commi t tee was briefed by Washing t on Bureau staf f on a new 
programmat ic dec i s ioumaking proc e s s  t hat inc l ud e s  a new me t hod of 
se lec t ing proj ec t s  for s t udy . Thi s  new me t hod appears quite superior to 
older one s but only t ime and expe rience wi l l  re a l ly prove its wor t h .  It 
ha s many c ommona l it ie s  with De l p h i  p roc e s s e s  t hat have been quite 
succ e s sful in add re s s ing and eva l uat ing othe r  type s o f  ac t ivi t ies . 

RECOM!t.ENDATIONS 

Th i s  f i na l  sec t ion of the report l i s t s  seve ra l  spec i f ic examp l e s  of 
areas in which t he Bureau might c hange t he d i rec t ion of ex i s t ing p rograms 
and /or undertake new ini t iat ive s in t he deve lopment of p roc e s se s  for 
dome s t ic raw materia l s  in order t o  inc rease se l f-su f f ic ienc y  in 
nonrenewable ma t e ria l s  by reduc ing import s .  The c ommi t tee recommend s t he 
f o l lowing ac t ions in t h i s  area : 

1 .  As no ted ear l ier , the Bureau i s  now phas ing out muc h of i t s  wo rk 
on nonbaux i t ic raw materia l s  as dome s t ic sourc e s  of a l uminum. It i s  
sugges ted that cons iderat ion b e  g iven to ini t iat ing a l imited e ffort o n  
the bas ic chemi s t ry  of t he Al-� i-Fe- ( 0 )  sy s t em t hat l a t e r  wou ld b e  
app l icable t o  any of t he a l ternat ive re sourc e s . 

2 .  Seaf loor mangane se nodu l e s  rep re sent a large potent i a l  sourc e of 
seve ra l  e l ement s ; t he i r exp loitat ion awa i t s  the deve lopment o f  economic a l  
mining me t hods . Indus t ry ' s chief conc e rn  w i t h  the s e  nodule s i s  as a 
re source o f  coppe r ,  nicke l ,  and c o bal t .  S i nce t h i s  re sourc e  a l so 
c ontains ve ry large amount s of mangane se ,  s igni f ic ant quant i t ie s  o f  iro n ,  
lead , and z i nc , and l e s ser amount s of o t her e l ement s ,  t he Bu reau shou ld 
cons ide r any nec essary re searc h  and deve lopment techni que s for rec ove ring 
t he se add i t iona l  me t a l s  as a means o f  l owe ring t he c o s t  of rec overy of 
a l l p roduc t s  and coproduc t & .  ( I t i s  a l so s ignif ic ant that t he bu l k  of 
world mangane s e  re sourc e s  are in t he Soviet Union and South Af ric a . ) 

3. E f fort s on t he "ul t rama f ic "  e l ement s ( Cr ,  N i ,  Co , Pt ) are devoted 
to the use of We s t  Coa st l a t e ri t ic depos i t s , the S t i l lwater c omp l ex in 
Montana , the Duluth gabbro s , and seve ra l  Al askan re sourc e s .  It i s  
rec ommended t hat suc h  e f fort s b e  g iven high p r iority , c u lminat ing in 
app rop r iate exp loratory re searc h  on the mo st p romis ing o f  the c ommon 
u l t ramaf ic roc ks that are abund ant in both t he we s t e rn c oas t a l  range s and 
the Appalachians . Thi s  i s  a long-range , high-r i s k  oppor tuni ty wi t h  an 
enormous payof f ,  i f suc ce s s ful . 

4. The nat ion ' s potash re source s ,  wh ich are e s sent i a l  to 
ag ric u l ture , are on ly mode rat e . A future re source is in so l a r  s a l t  
b i t t erns but t h i s  re sourc e f a l l s  f a r  s hort of mee t ing dome s t ic demand s .  
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The re are l arge potas s ium re sourc e s  in leuc i t e  and enormous one s i n  
pota s s ium f e l d spars t h a t  t h e  Bureau might eva luate . The latter i s  a l so a 
pot ent ial re source of aluminum .  

5 . A s  muc h as one t h ird o f  t he P2o5 content o f  phosphate roc k i s  
l o s t  during the p roduc t ion o f  phosphat ic fert i l ize r s . I n  view of t he 
fac t t hat phosphate is an ab solute ly nec e s s a ry , nonsub s t i tutable material 
for agricul ture ,  and a l though t he United States current ly export s 
phosphate , t he Bureau should examine me ans of s igni f ic ant ly inc reas ing 
y ie l d s . F l orida phosphate roc k a l s o  c ont ains s igni f ic ant quant i t i e s  o f  
heavy minera l s  ( i lmenite , rut i le , z i rcon ,  monaz i t e ,  s i l l imani te , e tc . )  
t hat are now d i scarded , and t he i r  rec overy i s  a l so an area t hat t he 
Bureau might examine . 

6 .  By -p roduc t e lement s ,  ma inly o f  t he nonfe rrous me tal s ,  wi l l  se ldom 
be rec overed in the ir own right . It is rec ommended t hat t he Bu reau 
int ens ify i t a  e f fort s lead ing to max imizing t he i r  recove ry , e spec ial ly by 
in s i t u  leac hing which is becoming a major mining me t hod . Ve ry l arge 
f;t;;e-demand s for these e l ement s are l ike ly to deve lop . Examp les 
inc l ude l arge future requi rements for se lenium as a t rac e me t a l  add i t ive 
in ag ricul t ure , and ga l l ium arsenide as photoe l ec t ric devic e s  in solar 
power sate l l it e s  and as semiconduc tors in ve ry high speed compute rs . The 
Bureau , in c onj unc t ion wi t h  o t her agenc ies suc h  as t he Fede ral Eme rgency 
Management Agency ( FEMA) , shou ld a l so eva l uate t he pos s ib i l ity and cost 
of e s t ab l i s h ing an ec onomic s t oc kp i le of suc h e l ement s ; e s t imat es 
ind icate that , exc l ud ing t he p rec ious me t a l s ,  the c o s t  would be no more 
than a few perc ent of t he va l ue of t he base me t a l s .  

1 .  Solar s a l t  b i t terns a l so appear t o  be a potent ial re source o f  
boron, l i thium, s t ront ium , rubid ium , and iod ine . I t  i s  rec ommended that 
the Bureau evaluate the recovery of mul t ip l e  produc t s  f rom t h i s  sourc e 
espec ial ly s inc e import s ac c ount for 100 perc ent of s t ront ium demand and 
90 percent of iod ine need s . 
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