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NOTICE: The proj ect that is  the subj ect o f  this report vas approved by 
the Governina Board of the Nat iona l Research Counc il , whose mellbers are 
drawn f rom the Councils of the Rat iona l Academy of Sciences , the Rat iona l 
Academy of Enaineerina ,  and the Institute of Medicine . The mellbers o f  
the committee respons ible for the report were chosen for their spec ia l 
coapetences and with reaard for appropriate balance . 

The report has been reviewed by a aroup other than the authors according 
to procedures approved by a Report leviev eam.it tee cons i s t ina of  mellbe rs 
of  the Rat iona l  Academy o f  Sciences , the Rat ional Academy of Enaineer ina , 
and the Inst itute o f  Medicine . 

The Nat ional lesearch Counc i l  vas e s tab l ished by the Rat ional Academy o f  
Sciences in 1 916 to as sociate the broad community of  science and 
technology wi th the Academy's purposes of furtherina knovledae and of  
advisina the federal aovernment . The Counc il operates in accordance with 
aeneral po l icies de termined by the Academy under the authority o f  its  
conares s ioual charter o f  1 863 , which established the Academy as a 
private , nonprofit , se l f-aovernina mellbership corporat ion .  The Counc i l  
has become the princ ipal operat ina aaency o f  both the Nat ional Acad..y o f  
Sciences and the Rat iona l Academy of Ena ineering i n  the conduct o f  the i r  
services t o  the aoverament , the public , and the sc ient i f ic and 
enaineering communit ies . It is administered j o intly by both Academies 
and the Ins t itute o f  Medicine . The Nat ional Academy o f  Enaineer ina and 
Inst itute of Medicine were established in 1964 and 1970 , respect ive ly , 
under the charter o f  the Rat ional Academy o f  Science s .  

This study by the Rat ional Material s  Advisory Board was conduc ted under 
Contract J-0100106 with the Bureau of Mine s of the u.s. Department of the 
Interior . 

The report is for sa le by the Nat iona l Technical Informat ion Service , 
Spr inafie ld , Virainia 221 61 .  

Printed in the Uni ted States o f  America . 
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ABSTRACT 

TN23 .R48 1984 c. I 
Review of the minerals 
and materials research 
programs of the Bureau 
of Mines : report I 

In an onaoina review of the mineral s  and material s  research proaraaa 
of tbe Bureau o f  Kines , the NMA8 Committee on Mineral Resources 
technology baa performed both an overa l l  review of the Bureau ' s  programa 
and in-depth evaluat ions of two proaraa areas , minerals thermochemistry 
ana materials  subst itutes . Separate reports of tbe latter two have 
already Deen issued and only summaries are presented here . Brief 
discussions are also inc lu4ed of tbe new programmat ic aeciaion-aaking 
process of  the Bureau and the c lose ly relatea but much smal ler proaraa of 
the NSF on mineral s  and proceaaina materials . 

In response to the quest ion o f  bow Bureau programs could more 
direct ly and adequately help to meet the cont inuina concerns of  the u.s. 
minerals industry in the minerals and materials research area , several 
mechanisms have been proposed , inc ludina the establ ishment of permanent 
advisory committees , init iat ion of frequent workshops , broadenina of 
Bureau contac ts with tbe industry , annua l aaaeaaaent a , periodic program 
presentat ions , expanded cooperative agreements ,  and a consideration o f  
coordinat ion of  research support by the Bureau , NSF, and industry . these 
auageated mechanisms may require a broadenina of the funct ion o f  the 
�ureau , and a reexamination o f  tbe enabl ina legis lat ion may be necessary .  

iii  
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PREFACE 

In 1 980 , at the request  of the Bureau of Mines o f  the u.s. Department 
of  the Interior , the Nat ional Materials  Advisory Hoard estab lished the 
eom.ittee on Mineral Resources technoloay to assess the Bureau's mineral 
resources technology proaraa. the committee's aeneral objec t ive baa been 
to provide an onaoina overview and assessment of the materials aspects  of 
the Bureau ' s  proaraa , ident ify aapa , and au&&eat  opportunit ies for aakina 
the proaraa as effective and respons ive as possible to nat ional needs . 

the committee presented an init ial report o f  ita  aaaea aaent in 1 982 
in "Aaaeaaaent of  Mineral Resources technoloay Proaraa o f  the u.s. Bureau 
of Mines " (NMAB-399). In a subsequent phase o f  ita  work , the commit tee 
baa pursued in areater depth selected portions of t�e in-house and 
contractea research proaraaa of  the Bureau , particularly those of the 
minerals  and materials research directorate in the areas of materials , 
with spec ial attent ion to the efforts in minerals thermochemistry and 
materials  subst itutes .  Separate reports  have been published of  these 
latter two evaluations of minerals thermochemistry ( NMAB 410-1 ) and 
materials subst itution (NMAB 41Q-2). this report ,  NMAB 41 0-3 , represent s 
the committee ' s  overal l views on the mineral resources technology 
effort . (As a result  of a recent reoraanization of  the Bureau of  Mines , 
the noaainina port ion o f  the Mineral Resources tecbnology Proaraa is nov 
ident ified as the Minerals and Materials  Research Proaraa . ) 

this review speaks principal ly to the Bureau o f  Mines proaraa in 
minerals  and materials researc h ,  with a aenera l awareness of related 
research be ina conducted elsewhere by industries and univers ities . 
However ,  beyond a spec ia l look at the never , close ly related Dut much 
smal ler Minerals and Primary Materials  Proceaa ina Proaraa of the Nat ional 
Sc ience Foundat ion , the committee baa made no attempt to crit ical ly 
assess the sponsored proaraaa of other aaeaciea ( such as the u.s. 
Department of Eneray ) in the minerals technoloay area . 

Durin& the course of the review by the Academy , concern was expressed 
over the precarious future o f  the u.s. minerals  industry ana the 
consequent implications for the technical proaraa for the Bureau . the 
committee be lieves that there is need for stocktaking ana possible 
cbanaea in direct ion and emphas is, not only for the Bureau's proaraaaing 
but also for industria l and academic research . 

v 
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The Bureau ' s  Summary o f  1982 Raw Honfuel Mineral Produc tion shows 
c learly the extent o f  the sharp dec l ine in product ion that began in 1 9�1  
and cont inued more prec ip itous ly in  1 9�2 . The dollar value dec l ine in 
1 982 of 21 percent compared to 1 981 does not , however , show the even 
sharper volume dec lines in spec ific case s .  For example , copper mine 
produc t ion was down nearly 30 percent for the year , with the mines 
operat in& at only 55  percent of  capac ity in late aum.er .  The 
intlation-adjuatea ( real) price of copper was at ita  lowest levels s ince 
the 1 930s . 

Iron ore product ion in 1 982 , at 35  mil l ion tons , was SO percent leas 
than in 1981 .  Average use o f  s tee l plant capacity was leas than 
SO percent ,  compared with 7 �  percent in 1 981 , with �ports makin& up over 
1 9  percent o f  stee l  conauaption in 1 982 and nearly 1 8  percent in 1981 . 

Molybdenum product ion in 1 982 dec lined 54 percent from that of  the 
previous year , i�nite production 49 percent , and tuaaaten 59 percent. 
Lead and z inc prOduct ion , by contrast ,  d id not fol low the sharp downward 
trend in the other commodit ies , most ly because o f  the opening o f  two new 
zinc mines aDd fever s trikes in 1 982 than 1 981 . 

Aaong the major com.oditiea in the noametall ic field , c lay output was 
down 18 percent , f luorspar 36 percent , phosphate rock 30 percent , potash 
19 percent , sand and &ravel 13 percent , and crushed atone 8 percent . 

It may be argued that these f igures are merely symptoms of  the 
national and worldwide ecoaoaic recession o f  1 9�1-1982 , with current 
indicat ions that this may have reached ita low po int aDd that a recovery 
is  now in progress .  However ,  there are loaaer term trends c learly 
iDdicat iaa that for a numoer of major commodit ies there has been a 
level ing o f f  and in some cases a dec line in u.s. production. For 
example , domest ic copper product ion, after reachiaa peaks in 1970 and 
1974 ,  appears to be dec lining . Domest ic mine prOduct ion of iron ore baa 
been substant ial ly f lat s ince peaks in the 1950s near 70 mil l ion tons per 
year and with the average for the pas t 30 years in the range of SO to 
60 mill ion tons per year. Domest ic z inc production has been aec liniaa 
s ince the 1 950s , and lead , after a large increase around 1 9 70 , baa 
leve led o f f .  

In the fert ilizer field , whi le phosphate baa shown a long-term 
continuing increase ,  potash product ion has dec lined s lowly s ince 1966 .  

Underly ing the downward trends have been the dec l iniaa qual ity of  
domest ic reserves , availability of  higher quality foreign reserves , 
relat ively h igher u.s. labor costa ,  enviroamental regulations , and the 
growing need o f  many producing countries to obtain fore ign exchange 
through com.odity sales , regardless of  market price or profit 
cons ideration . 

vi 
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This es sent ially profound chanae in the u.s. posit ion with respec t to 
a number o f  maj or mineral commodit ies raise s a number of serious 
quest ions: ( 1 ) Should this country cont inue to dep lete poorer reserves 
in compet i t ion with much hiaher arade reserve s from abroad , such as 
copper from Chile , Zambia , and Za ire , and iron ore from Brazi l and 
Austral ia? ( 2) Are there t rade-offs involvina lower arade , better 
techno logy , lower fre iaht , and more read ily ava ilable cap ital in the 
United States aaains t the oppos ites for foreian producers? ( 3 ) Is there 
a need for u.s. aovernment subsidy for strateaic produc t ion reserves , and 
should a certain level o f  product ion of iron ore , copper , lead , zinc , and 
potash be considered s t rateaic , reaardless o f  economic consideration 
alone , as with commod it ies such as manaanese , chromium , cobalt ,  nicke l ,  
and the like? ( 4) Bow, and to what extent , should the Bureau of Mines be 
involved in these cons iderat ions , eithe r  direct ly throuah its proarams or 
ind irectly by such thinas as the oraanizat ion of and part icipat ion in 
conferences , surveys , and commit tee act ivit ie s? 

In response to these and s imilar quo vadis type que s t ions , the 
committee has proposed , in the final chapter , a number of  pos s ible 
mechanisms by which the Bureau of  Mines miaht more directly and 
adequate ly help to ameliorate these cont inuina concerns o f  the u.s. 
minerals indust ry .  These proposa l s  apply t o  both the laraer problem and 
the more spec ific concerns o f  minera ls and material s research . 

Finally , it is recoanized that the e f fec t ive control , ut i l izat ion , 
and disposal of mineral proces s was te produc ts  is  also a crit ical issue 
fac ina the nation . Aa such , i t  has siani f icant impac t on the economic 
viability and internat iona l coapetitivene s s  of many of the u.s. minera l s  
and materials related industries . However ,  such serious enviroamental 
concerns , while o f  areat L.portance , were deemed to be beyond the scope 
of the charae to the comaittee, and thus were not addres sed in this 
review . SL.i lar omiss ions will be noted in the area of recycl ina . 

I would l ike to thank the members o f  the commit tee pas t and present; 
the members of the workina aroup s for the two in-depth assessment s; the 
staff; and the liai son representat ives who have part icipated in this 
proj ect . Our thanks are also extended to the directors and staffs o f  the 
severa l Bureau of  Mines re search center operat ions visited by 
representat ives of the commit tee durin& the course of this study . 

Nathanie l Arb iter 
Chairman 
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1 

INTkODUCTION 

The Comaittee on Mineral Masources Technoloay of the Nat ional 
Materials Advisory Board has been charaed with providina an onaoina 
asses ... nt of the mineral resources technoloay proaram of  the �ureau o f  
Kines , espec ially t o  ident ify aaps and to su&&est  opportunities t o  make 
the proaraa as effective ana responsive as poss ib le to national needs . 

In addit ion to providina an overal l review o f  the proaraa, the 
co.aittee aurin& 1982 was requested to assess selected port ions o f  the 
proaraa in aepth . Aasessments have thus been made of the Bureau ' s  
efforts in minerals  thermocheaistry and materials  subst itution. Separate 
reports have been issued for these , and only summaries are presented 
here . The present report also reiterates the original auidel ines that 
were established by the comaittee to ass ist  it  in its  review . 

Durin& the course of  the present review , the �ureau of Kines 
underwent a reoraanization that chanaed the scope of t he project s  under 
review , and that reoraanization is out l ined here . Projec t title s  and 
brief descript ions of  the current ly ac tive stud ies are inc luded in 
Appendix A. 

The comaittee also received presentations on proarammat ic 
decis ion-makina in the Bureau and on a c lose ly related but much smal ler 
proaraa of the Nat ional Sc ience Foundat ion ( NSF) on minerals ana primary 
materials , and brief discuss ions of those are inc luded . Some proaram 
overview comments are made on t he various in-house and contracted 
proj ec ts of  the Bureau in the minera l s  and materials research area . 

It should be emphasized that i t  i s  not "business as usual" for the 
domest ic mineral resources  industry .  Uespite lona-standing and c lose 
re lat ionships between the Bureau and t he various domest ic mineral s  
industries , domest ic produc t ion of  many mineral materials ha• been 
dec linina steadily .  This dec l ine has been accelerated by factors such as 
extensive deplet ion of  domest ic hi&h-araae ores , hi&h labor cost s , stric t  
enviroamental reaulat ions , a s lowina of  indus trial research,  and more 
aaaress ive research and operat ions in foreian nations , many of whose 
governments extens ively subsidize such efforts . 

1 
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2 

The Bureau ' s  ro le in developing new processes , proces s  equipment , and 
technical  informat ion is  cona idered to be valid . In fac t ,  the serious 
pos ition in whic h the domestic minerals  iodus try now finds itself  
virtually requires an active Bureau program des igned both to develop new 
processes that ut ilize daaestic resources and to provide a techno logical 
base for use in conjunct ion with national s tockpi le pol icies in tbe_event 
of  a long-term emergency . 
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2 

GUIDELINES 

The earlier report (HMAB-399, "Aasessment of Minerals &esources 
Technoloay Proaram of the u. s .  �ureau of Mines") presented a set of 
auidelines that were established by the comaittee to assist it in its 
review. Still relevant to the committee's task, these auidel ines, in the 
form of a series of questions, are repeated here: 

o Are lona-raU¥e aoals clearly iaentifiea? 

o What criteria are ueed to establish these aoals, and are the 
criteria suitable? 

o What is the likelihood that the proaram wi l l  achieve the aoals? 

o Are the tasks identified in the proaram appropriate for feaeral 
study or support? 

o Are there aaps or omissions in the proara.? 

o What are the opportunities for R&D in the proaraa areas? 

o Does the proaram have the proper overal l balance? 

Additional questions addressed by the comaittee are: 

o What problema face the mineral resources industry in terma of 
technoloay ana research ana development? 

o What kiad of &&D activities will most likely lead to solutions? 

o What constituencies and facilities are best qualified ana 
equipped to pursue so lutions? 

o In liaht of the present ana projected state of the econoay ana 
the mineral resources industry, what should be the role of the 
aoverament--especial ly throuah the Bureau of Mines--in 
sponsorina &&D in the area? 

3 
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More aenerally, tbe comaittee bopes to be able to answer tbe 
question, "Wbat sbould be tbe direction and scope of tbe Minerals and 
Materials Beaearcb Proaraa of tbe Bureau of Mines to meet tbeae aoals and 
neecis?" 

tbe foreaoina questions bave been considered by tbe committee as it 
conducteci ita review and arrived at ita conclusions and recommenciationa; 
however, explicit answers to eacb question have no t been frameci and 
reported for tbe various proaram areas. 
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BUREAU OF MI�ES REORGANIZATION 

During the course of the present phase of th is review and assessment, 
tbe Bureau of Mines underwent a reorganization (February 1 ,  1982). In 
addition to returning to line management from matrix management, the 
Minerals Resources Technology Program under study by the committee was 
reorganized into two separate directorates, each headed by an assistant 
director of the Bureau. These two units are Mining Research and Minerals 
and Materials Research. AD organization chart, showing the reor¥anized 
structure (as of August 1983) is shown 1n Figure 3-1. 

The thrust of the committee's review and assessment was changed at 
the time of the reorganization fro. minerals resources technoloay (which 
combined both mining and minerals and materials) to minerals and 
materials research. The minerals and materials research function of the 
Bureau involves "long-range, high-risk basic research as well as research 
aime4 at more immediate application tor strategic and critical mineral 
needs that together are concerned with the development and assessment of 
technological alternatives in mineral processing and related materials 
development to support the security and economic well being of the Ration 
with regard to mineral and mineral material processing, performance, 
utilization, and recycling" [Part 71, General Functions, Chapter 7 ,  
Minerals and Materials Research, Part 1 1 5 ,  Bureau of Kines Organization, 
Department of the Interior DepartMntal Manual, #2385 dated February 3, 
1982] . 

AI shown in Figure 3-l, the Minerals and Materials Research 
directorate is supported by two staff divisions (Division of Extractive 
Metallurgy Technology and Division of Materials and Recycling 
Technoloay) ; the programs are carried out in the field at six principal 
research centers (Albany, Oregon; Avondale, Maryland; Rolla, Missouri; 
Salt Lake City, Utah; Tuscaloosa, Alabama; and Reno, Nevada) , in one 
engineering laboratory (Boulder City, Nevada) , and in the other research 
centers of the Bureau as may be required. 

5 
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THE BUUAU 1 S !tDWlALS AND MATERIALS 
USIAilCB PllOGJlAM FOB. JY 82 AND FY 83 

Aa noted in the foregoing chapter, the minerals and materials 
research fuaction of the Bureau of Mines involves long-range, high-risk 
research ana development in the areas of the processing, use, aDd 
recycling and d isposal of minerals and mineral products. It also 
includes concerns for critical and strateg ic material suDstitutes, 
reduction of adverse enviroa.ental effects, ana improvement of material 
performaace. 

In the initial report of the committee, the 146 JY 81 research 
projects ana subcontracts of the Bureau of Mines uDder the Mineral 
Resources Technology (MB.T) Proaram of that time were l isted and described 
(Appendix B of HMAB-399). In the intervening time, certain projects have 
been concluded, new ones have been added, and the Bureau has been 
reorganized, with the former KIT projects beina divided into mining and 
noamining (or minerals and materials research) sections. There are now 
102 projects in the minerals and materials area currently uDder review, 
and these are listed and described in Appendix A, using project titles 
ana/or descriptions for lY 82 and lY 83, along with the original listings 
for FY 81. 

At the beginning of JY 81, the budget for the 146 projects amounted 
to $23. 466 million, with other MB.T funds raising the 1981 M&T total to 
$26. 190 million. The budgets for those tasks now identified as !tinerals 
and Materials Research are $29. 660 million for lY 82 ana $30. 38 7 million 
for ry 83. 

1 
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ASSESSMENTS AND OVE&VIEWS 

In the init ial  phase o f  the ca.mittee ' a  effort ( reportea in 
HKAB-399) , the ca.mittee aaaeaaed the progra. o f  the Minerals aeaourcea 
Division ( the predecessor of the Mineral s and Materials Research 
Direc torate) in basic research , e lectrometal lurgy , hydrometal lurgy , 
materials handling , pyrometallurgy , materials ,  and minerals  process ing . 
In ita  init ial aaaeaament , the ca.mittee also inc lUded visits to s ix o f  
the Bureau of  Kines research center operat ions involved in these progr .... 

In the present phase , the overal l aaaeaament baa cont inued and ia 
reported below.  In addition , the remaining research centers were 
visited , and spec ial in-depth aaaeaamenta have been performed in the 
areas of minerals thermochemist ry and materials  subst itutes . Separate 
reports have been publ ished of  these two evaluat ions (HKAB 410-l and 
410-2 for minerals  theraocheaiatry and materials  substitutes , 
respect ively) . A summary o f  the f indings o f  these two spec ial 
aaaeaamenta fol lows . 

SPECIAL IN-DEPTH ASSESSMENTS 

Minerals Thermocheaiatry 

Meport HKAB 410-1 aaaeaaed the Bureau o f  �inea e f forts in the area of 
minerals thermochemistry , baaed principally on findings from a visi t  to 
the Albany Research Center by a working group of the committee .  After 
inc luding comments on organization , budget , personnel , major experimental 
methods , data compilat ion and evaluat ion , equipment and fac i l ities , and 
the utility of  thermochemical data , the Bureau ' s  progra. was evaluated 
through answers to a aeries of  quest ions : Does a real need exist? Who 
are the uaera? Are the current approach and priorities responsive? Ia 
the current leve l  o f  effort appropriate? Could personnel be used to 
greater advantage elsewhere? 

The committee conc luded that the minerals thermochemistry progra. ia  
an extremely valuable one that fills  a spec ial need and that the current 
approach and priorities are respons ive to that need . A number of 
spec ific recommendat ions are made concerning the support of current 
research aa wel l  aa expanding research beyond that being present ly 
performed with pure substances . 

9 
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More specifically, the committee vas asked to evaluate the Bureau'• 
thermocheaical prograa with respect to four criteria, as follows: 

1. The committee vas asked whether a real need for the information 
generated by this reaearcn exists in the mineral community. Who are the 
users? 

The users are industrial laboratories and process development teaas, 
offices of des ign and construction, companies engaged in metallurgical 
projects, contract research oraanizations, and academic laboratories. 
Any researcher or laboratory called on to make the most basic evaluation 
of a metalluraical procesa --aamely, a neat balance--must employ 
thermocheaical data. In addition, more sophisticated .. tallurgical 
calculations that attempt to predict the chemical equilibria that 
determine the feasibility of an untried metalluraical process must use 
free-energy calculat ions. 

The use of thermocheaical calculations by all sectors of the 
metallurgical industry and academia is DOW so co..on as to be comparable 
to the use of computers. In fact, the use of computers and the use of 
thermoc hemical calculations have much in common. Both provide means to 
arrive at useful answers as quickly as possible. When combined--thermo­
chemical calculations made with the aid of computer--they form a powerful 
tea. that has become a necessity for modern metallurgical and chemical 
process research and development. 

The Bureau's work on thermocheaistry fills the special need of 
providing data on important mineral and metallurgical materials. Otber 
laboratories enaaged in thermocheaical research are mostly academic 
laboratories in departments of chemistry and metallurgy. Their choice of 
aubstances to study ia dictated by aoala of chemistry rather than 
practical .. tallurgical probleas. � a result, they have little interest 
in mineral materials, and only a dedicated laboratory auch as the 
Bureau's can be relied on to fill the gaps in kDOvledge of 
metallurgically important substauces. 

The Bureau is to be specially commended for recogn1z1ng the 
importance of thermochemistry as lona ago as 1930. At that time, 
thermochemistry vas in its infaucy, and some legitimate doubts of its 
utility mi&ht have been raised. Today, all metalluraists recoanize its 
importance, and its value will increase as the properties of more and 
more aubstances of metalluraical interest are determined. 

2. The committee vas asked, if such a need exists, whether the current 
approach and priorities are responsive to that need. 

The Albany lie search Center Laboratory, where this work is conducted, 
is probably the only one in the world that continuously prOduces such a 
vide spectrum of thermochemical measurement&. No one of the experimental 
technique• used by the laboratory can be singled out as lesa important 

Copyright © National Academy of Sciences. All rights reserved.

Review of the Minerals and Materials Research Programs of the Bureau of Mines:  Report
http://www.nap.edu/catalog.php?record_id=19429

http://www.nap.edu/catalog.php?record_id=19429


11 

than the. others. Each contributes vital data to the bank of 
thermochemical knowledge. the data evaluation and compilation work 
should perhaps be singled out aa having special Lmportance. that work 
deserves the effort of at least two full-t� . experience4 researchers; 
unfortunately, the depart .. nt baa recently lost one of ita full-t� 
staff by ret irement. It should be brouaht back to a full complement aa 
quickly aa poaaible. 

the Bureau's work ia more valuable to some researchers than to 
others. ror example, recent studies of the properties of reClJ an4 
re0c12 ahould prove valuable for research on chlorination of il .. nite 
or ferric chloride leachiaa of copper concentrates, but other reaearchera 
may wiab that the Bureau baa studied the unknown properties of 
pentlandite lNi (re) S] in order to better understand smeltiQ� of nickel 
concentrates. However, the thermodynamics Group systematically maintain• 
a list of "eo-pounds for Wh ich thermodynamic Data Are Heeded" aDd seta 
priorities, takin& into account potential applications of the data to 
problems in mineral extraction. the committee believes that, within the 
lLBitationa of budaet and personnel under which the thermochemistry 
progra. operates, the priorities aaaianed to the variou• projects 
properly reflect the needs of the metalluraical in4uatry. 

Another measure of the responsiveness of the proara. to need ia the 
number of publications, which place new thermochemical data promptly into 
the banda of the users. Measured solely by number of publication• per 
dollar fua4ina. fiaurea supplied to the committee iDdicated that the 
thermodyua.ica Group aenerated at least 9 ti .. a aa many publications per 
dollar aa all the rest of the Bureau's field research activities. 

3. the committee was asked whether the current level of effort ia 
appropriate, in terms of both manpower and fundinx. 

Durin& the more than 50 years that the Bureau's thermochemical 
research proara. baa operated, it baa made landmark contributions that 
are cited an4 uae4 tbrouahout the world--in the chemical industry, the 
metalluraical industry, an4 academia. Probably no other Bureau research 
can rival that of thermochemistry in value aenerated per dollar spent, in 
the permanency of that value, and in the reco�nition it baa brou¥bt to 
the Bureau's work. 

thermochemical research ia no lonaer fashionable in academic 
departments of chemistry. It ia viewed aa routine an4 painatakiaa 
application of known methods of measure .. nt and not attractive for most 
araduate research. A few academic metalluray or chemistry 4epartmenta 
euaaae in thermochemical studies, but their numbers are small aDd their 
budaeta severely lL.ited. Aa a result . the output of new thermochemical 
data fro. academia ia quite limited. Industrial laboratories, with one 
or two exceptions like Dow Chemical Company and u.s. Steel Company, 
seldoa enaaae in thermochemical research; the metalluraical industry has 
always looked to aoverament and academic laboratories for basic 
thermochemical data. 

Copyright © National Academy of Sciences. All rights reserved.

Review of the Minerals and Materials Research Programs of the Bureau of Mines:  Report
http://www.nap.edu/catalog.php?record_id=19429

http://www.nap.edu/catalog.php?record_id=19429


12 

The com.ittee'a familiarity with the thermochemical work of other 
laboratories io government ( U.S . Geological Survey, latiooal Bureau of 
Staa4arda, other agencies ), industry, or acade.ia is general rather tbao 
specific io nature. There are indications, however, that a study should 
be made oo ao ioteroatiooal scale aod that such a study could conceivably 
reveal deficiencies that should be rectified by expansion of 
thermochemical research fuodiog by the Bureau of Mines, other aovera.eot 
ageociea, or by aoverameot fuDdiog of academic research. Io aoy event, 
such a study would provide a better basis for decisions oo what chao&e• 
io the level of effort are needed. 

Bureau research should be expanded oo a modest scale by providioa 
several oev peraoooel aod the corresponding buaaet to cooduct the types 
of aeaaur ... ot aDd data evaluation currently performed at Albany. the 
committee reiterates ita belief that atreoatheoiog the etfort oo data 
evaluation should be given top priority . It is important for all the 
specialized areas of thermochemical research to nire aod train oew 
acieotiata so that the program will oot suffer major disruption with the 

retir ... ot or loss of a aiogle key iodividual. ADother manpower need to 
be cooaiderea is the atreoatheoiog of the metallurgical aod mineral 
technology component of the staff to broaden the present strooa chemical 
orientation . 

A vigorous case cao be aa4e, io addition, for a significant iocrease 
io thermochemical fundioa to expand thermochemical research beyond the 
l�itatiooa of current Bureau studies. Host current Bureau research is 
l�ited to dete�ioatiooa of the properties of pure aubataocea, usually 
stoichiometric compouDda. Although this information is of vital 
�portaoce, it goes only part way toward thermoch .. ical description of 
the phases eocouoterea io practical metallurgy--the slags, mattes, .olteo 
salta, alloys, aod concentrated aqueous solutions. The thermoch .. ical 
behavior of these complex solution phases requires special aeaaur ... ot 
techniques aod painstaking data evaluation. With the exception of the 
recent Bureau work oo meaaur ... ot of activity io cooceotrated aqueous 
solutions, aod the newly initiated studies of phase equilibria io the 
ayat ... Al-e-si and Al-o-c-si, this vital area baa been oealected by 
Bureau research. With ita present budget l�itatioo, the Bureau 
laboratory could engage io these oew areas only at the expense of ita 
current work; the com.ittee doubts the via4om of that course. With a 
significantly increased budget, however, the Bureau should expand into 
this oew area. 

4. The committee vas asked whether the peraoDDel with the traioiaa ao4 
skills of those aaaiaoed to this research coula be used to areater 
advantage io pursuit of other research objectives. 

As ahoula be obvious from ita response to the first three it... io 
this evaluat ion , the committee believes that the peraoDDel are properly 
assigned aod that their capabilities are beio& eftectively used . 
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Materials Substitutes 

Report NMAB 410-2 presents aaaeaamenta of effort• of the Bureau in 
two areas: alloy aubatitutea research, which deala with the aubatitution 
of plentiful domestic metals for imported strategic or critical metals, 
and minerala  aubatitutea research, which deals with the development of 
strategic or critical mineral supplies from nontraditional domestic 
sources. These assessments are baaed principally on the findings from 
visits of committee members to the Albany, Rolla, and Salt Lake City 
research centers and on discussions between the working group and other 
committee member• who had visited various research centers during the 
course of the committee study.* 

Alloy Substitutes Research 

The alloy substitutes work (see Table 5-l for a listing by title and 
research center) represents a greatly augmented and expanded effort for 
the Bureau. Since much of this work had only recently been reprogrammed 
in response to the National Materials and Minerals Policy, Research, and 
Development Act of 1 980, the committee felt a detailed project-by-project 
critique would be premature. Rather, general observations are presented 
concerning such things aa a comprehensive strategy for substitution 
research; alloy development as a traditional industrial forte; long-run, 
high-risk project support; and cooperative agreements between the Bureau 
and nongovernmental organizations. Specific recommendations are made 
concerning the need for establishing clearly defined goals; identifying 
equipment and manpower needs; detenaining opti.mum levels of support; 
redirecting progr ... to more long-range activities; continuing contract 
research; expanding cooperative agreements; continuing joint sponsorship 
of aympoaia and workshops; increasing expertiae in alloy development; and 
concentrating alloy substitution work at a single research center. 

The following observations were made concerning alloy substitutes 
research, with the suggestion that they be addrea aed before the Bureau 
invests much more time and money in the program. 

1 .  At the time of the assessment the Bureau had not yet developed a 
comprehensive strategy for alloy aubatitution research. The current 
program at that time was clearly a "grass roots" reaponae 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. 

·� waa noted in NMAB 410-2, aeveral montha elapaed between completion of 
the on-site assessment and �ublication of the report. In the intervening 
period, the Bureau implemented a number of changes anticipated by the 
recommendations of the report and the on-site discussions held between 
committee members and Bureau staff. 
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TABLE 5-l. Alloy Substitution Research Projects 

BuMines Code Title 

Phenomenological or Lona-aanae Alloy Development Projects 

S-82-tta-11 
Av-82-Ma-ll 
&0-82-tta-15 

Wear of mining equipment 
Applied corrosion research 
Alloys to resist hydrogen embrittle .. nt 

Alloy Substitution Projects 

AL-82-Ma-19 

AL-H2-MB.-16 

AL-82-MB.-22 

AL-82-MB.-17 

81-82-MB.-15 
J0188lb7 

J0295073 
J0295073 

JOll3104 

Substitutes for critical materials in 
mining and processin1 equipment 

Chromium-free and low-chromium alloys 
as aubstitutea for stainless steela 

Dispersion-strengthened alloya to reduce 
critical materials needs 

Substitutes for cobalt in cemented carbides 
allCl tool steel• 

Cobalt aubstitutes in permanent magnets 
Development of chromium-free constructional 

alloy steels 
Chromium substitution in stainless steels 
Potential for development of manganese-base 

alloys as substitutes for chromium­
bearing alloys 

Development of chromium-free construction 
alloys steels 

Unique Structures and Composites 

AL-82-MB.-18 

AL-82-Mil-24 
ao-82-MB.-13 

B0-82-MB.-12 
AV-82-MB.-12 

ao-82-Ma-ll 

Wear-reaistant materials for mining and 
mineral processing equipment 

Surface alloying of iron-base castings 
Chemical-vapor-deposited coatings for 

valve components 
Hard aurfacing of steels 
Surface nitriding for corrosion 

p rotection of pump aDd valve components 
t.proved soldering and brazing ayst .. s 

Miscellaneous Projects 

SL-82-MB.-15 

AL-82-MB.-15 

Vapor-phase production• of titanium alloy 
powcier 

Improved titanium component• through 
innovative processing technology 

Research 
Center 

Spokane 
Avondale 
Rolla 

Albany 

Albany 

Albany 

Albany 

Reno 
Contract 

Contract 
Contract 

Contract 

Albany 

Albany 
Rolla 

Rolla 
Avondale 

Rolla 

Salt Lake 

Albany 
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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 ecoaoaic climate and widespread staff 
reductions at many industrial research facilities, an enormous amount of 
this type of work continues. lDdustrial fi�s most 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 Bureau laboratories from the marketplace could prove to 
be a major disadvantage. 

3. Since both industrial aDd 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 Kines. 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 outdated when available 
at all. 

4. Many believe that government involvement in any research should 
be reatricted to supporting very long-range, high-risk projects (e. g. , 
developing technolo&y to extract mineral• from domestic, low-grade, 
unconventional deposits) and to addressing national problema for �hich 
private-aector 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, claddings, 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 . 

S. the Bureau bas established an extensive aerie• of cooperative 
agre ... nts with industrial fi� , trade asaociations, and other 
government agencies . ror the most part, these agreements are in the 
traditional apheres of the Bureau's activities. However, it baa moved to 
eatabliab new agreements in the alloy development field. In particular, 
the Bureau bas developed tiea with the American Society for Metals, with 
which it cosponaored a aymposium at Vanderbilt Univeraity in 1982. It is 
essential that these ties be extended and strengthened so that the 
Bureau's activities will have tne visibility necessary to st�late the 
needed technical input from industry. The effectiveneas of such 
interaction would be further enhanced if it were directed by someone with 
considerable experience in industrial (or academic) alloy research and 
market development. 

Thus, the committee makes the following recommendations in the area 
of alloy substitutes: 
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1. The Bureau's Washington staff should establish clearly defined 
goals for the alloy substitution research. Specific implementation 
strategies baaed on these goals can then be developed. The foreKoing 
should take into consideration the major substitutions programa of other 
organizations and agencies. 

2. Equipment and manpower requirements for the next 5 years should 
be dete�ined. 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 
apecific aelected areas ahould be determined. The needs of the 
industries moat familiar to the Bureau should be .. phasi&ed. The 
resources (equipaent, personnel, etc. ) needed for specific projects will 
vary, but current funding levela for individual projects appear to be 
inadequate. 

4. A permanent, independent oversight co.mittee to advise the Bureau 
on the currency and pertinency of ita alloy research, and composed of 
representatives fro. industry ana acadeaia who are experienced in the 
alloy development field, ahould be es tablished. 

5 .  Cons istent with federal direct ives and guidelines for research, 
the alloy substitution program should be redirected to focus on 
long-range activities. Work should be aimed at ident ifying broad alloy 
responses to industrially important enviroamental conditions. The 
specification of opt� alloy should be left to industry. 

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

1. Cooperative agreements with appropriate aocietiea and industrial 
groupe should be strengthened and expanded to provide for program 
visibility and to generate private-aector input. 

8. The various activities of the Bureau ana ita personnel in areas 
such as joint sponsorship of symposia and workshops, co.mittee 
participation, ana publication ot reviews ana data sheets, which have 
been effective in the paat, should be continued. 

9. The Bureau should increaae its expertise in physical .. tallurgy 
and alloy development. This ahould include the hiriag of personnel with 
industrial experience . 

10. Alloy subst itution work should be concentrated at one research 
center to facilitate project management, ataff interaction, and efficient 
utilization of equipment. The research center at Albany appear• to be 
the moat logical choice. 
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Minerals Substitutes Research 

Subst itute raw materials research and development (see table 5-2 for 
a listing by title and research center) is a traditional Bureau pursuit. 
Given the poor econoaic condition of the domestic miniaa, milling, and 
ore processing industries, it is noted that the Bureau 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. There bas been an overemphasis (already recognized by tbe 
Bureau) on tbe development of nonbauxitic processes for recovering 
aluainua fro. domestic nonconventional resources, and it is recommended 
that tbe scale of these efforts be reduced and that emphasis be place4 on 
chromium, nickel, cobalt, maaaaaese, and the platinua-group metals. Also 
recommended are increaaed Bureau efforts concerning improved recovery of 
nonf.errous metal by-product elements (especially in in situ leacbiaa) • 

potential recovery of additional elements from seafloor-nodules, 
alternative potash reaources, improved recovery of phospboroua pentoxide 
from 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 it therefore may be 
important for the Bureau to provide for deeper consideration of such 
issues . 

Kore specifically, the committee makes the following general 
observations: 

1. the current list of projects in the raw materials part of tbe 
Bureau's program for substitutes for critical and strategic minerals 
appears incomplete since many of the Bureau'• other process development 
activities fall well within tbe definition of substitutes. The present 
list appears to overemphasize alumina, but this would not be so if these 
other projects were included. It is suggested that a further subdivia ion 
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 tbe 
latter area, mainly on tbe development of new processes. 

2 .  Using this expanded definition, the Bureau's proJects appear to 
represent a reasonably balanced effort among the various critical and 
strategic minerals an4 between industry needs and governmental strateaic 
concerns. the committee aarees with the Bureau's recent 4eemphasis of 
its efforts on alumina and suggests that the manpower and funds freed up 
by such de-pbaeis be redirected to increased efforts on the "ultramafic" 
metals (chromium, nickel, cobalt, and the platinua metals) and 
sianificantly increased activity on manganese, which is an indispensible 
ingredient in steelmaking. the bulk of resources and production of most 
of these elements is in southern Africa and the Soviet Union, both 
potentially unreliable import sources. 
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TABLE S-2 .  &aw Materials Substitution Research 

.8uM1.nes Code 

Aluainum 

BC-82-118.-3 

U-82-MB.-12 

U-82-Ma-1 3 

HE-82-Mll-14 

BC-82-MB.-5 

J02 15022-RE 

AL-82-MB.-14 
J01 99l5l-AL 

T1.tle 

Eztraction "of alumina fro. clay 
using hydrochloric acid leaching 

Bleadstream treatment and aluminua 
chloride · hezahydrate dissolver des ign 

Extraction of aluaina froa clay by 
new, improved leaching techniques 

Extraction of alumina fro. aaorthosite 
usina hydrochlorite ac id leacbina 

Recovery of alumina fro. coal ash and 
coal abale 

Extraction of alumina fro. anthracite 
cula with eneray recovery 

C&rbocblorination of domestic clay 
Mass spectrometric study of vapor­

t ransport reactions in carbocblorination 
of clay 

Mickel , Cobalt , and Platinum-Group Metala 

TC-82-MB.-23 

SL-82-MB.-14 

Recovery of platinua-group aetals , 
cobalt, and nickel from Duluth Gabbro 

Separation and recovery of cobalt 
fro• by4rometallurgy solutions by ion 
exchange 

llesearch 
Center 

Boulder City 

Reno 

keao 

lleDO 

Boulder City 

B.eno/Energy 

Albany 
Albany I Co loraclo 
School of KiMI 

Twin Ci t iea 

Salt Lake 
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3 .  Since the p l iaht o f  the domestic minerals  indust ry bas 
cons iderably worsened s ince tbe committee ' s  overal l review in 1 981 
( NMAB-399 ) ,  it heartily re-endorses its suaaestion tbat the Bureau ' s  
efforts on new process deve lopment be s ianif icant ly expanded . In 
particular , s ince many o f  the miueral s  companies have reduced tbeir 
research s taf fs , this would be an exce l lent time for the Bureau to 
auament its professional staff witb wal l-trained sc ientists and enaineers 
if manpower ceilings could be l ifted . 

4.  It wil l  be very difficult  to improve existing processes or to 
deve lop new ones that can compete economical ly witb imports of many 
materials  because foreian resources now are general ly better and riche r ,  
fore ian techno logy and fac i l it ies are often superior ,  labor costs are 
lower , an4 enviroamental  reaulations are less severe .  Thus , proces s 
deve lopments would have to be supplemented witb economic incentives for 
industry , sucb as eas ier tax write-off s .  In addit ion , improved 
se lf-suffic iency should depend on greater attent ion to s trateaic 
considerations by government , s ince economic forces alone wil l  reaul t 
only in increas ina imports . Despite these probl ... , an active research 
proaram by the Bureau is  imperative to keep such problems from becoming 
even worse . 

s .  Some increase in basic research efforts appears warranted under 
the lona-ranae . hiah-risk  process se lect ion criteria because this is 
probably the best way for the United States to make quantum leaps in 
technolo&Y a decade or more away and to s tay in competition with other 
nations . This type of eftort ( e . g . , thermochemistry at Albany ) can be 
done in-bouse where personne l and fac i l ities  are available and adequate , 
but much o f  it  should be subcontrac ted to universi t ies , wbere many of  the 
latest  sc ientific discoveries and innovat ions are being made . 

6. At the other end o f  the process development spectrum, the Bureau , 
in cooperat ion with the nat iona l laboratories ,  could cons ider becomina 
�nvo lved to a areater extent in the p i lot-plant test ing of new 
processes . Given the current economic coDdit ion of the minera l  
industries , it  i s  becoming increasinaly less like ly that in4ustry wil l  
undertake suc h  work. Thus , if i t  i s  t o  b e  done a t  a l l , the Bureau mus t 
take the lead .  I t  i s  hard to se l l  new p rocesses without a pi lot-plant 
demonstrat ion . 

1 .  The committee was briefed by the Wasbinaton s taff of the �ureau 
on a new programmat ic dec ision-makina process that inc ludes a new method 
of selec t ing projects  for s tudy . This method appears quite superior to 
older ones , but only t ime an4 experience wil l  really prove its worth.  It 
bas many commonalities with De lphi processes that have been quite 
success ful in addres s ing and evaluat in& other types of ac tivities . 

The f inal sect ion of the report on materia ls subst itutes l isted 
several spec i f ic examples of are a s  in which the �ureau might chanae the 
direct ion of exist ing programs and/or undertake new initiat ives in the 
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deve lopment of  processes for domestic raw materials , in order to inc rease 
se lf-suffic iency in nonrenewab le materials by reduc ing imports . The 
committee recommended the fol lowing ac t ions in this area : 

1 . As noted ear lier ,  the Bureau is now phas ing out much o f  ita work 
on nonbauxitic raw materials  as domes t ic sources of aluminum. 
Cons iderat ion should be given to initiat ing a l imited effort on the bas ic 
chemistry o f  t he Al-Si-Fe-(0) sys tem that later would be app licable to 
any o f  the alternat ive resources . 

2. Seaf loor manganese nodules represent a large potential source of 
several elements ; the ir exploitation awaits the development o f  econoaica! 
aining aethoda . The industry • •  chie f  concern with these nodules is  as a 
resource of copper , nickel , and cobalt . �ince this resource also 
contains very large amounts of manganese , s ignificant quant ities o f  i ron, 
lead , fDd zinc , and lesser amounts of  other e lements , the Bureau should 
cons ider any necessary research and deve lopment techniques for recovering 
these additional metals as a means of  lowering the cos t ot  recovery of 
al l products  and coproduct& . ( It is also s ignificant that the bulk of 
wor ld manganese resources are in the Soviet Union and South Africa . )  

3. Efforts on the 11ultramafic 11 e lements ( Cr ,  Ni , Co , Pt ) are clevoted 
to the use of  West Coas t laterit ic depos its , the Stil lwater caap lex in 
Montana , the Duluth gabbros , and several Alaskan resources . _ Such efforts 
should be �iven high priority , culainat ing in appropriate exploratory 
research on the aost proais iDi of the common u ltramafic rocks that are 
abundant in both the western coastal ranges ancl the Appalachians . This 
is a lona-range , high-risk opportunity with an enor.ous payoff  if 
successful . 

4. The nat ion • • potash resources , which are essent ial to 
agriculture , are only moderate . A future resource is in solar salt  
bitterns , but this resource fal ls far short o f  meet ing domes tic deaaads . 
There are large potassium resources in leuc ite and enormous ones in 
potass ium feldspars that the lureau aigbt evaluate . The latter is also a 
potential source of aluminua . 

5. As much as one-third of the P205 content of  phosphate rock is 
lost during the product ion of  phosphat ic fert i l izers . In view o t  the 
fact that phosphate is an absolutely necessary , nonsubatitutab le material 
for agricul ture , and although the United States currently exports 
phosphate , the Bureau should exaaine means of s ignif icant ly 1ncreas ing 
yields . Floriaa phosphate rock also contains s ignif icant quantities  of  
heavy ainera ls ( i lmenite , rut ile , zircon , aonazite , s i l l imanite , e tc . )  
that are now discarded , ancl their recovery is also an area that the 
Bureau aight exaaine .  

6. By-produc t e lements , mainly of the nonferrous aetala , wi l l  se ldom 
be recovered in their  own right . The Bureau should intens i fy its efforts 
leading to maxiaiz ing their recovery , espec ial ly by in situ leaching , 
which is becoaing a major aining method . Very large-ruturi demands for 
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these e lement s are l ikely to deve lop .  Kxamp les inc lude large future 
requi rements for selenium as a trace metal addit ive in agriculture , and 
gal l ium arsenide as photoe lec tric devices in solar power sate l l ites and 
as semiconduc tors in very-high-speed computers . The Bureau , in 
conjunction with other agenc ies such as the Feaeral Emergency Management 
Agency ( FEKA) , should also evaluate the possibil ity and coat of  
establ ishing an economic stockpile of such e lements ; estimates indicate 
that , exc luding the prec ious metals , the cost would be no more tnan a few 
percent of the value of the base metals . 

7 .  Solar salt bitterns a l so appear to be a potent ial resource for 
boron , l ithium, stront ium, rub idium, and iodine . The Bureau should 
evaluate the recovery of mult iple produc ts from this source , espec ial ly 
since imports account for 100 percent of stront ium demand and 90 percent 
of ioaine needs . 

PROGRAMMATIC OECIS ION�ING IN TB6 KINEkAL� AMD MATERIALS 
RESEARCH D IUCtollATE 

As part of a cons iaerat ion o f  the i s sues of project se lect ion , 
rej ect ion , review , and aetermination , the committee receivea a Bureau 
presentat ion on "Programmat ic Dec is ion-Making--Minerals  kesearch. " 
Details were provided for the new planning and budgeting process for 
FY 84 within the Minerals  ana Materials Research Direc torate , as an 
il lus trat ion of the Bureau ' s  programmat ic ac t ivit ie s . Fi�ure 5-l shows , 
for example , how current researc h projects  p lanned for continuation ana 
new research proposals were integrated to form the pre liminary FY 84 
program. 

The init ial step is  an assessment of  current FY 82 proJects to 
determine which would continue as part of the FY 84 base program. This 
determinat ion was based on two factors : ( 1 ) bow ef fec t ively the projec t  
i s  being performed , and ( 2 ) the re lationship o f  the proj ec t t o  polic ies , 
goals , and object ives of the Bureau. 

The second step is an evaluat ion for se lection of new research 
proposals  that have been deve loped by the research centers in response to 
prob lem areas identified as part of  the Bureau ' s long-range program 
planning process . Those deemed acceptable for inc lus ion formea an iaea 
pool that is to be used by the Washington staff in developing subprogram 
element objec t ives and for a l locat ing re sources avai lable after 
development of  the base program . 

Figure 5-2 shows in addit ional deta i l  the evaluat ion-for-se lec t ion 
proceaure . In this process ,  proposal s  that have been prepared as 
proposed so lut ions to spec if ic prob lema are catalogued and placed into a 
word-process ing system upon receipt . A screening committee comprised of 
senior headquarters s taff and managers meets  monthly to evaluate these 
proposals for the ir re levance to , and impac t on , Bureau and programmat ic 
&oal s  ana ObJ ec t ive s .  Proposals  fail ing this screening are returned 
promp t ly to the research centers with an exp lanat ion . 
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FIGURE 5-l : Progr81111&t ic Decis ion-Makina : Pro&ram Uevelopment 
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those pass ing the sc reening are subsequent ly evaluated b y  a technical  
evaluat ion committee that meet s  quarterly .  ProJ ec ts ranking in  the top 
20 percent by this evaluat ion are placed in a research idea pool as 
candidates for future programming. those ranking below 20 percent are 
returned to the research centers . the centers have the opt ion , at this 

- s tage , to rethink , rewrite , and resubmit the ir proposa ls for subsequent 
evaluat ion by the technical evaluat ion committee . 

We applaud the Bureau ' s  programmat ic dec is ion-making efforts ana its 
init iat ive in estab lishing these prograa evaluat ion ana deve lopment 
procedures . Because they are new ,  the procedures ana processes  need 
cont inual evaluat ion , ana the terms and cr iteria used , both in assess ing 
the current program and in determining program priorit ies , need to be 
refined and defined . 

A set of ranked ana weighted prob lem c riteria usea in the technical 
evaluat ion process is shown in tab le 5-3 .  Such fac tor analys is criteria , 
while most  useful , need c lose evaluat ion by a broader group than the 
Bureau ' s Washington staff .  the actual ranking& and weights ass igned are 
also subJ ect to discuss ion aDd concensus . 

TABLE 5-3 . Banked ana weighted Problem categories 

1 .  �ew techno logy 
2 .  Bas ic kesearc h 
3 .  Materials  Conservat ion 
4. Macro-�provements to tecbou logy 
5 .  Eff ic ient inergy Use 
b .  Environmental Safeguards 
7.  Process-Limit ina Materials 
8 .  �ew Process-control Concept s 

( 0 . 27)  
( 0 . 2 1 )  
( 0 . 20) 
( 0 . 10) 
( 0 . 10) 
( 0 . 05)  
( 0 . 05)  
( 0 . 02)  

In a s imi lar ve in , the dec is ions of  the technical evaluat ion 
committee could be maGe more respons ive to nat ional needs  by broadening 
the part icipat ion and inputs to the committee to inc lude representat iv�s 
of industry and academia . Part of  the overal l  programmat ic 
decis ion-making process could a l so we l l  inc lude broader issues , such  as 
the ro le of the Bureau in bas ic researc h ,  and this theme could be the 
subj ec t of  a workshop . 
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BAS IC RESEA&CH IN MINUALS AND PllDWlY MATEB.IALS 

Aa po inted out in NKAB-399 , t he new program funded by the Mat ional 
�c ience Fouadat ion on ainerala  ana primary .. terials process ing appears 
to bear d irec t ly on the Bureau of hines program under review , and to oe 
deserving o f  evaluat ion . Thus , as part o f  its  de l i berat ions , the 
coaaittee received a presentat ion on "The Na t ional Sc ience Foundation ' s 
Program on Minera l s  and Primary Materials  Process ing . "  A b rief 
desc ript ion o f  this p rogram is  given in Append ix B .  

The N�F program i s  auch smal ler in teras o f  budget  ($1 . 734 ail l ion 
for FY 82 awards va . $29 . 6o0 ai l l ion for the Bureau o f  Kines ) , and tne 
eaphas is is  more on fundament a l  acadeaic research .  ( It should be pointed 
out that a d irec t coaparison of t he funds expended by the two agenc ies 
cou la be ais leading s ince NSF does not do in-house researc h ,  whereas 
nearly a l l  t he Bureau ' s  work is perforaed in-house ,  thus invo lving 
addi tional overhead cos ts to the Bureau . ) In addit ion , t he primary 
objec t ive of  the NSF work i s  to advance knowledge o f  fundamental 
princ ip les and processes necessary for deve lop ing new and iaprovea 
techno logies , whi le t he Bureau ' s  obJ ec t ives are to deve lop new and 
iaproved technologies to be tter the coapet i t ive pos it ion of domes tic 
aining companies ( through techno logy t rans fer to indus try ) and to be 
respons ive to national needs . 

The FY 82 awards totaled 39 and were dis tributed as follows : aineral 
bene f ic iat ion ( 9 ) ,  hydrometal lurgy ( 7 ) ,  pyrometal lurgy ( 1 1 ) , 
e lec trometal lurgy (5 ) , and other areas ( 7) .  

I n  i t s  earl ier report ( HKAB-399)  t he comaittee urged t ha t  the 
"appropriate agenc ies cons ider soae fora of  co l laborat ion in a l locating 
program areas and fund ing between t he two agenc ies . "  NSF ' s  coordinat ion 
with the Bureau was described in some detail to t he comai ttee ; it 
inc ludes , among other things , keeping t he Bureau inforaed of NSF awards 
and request ing technical reviews o f  proposals by the Bureau . The 
committee is p leased to recognize this col laboration and uraes that it  be 
cont inued and expanded . However ,  the commit tee is d is turbed by 
indicat ions that research support by agenc ies such as hSF might oot be 
cont inued in areas embraced by the generic centers ( i . e . , centers of 
technological research focus located at univers i t ies ) present ly supported 
by the Bureau of Mines , and the reported format ion of an 
indust ry-sponsored nonpro f i t  organizat ion to support research--a l l of 
which would tend to d i f fuse ( and confuse ) appropriate e f forts . 

Overlooked Areas 

In add it ion to t he foregoing general  and s pec ial cons iderat ions 
examined by the committee , a number o f  areas were c ited as deserving 
cons iderat ion for poss i b le inc lus ion in future programs : 
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o Microb ial leachinK--a long-range , high-risk area ; more work 
should be done here . 

o Improved recovery o f  Pz0 5 from phosphates--another 
long-range , high-risk area . 

o Potash recovery via so lut ion mining .  

o tiy-produc ts f rom in s itu leac hing of  nonferrous meta l ores . 

o Mixed sul f ides separat ion . ( h . B .  The Avondale kesearch Center 
is performing work in this area now. ) 

o ]! s itu mining . 

o Non-commod ity spec i f ic f ine part ic le techno logy . 

o Sme l ter dus ts researc h .  

o Automat ion , computerizat ion , sensors , and real-time analys is . 

o Mechanisms for long-range overs ight of  Bureau proj ec t s , 
inc lud ing 5-year ro l l ing p l anning . 

Copyright © National Academy of Sciences. All rights reserved.

Review of the Minerals and Materials Research Programs of the Bureau of Mines:  Report
http://www.nap.edu/catalog.php?record_id=19429

http://www.nap.edu/catalog.php?record_id=19429


Copyright © National Academy of Sciences. All rights reserved.

Review of the Minerals and Materials Research Programs of the Bureau of Mines:  Report
http://www.nap.edu/catalog.php?record_id=19429

http://www.nap.edu/catalog.php?record_id=19429


6 

SUKHA&Y , CONCLUS ION� , �D RECOMMENDAtiONS 

Aa previous ly ment ioned , separate report s have already been issued 
which deal with the Bureau o f  Mines  programs on minerals  th•raochemistry 
and material s  subst itute s .  these reports have been summarized in tne 
precedin& chap ter . In addit ion , the c ommit tee proposes a series o f  
mechanisms to ass ist  the Bureau • a programs--inc luding those in the areas 
of minerals and materia l s  research--in more d irect ly and adequately 
meet ing the needs of t he u . s .  minera l s  indus t ry . these mechanisms 
inc lude : 

1 .  Cont inuing part ic ipat ion o f  the industrial and academic 
c ommunit ies in Bureau programs and programming , inc luding the 
e s tab lishment o f  permanent , independent commi ttees to advise t he Bureau 
on the currency and pert inency of i t s  research in various materials 
research areas ( such as a l loy s )  and composed of representat ives from 
indus t ry and academia who are exper ienced in the various subJ ec t matter 
f ie lds . 

2 .  the init iat ion o f  f requent workshops to ident ify and def ine 
c r i t ical areas for Bureau act ivity in support o f  the indust ry . 

3 .  Broadening o f  Bureau contac ts w i th t he mineral indus try ; 
assessment o f  the nature , scope , and e f fec t ivenes s  ot  minera l s  and 
.. terials researc h  type interac t ions with the �ureau • a minerals  
informat ion and data analys is func t ions ; and annual presentat ion o f  the 
assessment s at Bureau-sponsored workshops with industry and academic 
part ic ipat ion . 

4 .  Expanded cooperat ive agreements w i th appropriate technical 
soc iet ies and indus t r ia l  group s , as we l l  as continued jo int sponsorship 
of sympos ia , workshops , etc . in t he area of mine rals  and materials 
research . 

S .  Estab l ishment of  other mechanisms such as c ontrac t research or 
spec ific intra-Bureau assessment of areas needing Bureau program 
ac t ivities . Examp les in the t hermochemistry area are : ( a )  assess ing on 
an internat ional leve l the thermochemica l  researc h e f fort s  of indus try , 
academia , and government agenc ies and ( b )  assuming a greater ro le in 
bas ic research . 

27 
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b .  Perio4ic ( e . g . , annual ) presentat ions by Bureau personne l to 
in4us trial  and acadeaic au4iences of reviews o f  the Bureau ' s  p rogr ... . 

1. In act ivit ies outs ide the Bureau o f  Kines , cons ideration of 
overal l coord inat ion of research support by t he Bureau , NSF,  ana indus try 
for (a) generic centers , ( b )  univers i ty research out s ide o t  �eneric 
centers , an4 ( c )  nonpro f it research organizat ions . 

The foregoing aay require a broadening o f  the func t ions o t  the 
Bureau , ana a reexa.inat ion o f  the enabl ing l egis lation ( 1�12  Organic 
Ac t )  aay be necessary . 
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Append ix A 

MINERALS AND MATERIALS RESEARCH PROGRAM OF THE 
BUREAU OF MINES FOR FY 81 , 82,  AN D  83 

The nat ional security and economic we ll-being o f  t he United States 
depend on adequate supp l ies of c ertain c r i t ical and s trategic mineral 
resources upon which t he nation ' s  indus trial  economy is buil t .  To hel p  
maintain o r  improve i t a  current pos ture i n  t he world market , i n  t he face 
of greater internat iona l  compet it ion for t he same resources ,  the nat ion 
must deve lop the means to fac i l itate access to t he minerals on which i t s  
economy depends . 

The Bureau ' s  research and deve lopment program i s  a imed at 
ant ic ipat ing and he lping to provide solut ions to  the tec hnological  
aspec ts  o f  this important nat iona l problem. Through both in-house and 
contrac t research , the program improves t he techno logy base by which 
minerals and mineral  raw material s  are mined , processed , re finea , and 
deve loped into materials .  A s t rong techno logic a l  base proviaea opt ions 
to so lve unant ic ipated problema l ike ly to occur in a rapid ly c hanging 
wor ld wit h  increas inK competition for l imited resources . 

In addit ion , to he lp promote a sound economy , the program deve lops 
and t rans fers to indust ry spec i f ic mining ana minera l s  process iU¥ 
techno logy to  maximize t he use o f  domes t ic resources , to  improve 
prOduc t ivity , to promote wider use o f  abundant materia ls  as subst itutes 
for scarce mineral s , to promote conservat ion of nonrenewable mineral 
resources by reduc ing was te in the minera l s  and re lated-produc t s  
indust ries , and by promo t ing increased recyc l ing o f  materials . 

The »ureau 1 s  researc h a ivisions work c lose ly wi t h  other Bureau 
d ivis ions , other federal agenc ies , indus try , and academia to ensure t hat 
t he resul t ing research wi l l  be as ef fec t ive as pos s ib le in address ing 
nat ional needs . 

In the ini t ia l  report o f  t he committee ( HHAB  399) , t he various bureau 
of Mines FY 81 researc h projec t s  under t he Mineral Resource s  Techno lo&Y 
Program of t hat t ime were l isted and described . This appenaix brings 
th is informat ion up to date with the addit ion o f  FY b2 and FY H3 proj ec t 
t it les and desc r ipt ions ; many o f  t hese are c arry -on programs from FY 81 
but some are ent ire ly new .  Reorganizat ion o f  this  materia l has been maGe 
somewhat d i f f icul t  because o f  organizat iona l c hanges wi thin the »ureau . 
Init ia l ly , the approximate ly 145 FY 81 proj ec t s  and subcont rac t s  were 
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under the Minerals Resource Techno loay Proaram , but they have now been 
divided between the Minina Research and the Minerals and Materials 
Research Direct orat es . The lat ter comprises the Divis ion of Extractive 
Ketal luray Techno loay , current ly with 52 proj ec t s , and the Divis ion of 
Materials and Recyc l ina Techno loay , with 50 proj ec ts . The Minina 
Research Di rec torate administers the remainina proj ec t s .  

The Bureau ' s  proarams encoapas s research , deve lopment , de.onstration, 
and techno loay trans fer ac tivit ies over a wide area , inc ludina minina , 
ore bene f ic iat ion , ore process ina , and produc t re finina of many aineral 
commod i t ies .  They al so inc lude work on by-produc t s  recovery , recyc lina 
of materials , and deve lopment o f  sub s t itutes for strateaic and critical 
materials . Most of this research is  c arried on at the Bureau ' s  1 1  
research centers and laboratories ;  subcont rac t effort s are also 
admini stered by the centers . The centers are l i sted below under their 
respec tive administerina divis ions : 

Mining Research Direc torate 

Denver , Co lorado ( D )  
Pitt sburah , Pennsy lvania (p )  
Spokane , Washinaton ( S )  
Twin Cit ies , Minnesota (TC)  

Mineral s  and Materials Researc h  Direc torate 

Albany , Oreaon (AL) 
Avondale , Mary land (AV) 
Boulder City , Nevada ( BC )  
Reno , Nevada (U) 
Rol la ,  Mis souri ( 10 )  
Salt Lake City , Utah ( SL) 
Tuscaloosa , Alabama ( TU) 

The Bureau also carries on l imited research at the Alaska Field 
Operat ions Cente r ,  which is oraanizat iona l ly in the Mineral Data Analysis 
Direc torate .  Some o f  the pro j ec t s  a t  the Twin Cit ies Research Center are 
administered by the Mineral and Materials  Research Direc torate as we l l  ae 
the Minina Research Direc torate . 

Al l of the Bureau ' s  noaminina proarams of t he last 3 fiscal years in 
the minerals technoloay area are l i s ted and described in the fol lowina 
paaes of this append ix. Nonminina aeneric proarams are l is ted f irs t ,  
fo llowed by spec i fic commodity proarams , which are aiven under the 
aenera l  head inas of ferrous metals , re frac tory me tals , nonferrous metal e ,  
nonmetals ,  and ceramic s .  The spec i f ic order o f  the l ist inas i s  as 
fo l lows : 
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Generic Research 

Benef ic iat ion 
Coaainut ion 
Corrosion 

3 1 

Couplea-Tranaport Membrane Separat ion 
Environmental  Researc h 
Ener&Y Conservat ion 
Engineering Assessment s 
Elec trolysis 
Flocculation 
Flotat ion 
filtrat ion , Hiah-Teaperature 
Geothermal Brines as Resources 
Leaching , in s itu 
Leaching . Other 
Microwave Heat ing 
Pickl ing of Metals 
kecyc le , General 
Solubilities , Chloriaea 
Thermodynamics and Kinet ics  

Ferrous Metals 

Iron 
Manganese 
Cbromiwa, Nickel , Cobalt , Plat inwa Metals 
Chromium 
Nickel  ana Cobalt  
Cobal t  
Nicke l , Cobalt , Plat inum 
Plat inum 
Tungs ten ana Mo lybaenum 
Vanaaiwa, Tantalum, Columb iwa ( Niobium) 
Al loy Steels  ana Superal loya 

Refractory Metals 

Titanium 
Zirconium and Hafnium 
&are Eartha and Barium 

Nonferrous Metals 

Aluminum 
Copper 
Uranium 
Zinc 
Lead 
Tin 
Gold ,  S i lver ,  Mercury 
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Nonmetals 

Fl�orine and Lithiwa 
Phosphorus an4 Potassium 
Sulf�r 

Ceramics 

Alumina Hefractories 

32 

Stront ia , Zircon , Chromite , Alumiaa 
General 

GENERIC &ESEA&CH 

Benefic iat ion 

Continuous Dielec tric Separat ion of �inerals ( FY  82 and 83)  

Bureau of  Kines research to provide basic bac�round in fundamental 
princ ip les of mineral process ing has shown that dif ferences in dielectric 
propert ies can be used to separate mixt�res o f  ainerals such as chroaite , 
rut i le ,  zircon , quartz , and fe ldspar . Separat ion is accomplishea by 
pass ing a mixture o f  two minerals through a divergent , a lternat ing 
e lectric f ie ld created in a f luid . Partic les havina dielectric constants 
lower than that of the f luid wi l l  move in the airect ion of the lowest 
f ie ld gradient , whi le part ic les with dielectric cons tants hi&her than tbe 
f luid will  move in the direct ion o f  the highest f ield gradient . A 
prototype laboratory sca le continuous separator operatina on this 
princ iple was built  and tested ( U . S .  Patent 4 , 1 64 , 460 ) . Present researcb 
is directed toward estab lishina l imit ing parameters for e lectric f ield 
aradient , e lect rode aeometry , l iquid propert ies , and mineral properties . 
Because the die lectric constant is a bulk property , separation efficieocy 
depends on the bulk of the mineral part ic le rather than a surface 
coat ing . Therefore , dielectrophoret ic separat ion may be effective for 
separat ing badly oxidized ores and compos ite or  coate4 part ic les . 
(TU-83-ET-3 ) 

Mineral  and Ketal Recovery in Fine Part iculate Systems ( FY 83 only ) 

New or  great ly improved technology will  be required to process tbe 
increasing ly lower-grade domes t ic ores that  are access ib le to u. �. 
producers . In addition , to process these ores requires that they be 
ground very finely , whicb co.plicates metal recovery further.  This 
project wi ll  explore the potent ial for t reat ina s�ch f ine ly diviaed orea 
by two different electrochemica l  techniques . One wi l l  consist of  
extending smal l-scale experimental results on e lectrochemica l ly 
contro l l ing the t lotation response o f  minerals . The other wil l  assess 
the prospec t of s �ltaneous ly reduc ing sulfide mineral concentrates in 

Copyright © National Academy of Sciences. All rights reserved.

Review of the Minerals and Materials Research Programs of the Bureau of Mines:  Report
http://www.nap.edu/catalog.php?record_id=19429

http://www.nap.edu/catalog.php?record_id=19429


3 3  

the cathode compartment of  an electrowinning ce l l  and oxidizing them in 
the anode compartment . this would be fol lowed by cont inuous ly recoverina 
t he elec trochemical ly generated meta l and sul fur value s .  (AV-63-Et-1 ) 

Comminution 

Comminut ion Princ iples ( FY 8 1 ,  82 and 83)  

Comminut ion , or s ize reduc t ion , is  the s ingle most energy-intens ive 
step in minerals benefic iation , and , because it determines partic le s ize 
distribut ion , bas a direct bearing on tne effic iency o f  downstream 
processes . the increased tonnage of a lower grade ore that mus t be 
ground to maintain t he same amount o f  concentrate baa sparked a 
cont inuing industry researc h effort to make improvements in grinding mi l l  
circuits .  However ,  revolut ionary improvements i n  grinding technology are 
unl ikely unti l  a better understanding o f  breakage and transport of  
part ic le assemb l ies is  available . to supplement the extens ive 
fundamental  research efforts by the academic community , this proJec t is 
direc �ed toward obtaining basic s ize reduct ion data on se lec ted mineral 
systems in order to pave the way for reduc ing energy consumption and 
improving the s ize l iberat ion characterist ics  o f  the ground material .  
(AL-83-Et-8) 

Research on Comminut ion Proceaaea and � imulat ion ( FY 81 , 82 ,  and 83) 

Initial  contract s tudies showed that breakage processes in a grinding 
mil l  can be analyzed in terms of a breakage rate function (which is  the 
fract ional rate at which part ic les are se lected for breakage in grinding) 
and a breaka�e distribution func tion (which gives the size distribution 
of the daughter fra�nta resulting from the fracture of  the part ic les 
being broken) . this served aa the bas is for mode ls subsequent ly applied 
to cont inuous grinding in a ball  mi l l ,  and to the considerab ly more 
comp lex grinding kinetics and material transport phenomena encountered in 
rod mi lls . Building on this foundat ion , present research is directed 
toward developing fundamenta l data on the grinding of  mixtures of 
minerals and on transport phenomena in wet mi l l  systems . ( University of 
california , Berke ley/J01 23049-AL )  

Corrosion 

Corrosion Fundamentals ( FY 81 and 82)  

Corros ion is a widespread and costly problem that results in an 
enormous economic loaa , estimated to be $70  b i l l ion , or 4 . 2 percent of  
the gross national product in  1 9 75 .  &esearch under this  proJect ia 
des igned to discover the causes of  metal and al loy corrosion result ing 
from exposure to react ive chemical spec ies in corros ive environments .  
(AV-82-Ma-2 ) 
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Appl ied Corros ion Research ( FY  81 , 82 , and 83 ). 

Corros ion ia a widespread and cost ly prob lem that resul t s  in au 
enormous economic loss , aa we l l  aa inc reas ing the demand for imported 
chromium, cobalt ,  nicke l ,  manaaueae , and p latinum-aroup metal s .  This 

' research ia  d irec ted toward provid ing technology to permit use o f  
domes t ic mineral resourc e s  aa subst itutes for imported critical mineral• 
through the use of protec t ive coat ings , sub s t itute al loying element s , and 
determinat ion of fac tors leading to corros ive degradat ion of materia ls 
result ing from exposure to reac t ive chemical spec ies espec ia l ly in miniaa 
and metal lurgical process ing environment s .  (AV-83-Kl-2 ) 

Corros ion of  Grind ing Media ( rY 82 and 8 3 )  

Metal wear i n  minera l  grind ing ayste-. represent s a s ignif icant loaa 
to the mineral indus try due to the coat of the arind ing media , worn mil l  
l inings , and downt ime for ma intenance . Annual ly ,  we l l  over 250 , 000 tona 
of metal grind ing ba l l s , rod s , and mi l l  l iners are consumed by the 
domest ic minera l s  industry through a comb inat ion of  abras ion and 
corrosion .  This ' work is  d irected toward determining the chemical and 
elec trochemical fac tors that promote corros ion loaaea of  grinding media 
and at augaea t ing technique s for reduc ing these losses . ( SL-83�-l ) 

Coupled Transport Membrane Separat ion 

Coupled Transport Membrane Separat ions ( FY  81 and 82 ) 

The object ive of  this research is to invest igate a membrane process 
for the separat ion and concentrat ion o f  me tal va lues from ore leach 
l iquors . This process uses a l iquid-fi l led membrane containing au 
extrac tant of the desired spec ies , which serves aa a shutt le to t ransport 
the metal ion across the -.mbrane in the form of a complex chemica l .  
Work i s  conduc ted us ing ho llow f iber and spherical bead material s , 
prepared by the cont ractor.  Current research ia direc ted toward the 
separat ion of vanad iua and uranium. ( Bend Re searc h ,  Inc . / J0205061-SL) 

Environmenta l  Research 

Part iculate Minera loiY Uni t  ( rY 82 and 8 3 )  

Almost hal f  of  the mines operat ing in the Uni ted States are located 
in regions where f ibrous mineral s  may be present . The potential health 
hazards o f  these minera ls could have serious e f fect s  on the domes t ic 
mineral s  industry through los s  of produc t sale s , forced c losure , 
overregulat ion , and worker lawsuit s . Hot a l l  f ibrous minera l s  are the 
same , yet med ical research conduc ted with a s ingle minera l is  often 
ext rapo lated to app ly to an ent ire c las s o f  minera l s , potent ial ly lead iaa 
to extens ive overregulat ion. The Part iculate Mineralogy Unit conduc ts 
research to e s tab l ish prec ise , workab le de finit ions of , and analyt ical 
procedures for , mineral part iculat e s  originat ing in mining and minera l 
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process ing operat ions . The unit  cooperates c lose ly with health  ana 
regulatory agenc ies to  fully charac terize minerals used in the ir research 
and to he lp estab l ish samp ling ana evaluat ion criteria for fibrous 
mineral part iculates . (AV-83-ET-2) 

�ineral Process Water �ec lamat ion Chemistry ( PY 82 ana 83) 

Water rec lamation for recyc le is a major problem for many 
metal lurgical operations , part icularly those wnich require t reatment of  
difficult-to-wash ,  voluminous ,  gelat inous hydrous metal  oxide 
prec ipitates . Hence , techn1quea are be ina invest igated to increase water 
rec lamation for recyc l ina in hyarometa l lurgical processes by transforming 
l ight hydrous oxide p rec ipitates of re , Al , Cr , ana Zr to denser ana more 
readi ly filterable ana washable compounds by removing the waters of 
hydrat ion. Also , the kinet ics  o f  format ion and so lubilities of  bas ic 
iron sul fates or re lated compounds are being studied to determine the 
feas ibility of preferably prec ipitat ing these denser compounds instead of  
iron hydroxide . (BE-83-ET-l l )  

Treatment of  Mineral Process ing Wastewater ( PY 83 only ) 

The ObJect ive is to demonstrate at commerc ial fac ilit ies the 
increased capac ity realized when magnes ium oxide is  used in place  o f  
convent ional media to  f i lter mineral  proceaa ina wastewater . In adaiton , 
methods wi l l  be · aeve loped for treat ing wastes that  contain cyanide in a 
variety of  chemical  forma so that total cyanide will  be reduced below 
0 . 02 ppm. ( TC-83-Ma-l ) 

Citrate Process Techno logy for Sulfur Dioxide Control ( PY 82 only ) 

The objec t ive of  this project is to  monitor the performance test ing 
ana demonstration operation of a prototype plant to remove sulfur dioxide 
ana recover sulfur from the s tack gas o f  a coal-fired power p lant . The 
prototype plant , baaed on a c itric ac id scrubbing process deve loped by 
the Bureau , can treat 1 50 , 000 c fm o f  s tack and was designed to capture 
90 percent of  the sul fur dioxide . The p lant is  located at St . Joe 
Mineral  Corporat ion ' s  George r. Weaton Power S tat ion at Monaca ,  
Pennsy lvania . Radian Corporat ion i s  on contrac t with the Bureau for the 
performance teat . (SL-82-Ma-1 7 )  

Surface Restorat ion of  �ineral Process ing Wastes ( PY 83 only ) 

The objec t ive of  this work is  to provide methods for surface 
restoration of mineral  process ing wastes through the establ ishment o f  
viable 'p lant ings . The effec t of genetic variat ions within p lant spec ies 
on plant viabi l ity as a funct ion of location on tai l ings piles wil l  be 
studied . Capi l lary barriers (gravel , sand , ana organic mulches ) wi l l  be 
investigated as a means of  prevent ing upward migration of sal ts  that are 
harmful to p lant growth .  Es tab liabment of  v iab le plant ings on tail ings 
pi les wi l l  significant ly reduce or eliminate wind b lown dus t from these 
sources .  ( SL-83-MR-4) 
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Breed in& of  Improvea Grasses for Mined-Land Rec lamat ion ( FY �3 only ) 

Studies are beina conduc ted to ident ify aenet ic variat ions of  p lant 
spec ies with improved survivability and coveraae on minerals  tail ings . 
To these ends , aenetic variat ions of  a number of  p lant spec ies have been 
p laced on lead-z inc tail inas at Bauer , Utah , coal spoi ls at Decker , 
Montana , and at a desert locat ion to teat res is tance to sa lt  and drought 
condit ions . Plants that appear promisin& wi l l  be propaaated and placed 
in other environments , e . g . , copper tailings . ( USDA/ SEA/ J0205024-SL) 

Elec trolys i s  

Experimental Electro lysis  ( lY  81 , 8 2 ,  ana �3) 

Research is  being conduc ted to dete�ine the possibil ity of : 
( 1 )  reduc ina electrical  ener&Y requirements in e lectrowinnin¥ processes 
by adaina chemical e lec tron donora to the anoae compartment , ana 
( 2) conservina critical  metals suc h  as chromium and cobalt  by 
e lec trolytical ly deposit ing mul t icomponent a l loys froa a s lurry of  metal 
powders and aqueous elec t ro lyte . (AV-83-ET-3 ) 

Energy Conservat ion 

EneriY M&nage .. nt in Minerals  Process in¥ Plants ( PY 82 only ) 

&isina costs for eneray produc tion are a irect ly reflected in the coat 
of refinina minerals . To evaluate the potential for reducin& aiaarala 
process ina costs by more e ffic ient ly manaaina energy use , the bureau is 
investiaat ina an operat ina p lant to develop an accurate aoae l for ener" 
consumpt ion . Recommenaat iona for eneray manaaement techniques that 
emerae from this invest iaat ion wi l l  be tested in-plant to .. aaure their 
effec t iveness . (Michiaan Technoloaical University / JOll307&-P) 

Enaineerina Aaaesa .. nt 

Enaineering Assessment o f  kesearch Projects  ( PY 82 and 83)  

Bench-scale research could resul t in  promis ina technoloay for  which 
the economic feasibil ity and/or the potent ia l for laraer scale , 
technical-feas ibility s tudies must  be determined . Enaineerina asaes ... ut 
of potent ial ly proaia ina , bench-sca le research wi l l  help to point out 
that technoloay which may benefit  from such s tudies ana wi l i  aete�ine 
the availab i l ity of the essent ia l data necessary to conauct the stUdies . 
Advice wi ll  be proviaed on additional aata needed for the des ian of  
larae-scale test  fac il ities , the relat ive �portance of  such data , ana 
means of  obtainina it . (BC-83-ET-3)  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

R e v i e w  o f  t h e  M i n e r a l s  a n d  M a t e r i a l s  R e s e a r c h  P r o g r a m s  o f  t h e  B u r e a u  o f  M i n e s :   R e p o r t
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 4 2 9
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Flocculation 

Fuadamentals of Flocculat ion ( FY 81 ana 82)  

Very f ine mineral part ic les resist  processing by convent ional 
techniques such as f lotat ion , thickening , ana f i ltrat ion . This Bureau 
proj ec t  focuses on determining the properties of f ine part ic les aDd of  
f locculat ing agents with the obJec t ive of  developing a base for new 
flocculat ion technology .  ( TU-82�-1 ) 

Dewatering of Minera l  Process in1 S l �es by Flocculat ion ( FY 83 only ) 

This research is concerned with deve loping techniques for aewaterina 
s lurries from mineral processing operat ions to improve water rec lamat ion 
ana for produc ing aewaterea solids  suitab le for disposal .  A 2 , 000 to 
4 , 000 gal lon per minute prototype unit will  be constructed aDd operated 
to test the Bureau ' s  polyethylene oxide f locculat ion technoloay . This 
e f fort will be supported by bas ic research on the boods formed between 
c l ay part ic les and polymer f locculants .  In addition , Bayer Proces s red 
muds wi ll  be characterized ana potent ial dewatering methods wi l l  be 
invest igated . Successtul development ana �plementation of  this 
techno logy can potent ial ly e l�inate serious environmental prob lema 
assoc iated with s l �es disposa l .  ( TU-83�-4 ) 

F lotat ion 

Flotat ion Fundamentals  ( FY 81 , 8 2 ,  ana �3)  

Froth f lotation is  used to upgrade nearly a ha lf  b i llion tons o f  
domestic ores annually t o  produce over 8 0  mi l l ion tons of  concentrates . 
However ,  in the face of  lower grade ana more complex ores , higher energy 
costs , ana s t rict enviroamental controls , s ignificant new techno logy mus t 
be forthcoming to maintain the same economic posture . The Bureau of 
Kines is deve loping a bas ic background in fundamental  froth f lotat ion 
princ iples for app l icat ion by private sector engineers to ( 1 )  make 
incremental  improvements in exist ing operat ions and ( 2 ) deve lop new 
techno logy for separat ing minerals not present ly separab le by froth 
f lotation . Based on comDinea elec trochemical  and optical spectroscopic 
studies on packed beds of sulfide minerals , Bureau research has shown the 
possibility of us ing elec trochemical  potentia l as a means of controlling 
the f.lotat ion response of these minerals . The degree of  se lec t ivity 
exhibited by this method may permit froth flotat ion to be used to 
separate pent landite , cobaltite , or molybdenite from other  sulfides such 
as chalcoc ite , chalcopyrite , or  pyrite . (AV-83-ET-5 ) 

Select ive Flotat ion Recovery of  Very Fine Minerals  ( FY 81 only ) 

Large quant it ies of  very f ine minerals are present ly wasted because 
fine minera ls  do not respond to existing benefic iat ion techniques . This 
research is  directed at discovering the mechanisms of  mineral-reagent 
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interac t ion during bene fic iat ion . and condit ions that favor the recovery 
of fine part ic les not p re sent ly recoverab le . (AVRC/ South Dakota School 
o f  Mines ) 

Mode l ing and Cont ro l of  a r lotat ion Ce l l  ( FY  82 only ) 

A ha l f  b i l l ion tons of ore are proces sed annual ly in the United 
States by the froth flotat ion proceaa . thus . any �prov ... nt in proceaa 
e f f ic iency can have a s igni f icant benefic ial impac t upon the ainerala 
indus try . This research wi l l  resul t  in a mathemat ic a l  mode l that should 
great ly fac i l itate regulat ion of f lotat ion ef fic iency by use of modern 
computer contro l s .  ( Univers ity o f  Utah/ J021 503 5-SL) 

ri l t rat ion 1 High Temperature 

erature Process 

There are a varie ty of  current and deve lopiaa mineral-re lated 
proces �es where improved med ia are needed for f iltering heated and /or 
corros 1ve so lut ions to remove prec ipitates or other part iculate so l ids . 
Examples are fil trat ion of contaminants froa fused salt e lec trolyte s .  
droaaes froa mo lten lead and z inc .  and removal o f  prec ipitates froa hot 
ac id ic or caus t ic leach so lut ions . Such f i l ter med ia often dete�ine 
whether a proces s  is techno logical ly and economical ly feas ible . Al loy 
f i l ters current ly avai lab le are spec ialty it .. s ,  very cos t ly· and 
d i f f icul t  to fabricate and charac teri s t ically having high critical metals 
content . Research is be ing conduc ted to deve lop techno logy for 
fabricat ing al loy f i l ters which have the opt �  propert ies for 
temperature . corros ion .  and t ime stab i l ity with the minimal content of 
c rit ica l metals . (10-83-Ml-2 ) 

Geothermal Brines as Resources 

Geobrine Minerals Recovery ( FY  81 1 82 1 and 8 3 )  

Geothermal fluida contain valuab le me tals and mineral s  such as 
manganese . l i thium. z inc . lead . and s i lver .  Succeaafu l  recovery of these 
brine cons t itutuent s could add to the reserve base and aid in the 
disposal of  spent geothermal fluids in an enviroaaenta l ly acceptab le 
manner . A number of recovery methods and aa aoc iated corros ion prob l ... 
are being inves t igated . ( RE-83-ET-9 ) 

Recovery of Heavy Metals froa High-Sal inity Geobrines ( FY  81 only) 

The obj ec t ive is to perform l aboratory and computer mode l ing 
experiment s on prec ip itat ion and recovery of heavy metals and other 
insoluble mineral s  froa high-sa l inity geothermal brines from Mi land 1 
Ca l i fornia . Teat  rac i l i ty . Su l f ide prec ipitat ion of  metals and base 
add it ions to increase b rine pH is be ing invest igated . 
( R!RC/S&I Internat ional ) 
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Contro l of  Scale and Rea Ketal Recover in Geobrine S stems 
n 81 only 

One of the prob lems in recovering minera l s  from geobrines is the 
rap id format ion of minera l  sca le on the ins ide of pipes through which the 
geobrines f low . The research i s  to bet ter unders tand the behavior o f  the 
sca l ing and de termine methods for i t a  cont ro l as we l l  as methods to 
enhance minerals  recovery . (iERC/ Pennaylvania State Univers ity ) 

� � Leaching 

Techno logy Asses sment for Leaching ( FY  81  only ) 

Obj ec t ive of  this proj ec t  i s  to s t ay abreast of  the s tate o f  the art 
in in s itu leach mining , to ident i fy techno logical gaps , to evaluate 
app l icabiiity of  leach mining me thods to various commodities , and to 
determine future trends . In order to keep indus try and government 
informed on current researc h ,  the projec t  wi l l  cont inue l iterature 
surveys and f ield vis i t s , as neces sary , to comp i l e  first-hand accurate 
informat ion . Us ing the above informat ion future areas of  research wi l l  
b e  proposed . ( TCRC) 

Leachi Metal l ic Ore s Other Than Uranium and 

This contrac t is des igned to determine which commodit ies and which 
geo logic s ituat ions offer the bes t  chance s for deve loping viab le in s itu 
leaching operat ions . The objec t ive is  to determine the fea s ib i l itY � 
in s itu leaching of metal l ic commod ities other than copper and uranium 
and-eo-assess potent ial locat ions in virgin depo s i t a  and previous ly mined 
ore bod ies where in s i tu leaching appears mos t promis ing . ( TCRC/Mountain 
States Re search and o;;;lopment ) 

We l l  Cons truc t ion Technique s for in s itu Leaching ( FY  81 and 82) 

The obj ec t ive is to deve lop improved procedures for dri l l ing and 
comp let ing inj ec t ion and produc t ion wel l s  so as to minimize c logging , 
dec rease the frequency of  we ll fa ilures , and reduce costs . Research 
inc ludes laboratory te s t ing of cas ing and dri l l ing f luid s , f ield 
examinat ion of  fa i led we l l s  with a down-ho le camera , and preparat ion o f  a 
manual covering a l l  important aspec t s  o f  dri l l ing , casing ,  and comp let ing 
in !!!! leaching we l l s . ( TC-82-Ma-1 8 )  

Improved Dril l ing and Recovery Sys tems for in s i tu Mining ( FY 82 only ) 

The obj ec t ive is to study and eva luate the present so lut ion 
app l icat ion ,  d i s t ribut ion ,  containment , and recovery systems used in 
in s itu leach mining in order to determine the most e f fic ient and 
cost=effec t ive methods for so lut ion hand l ing and maximum resource 
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recovery . The result s  o f  this pro j ec t  wi l l  provide informat ion on leach 
solut ion appl icat ion and recovery sys teas and the fea s ibi l i ty of heat ina 
leach so lut ions for Laproved minera l recovery . ( TC-82-MI-1 9 )  

Use of Clay Stab i l izers to Prevent Permeab i l ity Losses ( FY  81 and 82) 

The obj ec t ive is to eva luate the e ffectivene s s  o f  c lay stab i l ization 
polymers for prevent ina c lay swe l l ina and f ines aiarat ion which can cause 
permeab i l ity los ses in leachina we l l s . Laboratory and f ield tes t s  wil l  
b e  conduc ted t o  evaluate the e f fec t ivene s s  o f  the po lymers . (TC-82-MI-20) 

Smal l -Diameter Corros ion-Res is tant Pwaps for in s itu Leachins 
(FY 81 only ) 

Smal ler and more corros ion re sis tant pumps than those present ly used 
for in s itu leachina would enab le s i anificant cos t savinas and also help 
incre&s.-;ercentaae recovery of mineral . The purpose of this procur ... nt 
is to de s ign ,  construc t , and test a submers ib le pu.p system suitab le for 
two-inch-diameter monitor we lls and three-inch-diameter produc tion vella 
( about one hal f  the diameters commonly used at  present ) .  ( TCIC/Jacuzzi 
Brothers , Inc . )  

Leachina . Other 

Improved Leachiaa ( FY  83 only ) 

New leachina tecbno loay wi l l  be developed and appl ied to bench-sca le 
systems for evaluat ina innovat ive hydrometal luraical extraction 
proces ses , with emphas is on a11res s ive leachina condit ions o f  hiah 
teaperature and pressure . Dependable mechanica l  equipment wi l l  be 
intearated wi th re l iab le data ac qui s i t ion sys tems in order to as sure 
obtainina meaninaful process enaineerina informat ion. ( BC-83-ET-4) 

Mic rowave Heat ina 

App l icat ion of Microwaves to Minera l s  Process ins ( FY  82 only ) 

Mic rowave heat ina is a new techno loay that has recent ly beca.e 
available . This research wi l l  assess the app l icab i l ity o f  mic rowaves to 
minera l s  process ina . Amana the potent ial appl icat ions be ina inve s t iaated 
are dryina of  filter cakes and s ludaes , calc inina , and trans format ions of 
minera l  struc ture . ( TC-82-Ma-1 2 )  

Pickl ina of  Metals  

Fundamentals of Pickl ins Process ( FY  83 only ) 

Ac id pickl ina is wide ly used in the metals indus t ry  for c leanina 
annea led and hot worked stainles s  stee l s . Compos i t ions of pickl ina 
so lut ions are aenera l ly chosen for their ab i l i ty to remove mil l  scale , to 
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a1n�1ze al loy dep leted surfaces , ana t o  provide an acceptable surface 
appearance . The moat  frequent ly used so lut ion , HN03/ HF , operates by 
undermining the scale ana thus caus ing it  to fal l  off . The s imultaneous 
dissolution of the s tainless steels  removes any a l loy-dep leted surface 
layers but also results  in annua l losses  amount ing to several thousand 
tons o f  iron , chromium, ana nicke l , as wel l  a s  creat ing a s izable 
disposal problem. Research is being coDGucted to determine the ef fec t of 
pickl ing bath variable on the p ickl ing o f  commerc ial s tainless  s teels . 
The result  wil l  provide informat ion needed to  develop a mode l of  the 
pickling process in order to optimize it  ana extend the useful l ife of  
the oath so  that the need for  was te disposal o r  addit iona l t reatment wil l  
b e  reduced . (AV-83-MR-l )  

Recyc ling , General 

Recyc ling Unconvent ional �astes ( FY 81 only ) 

There is  current ly a wide variety o f  waste materials  be ing generated 
which contain metal and mineral value s but are not amenab le t o  
convent ional recovery techniques . Examp les o f  these wastes are s ludges 
fro• commerc ial aetinners and dust s  and s ludges from secondary copper and 
brass smelters . This research wi l l  devise procedures tor recovering 
these values from the wastes . (AVRC ) 

&apia Ident ificat ion , Sort ing,  and Characterizat ion of  Secondary 
Resources l FY 81 , 82 , and 83 )  

Efforts to  recyc le individual al loys from mixed scrap materials are 
current ly hampered because of  processors ' inability to eas i ly recognize 
ana separate each of the a l loys . Techniques wi l l  be devised us ing a 
combinat ion of  current ly available , low-cos t  ins truments for rapidly 
ident ifying/ separat ing various a l loys . Emphas is wi l l  be concentrated on 
superal loya , prec ious metals , copper-base alloys , ana aluminum scrap . 
(AV-83-KR-S)  

aecovering and Recyc l ing Materials f rom Automobi le Sc rap 
( FY  81 , 8 2 ,  ana 83)  

Current ly , as many as e ight mi l l ion J Unk automobi les are shredded 
annual ly in the country , and at mo s t  of the shredding centers only the 
magnetic metals  are recovered for recyc l ing . The goal of  current 
research is to devise improved methods and equipment for the recovery aDG 
separat ion of metals , p last ics , g lass , and other materials contained in 
the nonmagnet ic residues from automobile-shredding operat ions . The 
composit ion of newer foreign and domestic compact cars wi l l  be determined 
ana current recovery technology wi l l  be evaluated regarding its  abil ity 
to recyc le the new materials be ing used in these cars . Wa ter e lutriation 
aDG barite separat ion wi l l  receive fina l evaluation at indus trial sites 
on ful l-scale equipment . 
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In addit ion . a determinat ion wi l l  be made as to whether any 
imp rovements are needed in the technology for recovering p lat inum group 
metals from spent auto catalyt ic converters . ( SL-83-Ma-5 ) 

So lub i l i t ies . Chlorides 

So lubil ity of  Me tal Salts in Ac idic Chloride Syst  ... (PY 82 and 83)  

For many years the chemistry of systems wi th high chloride 
concentrat ions has been U.portant in the process ing of metals such as 
magnes iwa. l ithium . potas s iwa .  and others . Propo sed hydrometal lurgical 
proces ses for other metals 1 notab ly a luminum . al so invo lve the chloride 
sy s tem .  To provide a bas is for deve lop ing new process technology . and 
for evaluat ing candidate proces ses . this research wi l l  develop new data 
on the form and solub i l ity of me tal chlorides as a func t ion o f  
temperature . ac idity . and chloride concentrat ion. (RE-83-ET-1 0) 

Thermodynamics and Kinetics 

Thermochemical Data ea.pilat ion ( FY 81 only ) 

Thermochemical calculat ions . which are usefu l  in eva luat ing proposed 
processes and pred ict ing reac t ion produc t s . require accurate data to 
complement data acquired under the Minerals Thermochemist ry  projec t .  
Publ ished data from a l l  available sources are c rit ic a l ly evaluated . 
compi led . and pub l ished in the Bureau pub l icat ions series for use by the 
minerals sc ience community . (ALRC) 

Minerals Thermochemistry (FY 81 . 82 . and 8 3 )  

Prec ise knowledge of  thermodyna.ic quant i t ies is  Laportant in 
research to devise new and innovat ive metal lurgical proces s  technology . 
Thermodyna.ic data are be ing determined with high accuracy to aid in the 
understanding of spec i f ic metal lurgica l  reac t ions . and to determine the 
fundamental role of accessory minera l s  and element s in minerals 
process ing s t reama . To complement new data ac quired under this pro j ect . 
pub l ished data from a l l  available sources are c ritical ly eva luated . 
comp i led . and pub l ished in the Bureau publ icat ions series for use by the 
minerals sc ience community . (AL-83-ET-7 )  

Thermodynamic Data of Me tal Carbonates ( FY  81 and 82)  

Calc inat ion . which is one o f  the more important operat ions i n  procesa 
metal lurgy . often invo lves treatment of  metal carbonates . This research 
is planned to inc rease the re l iab i l i ty of thermochemical data available 
for evalua t ing new calc ination pr�cesses by crit ical ly reviewing ezist ina 
da ta and determining va lue where needed for se lec ted me tal carbonates . 
(ALRC/Univers ity of  Wiscons in) 
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Hish-Temperature Thermodynamic s and Kine t ics  ( FY 82 and 83)  

To deve lop and evaluate alternat ive minera l  process ing technique s 
requ ire s a sound knowledge o f  the plaus ib i l i ty of  proposed reac t ions and 
the rates o f  these reac t ions in the temperature range o f  interest . This 
projec t wi l l  emphasize the kine t ics  and thermochemistry o f  mineral  
sys t... at temperature s greater than l Ooo•c and at  pres sures exceeding 
one atmosphere . Ini t ia l emphas is is on the Al -S i-c-o sys tem, of great 
Laportance in direc t reduc t ion of aluminous raw materia l s . ( AL-83-ET-6) 

Meta l lurs ica l Reac t ion Kinetic s  ( FY  81 , 82 , and 83)  

To make improvements in a metal lurgical proces s reac t ion requires a 
thorough unders tanding o f  the de tai l s  o f  the reac t ion. This research 
projec t  is concerned with measuring the rates of and propos ing 
mechanis t ic exp lanat ions for important metal lurgical reac t ions , such as 
the reduc t ion of chromite , and the leaching of manganese . A secondary 
objec t ive is to determine the nature of chemica l  add it ive s that may 
acce lerate such reac t ions . ( TC-83-ET-3 ) . 

So lvent Extrac t ion Kinetics  ( FY 83 only ) 

One way to �rove the effec t iveness o f  solvent ext rac t ion 
separat ions would be to exploit d i fferences in the rates at which 
d i f ferent metals t rans fer between phases in the sys tem. This proj ec t 
wi l l  deve lop techniques for measuring the rates o f  forward and back 
ext rac t ion of  metal l ic solutes with the obj ec t ive o f  cont ribut ing to the 
understanding of exchange mechanisms and providing informat ion that may 
lead to s igni ficant improvements in separat ion capab i l i t ies . This 
p ro j ec t  complement s work at the Albany Research Center ( see below) . 

Predic t ion of  Metal Ext rac t ion With Solvent Extrac t ion Rea ent s 
FY 83 only 

So lvent extrac t ion has emerged as a powerfu l  technique for separat ing 
mixtures o f  metals in solut ion ; however , the se lec t ion o f  reagent s and 
operat ing condit ions has remained large ly a trial-and-error process . 
This proj ec t wi l l  concentrate on deve loping accurate , de tai led data on 
the performance of commerc ially avai lab le so lvent extrac t ion reagents . 
This , in turn , wi l l  permi t the deve lopment o f  mode l s  for ext rac t ion 
mechanisms , which wi l l  fac i l itate the rat ional se lec t ion of process 
condit ions . This proj ec t wi l l  be c losely coordinated with a 
co.plementary projec t  on So lvent Ext rac t ion Kine t ics at the Reno Research 
Center . (AL-83-ET-9 ) 
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FElUWUS METALS 

Iron 

Wet High-Intens ity Magnetic Separat ion ( FY  81 , 82 , and 83) 

the oxidized nonmagnet ic taconites o f  upper Michigan and Minnesota 
are a m&J or domest ic source of iron ore . Present commerc ial 
benefic iat ion prac t ice for these ores involves se lect ive f locculat ion , 
des l �ing , and froth f lotat ion . We t high-intens ity magnetic separation 
(WHIMS ) is an alternative that is potent ial ly less energy intensive aDd 
could effec t substant ial savings in reagent cos t s .  Potent ial  energy 
savings s tem fro. the fac t  that init ial separat ion can be performed at 
coarser partic le s izes , reduc ing the amount of materia l that mus t be 
f ine ly 1round . Results indicate reagent costa for WHIMS to be about one 
thira that of  the se lec tive f locculat ion method . Current research 
efforts are direc ted toward ob taining process ing data fro. WHIMS for 
comparison with data previous ly obtained for both selec t ive f locculation 
and another alternat ive , reduct ion roast ing .  Concepts and econoaics are 
being evaluated on a scale suffic ient ly large to produce results of 
max� usefulness to  t he private sector . ( 'IC-83-Et-4) 

the Effec ts of Flotation Machine and Froth Characteristics  on 
Cat ionic Flotation of Fine ly Ground Iron Ores and Concentrates 
(P'Y 82 and 83 ) 

tbe separat ion o f  s ilica ( as quartz or other  s i l icate minerals ) fro. 
iron oxides by cationic f lotat ion exhibits  relative ly poor se lect ivity , 
resulting in s izable iron losses or  t he need for multiple c leanin, 
s ta&•• · the princ ipal object ive o f  the research be ing conaucted unde r 
this contrac t is to deteraine the reasons for t he poor f lotat ion 
se lect ivity and , if poss ible , to develop procedures which wil l  t.prove 
the separation . (�ichigan technological Univera ity/JOll3076-tC) 

&educt ion of Iron Ore by Sulfur Bearing Low or Medium �tu Gases 
(P'Y 8 1 ,  82 , and 83 ) 

tbe objec t ive is to generate experimental iron ore reduction aata for 
a se lected variety of lump ores and commerc ial pe llets over a range of 
temperatures and pressures , tor processes that use as the reduc ing agent 
low- or medium-Btu gases that contain sul fur . ( Carnegie-Me l lon 
Univers ity/J0215041-P)  

Al ternate Fuels for �inera l and Metal lurgical Process ing 
(FY 81 , 82 ,  and 83) 

Fire hardening of  iron oxide pe l lets re lies heavi ly on pre.ium fuels , 
such as natural gas . Future availabil ity of  natural gas is very 
uncertain . Accordingly , this program is devis ing pe l let f iraing sys teas 
that use coals of various ranks and are compat ib le with standara pellet 
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indurat ion processes . For ex .. ple , a pilot plant demons tration is being 
cooduc ted in cooperat ion with the Department o f  Eneray to aete�ine the 
technical feas ibi lity of  ua ina raw , bot  low-Btu aas aenerated from the 
aaa i ficat ion o f  low-rank coals and fuels to indurate iron oxide pe llets 
in a arate-ki ln system. Aa part of  this demonstrat ion project , tbe 
&ureau ia  cooperat ina with 20 companies with interests in iron and s teel , 
coa l , aaa , and iodustria l engineerina. (TC-82�-9 ) 

Direct &educ tion of  Iron Ore Pe l lets ( FY 82 only ) 

The arowth of  e lectric arc furnace s tee lmakina in the United States 
in the near future may fai l to reach proj ected leve ls due to shortaaes of 
i ron units , primarily scrap . Therefore , an economic , eneray-ef f ic ient 
process is needed for production ot  direct  reduced iron. Exist ina 
technolo&Y ia beina evaluated to dete�ine where research is neeAed to 
make direc t reduct ion an economical ly viab le proces s .  (TC-82-Kk-10) 

Subs titutes tor F luorspar in Steelmaking ( FY 81 only ) 

Steel  production from bas ic oxygen processes employing f luorspar 
f luidizer now exceeds 50 percent of a l l  domestical ly produced stee l .  
This baa resulted in doubl ing the requirement of  f luorspar consumpt ion 
per ton of stee l .  Research i s  being conducted on subst itutes or partial 
subs titutes for fluorspar as a bas ic oxyaen turnace or cupola s lag 
f luidizer . Substitute materials , such aa pot l ining material removed from 
an a lumina reduc tion c el l ,  will  be s tudied for performance , availability ,  
economics ,  pol lut ion , and furnace refractory compat ibi l ity . (TCTC) 

Potent ial Effec t o f  Ferrous es on the 
ot Iron ana Steel  Cast ings 

The increased use of ferrous sc rap in iroamakina ana s teelmaking 
could result  at some future date in a bui ldup o f  tramp elements in the 
iron and s tee l produc ts .  A s ignificant increase in de leterious tramp 
e lements in the scrap charae would decrease the qual ity of  iron ana stee l  
cast ings . The objec t ive o f  this contrac t research i s  t o  dete�iue 
whether or not the quality o f  scrap is deteriorating , ana , i f  ao , to 
dete�ine what steps would be required to al leviate tbe problem. In 
cooperat ion with tbe foundry indust ry ana the American Foundrymen ' s  
Soc iety , the contrac tor is to col lec t samples ana data on the qual ity of  
scrap iron and steel products , and fouodry prac t ice . This aata would be  
analyzed to aete�ine the e f fec t of  tramp e lements in  the scrap . 
(Bat telle-columbua/J0205002-AL ) 

Foundry Charge Materials Chemis try ( FY 82 ana 83) 

This work is  a cont inuat ion of  the chemical analysis of  ferrous scrap 
ana castings which was init iated in support of Contrac t Mo . J0205002 
(Batte lle-Columbus ) ,  now completed , ana is being con4uc ted unaer a 
memorandum of  agreement with the American FounArymen ' s  Soc iety (AF& ) . 
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AFS periodical ly submits  samples of aray and duc t i le iron fro• aomestic 
cast iron foundries which are t hen analyzed by the Bureau for 2 8  
e lements . AlS correlates the analys is data wi th foundry practice data to 
ident ify ana evaluate the e t fec ta of t ramp e lements in char¥• scrap on 
the quality of iron caatina• · (AL-83-K&-4 ) 

Kanaanese 

kecovery of  MaDfaneae from Low-Grade Domest ic Sources ( FY 82 ana 83) 

For ita aaaaaneae requirements ,  the Unitea States is heavily 
dependent on foreian sources because low�rade ( leas than 35 percent MD) 
ores are the only domes t ic sources available and these cannot be 
processed economically . However ,  because o f  techno loaical develo�nts 
of the past few decades and the recent emphasis by the aoverament on 
atrateaic minerals , the jureau of  Mines cons iders it essential now to 
review and update the proceas ina techno loay for recoverina aanaaneae fro. 
domest ic low-arade sources . Thus , a detai led evaluat ion is beina ..ae to 
ident ify the three moat promia ina processes for recoverina Mn from 
low-¥r&de aomea t ic sources  in case o f  curtail  .. nt of  foreign MD ores . 
(Arthur D .  Little , Inc . /H022200S-�L) 

Feas ibil ity of in situ Leachins to &ecover Kansaneae (FY 81 and 82) 

About 74 mill ion tons of  aanaaoeae are present in low- and 
mediua-¥rade ores in f ive areas o f  the United States . There is  
insuffic ient technoloay availab le for economic recovery of aauganeae fraa 
low-arade domes tic ores and for economical ly ainiaa leas access ib le 
aauganeae aepoa its . In s itu leaching is a possib le .. thoa that needs to 
be evaluated . A coaprehens 1ve evaluat ion of  the feas ibility of us ing 
in s itu , SO� leacbina as a prac t ical method for recovery of aanaanese 
troa domest 1c resources wil l  be conauctea . Technoloaic aapa that need to 
be overcome to make in situ leachina of aanaaneae feas ible wil l  be 
identified ana conceituar-&cenarioa will  be devised for s ituations where 
feas ibi lity can be demonstrated . (TC-�2�-21 )  

Development of Manganese-�••• Al loys  as Subst itutes for 
Chromium-Bearing Al loy (FY 81 and �2)  

Iron-aluminum-manganese al loys are beina s tud ied for intermediate 
temperature appl ications . The research focuses  on the development of 
stainless  stee l  subs titutes , but the technical ana economic r .. ifications 
of potential ly abundant suppl ies of  ocean f loor aanaaneae also are being 
cons idered . (Massachusetts Institute of  Techno logy / J029S073-AL) 
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Cbromiwa, Nickel , Cobalt , ana Platinum Metals 

Appraisal of Crit ical Minerals from Northwestern ana Alaskan Resources 
(FY 81 , 82, and 83)  

Several critical mineral resources have been ident ified in Alaska and 
the northwes tern states . to assess  the potent ial of these resources , 
work is unaer way to define data neeaea on their chemical , mineraloaical ,  
and concentrat ion charac teris tic s .  Of  particular interest  are the 
chromite ana c hromite-o livine mass ive rock depos its in Alaska . (ALRC) 

In cooperat ion with the Alaska ana Western Fie ld Operations Centers , 
bulk samples of  potent ial c r it ical mineral resources wi l l  be obtained for 
characterization and chemical analysis . Beneficiation s tudies will then 
aeteraine if concentrates that contain economica l ly recoverable amounts 
of  Cr , Pt , Co , W, Sn , ta , ana Cb can be prepared . ( AL-82-Kk-8 ) 

S!!pl inM Potential Alaskan Critical Minerals  Deposits ( FY 83 only ) 

this work is part o f  a jo int e f fort with the Albany �esearch Center 
on an appraisal of critical  minerals  from Alaskan ana northwes tern 
resources . Field reconnaissance s tudies wi l l  be conduc ted ana bulk 
samp les obtained for chemical  analys is ana metal luraical  test ina . 
(Alaska Fie la Operat ion Center) 

Chromium 

Fundamentals of Chromite Flotat ion ( FY 83 only)  

the o bject ive is to s tudy the e lectrokinet ic adsorpt ion ana f lotation 
properties of cbromite ana other minerals founa in chromite ores for the 
purposes o f  ultimately aeve lopin& a superior f lotat ion procedure . 
Hal limond tube f lotation test s  are bein& performed on Mouat chromite to  
study the e f fec ts of  c ol lector type , col lector concentrat ion , 
hydrof luoric ac id depress ion , ana pH on chromi te recovery . 
( SL&C/Univers ity of Nevada) 

Chemical Process ing o f  Domes t ic Chromites ( FY 81 , 82 ,  ana 83 )  

the United States has only low-araae chromium resources that 
present ly are not economical ly treataD le . For examp le , Oreaon/ Cal ifornia 
nickel laterite deposits contain two to three percent chromiwa. Research 
is beina conducted to aevise technoloay for economically recoverina 
chromium from concentrates producea f rom the hyarometal lurgical process 
residues remainina after removal o f  the nicke l anA cobalt  from the 
low-araae laterites . (AL-83-Et-1 )  
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Extrac t ion of Chromium from the Domes t ic Laterit ic Ore Tailinaa ana 
Cbromite Ore ( FY 81 and 82 ) 

Research is  underway to exp lore and deve lop the data base for 
low-temperatura hydrometal luraical chromium extrac t ion. The method 
ut il izes soda roaat ina and subsequent water laacDina to obtain the 
preanant l iquor ana baa the potent ial to extrac t chromium from low-araGe 
domestic chromite ores as we l l  as from the leached tail inas of  lateritic 
ores oDtained from the nicke l extract ion process .  ( Venver Research 
Institute/G0284009-AL) 

carbony l Recovery o f  Crit ical Me tals and Minerals ( fY �2 and �3) 

Tecbno loay is needed wDich would a l low economic extrac tion o f  
critical and strateaic metals from domestical ly avai lab le minerals .  ODe 
potent ial ly useful method involves the formation of  .. tal carDony la , 
compounds with very high vapor pressures . The condit ions emp loyina 
carDony l methods for upgradina high iron cbromites and for the recovery 
of  .. tal a  such as coba l t  and nicke l from domes t ic ores and concentrate• 
will  be aeter.ined .  (K0-83-Ma-14) 

Chromium from ferrous Al lo a and Part iculate Was tes 
FY �1 and 82 ) 

this resear�b wi l l  invea t iaate techniques for e f fect ive in-plant 
recyc ling of chromium and other critical  metals contained in furnace 
s laaa and part iculate wastes aenerated in the product ion of  specialty 
stea ls and a l loys .  Phys ical benefic iation methods wil l  be opt�ized to 
recover the values  for reuse .  ( B0-82-M&-6) 

Chromium &acovery from Spent Etching So lut ions ( fY 12 only)  

Bureau-derived electroly t ic d iapbraam ca l l  tachno loay wil l  be 
evaluatea at  industrial s ites on produc t ion equipment . Chromic ac 1d 
etchina solut ions , whic h are currently disposed of  fol lowina each day ' • 
operat ion ,  wi l l  be reaeneratad on l ine in each plant to  al low for 30-day 
or more usa of these etchanta .  The qual ity o f  the regenerated so lut ion• 
wi l l  be evaluated throu¥bout tba testa . (�0-82-ka-5) 

Chromium &ecovery from Tanning Was tes by pyrolysis  and bulfuric Ac i4 
Leaching ( FY  82 only ) 

tbe tannina indus try uses larae quant ities of  trivalent chromiua in 
the for. of water soluble chromium sulfate for tannin& bides and skins . 
OVer one half  o f  the c hromium used is  contained in the s ludges from the 
tanning solut ions and in the leather trt.Binas and shavings --al l o f whicb 
are current ly discarded . The contrac t research is  to examine methods for 
pyrolyz ina these was tes and recoverina the chromium value s .  ( Tanners ' 
Counc i l  o f  America/J01 13110-BO) 
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Chromiua-free and Low-Chromium Al loys as Hubst itutes for Stainles s 
Stee ls  ( FY 81 , 82 , ana �J ) 

this work is direc ted toward devis ia& subs t itutes for important 
al loys without degrading tbe ir chemical  or phy a ical  properties  in oruer 
to reduce nat ional requirements for chromiua. Iron-base a l loys 
at rengthened by intermetallic compounds such as NiAl and iron-aluainua 
al loys s trenathened by carbide prec ipitat ion are beina inves tigated as 
aubst itutes for s tainless steels . the techniques of interna l  oxidation 
aDd mechanical al loyina to form a table d ispersoius such as Al 203 or 
Y2o3 as alternat ives to superal loys for use up to looo•c  wil l  be 
invest igated . (AL-83-Ml-5 ) 

Chroaiua Subst itut ion in Stainless Steels  ( fY 81 and 82)  

A high percentage of s tainless s teel i s  used for ambient temperature , 
corros ion-resistant appl icat ions . An aus tenit ic stainless  stee l  with 
reduceu chromiua levels , but with good corros ion res istance , would 
c onserve chromium supplies . A number of aus tenit ic al loys are being 
evaluated witb reduced chromium contents ( 5  to 14  percent ) aDd with smal l  
addit ions o f  a l loying element s  such as molybdenum , s i l icon , ana copper . 
( Internat ional Nicke l Co . /J02950 73-AL) 

Surface Nitria ing for Corros ion-Res istant Ferrous Al loys 
( FY 81 and 82 ) 

kesearch has shown that surface nitridina not only s trea&thens mi la 
s tee l ,  but eahances oxidation res istance by encouraging the adherence of 
surface oxide f ilms .  the e f fec ts of surface nitriding are now beiU¥ 
s tudieu in chromium-free alloys that could substitute for stainless 
stee ls at ambient and intermediate temperatures . (Army Materials  and 
Mechanics Research Center/J0188167-AL ) 

Deve lopment of  Chromium-free Construc t ion Al loy S tee ls ( FY  82 and 83) 

this contrac t is d irected toward the deve lopment of  a new 
chromium-free construction alloy stee l capab le of  replac ing the 4100 and 
8600 grades of cons truc t ional alloy steels currently b eing used in 
carburizing applicat ions . these two stee l grades account for almos t 
10 percent of  the total u. s. demand for chromium. the ObJec tive of  this 
work is to subs t itute for chromium other alloying e lements in which the 
United States is self-suffic ient , or for which a more secure ana s table 
source of  supply exists . the contrac tor is us ing a computerized 
metal lurgical/alloy design system to deve lop an a l loy c omposit ion that 
wi l l  have mic rostructures , heat  treat response , and mechanical propert ies  
equivalent to the 4100 and 8600 s tee ls . ( Internat ional 
Harvester/J0l lll04-AL ) 
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Nicke l  ana Cobalt  

Cobalt and Nickel  Recovery From Western Laterites ( FY 81 , 82 , ana 8J) 

Cobalt  ana nickel  are c rit ical minerals for which the United States 
must rely alaost ent irely on foreign sources . Extrac t ion of these metal s 
from low-grade domestic laterite resources would he lp to reduce the 
nat ion ' s rel iance on iaports . Technology is being devised for the 
recovery of cobalt  ana nicke l froa nickel-bearin¥ laterites found in 
northern Cal ifornia ana southern Oregon by selective reduc tion ,  leacnina , 
solvent extracton ,  and elec trowinning . (AL-82-Ka-4) 

Nickel Laterite Pi lot Plant Tes t ina ( FY 81 only ) 

As an extension of  the Bureau ' s projec t "Nicke l lecovery from Western 
Laterites , " this cost-shari� contrac t was awarded to better define 
engineering and cost fac tors ana to encoura¥e transfer o f  
Bureau-deve loped technology for the recovery of  nickel , cobalt ,  and 
chroaiua from low-grade domestic laterites by coD4uc ting spec ified 
short-tera tests on a five-tpd p i lot p lant scale . These short-tera tests 
wi l l  be used to evalute recovery tecnnology based on laterite leach 
res idue . (ALRC/Universal Oi l Products , Inc . )  

Cobalt  and Hickel Froa Missouri Lead Ores ( FY 81 , 82 ,  and 83 ) 

Lead ore reserves in Missouri contain s ignificant quantities of 
low-¥rade cobalt and nickel , both of which are lost as tailings and s lag 
during process ing to recover the prLD&ry lead , zinc , and copper 
minerals . The cobal t and nicke l  grades are suffic ient ly subecoooaic to 
prec lude research by the private sector to recover them. Therefore , the 
Bureau of Kines is conduct ing research to develop the basis for cobal t 
and nickel  recovery by f lotat ion and hydrometal lurgical .. tbods that are 
compat ible with the current lead-zinc-copper operat ions . (&0-83-ET-1 ) 

Cobalt  and �ickel From Missouri Lead Sme lter Wastes ( FY  81 ana 82) 

Missouri lead sme lters generate about 6 , 000 tons per year ( tpy )  
mattes , 1 2 , 000 tpy arose , ana 0 . 5 mi l l ion tpy s lags , containing about 
700 , 000 lbs cobalt , 900 , 00 lbs  nicke l , and 7 , 000 tons copper.  The 
obJec t ive of this research is  to enhance the supply of cobalt and nickel 
by devis ing procedures for recoverina these metals . Bench-scale 
operations are being opt�ized for se lect ive recovery of cobalt , nickel 
ana copper by oxidat ive leaching o f  smelter mattes and drosses with 
subsequent purificat ion and sulfide prec ipitation . (&0-82-Ka-4) 
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Recovery of  Byproduc t Cobalt ana Nicke l from Zinc Process ing Liquors 
( FY 83 only ) 

An alternat ive purif icat ion process that does not use arsenic or 
antimony for prec ipitat ing cobal t  and nicke l from zinc e lec trolytes is 
needed . As co-prec ipi tates with nickel  and cobalt , arsenic and ant imony 
create problema in the market ing , disposing , ana process ing of  the 
crit ical metals-bearing prec ipitate . One promising approach is removal 
of cobalt  ana nickel by cementation us ing euso4 , AB 2o3 , ana An aus t 
in ca.b inat ion or individual ly with a hydrogen source other than Zn. 
(10-83-ET-2) 

Cobal t  

Process ing Complex Domes t ic Cobalt  Ores ( FY 81 , 8 2 ,  ana 83)  

Cobalt is  an industrial ly important ana militari ly strategic metal . 
There is no current domestic production , but the United States has some 
24 known ident ified deposita of  c obalt  resources . The laraest  of  these 
is in the �lackb ird mining dis tric t of Idaho , where complex arsenical 
ores containing about 0 . 7 percent cobalt  an4 l . S  percent copper are 
foun4 . Sus tained produc t ion of coba l t  from this depos it  has been 
attempted but not achieved due to economic , technological , and 
environmental problema . Private sec tor research has aadressea the 
techno logica l and environmental prob lems , but only with marginal 
success . Therefore , to he lp provide techno logy to recover cobal t from 
this important domes tic resource , the Bureau o f  Kines is  conduct ing 
research to aolve prob lema assoc iated with several  of the moa t prac t ical 
al ternat ive extraction methods . Methods under invest igat ion inc lude 
combinat ions of 2-s tage roas ting , ac id and ammoniacal pressure leaching , 

solvent extract ion , and e lec trowinning . Ma lease o f  arsenic to  the 
environment is avoiaea in al l methods ana an effort is made to recover it 
aa a byproduct .  ( SL-83-ET-l ) 

thermodynamic s and Kinetics of  Cobalt  &eact iona ( FY 82 only ) 

Cobalt  is a critical metal because of its  ro le in j et engine parts 
ana other vital uses where subs titut ion would be difficul t .  Current ly , 
domestic in4ustry depends on imported c obalt ,  of which �0 percent comes 
from Africa , an eas i ly interrupted source .  Al though domest ic reserves 
are smal l , s ignificant produc tion can be achieved from the Blackb ird , 
Idaho depos it . Exploratory researc h being conducted by the Bureau of  
Kines to enab le profitable ut ilizat ion of  this ore can be subs tant ial ly 
assisted by us ing kinet ic ana thermochemical data that wi ll  be 4eve lopea 
for the roas t ing ana leaching reac t ions of  cobal t minerals found in the 
Blackbird depos it . (SL-82�-2 ) 
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Evaluat ion of Arsenic-Bearina Gases From Arsenopyrite ( FY til only ) 

A study is being conduc ted of  the kinetics of  evolution of 
arsenic -bearing gases from arsenopyrite . The experiments wi l l  be carried 
out in both sul f idizing and oxidizing atmospheres . The result s  wi l l  be 
useful in contro l lina emiaa �on of po l lutants aurin& ore roaat in� 
operat ions . (ALIC/University of Washington ) 

Separat ion ana Recovery of  Byproduc t Cobalt  From Copper Proceas iDI 
So lut ions ( FY  81 , 82,  and til) 

Tbe o bjec t ive of  thia work is to improve the tecbno lO¥Y for 
recovering cobalt  from waste solutions , in particular , copper proceasina 
so lut ions ua in¥ ion-excbaQ¥e technology . Copper procesa in¥ so lut ions 
contain s ignif icant amounts o f  coba l t  ana other valuab le metals wbicn are 
not present ly recovered . At one copper mine and mil l  alone , tbe 
potential ly recoverable cobal t exceeds 650 tons annua l ly .  Tbe initial 
emphasis  is  on recovery of  cobalt  and nickel  aDd assoc iated values from 
copper cementation plant eff luents .  (SL-�3-K&-6 ) 

Cobalt Subs titutes in Permanent hagnet l ( FY  81  and 82)  

Permanent maaneta , a maJor e lectrical component , account for 
approx�tely 1 5  percent of the u . s .  consumption of  cobalt . In teras of 
materials use , Alnico al loys are a subs tant ial port ion of these permanent 
magnets . Bare-earth/coba l t  magnets  are also becoming an important 
factor . This research is  directed toward decreas ing the deaand tor 
cobalt by devising al loys ana fabrication processes for Alnico magnets 
aDd rare-earth/cobalt magnets that will  require smal ler amounts o f  
cobalt .  (&B-82-Kk-15 ) 

Subs titutes for Cobalt in Cemented Carbides and Too l Steels 
(fy 82 only) 

Tbe use of  carbides for cutt ing and 4rillina too ls was l �ited by 
extreme britt leness  unt i l  1923 when cobalt  was introduced as the metal 
matrix to contain and b ind the hard carb ide partic les . The toughness  o f  
the cobalt  in the matrix ana the hardness  of  the carbides provide an 
excel lent material for wear applicat ion, but the United States now 
depends on foreign sources for 100 percent of  ita primary cobal t supply , 
moa t of  wnich comes from the country of  Zaire . This research is  a� at 
reduc ing this country ' s  dependence on coba l t  from fore ign aourcea by 
proviaina al ternat ives to cobalt  for cemented carbide cut tina tools . 
(AL-82�-1 7 )  
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Nickel , Cobalt , and Platinum 

Recovery o f  Plat inum-Group Metals , Cobalt , and Nickel  From Duluth 
Gabbro ( FY 81 , 82 ,  and 83 )  

The copper-nickel ore o f  the Duluth Gabbro complex in  northeastern 
Minnesota ia a larae potentia l domest ic resource o f  cobalt  and 
plat inua-aroup metals . However ,  t he low grade of the primary metal 
values ( 0. 5 percent Cu , 0 . 5 percent Ni ) has forced the private sec tor to 
aaa ian a re lat ively low priority to t he development of  techno loay for 
proceaa ina this resource , antic ipatina that minina would probaDly not 
beain until  the mid 1 990 ' s . Furthermore , the prel�inary proceaa ina 
f lowaheet a  cons idered by the minina companies centered on the primary 
metal values . Aa part of  an e f fort to help provide the basis for 
technology to recover the critica l and atrateaic minerals  from this 
important domestic resource , the Bureau of Hines ia  invea t igat ina methods 
to recover a l l  of the mineral values , payina particular attention to the 
byproduct critical minerals . Present research ia  addreaa ina part icu lar 
aspec ts  of unit operations within the proces s  f lowahee t  that are caus ing 
a ianif icant cobalt  and p latinum-aroup metal loaaea . ( TC-83-ET-l ) 

Mineral Benefic iat ion Studies and an Economic Evaluation of  the 
Corper-Nicke l Bearing Duluth Gabbro in Minnesota--Phase IV ( FY 81 
on y} 

Research will opt�ize the use of  ozone in t he d i fferent ial f lotat ion 
of Duluth Gabbro ores to impart selectivity in f lotat ion. In addition , 
inveat iaat ion cont inues for the determinat ion of  the parameters that  
aovern the mineraloaica l  and textura l charactriatic a  of s low-cooled , 
hiah-ion mattes and their maanet ic separation and f lotat ion 
charac teris tics . ( TCkC/Univeraity of �inneaota ) 

Plat inum 

Plat inum from Northwestern and Alaskan Resources ( FY 81 only ) 

Research ia  bei� conducted on methods for recoverina p lat inum, aa  
wel l  as  other valuab le mineral s such as copper sulf ides , chromite , and 
maanet ite , f rom a number of  low-arade p lat inum resources in the 
northwestern United States and Alaska . (ALRC )  

Platinum and Assoc iated Metals from S t i l lwater Complex Deposita 
(FY 81 , 82 , and 83) 

The United States is  a lmost completely depenaent on imports for 
plat iaum-aroup metals ( PGM) . Research ia beina conduc ted on methods for 
recovering PGM, a lona with as soc iated copper and nicke l ,  f rom a large 
resource in the Stil lwater Complex , Montana . Larae-acale bene f ic iation 
techniques to prepare a concent rate are be ina carried out , as we l l  as  
research on leaching and sme lt ina-leaching methods to recover metal s  from 
the concentrate . (RE-83-ET-3) 
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Subst itut ion for P lat inum Metal Cruc ib les Used in the Glass Industry (py 82 and 83) 

Platinum, which i s  widely used in g lasaworking and e lectronics , i s  a 
crit ical metal because o f  ita  import dependency . The use of  ceramic 
furnace l iners as replacements for plat inum in g lass furnaces wil l  be 
evaluated . (Glasa and Ceraaic s International /J011309�-TU) 

Tungs ten ana Molybdenum 

1Uugsten Recovery t rom Low-Grade Deposits (FY 81 ana 82) 

A number o f  hydrothermal ana t ac t ite depos its containing minor 
amounts of tungsten occur in the wes tern s tates . As 60 percent of the 
nation ' s tungsten requirement• are met through imports , a l l  domes t ic 
resources are being considered . Leaching and benefic iation techniques 
are being invest igated . (KE-82�-1 1 )  

Tungsten Recovery from Searles Lake Brines ( FY  81 , 82 , ana 83)  

The brines of  Searles Lake , cal ifornia , contain an estt.&ted 
1 35 mil l ion lba of tu�sten. While these b rines are too d ilute to 
process solely for tunasten , with  appropriate techno logy it  might De 
economically recovered as a byproduct during exist ing commerc ial 
processing that produces bromine , potassium salts , soaa ash , sal t  cake , 
and boron chemicals . Kay t o  recovery was the develo�nt of  an ion 
exchange res in by the Bureau of Hines for sorpt ion of tungsten ( U . S . 
Patent 4 , 1 80 , 628) .  This enables tungsten recovery with negl i&ible 
disruption to the existing plant . Through subsequent cooperative efforts 
with the co ... rc ial processor , feasiDil ity of  tungsten recovery on a 
com.erc ial scale was shown. Present research is directed toward 
deve loping bas ic technology for tungsten product recovery from the ion 
exchange stripping solutions . Further deve lopment of the proces s to 
improve economic s wil l  be left to t he p rivate sector . (SL-83-ET-8) 

Byproduc t decovery from Leaching of Low-Grade Copper Ores 
(FY 81 , 82 , and 83 ) 

Many valuable byproduct metals such as molybdenum, tungsten,  
manganese , a luainua , gold , silve r ,  and titaniua are not ful ly recovered 
during the leachina o f  low-grade copper ores and s lags . The Bureau is 
conduct ing research to improve the bas ic knowledge of  leaching chemistry , 
so tbat technolog) can be devised for s ignificant ly improving byproduct 
metal recoveries . ( TC-83-ET-2 )  
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Vanadium, Tantalum, and Niob ium ( Columbium) 

Vanadium Recovery from Western Resources ( FY 81 , 82 ,  and 83 )  

In order to  augment the u.s. reserve base for  vanadiu. and uranium, 
�roved methods are being devised for recovering vanadium ana uranium 
from very low-grade wes tern s hales . ( SL-83-ET-7 )  

Tantalum and Columb ium froa Domestic Resources ( FY 81 1 b2 , and 83) 

The United States is entire ly aependent on imports for ita columbium 
and tantalum needs . Lar&e , low-grade aomeat ic aepoaita exis t , but 
current techno logy is not adequate for economica l  recovery . Kaaearch  is 
being conduc ted to obtain a coacentrate f rom domest ic resources that will  
be  amenable to state-of-the-art recovery technology or to  new or modified 
recovery techniques . ( K£-83-�T-5) 

Al loy Steels  aDd Superal loya 

Wear ot Mining Equ ipment ( FY 82 and 83)  

Wear and corros ion are major factors in mining equipment failures 
that resul t  in lower product ivity ana greater work hazards . the Bureau ' s  
high leve l of expert ise in wear and corros ion will  be combined with ita  
expertise in  mine operations and safety , and direc ted toward identifying 
research opportunit ies to improve perforaance of  mine equipment whi le 
reduc in& the use of  critical and strategic aetal a .  ( S-83-KR-1 ) 

Harafac ing Al loys Containina �iniaal Critical Metals ( FY 82 aDd 83) 

Mining ana mineral proceasina equipment util izes hardfac ing 
techniques to retard excessive wear . Convent ional harafac ing al loys  are 
bi&h in c rit ical  aetala such as c obal t ,  nicke l ,  aanaaneae , and chromium, 
which are to a large extent los t in this essential ly d iss ipative use . 
this research is  a irected toward f inding new i ron-base hardfac ing al loys 
which conserve critical aetala , improve processing effic iency , ana lower 
cos t a . ( R0-83-KR-1 ) 

Surface Al loyiUj o f  Iron-Base Cast ings ( FY 82 only ) 

Abras ion-resistant aateriala are required in high-impac t 
appl icat ions . th is researc h wi l l  evaluate  the concept of trans ferring an 
abras ion-resistant coat ing to a low-a lloy casting during pourina , thereby 
conserving the use of critical  alloy ing e lements  while the substrate can 
be desianed for s t renath and toughness . Unl ike coatinas appl ied to s o l id 
cast ing surfaces , the bond between the coat ing and cas ting in this method 
shows a d iffus ion gradient with a resultant increase in bond s t rength . 
Theraal stresses encounterea durin& conventiona l coat ing processes are 
also avoided . (AL-82-MR-24 ) 
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Wear-Resistant Materials for Hinin1 and Mine ra l  Proceaaiag Equipment 
( FY  81 , 82 ,  and 83) 

�pact wear and abras ion in mining and mil l in, operat ions resul t  in 
sucn a nign rate of aaterials  loss that  equip.ent operat ional l ife 
expectanc ies are somet imes measured in days and weeks . Present t rends in 
aaterial selec tion for tne fabrication of aucn equipment requires areater 
use of  the c ritical materials chromium, nickel , coba l t , ana aanganese .  
To help reduce this demand , new s teels  containing complex carb ides ana 
interaeta l l ic compounds , des ianed s pec ifically to resist niah-impac t wear 
for use in c rushing and grindin& operat ions are being inveati&ated . 
Additiona l ly ,  s tudies are b e ing conaucteG on low-stress abras ion aDd t he 
mechanism of erosion of pipes and fittings used for the pneumatic 
transport of ores , coal , ana ash.  To accoapl isn tnia research in a 
meaningful and prac t ical  aanner ,  a fac i l it iy for s imulating wear uDder a 
variety of  condit ions baa been assembled for l aboratory evaluation of  
wear-resistant aateria l a . (AL-83�-3 ) 

Subst itutes for Crit ical Material s  in Miniaa ana Mineral Procesa ina 
Equipment ( FY  81 , 8 2 ,  ana 83) 

�proved aateriaia of construc tion are needed in tne harsh 
enviroaments of wear ana erosion that are encountered in the areas of 
mining and metallurgical processes . Presently these needs are sat is f ied 
aainly through �he use o f  superalloya ana cobalt-bonded carbiaes . 
Without exception, these aateriala contain s ignif icant amounts o f  
expens ive ana critical metals  such as chromium, cobalt , tantalua, and 
aanganeae . This researcb i s  directed toward the preparat ion of  
subst itute aateriala of  construction for use in hostile enviroaments 
through the use o f  e ast-on surface coat i�s , implants , or infused hard 
part ic les for improved wear- ana eros ion-resistance . Unlike coatings 
appl ied to sol id cast ing surfaces , the boDd between the coat ings aDd 
cast ings us in& this method shows a diffusion gradient with a resultant 
increase in boDd s t rength . Subst itute b inders for c ... nte4 carbide 
cutting too l s  ana carbide subst itutes for tantalum carbide aDd tuaasten 
carbide in c-5 ara4e cermats will be evaluated . ( AL-�3�- 7 )  

Surface Nitriai!! for Corros ion Protect ion of Pump ana Valve 
eomponenta (FY 8 only ) 

Al loys of nicke l , chroaium, cobalt ,  aanganese , ana other c ri t ical 
metals are frequent ly used to withstand the hot , corros ive enviroaments 
typical of those known or  ant ic ipated to exist in processes assoc iated 
witb alternate fuels  technologies . In addit ion , initial  l iterature 
evaluat ions indicate that other recently devised ni tride4 aateriala are 
very resistant to abras ion and wear .  This research wil l  aete�ine the 
feas ibility of us ing nitride4 aaterials  for pump ana valve components to  
replace current ly used component s  tnat  contain large amounts of crit ical 
metals . Because of t he s imilarit ies in tne environments ,  tne results  of  
tnia research wil l  be  directly  transferrab le to the so lut ion of aateriala 
problems in the minerals  proces s ing industries . (AV-�2-MR-12)  
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Reinforced Composites for High-Temperature Service ( FY 81 and 82 ) 

Inves t iaations are under way to subs t i tute met a l -matrix composite 
aaterials  for the chromium-and coba l t -laden superal loys used in aas 
turb ine enaines . These compos ite materia l s  are ferritic and aus tenit ic 
iron-alwainum matrices that are re inforced wi th ei ther s i l icon carb ide 
filament s or alumina dispersoids . S i l icon carb ide fiber-reinforced 
compo s ites would be used in turbine blades that require lonaitudina l  
atrenatb . Th e  oxide ( alumina ) dispers ion-strenathened material s ,  
prepared from mechanical ly a t trited preal loyed metal powders , would be 
used in turb ine disks . (Army Materials  and Mechanic s Research 
Center /H01 881 62-AL) 

Dispers ion St rengthened Al loys to Reduce Crit ical Materials Reeds 
(FY 82 only ) 

This re search is direc ted at reduc ina the amount of  chromiwa, coba l t , 
and manaanese in al loys by takina advantaae of  the unique propert ies that 
can be achieved by dispers ion of  intermetal l ic phases in i ron a l loys . 
This technoloiY is known to �part unique hiah-temperature strenath and 
oxidat ion res i s tance . Spec i fic a l loy sys tem. be ina stud ied c ontain 
dispers ions of RiAl compounds in i ron-base al loys . These al loys have 
been shown to res ist  oxidation and sulfidat ion at 8so• c .  (AL-82-Ka-22 )  

Al loys to Resist  Hydrogen Emb ri t t lement ( FY  82 only ) 

Containment vesse l s  used in metal luraical processes are suscept ibl e  
t o  hydroaen embrit t lement that can lead to c atas t rophic bri t t le fai lure . 
Current state of the art addresses this problem by us ina stee l s  and 
al loys rich in critical me tal s . This research wi l l  ident i fy al loys which 
wil l  res is t  hydroaen embritt lement with minimum amount s of critical 
metal s . (R0-82-MR-1 5 )  

Chemical Vapor Deposi ted Coat ings for Valve Components ( FY  82 only ) 

Chemical  Vapor Depos ited ( CVD )  coat inas and techno loiY have the 
potent ial to provide substitutes for a l loys containina c ritical minera l s  
in metal luraical ,  minina , and eneray convers ion sys tems . Cermet or 
ceramic CVD coat inas can be ut i l ized to provide eros ion- , abrasion- , and 
corros ion-re sis tant coat inas on l ow-al loy material s .  The obj ec tive o f  
this research is  to devise subst itutes and alternat ive s  for critical and 
atrateaic mineral-conta inina component s by appl icat ion of CVD coat inas 
and technoloiY for inc reas ina the eros ion- , abras ion- , and 
corrosion-resistance of low�al loy ma terials .  ( R0-82-Ka-1 3 )  

Crit ical Me t a l s  Recovery from Superal loy Sc rap ( FY 81 and 82 ) 

Superal loy sc rap wi l l  be cas t into anodes to tes t the appl icab i l ity 
of e l ect rodeposit ion techniques for produc ina cobal t  and nicke l master 
alloys . In addit ion , potent ial  methods for recovery of metals such as 
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chromiu., tunasten , and .olybdenua from e lect ro lyt ic s ludaes wi l l  be 
invest iaated . Elect rolyt ic stud ies wi l l  also be conduc ted on samples o f  
intermetal l ic compounds produced from superalloy sc rap a t  the Reno 
Research Center . ( R0-82-Ma- 7 )  

Recovery of Rickel Cobal t , and Chromiu. from Stainles s  S teel and 
Supera l loy Was tes fry 83 only) 

Research i s  under way to  deve lop techno loaies for recoverina nicke l , 
cobalt , and chromium from ferrous al loy s laas , spent spec ial ty al loy ac id 
pickl ina so lut ions , and mixed and contaminated superal loy scrap . 
Techniques be ina invest iaated for process ina the slaa inc lude flotat ion , 
elec t rostatic separa t ion ,  and smel t ina .  Electro lyt ic .. thods wil l  be 
devised for reaenerat ina the spent pickle l iquors while recoverina nicke l 
and chraaiu., and for recoverina coba l t , nicke l , and cbromiwa fro. 
superal loy scrap . App l icat ion of these techno loaies wi l l  lessen 
dependence on foreian sources for cobalt , nicke l , and cbroaiu.. 
( 10-83-KR-5)  

Recovery o f  Crit ical Me tals from S�ra l loy Sc rap by For.at ion of 
Int ermetall{c eo-pound ( FY  82 aDd 

8 

A Bureau-patented proces s wil l  be tested for convert ina unreact ive 
auperal loy scrap into intermetal l ic compounds with z inc or aluminwa, a 
fora that areat ly reduces the dis solut ion t i  .. of  cobalt , nicke l , 
chraaiu., and other .. tal values in various so lvent s .  Removal aDd 
recovery o f z inc from z inc-superal loy intermetal l ics by d i s t i l lat ion a l so 
wi l l  be inveatiaated . Fo l lowina disso lut ion o f  the a l loy in ac id 
so lut ions , recovery of the .. tal values by prec ipitation ,  c ... ntat ion , 
ion excbanae , and solvent extract ion .. thode wi l l  be invest iaated . 
( RE-83-KR-1 ) 

Aaaeaa .. nt of Cri t ical Metals in Waste Catalys t s  ( FY  82 and 83 ) 

The catalyst indus t ry  will  be analyzed to determine the quant it ies o f  
metal s  such as coba l t , chromiua , nickel , copper , zinc , and molybdenum 
contained in spent catalysts . While it i s  known that certain waste 
catalys ts ( e . a . , those containina prec ious .. tala ) are be ina processed by 
various recovery plants , it is not known to what extent a l l  spent 
catalyst s  are beina treated . The scope of the contract is to determine 
the extent of mineral  recovery be ina current ly appl ied to these was tes 
and to de l ineate research needs in this area.  (AL-82-Ma-1 1 aDd Inco 
Research and Development Center/J021 5042) 

Recovery of Critical Metal s  from Waste cataly s t s  ( FY  8 3  only ; 
see above ) 

A recent contrac t report baa de l ineated the quant ities o f  metals , 
such as cobalt , chromium, nicke l , copper , zinc , and mo lybdenum, contained 
in spent catalys t s , and the extent o f  me tal recovery current ly obtained 
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fraa these wastes .  Baaed o n  these results , investigations will  now focus 
on technology for recovering Ni , Mo , Co , and W from spent  
hydrodeaulfurizat ion catalys ts ; Cr f roa hi�h-temperature shift catalysts ; 
Cu ,  Ni , and Cr froa certain hydrogenation spent catalysts ; and Ni from 
act ivated Ni ( "Kaney Ni") waste catalys ts . (AL-83-M&-8) 

Crit ica l Metals Recovery from Grinding Wastes ( FY 82 and ij3) 

the object ive of  this work is to devise ana tea t economically 
feas ible techniques for recovering cobal t , nickel , chromium, and other 
values from grinding s ludge s . Effort s  wil l  concentrate on aeparatin� 
alumina part ic les f rom c ritical metal values ana reducing tbe iron 
contamination in the s ludges resul t ing from the arinaing of  bardfaced 
valves used in internal combust ion engines . ( �L-83-M&-3) 

U:FBACTO&Y METALS 

titanium 

Utilizat ion of 
Preparat 1on ot 
82 , and 83) 

Dec l inin& domest ic reserves of  h igh-grade iron ores and the 
importat ion of moat of  our titanium needs as rut ile have s timulated the 
evaluation of more p lentiful  domestic reserves such as  ilmenite& and 
titaniferoua magnet ite s as sources  of  iron and t itanium. Prereduc tion 
using low-grade reductant& and catalysts  and the effect of promoters on 
selec trive aulfation to ·remove troublesome �purities  are bein& evaluated 
in a large-scale cont inuous-circuit process research unit . Process 
charac teris t ics , energy use , and metal product qual ity are being 
determined � (AL-82-Ma-7 ) 

Ti tanium Recovery from Domest ic Perovakite Ores ( FY 82 and 83)  

titanium bas many appl icat ions where high-temperature s trength ana/or 
corrosion res istance is required . titanium dioxide i s  uaea as a 
pigment . About 60 percent o f  the u . � .  requirements for t itanium are met 
from fore ign sources . therefore , benefic iation , hyarometal lurgical , ana 
pyrometal lurgical techniques will  be invest igated for extract ing ti02 
froa domest ic perovakite in a form suitab le for use as a pigment and/or 
product ion of t itanium metal . ( SL-83-Et-S) 

tun a ten Recove r from tar �ana Res idues 

there are seven major t ar s ands deposits in the United � tatea 
totall ing over ij x 1olO tons of  tar sands which contain t itanium, 
tunaa ten , and aluminum in addition to recoverab le b itumen. Currently the 
u . s .  Department of  Energy , the Univers ity of  Utah , and others are working 
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on tecbno logiea that recover b itumen from these tar aaD4s leaving a waste  
rea iaual o f  re lat ive ly c lean sands . Processes wil l be devised to recover 
the metal values from the c lean sands so t hat byproduct recovery aya tema 
can be added to commerc ial b itumen recovery fac i l it ies . ( SL-82�-21 ) 

Recovery o f  Crit ical and Strate1ic Minerals f raa Wes tern Copper Ore 
(FY 82 and 83) 

Some porphyry copper o res current ly being mined c ontain t race amount s 
of materia l s  such as cobal t , t itanium , and tungsten that are los t  in 
process in& • In view o f  t he large tonnaae of copper ores processed each 
yea r ,  the trace amounts add up to a s ignif icant quantity of  c ri t ical 
materials lost . On t he otber hand , t he quant it ies are not econaaically 
s ignif icant enough to justify research by the private sec tor t o  recover 
them. the Bureau o f  Hines is , t herefore , coD4uc t ing research to identi fy 
and charac terize the critical  mineral s  present in the porphyry copper 
ores and to deve lop t he sc ient ific basis for recovery t hat can be 
incorporated into current copper processing operat ions . l tU-83-Et-2)  

&ecovery and Reuse o f  Chlorine f rom Ferric Chloriae ( FY 82 aDd 83) 

Subst i tut ion o f  domes t ic i lmenite for rut ile used in co ... rcial ti 
ext rac t ion processes resul t s  in the product ion of  FeCl3 as wel l  as 
ticl4• to foster the use o f  iLmenite , this research is  directed toward 
deve lop ing technology that will  enab le commerc ial ticl4 plants to 
dechlorinate the FeCl3 wastes . Oxidizing FeCl3 at  400 to  500° 
produces Fecl2 &Dd chlorine , which can be recyc lea to  the chlorinator . 
the abil ity to dechlorinate Fecl 3 wi ll  conserve chlorine while 
e l �inat ing the enviroamental p roblema assoc iated with FeCl) disposal . 
�olving the aisposal problem should encourage the increasea use o f 
iLmenite as a domest ic source o f  t itanium. (AL-83-Mk-lU ) 

High-Puri ty titaniua Powder for Kakina Powder Metal lurfY Components 
( FY 81 only ) 

High-purity t itanium powder could be used to make subs titute materials 
for many high-perfo�e appl ic ations of nickel and cobalt superalloys . 
lleaearch i s  being conduc ted to  p repare the t itanium powcler f rom molten 
metal contained in a nove l induc t ion furnace patented by the Bureau . AD 
important objec t ive i a  to  prevent c ontaminat ion of  t he powder with 
chlorine and tungs ten , both of which can be introduced into the metal by 
convent iona l proces s ing methods . Powcler metal lurgy o f fers an addit ional 
advantage o f  produc ing near-net-shape parts that min�ize for&ing and 
machining . ( AIJlC) 

Vapor Phase Preparat ion of titanium Al loy Powcler ( FY 82 ana 83) 

Powder metal lurgy techniques for p rOduc ing t i tanium al loy c omponents 
wil l conserve materia l e  and improve produc t ivity as we l l  as offer a 
subs t i tute material for chromium a l loys current ly used to proviae 

Copyright © National Academy of Sciences. All rights reserved.

Review of the Minerals and Materials Research Programs of the Bureau of Mines:  Report
http://www.nap.edu/catalog.php?record_id=19429

http://www.nap.edu/catalog.php?record_id=19429


6 1  

corros ion res istance . Thi s  research is  direc ted toward an innovat ive , 
economical method for produc ing t itanium al loy powder f rom the vapor 
phase by coreduc t ion o f  titanium , aluminum , and other  metal chlorides . 
( SL-83-M&-2) 

�proved Titanium Cas t in1 Techno logy ( FY 82 and 83) 

Limitat ions inherent in current t itanium fabricat ion and p rocess ing 
techno loay impede addit iona l uses for the meta l .  Inves tment cast ings o f 
t itanium s t rengthened by hot i sostat ic press ing are present ly being 
evaluated commerc ial ly .  However ,  inves tment cas t ings are too expens ive 
for c hemical  process ing components and t he l ess expens ive cast ings 
produced in rammed graphite molds contain embri t t i ing carbon 
contaminat ion . The Bureau baa developed z i rcon saDd mo lds for t itanium 
cast ing that e l iminate many of the prob lema assoc iated wi th rammed 
graphite , inc luding c arbon contaminat ion , and t hey are leas expens ive 
than inves tment cas tings . Ho t  isostat ic pre s s ing o f  t itanium component s 
fabricated in z ircon sand molds to  provide near net-shape c aa t inas with 
improved phys ical properties wil l be inve s t igated . (AL-8J-M&-b) 

�irconium and Hafnium 

Miniplant Evaluat ion of Zr/Hf Separat ion Technology ( FY 81 only ) 

The Bureau�eveloped method for recovering nuc lear-graae z irconium 
oxide from z ircon sand wi l l  be tested at a scale of 1 00 lb Zr02/day in 
order to obtain engineering data to fac il itate tec hnology trans fer .  
(�CEL) 

Improved Zi rconium/ Hafnium Separat ion Tecbno lo¥y ( FY 81 and 82)  

In ant ic ipat ion o f  increas ing u . s .  demand for nuc lear-grade z irconium 
for nuc lear power reac tors , the Bureau baa devised an improved , more 
enviroamenta l ly acceptab le method for recovering hafnium-f ree z irconium 
oxide from zircon sand . The proces s  involves caust ic fus ion , leaching , 
so lvent extrac t ion , us ing reagents only recent ly availab le , and 
hydrothermal prec ipitation . To conc lude t he researc h ,  the recovery of 
hafnium oxide f rom so lvent extract ion system raf f inates wi l l  be 
demonst rated . (kE-82�-7 ) 

Frac t ionat ion o f  Ketal Chloride Mixtures ( FY 82 and 83) 

Carbocblorinat ion is  an attrac t ive technique for opening ores such as 
zircon and c lay . In order to  get a nuc lear-grade z i rconium tet rachloride 
product it is  necessary to separate hafnium chloriae having nearly tbe 
same sub limat ion point , and in order to get a ce l l -grade aluminum 
chloride , i t  i s  necessary to separate s i licon tetrachloride , ferric 
chloride , and titanium tetrachloride from the reac t ion mixture . Kasearch 
wi l l  inc lude fundamental and laboratory s tud ies on a varie ty of  methoaa 
whereby suc h separations might be carried out e f f ic ient ly and 
economica l ly .  ( BC-82-KR-l ) 
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Cale ta-Stabilized Zirconia Refrac tory Caatab lea l iY �1 only ) 

The object ive is  t o iuveat iaate and charac terize ca lcium 
aluminate-bonded ,  high-ZrOz caatab lea produced f rom commerc ia l ly 
avai lable raw materials . ( TU&C/Georg ia Ins t itute of Technology ) 

kare Eartha and Barium 

Kare-Earth Techuoloq ( fY  81 only ) 

With demand for t he rare-earths increas ing , espec ial ly for catalysts , 
in iron and s tee l making , and in permanent magnets , the Bureau ia 
inve s t igat ing improved f lotat ion techniques to  increase recovery f rom 
baa t inaa ite ore , aa we l l  as methods for recoveriua a barite produc t .  
( llEJlC )  

NONFElUlOUS METALS 

Aluminum 

Extrac t ion o f  Alumina from Clay Us ing Hydrochloric Ac id Leaching 
( FY  81 , ij 2 1  and 83)  

The United States imports 9 3 percent o f  t he aluminum raw material  
required to feed the exiat iua domes t ic aluminum s .. l tera . In au effort 
to provide techno logy opt ions for reduc i� this nat ion ' s dependence on 
�ported raw materials ,  t he Bureau of Hines began an alumina research 
program to invea t i¥ate the nonproprietary technology options avai lable 
for recovering alumina from domest ic resources .  One techuolo&y involves 
the hydrochloric ac id leachin& 1 gas aparging c rys tal l izat ion techuo loMY 
in which the alumina is leached from kao l init ic c lay aa aluminum 
chloride . This aluminum chloride i s  c rys ta l l ized fro. so lut ion by 
spargiua with hydrogen chloride and is then decomposed to alumina and 
hydrogen chloride . Se lec ted primary and secondary unit operat ions in tbe 
cyc l ic f lowabeet are uDder investigation and research wi l l  involve the 
treatment o f  ferric chloride waste l iquor with c a lc ined kaol initic c lay 
and alternate leaching techniques , such aa quiescent dissolving ot 
alumina from the calc ined material .  ( BC-82�-3) 

Research re lated t o  the alumina miniplant proJeC t  is be i� 
coordinated aDd t ranater o f  t echnical informat ion reault in& f rom 
miniplant operat ions is being effected by preparat ion o f  manuscript s 
report ing on R&D connec ted with the miniplant . (BC-83-ET-1 ) 

Bleedstream Treatment and Aluminum Chloride Hexahydrate Disso lver 
Des ign ( FY  81 and 82 ) 

In the research on a hydrochloric ac id l eaching technology , a mother 
l iquor ia produced during crysta l l ization of a luminum chloride 
hexahydrate , which i s  recyc led to recover the a luminum and ac id content . 
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Ib i s  mother l iquor a lso contains impurity chlorides , whic h ,  i f  recyc led , 
wi l l  bui ld up and eventual ly contaminate tbe alumina produc t .  To reduce 
the impurity from recyc l ing ,  a b leeds t ream is d rawn o f f . Re search is  
inve s t igat ing the recovery o f  hydroch loric ac id and aluminum chloride 
f rom the b leeas tream prior to d isposal . ( RE-82-M&-1 2 )  

Leachins Clay with Aluminum Chloride So lut ion to Extrac t Alumina 
(py 81 and 82 ) 

A technique is be ing s tud ied t o  use a luminum chloride s o lution to 
leac h  alumina from c lay as an aluminum hydroxy l chloride , whic h is 
subsequent ly converted to a lumina . ( &ERC) 

Hydrothermal Prec ipitat ion of Boehmi te from Aluminum Chloride 
Solutions (FY ijl only ) 

Prec ip itat ion of boehmite ( a lumina monohydrate )  f rom a l uminum 
c hloride so lut ions resulting from hydrochloric ac id leaching o t  c lay is  
being s tud ied . (KERC/ S�I Internat iona l )  

Alumina f rom Domest ic Clay Resources and Bauxite ( FY 83 only ) 

Invest igat ions on c lay-HCl proc e s s  b leedst ream treatment , aluminum 
c hlor-hexahydrate d isso lve des ign , and leaching c lay with a luminum salt  
solutions wil l  be  comp leted and researc h wil l be begun on methods tor 
removing or deac t ivat ing organic impurit ies in Bayer process l iquors . 
(RE-83-ET-1 ) 

Extract ion of  Alumina f rom Anorthos ite Us ins Hydrochloric Ac id 
Leachins ( FY 82 only ) 

The hydrochloric ac id l eaching o f  anortho s i te is  be ing s tudied as a 
means to ut i l ize tbe anorthosite as a resource for alumina , for wnich 
maj or solut ion purif icat ion techniques may not be needed . ( kE-82-MR-14) 

Recoverins Alumina from Coal As h ana Coa l  Shale ( FY 82 and ijJ) 

Research is  being conducted to evaluate the technical and economic 
feas ib i l i ty of extrac t ing a lumina f rom coal wastes . Fo l lowing an 
evaluation o f  the suitab i l ity o f  alumina extrac t ion processes for 
spec i f ic coal was tes , benefic iat ion and extrac t ion procedures wi l l  be 
tested to determine the relat ive ext rac tab i l ity o t  alumina . 
Ident ificat ion of  commerc ia l ly feas i b le techno logy would a l low t he 
extrac t ion o f  alumina f rom at  leas t some o f  tbe 1 50 mi l l ion tons o f  coa l 
wastes generated annual ly .  (BC-83-MR-2) 
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Extraction of Alumina from Anthrac ite Culm with Eneray iecovery 
(FY 81 and 82 ) 

Culm wastes from minina of  anthrac ite contain about 1 5  percent 
alumina . Roast ing of the anthrac ite culm is being studied tor produc t ion 
of an asn that would contain the a lumina in a fora recoverable by ac id 
leaching and for ut il ization of the culm as a source of eneray tor 
alumina process iQi • ( Energy , lnc . /J021 5022-KE) 

Extract ion of Alumina from Clay Us in& Nitric Ac id LeachiDI 
(FY 81 only ) 

Techno logy for leachin� a lumina from c lay with nitric ac id was 
investigated in the recent pas t . To complete the s tudy , enaineerina data 
missina for the evaporat ive crysta l l ization of aluminum nitrate 
nonahydrate from so lution is beina obtained . (BCEL} 

Evaluat ion of Environmental Factors in the Ut ilizat ion of  Domes t ic 
Resources for Alumina Recovery ( FY 81 only ) 

Studies are beina made to  determine environmental and health factors 
that could resul t  if a . 2 5  ton/day alumina pilot plant ( previously 
des igned by Kaiser Enaineers ) were operated using a c lay/ hydrochloric 
ac id leachina tecbnoloay . (RE&C/R!DCo Environmental , Inc . / Co lorado 
School of  �ines Research Institute ) 

Soda Ash and Alumina from Dawsonite-Bearin& Oil  Shale ( FY 81 , 8 2 ,  
and 83 ) 

The focus of  this research is the des ian o f  a prac t ical f lovsheet for 
the ext ract ion o f  alumina and soda from retorted o i l  shale . Laboratory 
invest igat ions are coacerneG with the unit operat ions which aay require 
substant ial improvement to make the process feas ib le . These inc lude 
retort ing , leachina , .pregnant l iquor purificat ion ,  and precipitat ion o f  
alumina tri-bydrate .  Availabi l ity o f  this techno logy should enhance the 
overal l  economics of  utiliz ing o i l  shale , as wel l  as make available  a 
domest ic source of alumina . (AL-83-MR-ll ) 

Carbochlorinat ion of Domes t ic Clay for Recovery of  Alumina 
(FY 81 , 8 2 ,  and 83)  

FuDdamental research is  being conducted on  the carbochlorinat ion of 
domes t ic kaol init ic clay to  establ ish the chemical  and pnys ical 
requirements for improving select ivity of aluminum chlorinat ion aDd 
separation of pure aluminum chloride from other metal chlorides , for use 
in aanufac turina aluminum. (AL-83-ET-5) 
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During carbochlorinat ion of alu.inous raw materials , vapor complexes 
may be formed between aluminum chloride and impuri ty e l ement s found in 
the raw material . A mass spec t roaraphic approach is  beina used to 
invest iaate reac t ions between c lay and chlorine as we l l  as the func t ion 
of catalys t s  in the system. ( Colorado Schoo l  of Mine s / J01991 Sl-AL) 

Deve lopment of a Salt -Free Aluminum Reme lt ing Process ( FY  82 and 83)  

Bureau-patented technoloay for f luxless reme l t ina of  a luminum scrap 
and dross wi l l  be tes t ed in an indus tria l -type furnace with indust ry 
cooperat ion under memoranda o f  aareement with the Aluminum Recyc l ina 
As soc iat ion and the Rat ional Associat ion o f  Recyc l ina Indus t ries . A 
produc t ion furnace wi l l  then be mod i fied , t ria l heats conducted , and the 
economic / technical feas ibil ity evaluated . (AV-83-MR-6 )  

Recovery o f  Aluminum from Dross by Ultrasonic Coalescence (FY 83 only ) 

The feas ibi l ity o f  ut i l iz ina ultrasonics for separat ina mol ten 
aluminum metal from dross wi l l  be determined . Laboratory procedures wil l 
be es tab l ished for measurina the ab i l i ty of  ultrasonic vibrat ions to 
promote metal coalescenc e in a metal oxide mixture . (AV-83-MR-7 )  

Copper 

Chemical Treatment o f  Complex Sul f ides ( FY  81 , 82 , and 83 ) 

Bydrometal luriaical methods are be ina invest iaated for recoverina 
zinc , lead , copper , s i lver ,  cobalt , arsenic , and assoc iated metal s  from 
complex sul f ide ores and concentrates as a means of addina to the u.s. 
reserve base for those metals .  ( IE-83-ET- 7 )  

Copper Leaching Prac t ices in the We s tern United States ( FY  81 only ) 

The obj ec t ive is to up-date Bureau o f  Mines Informat ion Circular 8314 
(pub l ished in 1 968) by expandina several sec t ions and addina new sec t ions 
on so lvent extrac t ion-e lec t rovinnina and in situ leachina . ( SLRC/Hev 
Mexico Ins t i tute of Minina and Technoloayr- ----

Copper Dump Leaching Technique s ( FY  81 only ) 

Copper dump leachina nov represent s about 10 pe rcent of domes t ic 
copper produc t ion. Research is beina conduc ted to improve dump leachina 
recovery by deve lopina techniques to minimize pluaaina . channel ina , and 
iron salt buildup while maximiz ina the amount of materials exposed to 
leach so lut ion .  (TCRC) 

Copyright © National Academy of Sciences. All rights reserved.

Review of the Minerals and Materials Research Programs of the Bureau of Mines:  Report
http://www.nap.edu/catalog.php?record_id=19429

http://www.nap.edu/catalog.php?record_id=19429


66 

Chlorine=Oxyaen Leaching of Coaplex Sul fides ( FY  82 only ) 

Add it ional app l icat ions are be ing invest igated for the 
Bureau-deve loped chlorine-oxygen or ac id-oxygen pres sure leaching 
techniques for recovering metal values from comp lex sul f ides without 
evolut ion of sul fur oxides . Examples inc lude nicke l /cobalt  froa Duluth 
Gabbro concentrates ,  prec ious and base metals from araenic-bearina 
sul f ide resources , and treat ing domest ic copper concentrate so that i t  
can b e  lega l ly used i n  u.s. sme l ters . (IE-82-MI-4 ) 

Leaching of  Bormi te wi th Oxygen and Ferric Chloride as Oxidant s 
(FY 81 and 82) 

Lit t le is knowa about the leaching behavior of  bormite under heap 
leaching condit ions . Research is be ing conduc ted to  better unders tand 
the induc t ion period observed with oxygen leaching and to compare ferric 
chloride with the more usual ferric sul fate leachina agent . The 
informat ion wi l l  be useful in ma themat ical mode l ing of copper dump 
leaching . ( Univers i ty of  Utah/G0284001 -SL) 

fo r De leted Under round Uranium aDd Co er Kines 

The fr�ngea of many depleted underground copper and uranium mines 
contain mineral values that could be extrac ted by in s itu leachina . 
Pil lara left behind after convent iona l minina ope rations-represent a 
source of otherwise irretrievab le mineral commodity . Possible leaching 
systems for these mines wi l l  be evaluated and potent ial ly favorab le 
locat ions wi l l  be assessed for implement ing these sys tems . 
( TCRC/Kountain States Research and Deve lopment ) 

Concent rat ion Elements froa Co er Reverberato 
FY 81 only 

Dapurit iea are important in the product ion of copper because of t he ir 
influence on the e lect roly t ic re fining of  anode coppe r and the necess ity 
of many copper sme l ters to meet s t ringent enviroa.ental s tandards . The 
inve s t igat ion is divided into two part s .  ODe part is  the ident i f icat ion 
of the forma and amount s in which impurit ies are present in the s lag ;  the 
other involve s  the evaluat ion of high-temperature techniques for the 
recovery o f  impuri ty values from the s l ags . (ALRC/Univers ity o f  Nevada ) 

Metals Recovery from Copper , Bras s , and Bronze Flue Dusts ( FY 81 , 8 2 1  
and 83) 

Current e s t imates place the produc t ion of copper and brass sme l ter 
flue dus t s  at 24 to 44 lba of  dus t per ton o f  metal produced .  These 
dus t s , moat  o f  which are d isposed of  in land f i l l s  at some coa t , contain 
as much as 60 percent zinc , 3 percent t in ,  and 6 percent copper , 
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amounting to mil l ions of  dol lars o f  metal s  los t  annua l ly .  kesearch i s  
be in& conduc ted t o  devise a nd  test environmental ly acceptab le , nonac id ic 
leaching technology to conver t  the s e  dus t s  into marketab le metal s ana/or 
compounds . (AV-83-MR-3) 

Protec t ive Coat iQIS of  Elect roaepos ited Copper-�ickel Al loys  
(FY 83 only ) 

A number of copper-nickel  al loys , espec ial ly the Monel al loys ( 60 to 
70 percent Mi ) , are widely used . These alloys , which are noted for tne i r  
exce l lent c o rros ion res is tance and s trength , have many d ivers ified uses 
in c hemica l and metal lurgica l  process ing . They are al so the pre ferred 
al loy for use in marine-type environment s .  Previous Bureau research 
revealed that copper-nicke l  al loys can be unique ly e lec troplated in al loy 
forB on metallic subs trates from ac etate e lec trolytes ( u . s .  Patent 
4 , 167 , 459) . Pre l iminary tes t s  ind icated tha t  suc h copper-nicke l  deposits 
are dense , nonporous , homogeneous , adherent , and exhibit the excel lent 
corrosion res is tance charac teris t ic o f  Mone l al loys . Research i s  being 
conducted to extend the development of  this bas ic discovery by devis ing 
methodology for e lec troplat ing t he coppe r-nicke l  al loys onto common 
structural al loys inc luding p lain-carbon s teel , a l uminum , z inc ,  coppe r ,  
and magnesium al loys . Depo sit s wi l l  a l s o  b e  made o n  honel al loys to 
s �late repa ir build-up requirements . Maj or parameters such as 
elec trolyte compos it ion and pH , temperature , current dens ity , addit ive s , 
aDd anode materials will  be assessed . (R0-83-M&-3) 

Uranium, Leaching 

Geochemical Model Development for Uranium in situ Leaching ( FY  81 
only) 

Computer model s  t hat s imulate in s i tu leaching processes are very 
use ful for evaluat ing and opt imizing Tiiiviant compos it ions , wel l-field 
des igns , pump iD¥ rates , and other s i te-spec if ic factors that are 
�portant to the succes s of leaching operations . The previous ly 
deve loped k ine t ic chemical  model and t he hydrology model are being 
updated , val idated , and coupled to increase  mode l ing capab i lit ies . An 
equi librium c hemis t ry  model capable o f  s imulat ing s ite res torat ion is 
also being updated . ( TC&C ) 

Kinetic Mode ling o f  Uranium So lut ion Mining ( FY 81 only ) 

A series of l aboratory leach ing experiments wi l l  be used to 
( l ) develop quant itat ive mode l s  to describe the solub i l i ty o f  uranium 
peroxide and the oxidat ion , by hydrogen peroxide , o f  uraninite and pyrite 
under conditions found in the solut ion mining of uranium wit h an ac idic 
lixiviant , and ( 2 )  develop ana val idate a mode l o f  t he in s itu l each ing 
process which combines the quant itat ive geoc hemica l  model w�th a 
one-dimens iona l f luid f low s imulat ion .  ( TCRC/ Pennsy lvania S t ate 
Univers ity )  
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Cos t  and Sens it ivi ty Analys i s  f o r  Uranium i n  s i tu Leacb Kinin& 
(FY 81 only ) 

Ar t icles on in s itu leacbing costs  bave been written ,  but t hese are 
summary cos t artlel�bic b  do not deta i l  cos t s  of itemB sucb as pumps , 
cas ina ,  regiona l  d i fferences due to  weatber , and different rec lamat ion 
and restorat ion rules . Tbis cont rac t obj ect ive is to deteraine detailed 
cost s  for several type s  o f  uranium in s itu leacbing operat ions , both 
pilot scale and commerc ial .  ( TCRC/MUS Corpora t ion )  

Zinc 

uefluorinat ina Z inc Concent rates ( FY  81  and 8 2 )  

Byproduct s pha lerite c oncentrates from f luorite minini and mil l ing 
operat ions now are cons idered undes irab le by zinc producers because o f  
tbeir res idual f l uorite content . Me tbods will  b e  invest iaated for e ither 
removing or contro l l ing tbe f luorite in order to make the concentrates 
usable , thereby increas ing tbe u . � .  reserve base . ( BD-82�-1 ) 

Zinc Sul f ide ketor t ina Witbout Pol lution ( FY  8 1  only ) 

Researcb is being conducted to s tudy the retort ing o f  zinc sul fide 
concent rate witb the addit ion o f  s uf f ic ient l ime and carbon to  f ix the 
sul fur as calc ium sul f ide , and to  recover the zinc by condens ing tbe 
vapor formed durina t bis reac t ion. Tbe residue is to be oxidized to  
s table calc ium sul fate , and the energy from tbis  step is  recovered . 
(BOaC/Univers ity o f  Utab)  

Ut i l iz ina Z inc Wastes for Electroaalvanizin& ( FY  82 and 83)  

Tbe feas i b i l ity o f  us ing oxidized z inc wastes from a variety of  
sources as a rep lacement for primary z inc in e lec t rogalvanizin& wil l be  
determined . Us ing e lec t rolytes prepared from z inc wastes , cyc l ic 
vol tametry and e lect rogalvanizing tes t s  wil l  be conduc ted to determine 
the effec ts o f  pH,  current density , temperature , impurities , an4 
addit ives . The galvanized produc t s  wi l l  be subj ected to corros ion tes ts 
and assessments of  the coat ings w i l l  be made . (B0-83�-6 and Univers ity 
of  Kis souri/H0222002-BO J 

Proces s in b Means o f  Vo l tametr 

Cyc l ic voltametry techniques wi l l  be used to c haracterize t be z inc 
sul fate e lec tro lytes used in zinc electrowinning . Ultimately , a portable 
e lec trochemical system wi ll  be deve loped tbat can be use4 in z inc 
electrowinning ce l l  rooms to evaluate  e lec trolyte qual ity . 
(BORC/ Univers ity o f  Missouri ) 

Copyright © National Academy of Sciences. All rights reserved.

Review of the Minerals and Materials Research Programs of the Bureau of Mines:  Report
http://www.nap.edu/catalog.php?record_id=19429

http://www.nap.edu/catalog.php?record_id=19429


69 

Lead 

Recovery o f  Lead f rom Lead Su l f ide Concentrates ( FY 81  and �2)  

Research is  beiQ¥ conduc ted on a nonpo l lut ing process that recovers 
the lead as meta l and the sulfur as  hydrogen sul fide from lead sul f ide 
concent rates . The reac t ion invo lved is  t he d irec t reduc t ion o f  galena by 
carbon and calc ium carbonate to y ield lead metal and calc ium sulf ide . 
The l at ter produc t t hen is converted to calc ium carbonate and hydrogen 
sul f ide by reac t ion witn carbon dioxide and water vapor . The hydrogen 
sul f ide could be converted to e lemental sulfur by t he we l l-known Claus 
process .  ( Univers i ty o f  Washington/ J02050 1 1 -KE )  

A hydrometal lurgical / fused-sal t e lectrolysis proces s has been 
demonst rated in a proces s  researc h unit tha t  can produce at a rate o f  
500 lb /day of lead t o  obtain engineering data for technology t rans fer . 
Four lead producers are cooperat ing wit h  the Bureau of  Mine s in this 
proj ect : AMAX Lead and Z inc , Inc . ; ASA&CO ; COtUNCO , Ltd . ; and S t .  Joe 
Minerals  Corporat ion . Lead meta l 99 . 999 percent pure has been produced 
in f ive-clay campaigns , while maintaining lead c oncentrat ions in t he 
workplace be low OSHA standards . Research cont inue s to comp lete the 
evaluat ion of t he proces s  for produc tion of l ead f rom ga lena concentrates 
and to tes t the proces s on a galena concent rate other than St . Joe ' s  
Missouri concent rate . (iE-83-ET�) 

Kine t ic s  of Ferric -chloride Leaching of Galena ( FY 82 and 83) 

In recent years the d isso lut ion of  galena with ferric chloride as an 
alternate to smelt ing for produc i� lead from sul f ide concentrates has 
rece ived part icular attention because the processes would e l iminate the 
generat ion of sulfur d ioxide and l ead-bearing particulates . Informat ion 
on t he reac t ion kinetic s  of ga lena in this system is very l imited , ana 
much is needed upon which the scale-up , optimizat ion , or contro l  of  this 
promis ing technique can be based . There fore , a s tudy is  in progre s s  to 
ident ify the condit ions under whic h this mineral c an be leached 
effec t ive ly and to obtain rat e dat a for the subsequent commerc ial izat ion 
of this hydrometal lurgical process . ( South Dakota School o f  Mines and 
Technology/J021 5026-jE ) 

Po l lut ion-Free Technology for Bat tery Sc rap ( FY 81 only ) 

The Bureau deve loped environmental ly acceptab le pyrometal lurgic a l  
techno logy f o r  recyc l ing lead al loys from scrap lead-ac id batterie s . 
This techno logy wi l l  be demons trated in a newly developed process 
researc h unit ( PRU) , and the feas ibi l i ty o f  smel t in� lead-ac id bat teries 
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by this process  wil l  be studied . The leach and evaporator port ions o f  
this PRU w i l l  be used t o  t reat salt s lag produced in t he sc rap sme l t ing 
furnac e .  (AVRC )  

Elec t ro ly t ic iecyc l iDI o f  Scrap Bat teries ( FY 81 , 8 2 ,  and 83) 

Because o f  s tringent enviroamental lead s tandards , new techno logy i s  
required t o  insure the cont inued viab i l ity o f  the secondary lead 
indus t ry .  An e lect rochemical  method is be ing deve loped for recyc l in¥ 
lead from sc rap batterie s tha t  i s  more energy-effic ient ana les s 
po l lut ing t han convent ional sme l t ing . �ludge from scrapped lead-ant imony 
batteries is  carbonated with ammonium carbonate and leached with 
fluoros i l ic ic ac id in 1 20-liter p las t ic reactors . Lead i s  e lec trowon 
from the leach l iquor . Adaptat ion o f  this techno logy on a bench scal e to 
the process ing o f  s c rap from ma intenance-free batteries is under way . 
(K0-�3-MR-4 ) 

Tin 

Deve lopina New Methods for Economical Recovery o f  Tin from Cans 
iecovered f rom Munic ipa l Waste ( FY 81 and 8 2) 

Ferrous materials magne t ical ly separated f rom munic ipal re fuse at 
large resource recovery fac i l it ie s  are ne ither c lean enough nor aenerated 
in suf f ic ient quant i t ies at individua l fac i l i t ies to be e f fec t ive ly 
ut i l ized by current commercia l det inning plant s . The cont ractor wil l  
evaluate a number o f  metal lurg ica l  proces ses which have potent ial 
app l icat ion for det inning cans in order to determine which proces s has 
the highest potent ial for t his use . In-bouse research wi l l  provide data 
on the use o f  e lect roref ining t in scrap in ac id fluoroborate e lectrolyte 
as we l l  as on t he solid s tate reac t ion of t in scrap with alkal i salts  at 
low to moderately e levated temperture . (AV-82-MR-10 and Arthur D. 
Litt le , Inc . /J01 13039 ) 

�proved So lderiaa and Brazing Sy stems ( FY 81 and 82)  

There are numerous convent ional , as we l l  a s  promis ing , use areas 
where tin-lead solders have neither the s t rengt h  nor the t .. perature 
stab i l ity required . Higher-temperature s i lver b raz ing a l loys  are 
norma l ly used , a l though the i r  s t reng t h  and highe r me l t ing temperature 
( this c an degrade subs trate )  are not needed . This prac tice is was te ful 
of s i lver for whic h the nat ion has a high fore ign re l ianc e . Zinc -base 
so lders under inves t igat ion may subs t itute for s i lver-bearing t il lers 
because of  higher strength and temperature s tabil ity . Al so , copper-base 
or othe r b raz ing a l loys may subs t i tute for s i lver-bearing b razing 
a l loys . Investigat ion o f  f luxing practice to minimize pol lution or 
corros ion problems i s  anothe r  part o f  t his researc h .  (10-82-KR-l l )  
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Gold , S i lve r ,  and Mercury 

Resources and Rea Leach 

Although u.s. s i lver and gold resources are large , many depos its are 
too low-grade or too smal l  for econa.ic al proces s ing by convent iona l 
technology . New and improved methods for effic ient ly recovering s ilver 
aad gold from such low-arade or refractory ores are being devised . Of 
part icular interest  is  a part ic l e  agalomerat ion technique for t reat ing 
c layey ores and mil l  tai l ings , and solut ions generated by heap leaching 

- low-arade resources are be ing devised . Research is  be ing conducted on 
new cel l  des igns , direc t e lec trowinning o f  cyanide solut ions , recove ry 
from ac id thiourea solut ions , chemical fate o f  cyanide in tail ings , and 
t.proved part ic le a11loaerat ion technology . ( IE-83-ET-2 )  

l!proved Prec ious Me tal Recovery Sy s tems ( FY  82 and 83)  

Research is be ing conduc ted to deve lop less energy-intens ive and more 
economical methods for recovering gold , s i lver , and byproduct mercury 
from low-grade resources . Alternate adsorbent s ,  ion exchange res ins , 
elec t ro lyt ic s tripping , and a variety of  nove l leaching technique s are 
being invest igated . ( SL-83-ET-3 ) 

Recovery o f  Byproduc t Mercury f rom Gold and S i lver Ores ( FY 82 only ) 

Present technology recovers less  than 1 0  pe rcent of the mercury 
values in prec ious aetal ores . This proj ec t wil l  invest igate recove ry o f  
byproduc t mercury by enhanc ing its  s o lub i l ity i n  leach so lut ions , and 
t.proving selec t ive recovery of  mercury by ion exchange or 
elec t rowinning . ( SL-82-Kl-1 9 )  

eyanide Longevity in Heap Leaches ( FY 82 only ) 

The increase in mining of  low-arade prec ious metal ores ut ilizina the 
Bureau-deve loped technique of cyanide heap leaching has resulted in t he 
potent ial for large amount s of cyanide to be t ied up in leached p i le in 
Nevada , Utah , Arizona , and New Mexico . The Bureau wi l l  determine how 
long cyanide exists  in the nonoxidiz ing interior of heap dumps , and 
devise oxidiz ing techniques to des troy res idual cyanide as part of  the 
original recove ry sys tem. ( IE-82-KR-20) 

Prec ious Metal s Recovery from Elec t ronic Sc rap ( FY  81 , 8 2 ,  and 83)  

The need for techno logy to recover prec ious metals from concent rated 
frac t ions of elec t ronic sc rap has been de fined by a memorandum of 
agreement wi th the Rat iona l Aasoc iat ion of Recyc l ing Industries . 
HJdrometal lurgical technique s deve loped during this research wi l l  be 
demons t rated to secondary prec ious me tal proces sors and asses sment s wil l 
be made . In addit ion , the Bureau ' s  phys ical  benefic iat ion pi lot plant 
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which concentrate& the prec ious metal frac t ions of mi l itary and 
indust rial e l ec t ronic scrap wi l l  be t rans ferred to the De fense Property 
Disposal Service for f ie ld tes t ing and evaluat ion. (AV-83�-4) 

li>NMITALS 

Fluorine and Lithium 

Recovery of Fluorite f rom Marginal &esources ( FY 82 and 83) 

At the proj ec ted rate of c onsumpt ion , known fluori te depos its of  the 
world are expec ted to be dep leted by the year 2000. In coope rat ion with 
the Western and Intermountain Field Operat ions Centers , aad the u.s. 
Geo logical Survey , ... p lea o f  large , low-arade f luorite resources are 
be ing charac terized and chemical ly analyzed . A variety of  
preconcentrat ion and benefic iat ion techniques are be ing invest igated to 
see if  a concent rate meet ing at leas t metal lurgical-grade specificat ion• 
can be produced . ( SL-83-ET-6) 

Lithium 

Lithium from Clay ( FY  81 , 8 2 ,  and 83) 

New bat tery sys tems and the development of  fus ion reac tors for 
e lec t rical power generat ion wi l l  great ly increase the need for l ithium. 
Howeve r ,  domes t ic reserves of  this me tal wi l l  be insuffic ient early in 
the next century . This research proj ec t has demons trated on a laborato ry 
scale two technologica l ly and economical ly attrac t ive methods for 
ext rac t ing l ithium from a vas t depos i t  of c lays s ituated in Nevada . A 
process demonstrat ion unit is be ing operated for a more promi s ing method 
to aenerate engineer ing and cos t data for technolo&Y trans fer .  
( SL-83-ET-2 ) 

Phosphorus 

Bene f ic iat ion of Dol omi t ic Phosphate Ores (FY 81 , 82, aad 83) 

High-magne s ia phosphate material is bypassed in current mining 
operat ions . To expand the domes t ic phosphate reserve base , new and 
improved benefic iat ion method s  for recoverina phosphate mineral s  fro. 
low-arade and margina l ores and was tes are be ing devised . Sinale 
fat ty-ac id f lotat ion techniques are being appl ied to high-magnesia 
(dolomi t ic )  Florida depos i t s  and calc ite-bearing North Carol ina 
resources . (TU-83-ET-1 ) 

Recovery o f  Water from S lurrie s of  Fine Part ic les from Mineral 
Bene f ic iat ion ( FY  82 only ) 

Because f ive tons o f  water are lost  as s l ime tail ings for each ton o f  
phosphate concentrat e  produced , an e f fic ient , econo.ica l  method is needed 
to dewater the s l imes and recover the water for reuse . A f ie ld tes t unit 
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wi th a capac ity of  1 , 000 to 2 , 000 gal lons per minute is being use4 to 
tes t  f locculat ion o f  t he s l �es with po lyethy lene oxide f o l lowed by 
sc reening . The long-term chemica l  and phy s ic a l  stab i l ity of  the so l ids  
wil l  be evaluated . ( TU-82�-S) 

Recovery o f  Phosphate from Dewatered S l ime s  ( FY 83 only ) 

Technology is  being devised to  recovery phosphate values from 
pbosphate-bearin� c lay wastes . Samples of  s l imes obtained f rom o ld ponds 
wi l l  be used to inves t igate f lotat ion and se lec t ive f locculat ion as 
methods for phosphate recovery . Commerc ia l extrac t ion o f  phosphate f rom 
these  s l imes could extend domes t ic phosphate reserve s up to SO percent . 
( TU-83-Ma-S ) 

Byproduct Recovery f rom Phosphate Wastes ( FY  81 , 8 2 ,  and 83)  

The goal of  t his research  is  to  improve t he technology for  recovering 
vanad ium, chromium , and othe r valuab le byproduc t s  from was tes generated 
during mini� and process ing o f  phosphat ic material s . Techniques w i l l  be 
evaluated for the dissolution of byproduc t s  as we l l  as methods for 
byproduc t separat ion and recovery . (AL-82-MR-1 2 )  

Bene f ic iat ion tai l ings are mixed wit h  sul furic ac id and beat-cured at 
l oo •  to 2oo •c prior to l each ing with wate r for vanad ium recovery . If  
succe s s fu l , commerc ial appl icat ion of this tec hnology could meet up to  
80  percent o f  t he d-eme s t ic demand for  vaaad ium. (AL-83-Mk-9) 

Uses for Phospho&Ypsum Wastes ( FY 83 only ) 

High-volume end uses for phospho�ypsum was te are being sou�ht . The 
most promis ing use appears to be as  an aggregate for highway paving 
app l icat ions . Aggregate s  containing phosphogypsum wi l l  be evaluated for 
aging , weathering , an4 suitabi l ity in b ituminous and c oncrete pavin� 
mixtures . Such  uses would e l iminate furthe r add i t ions to exist ing 
pbosphogypsum waste p i les in c ent ral Florida and could begin to consume 
these pi les current ly est �ted a t  over 300 mil l ion tons . ( TU-83-M&- 7 )  

Potass ium 

Recovery o f  Potash from Low-Grade Resources ( FY 81 and ij 2 )  

Most dome s t ic potash resources are in  deposits  containing h igher c lay 
concentrat ions and lowe r potas h values than can be economical ly processed 
by current ly availab le techno logy . The purpose of t h is proj ect is to 
devise effic ient bene f iciat ion systems for separat ing and recovering 
potash f rom high-c lay o r  complex ores , and to inve s t igate methods for 
decreas ing potash losse s to the high-c lay s l ime s . ( SL-82-Mk-8)  
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�ulfur 

Use o f  Sulfur in Construct ion Materials  ( FY  81 , 8 2 ,  and 83 )  

There is potent ial excess o f  e lemental sulfur as a result o f  
increased use of  pol lut ion-abatement systems that remove so2 from s tack 
aases . New uses for elementa l sulfur and high-sul fur was te proauct s  in 
cons truct ion materials are being devised and evaluated . Promis ina 
appl ications inc lude : the part ial replacement of  asphalt  in paving 
mixtures ; as a tempering agent in recyc led pavement ; as sulfur conc retes 
for corrosion-resistant tanks , pipes , and floors ; and as spray coat inas 
for e ither the protect ion o f  c onc rete or s tab il izat ion of mineral 
process ing tailings . Researc h emphas i s  is on plas t ic izers , uses  for 
sul fur concrete , and evaluat ion of expans ion J Oint materials and coated 
re inforcement bar for use in sulfur concrete ins tal lations . (�C-83-Ma-l ) 

Use o f  Sulfur in Sulfur-Aaphalt  Pavement ( FY 81 and 82)  

Obj ec t ives are to evaluate t he postconstruct ion performance o f  a 
sand-asphalt-sulfur pavement place4 in Kenedy County , Texas , determine 
materials behavior and response c haracterist ics for design aD4 
performance analysis  o f  sulfur-asphal t  pavements ,  and provide research 
support to Boulder C ity Engineeri� Laboratory . This includes 
freeze-thaw evaluat ions of new Bureau of �ines fo�lations . ( Texas A6K 
aesearch FouDdat ion/JOl 7 7146-BC)  

CE&AKICS 

Alumina Refractories 

Oomes t ic Resources for Alu.ina Refractories ( FY 81 only ) 

The metal lurgy indus try requires a wide variety o f  alumina-base 
refractories , some of which are based on �ported ores . The current 
research centers on t hree s pec ific probl .. areas : ( 1 )  development o f  a 
domest ic substitute for �ported refractory-grade bauxite , ( 2 ) evaluat ion 
of Alabama f ireclay resources , and ( 3 ) evaluat ion of Nevada zunyite as a 
refractory mullite source . ( TU&C )  

Gibbs ite in Sapro l ite& of East Central Alabama (FY 82 and 83)  

The need for a domes t ic alternat ive for imported refractory-grade 
bauxite could be sat is fied by abundant sapro l ite resources i f  a 
high-�ibbsite concentrate were avai lable . This work is  d irec ted toward 
the evaluation of a number o f  Alabama saprolite samples to determine 
their suitab il ity for this purpose . ( Geo logical Survey of  
Alabama/J0123066-TU ) 
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Desilicatea laol in for  Hiah-Aluaina Refractories ( FY 81 , 82 , ana 83 )  

The difficulty i n  obtaining suppl ies  of  �ported refractory-grade 
bauxite has c reated a need for a domest ic alternative . This work i s  
concerned wit h  the use of  chemical  and benefic iation metnoas t o  e l�inate 
uades irable s ilica and a lkal ine oxides from kaol in resources for t his  
baportant app l ication . ( AL-83�-1 ) 

. 
St ront ia 

Phase Equilibria S tudies of  �efractory Oxide Systems ( FY 81 and 82)  

The object ive is to  s tudy new systems in o rder to increase t ne use of 
abundant resources  for use in refractories .  Stront ia-base systems are 
being invest igated . (Ohio State University / J0100045-TU) 

Zircon 

Recyc l ina Zircon from Investment Cast ina Molds ( FY 83 only ) 

Investment cast ing methods which tradit ional ly are used to produce 
prec ious metal part s at net sbape are finding new appl icat ions in ferrous 
and high-al loy foundries . As investment cast ing technology replaces 
current product ion techniques , machining operat ions ana the subsequent 
hand l ing o f  machining wastes can be great ly reduced .  If a method for 
recyc l ing the expensive z ircon used in investment mo ld sands could be 
devised , greater use could be made of t his product ion technique . This 
work is directed toward developing methods for recyc l ing zircon from 
current mold aan4a o r ,  a lternate ly , deve loping a new zircon mold sand 
mixture which is recyc lab le .  ( TU-83�-b ) 

Other and General 

Domes t ic Resources for Basic Re fractories ( FY 81 only ) 

The United �tates has abundant resources o f  raw materials for basic 
refrac torie s and making ful l  use o f  these domes t ic resources would be 
benefic ial  to the nation. Current research c enters on improving 
peric lase refractories to  e l �inate the need for imported chromite and on 
exploring the possibi l ity o f  increased use of abundant do lomite 
resources . ( TURC )  

Ceramic Materials  from Mineral  Wastes ( FY  8 1  and 8 2 )  

Mineral waste produc ts are being invest igated for  potent ial upgrading 
to forms that can be subst ituted for the raw materials  normal ly used to 
make ceramic s .  Opt imum  composit ions wi l l  be determined , as we l l  as 
opt baua nuc leat ion and rec rysta l l ization parameters , for producing a 
variety o f  g lass-ceramic materials . An algorithm and basic computer 
program wi l l  be devised to assis t in determining these optimum 
composit ions as we l l  as  any low-cost addit ions required . ( TU-82�-6) 
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Critical  Mineral Subst itutes in �efractories ( FY 83 only ) 

The metal luraica l  and ceramic industries uti l ize a wide variety of 
alWilina-base and basic type refractories , some of which require imported 
ores . AlWilina research centers on four spec if ic problem areas : 
( l ) domest ic substitute for imported refractory-arade bauxite , 
( 2) Alabama f irec lay resources , ( 3) refrac tory evaluation and test ina of 
maanes iWil a luminate spine l ,  and ( 4) impregnat ina a lumina refractories . 
Bas ic studie s  are d irected toward improvina peric lase refractories to 
elt.inate the need for imported chromite and on explorina the possib i l ity 
of  increased use of abundant dolomit e  resources .  ( TU-83-MK-l ) 

Low-Temperature Rapid Solidificat ion Techno logy for Ceramics 
(FY 81 , S2 ,  and 83) 

The object ive of  t his work i s  t o  explore t he potential o f  the 
"evaporat ive decompos ition of  solut ions " tectmique to provide homoaeneous 
f ine partic les of complex compos itions as nove l precursors for 
hi&h-purity ceramic produc t s .  The resultant particulate matter produced 
by rapid solidificat ion technology c an lead to  s iani£icant property 
Laprovement s .  ( Pennsy lvania State Univers ity/J0225003-TU ) 

Use o f  &efractories for Severe Service Condit ions ( FY 81 , �2 ,  and 8 3 )  

There is a continual need for technical data o n  construct ion 
materials for severe thermal and corros ive proces s  conditions . This  
research focuses on evaluation o f  ac id-res istant refractories for  
hydrometalluraical  processes , development and evaluat ion o f  refractories 
for resistance to high-temperature s laas , and evaluation of  refractories 
in hiah-temperature steam atmospheres . ( TU-83-M&-3 ) 

Monoxide Ceramics ( FY 83 only ) 

The objec tive is  to  determine the feas ibi l ity of  produc ina nonoxide 
ceramics as subst itutes/alternat ives for crit ical  meta l s . Fine part ic l e  
nonoxide ceramic powders such as S iC ,  S i 3N4, and S ialons will be 
produced by autoaenoua attrition arindina and rap id sol idif icat ion 
techniques . The powders wil l  be fabricated into ceramic test p ieces for 
hi&h-temperature service , wear , and abras ion evaluat ion. ( TU-83-KR-2)  

Fundamental Invest igat ion of Phosphate Bond in¥ ( FY  83 only) 

Tbe importance of  phosphate bondina is  based on ita  use for 
chemically-bondina refractories . The eneray requirement s to produce 
ch .. ical ly-bonded refractories are much lower than those for s intered 
refrac tories . The obj ec tive of  thi s researc h is  to t.prove the basic 
understanding of phosphate bonding in c eramics , part icularly for 
refractories , in order to inc rease performance l i te and reduce dependence 
on imported raw materials . ( Georgia Intitute o f  TechDo loay/JOl 23041-TU)  
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Preparat ion of Asbestos Subst itute Mult i-Strand Glass Fibers 
(FY 83 only ) 

The obJec t ive of  t his work is  to prepare 100 s trand f ibers of an 
experimental alkali-resistant alaa a f iber made from a late ana l imestone 
raw materials . Comparisons of  t he experimental  f ibers with those 
avai lab le commerc ia l ly wi l l  be made to  determine the suitability of  the 
experimental materials  as asbestos subst itutes in re inforc ina 
applicat ions . (Manvi l le Service Corporat ion/J01 23050-TU)  

Alkali Resistance of  � i l icate Glasa Fibers ( FY 83 only ) 

Because of toxic ity problema in using as bestos aa a re inforcement tor 
cementat ioua materials , an invest igat ion is  being conducted on a1aaa 
f ibers which d isplay the required chemical and physical  properties ana 
have the potent ia l for use as a subst itute in such appl icat ions . 
Superior f ibers have been produced from waste s late ana marble dusts , 
which result  in calcium alumina s i l icate clas s es  hi&hly resistant to 
alkali  condit ions . Research is  cont inuina on s tudyin& the Daa ic behavior 
of these new , novel g lasses . (UCLA/J0123028-TU ) 
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Appendix B 

THE NATIONAL SCIENCE FOUNDATION ' S  MI�&RALS AND 
PRLKA&Y MATERIALS PROCESS ING PROG&AM 

The object ive of  this program (anoounced in March 1981 ) ia to support 
research on physical and chemica l  phenomena that are as soc iated with 
ainerals  product ion . Mineral process ing involves ore preparation by s ize 
reduct ion fol lowed by upgrading us ing phys ical and chemical  benefic iat ion 
techniques . Primary materia l s  processing covers chemical treatment of 
ores , concentrate , or o ther suitable raw materials to produce usable 
forma of metals , refractories , ceramic s ,  or inorganic chemical s .  The 
scope of  the research extends to process ing o f  scrape , waste solids , 
e f f luents , and subsequent safe disposaL or unrecoverab le wastes . The 
maJor goal of the program is to provide bas ic engineering knowledge tor 
the development of vast ly �proved or radical ly new technologies .  The 
emphasis  is  on the s tudy o f  fundamental princ iples ,  experimental 
techniques , mathemat ica l  mode l s , and proces s  des ign • .  

The program addresses the following aspects  of  minerals  and metal 
product ion research : 

o Ore preparation and mineral benefic iat ion . 

o Pyrometal lurgy and high-temperature processes . 

o Leaching and bydrometal lurgy . 

o Elec trocheaical processes inc luding e lectrochemistry of 
ultrafines and col loids . 

o Process design for minerals  and primary mater1als  produc t ion. 

Some of the spec if ic researc h opportunitie s in these areas tollow :  

OkE PREPARATION 

Fundamental research to understand the processes o f  tracture o f  
polycrysta l l ine , polyphase minera l s  and ore s ; s tudy of  those fac tors 
which control the l iberat ion of d i s a � lar mineral  grains and mineral 
inc lus ions ; s tudy o f  non-impac t methods o f  comminut ion ; role of  surface 
forces in d ry and wet grind ing ; ro le o f  reagent s to modify surface 
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forces ; size c las s if icat ions ;  physic s  of  sol ids  in relat ion to energy 
requirement for fracture o f  intragranular and c rystalline bonds ; minimwa 
energy requirement of  comminut ion o f  various minera l spec ies . 

MINERAL BENEFICIAtiON 

Study of the physical chemistry of the surfaces in order to improve 
f lotation effic iency and to extend tbe capabi lity of  selec t ive separat ion 
of ultrafine partic les and oxide minerals ; chemistry of reagents with 
improved spec if ic ity for adsorpt ion for f lotat ion , selective 
f locculat ion ,  leaching , and magnetic separat ion ; micromecbanisms o f  
interact ions between bubbles , o i l  droplet s  and partic les ; analysis  o f  
kinetics  o f  mineral separat ion processes and the influence of process 
variables ; physical-chemica l  princ iples o f  dewatering of s lowly sett l ing 
sol ids . 

PYROMEtALLURGICAL PROCESSES 

jesearcb on beat and mass  trans fer mecbanis .. to improve pel letizina ,  
calc ining , roas t ing , smelting , and metal refining operations ; research 
opportunit ies in s intering inc lude : heat t rans fer in packed beds ; 
cbemical/pbysical processes occurring in s interina beds ; and development 
of formed coke substitutes for meta l lurgical coke . Research 
opportunit ies in otber high-temperature processes inc lude : 
thermodynamic s of mult icomponent sy stems , separation of  s lag fro. metal 
and matte , fugit ive emission control , and recovery o f  by-product s  and 
co-products fro. process s treams , theoret ical and experimental s tudies o f  
chemical ly comp lex , high-temperature systems ; react ions far removed from 
equilibriwa, e . g . , f lash pyrolysis , decomposition o f  complex salts . etc . ; 
gas-so l id react ions forming gaseous product s  l ike meta l hal ides or 
comp leses , etc . 

HYD&OMEtALLURGICAL PKOCESSES 

tbe physical and chemica l  proces ses involved in so lut ion mining , dwap 
or beap leaching , hydrometal lurgical extract ion . and microbial 
appl icat ions are inc luded in this category . Research is  needed on Das ic 
physical-inorganic chemistry and unit processes , leacbant-rock and 
leachant-ore mineral  react ions , and tbe chemistry o f  bigb ionic-strength 
solutions ; chemica l  reduc t ion of meta ls  from solutions ; solvent 
extract ion and bigb select ive che lat ing reagents ; interfac ial pbenoaena 
at aqueous-organic interfaces ; chemica l  t ransport membranes ; bac terial 
react ions as appl ied to mineral  recovery . desul furization of  coal , and 
restorat ion of  tbe environment fol lowing resource recovery . 

ELECT.ROC�ICAL PROCESSES 

Electrochemistry and e lectrochemical techno logy play an important 
ro le in mineral bene f ic iat ion , metal lurgy and many industria l  processes . 
Research areas inc lude : electrochemistry of  ultrafines and col loids ; 
e lectrochemistry of  mineral dissolut ion react ions , mass  and beat 
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transport phenomena corre lat ions in nove l part iculate e lectrolyt ic 
processes ; ion exchange membranes ; fused salt  e lec trolysis , anodic 
dissolution or chemica l  generat ion and displacement (cementat ion) 
processes , etc . 

�OCESS UESIGN AND OPTIMIZATION 

Many aspec ts of  process design which are used rout inely in the 
che.ical indust ry can be profitably uti lized in mineral s  and primary 
materials  product ion . Such features as cont inuous operat ion , s taged 
processes with countercurrent f low of  metal and s lag can increase 
throughout process y ie ld , energy effic iency and environmental control . 
In this context , better knowledge of  proces s  chemistry , f low sheet 
des ign , aDd materials  for new equipment is needed . The opportunit ies for 
f�G&mental research inc lude : mathematical  model ing and computer 
s i.ulat ion ; scale-up of  process ing machinery ; on-line anaLys is and sensor 
app l icat ions ; computer contro l ; and opt �ization of f low systema 
invo lving two or more phases . 
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.Appenc1ix C 

Cua&ICULA VITAE OF COHKITTEE MEMBERS 

HATHABIEL ARB ITE& is Professor Emeritus of Minera l  Engineering , Henry 
Krumb School of  �ines , Columb ia University . Prior to J O iniaa the 
Columb ia faculty , he served as a research metal lurgis t with �attel le 
Memorial Inst itute and Phelps Dodge Corporat ion. From 1 969 to 1 9 7 7 ,  be 
served as director of  research and group consult ing metal lurgist with the 
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