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INTRODUCTION 

The Albany Research Center was established by Congress in 1943 "to study the 
application of electrical energy to the processing of minerals," and within 
10 years had become a nationally recognized center for metallurgy research on 
the newer metals. A noteworthy development during this early period was the 
development of the Kroll process for producing ductile, nuclear-grade zirco- 
nium. 

In the ensuing four decades the Albany Center has continued to make contribu- 
tions in much broader fields of metallurgy. Today the Center is unique among 
the Bureau's facilities in that its research program encompasses the entire 
spectrum of the minerals cycle. Its professional staff is experienced and 
well equipped to investigate all aspects of minerals beneficiation; hydro- 
metallurgy including leaching, solvent extraction, and electrodeposition; 
pyrometallurgy including roasting, smelting, and melting and casting; and 
materials studies including alloy and hard materials development, wear re- 
search, and failure analysis. It also boasts a strong capability in minerals- 
related thermodynamics. Integral to all research efforts is a well-equipped 
analytical laboratory capable of providing state-of-the-art analytical ser- 
vices to all program areas. 

The Center is staffed by 90 scientists and engineers, many with international 
reputations. The staff also is comprised of 42 highly-trained technicians, 
18 skilled craftsmen, and 12 administrative and clerical employees. An 
active Equal Employment Opportunity program, including Hispanic and Federal 
Women's Programs, has been implemented to enhance employment and advancement 
opportunities for minorities and women. 

Research programs at the. Center are planned, executed, and coordinated by a 
Research Director and a Deputy Research Director, aided by six Research 
Supervisors, a Technical Assistant, and a Facility Manager. 

1 
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Basic Research 
Approximately 17 percent of the Center's budget supports basic research, 
principally in the area of minerals thermodynamics. Projects on minerals 
comminution, phase equilibria, and analytical methodology comprise the re- 
mainder of the basic research. 

4 Thermodynamics 

Bureau of Mines Bulletins are being prepared 
that compile the thermodynamic properties of 

Because of the importance of 
thermodynamic data in assess- 
ing the feasibility of metal- 
lurgical processes without 
recourse to costly and time- 
consuming experimentation, 
the Bureau has a continuing 
program to critically evalu- 
ate thermodynamic data from 
all sources for publication 
as reliable, internally con- 
sistent compilations of data. 
Scheduled for publication 
this fiscal year is a bulle- 
tin covering the elements and 
oxides and another covering 

oxides, and select halides and sulfides. the halides. 

The Bureau of Mines has,played a leadership role in minerals related thermo- 
dynamics from the time this research was pioneered by Dr. K. K. Kelley at the 
Bureau laboratory in Berkeley. This work was later transferred to Albany and 
has continued to the present. To provide the data base needed by the miner- 
als community, thermochemical data are obtained by solution calorimetry, 

high- and low-temperature 
calorimetry, electromotive 
force measurements, and by 
determination of ionic activ- 
ity. 

Beginning this fiscal year, 
studies will be made on the 
systems Al-%-C and Al-Si-C-O 
to determine phase relation- 
ships and vapor-liquid equi- 
libria at high temperatures. 
Reliable data are lacking for 
these systems which are of 
importance to studies on the 
carbothermic reduction of 
aluminum from domestic re- 
sources. 

8 
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Data from Bureau of Mines research and worldwide sources are compiled and 
evaluated to maintain a current data bank in thermodynamics. 
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Grinding ore to liberate the valuable minerals from the ore is the single 
most energy-intensive step in processing minerals. The ball mill illustrated 
above can use as much as 25.9 x lo6 Btu in the production of one ton of 
copper. 

Comminution 

Comminution, the grinding of an ore into fine particles, is the first step 
and, in many respects, the most important operation in metallurgy. It af- 
fects all subsequent processing steps by setting the size distribution of the 
ore, the extent of liberation, and the amount of unwanted fine material pro- 
duced. It is usually the single most energy-consuming and costly step in the 
mineral processing cycle. 

I L 

Fundamental data are being acquired to relate all variables and to gain an 
understanding of the controlling mechanisms. The ultimate goal of this re- 
search will be to reduce the energy consumed in grinding. During this fiscal 
year the role of chemical additives in the grinding process is being investi- 
gated. 

10 



Analytical Studies 

Modern analytical techniques are imperative for providing rapid and reliable 
determinations of elemental compositions, especially in today's high technol- 
ogy where impurities are routinely measured in the parts per million range. 
In addition to developing and upgrading methods for the analytical support of 
the Center's ongoing research programs, the analytical laboratory is cooper- 
ating with the National Bureau of Standards (NBS) in certifying the precise 
level of impurities such as oxygen, nitrogen, hydrogen, and carbon in metals 
and alloys for use by NBS in providing standards that are available to the 
public. 

Analyzing elements in cast iron samples using the direct reading spectro- 
graph. 

11 
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Extractive Metallurgy 
The Albany Center, since its inception, has maintained a strong program in 
all areas of extractive metallurgy. Facilities are available for conducting 
re-search on a small, bench-top scale on up to l-ton capacity, three-phase 
arc furnaces. Currently the program leans heavily toward research on new 
methods for . recovering strategic and critical materials from domestic 
resources as one method for reducing our Nation's dependence on imports. 
Approximately 28 percent of the Center's budget is assigned to extractive 
metallurgy projects. 
Laterites 

Much of the Nation's nickel and cobalt resources occur in the laterite depos- 
its that lie along the border between Oregon and California near the coast. 
Because the grade of these deposits is too low for economical recovery by 
conventional processing, new technology adapted specifically to these depos- 
its is being studied. The process incorporates selective reduction with 
carbon monoxide followed by an oxidizing ammonia-ammonium sulfate leach. 
Solvent extraction followed by electrowinning recovers high-purity nickel and 
cobalt from the leach solution. This procedure has more potential economic- 
ally than more conventional technology because metal recovery is higher, 
particularly with respect to cobalt. 

Research during this fiscal year will focus on further improvements in meth- 
ods for separating nickel and cobalt by solvent extraction. Extractants that 
are more selective for cobalt or that can be operated in an acidic circuit 
should offer further economies of operation, both in terms of material and 
energy consumption. 

-. TTY -- 
The Western laterites contain low grade chromites in addition to nickel and 
cobalt. Although the chromite grade is too low for economic recovery of 
chromite alone, the combined recovery of all three minerals could offer an 
economic advantage in the processing of these domestic laterites. 

_- 

After the laterites have been processed for nickel and cobalt recovery, the 
chromites remaining in the residue will be upgraded by gravity concentration 
and subjected to a low-temperature soda roast which will render the chromium 
amenable to recovery by water leaching. After purification by solvent ex- 
traction, pure chromium will be produced by electrowinning. As an alternate 
to chemical processing and electrolysis to produce pure chromium, the low- 
grade concentrates will be smelted in an electric arc furnace to produce 
ferrochrome. 

Ilmenite 

High-grade titanium minerals are imported to satisfy the bulk of our Nation's 
needs for titanium, although we have abundant resources of low-grade ilmenite 
and titaniferous magnetites. These low-grade minerals are not amenable to 
processing by conventional carbochlorination to extract titanium because of 
the huge amount of chlorinated byproducts that would be formed and create 
operating as well as disposal problems. 

12 
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Laterite deposits of the Western United States are our largest chromium, 
nickel, and cobalt resource. The valuable constitutents are low and only a 
simple, low cost technology is appropriate for its processing. 
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Processing ilmenite in an electric arc furnace with coke and sodium carbonate 
will produce pig iron and titania-enriched slags with low iron content. The 
slag is then processed to recovery titanium. 

To overcome this problem, a method is being studied for upgrading domestic 
titanium minerals to provide an acceptable chlorination-grade feedstock. 
Ilmenite is smelted in an electric furnace to produce marketable pig iron and 
a titanium-rich slag. To render the slag suitable as a chlorination feed- 
stock, it is further upgraded by sulfation leaching to remove calcium, magne- 
sium, sodium, and manganese which interfere with operation of a chlorinator. 

Higher grade domestic ilmenites can be chlorinated directly to extract tita- 
nium, but large amounts of iron chlorides are produced which consume chlorine 
and are difficult to dispose of in an acceptable manner. This problem could 
be overcome if a suitable method could be developed for recovering the chlo- 
rine from iron chlorides. In one approach being investigated, the iron chlo- 
ride residue from ilmenite chlorination is reacted with oxygen in a fluidized 
bed to produce iron oxides and elemental chlorine which could be recycled 
back to a chlorinator. A major problem to be solved in this technology is 
how to overcome tendencies for the reactor charge to melt and cause plugging. 

14 
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Phosphate 

When western phosphate ores are processed to produce elemental phosphorus or 
phosphoric acid, large amounts of wastes are generated in the form of benefi- 
ciation tailings or furnace flue dusts. These wastes contain significant 
amounts of unrecovered phosphorus as well as vanadium, uranium, silver, and 
zinc. Both physical and chemical methods in various combinations are being 
studied for recovering these valuable constituents which now contribute to a 
waste disposal problem. By roasting the beneficiation tailings with salt, 
the phosphorus, vanadium, and uranium can be extracted. Cyanide leaching 
will extract silver from flue dusts. 

Tailings 
.i 

I 

Residue Vanadium Phosphate 

A proposed flow scheme to recover valuable materials that are currently dis- 
carded as tailing. 
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Aluminum 

Despite our huge reserves of high-grade kaolin clays, over 90 percent of the 
feed material for our aluminum industry is derived from imported bauxite. 
Although there is no shortage of bauxite, our almost total dependence on 
overseas resources could be avoided by developing technology for economically 
extracting aluminum from clays. One approach that has been suggested invol- 
ves the carbochlorination of clays to produce aluminum chloride which, in 
turn, could be either converted to alumina for feed to existing aluminum 
smelters or be used directly as feed to a chloride electrolyte cell. 
Research on this approach is oriented to the development of more basic infor- 
mation on factors that influence or control the reactions of clay with chlo- 
rine to produce aluminum chloride and chlorinated byproducts. Factors will 
be studied that may also influence or limit methods for purifying impure 
aluminum chloride to produce the necessary high-purity product required for 
feed to aluminum reduction cells. 

The Nation's dependency on imported bauxite is not limited to primary alumin- 
um production. All of the higher grade bauxites required for production of 
high-temperature furnace refractories are also imported, principally from 
Guyana. As a possible alternative to imports, should a supply disruption 
occur, a method is being studied for converting domestic clays into a product 
that could substitute for at least the lower grade, imported refractory-grade 
bauxite. Clay is subjected to a hot caustic leach at atmospheric pressure to 
dissolve silica. The desilicated product is given a mild acid treatment to 
remove any soda that remains. This processing sequence is being balanced to 
yield a product that is equivalent to refractory-grade bauxite in terms of 
chemical composition as well as pyrometric cone equivalent. 

Another aluminum resource that may have potential for recovery is the dawson- 
tie Lhat occurs in some4 the western oW--shale deposits. If these oil 
shales are processed for recovery of hydrocarbon products, huge amounts of 
dawsonite and associated nahcolite will also be available for recovery from 
the residue that results after the oil has been extracted. To plan for this 
eventuality, methods for recovery of both alumina and sodium products are 
being investigated. Research is ongoing to delineate retorting temperatures 
that will maximize recovery of oil as well as the alumina and soda. Methods 
are under investigation for leaching the spent shale to recover a high-grade 
alumina product that is suitable as feed to an aluminum reduction cell and a 
marketable sodium product as well. 

16 
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Diagrammatic cross section of dawsonite-bearing oil shale deposit in 
Colorado's Piceance Creek Basin. 

Resource Appraisal 

Much of the lands in Alaska and the northwestern states have not been thor- 
oughly explored for their mineral potential. Should mineral occurrences 
exist that are considered strategic and critical, we could lessen our depend- 
ence on imports in the event of an emergency. In cooperation with the Alaska 
and Western Field Operations Centers of the Bureau of Mines, mineralized 
areas in these states are being explored to assess their potential as sources 
for platinum, chromite, cobalt, tin, and tantalum. Samples are being charac- 
terized for their mineral content, and beneficiation tests are being made to 
assess the potential for recovery of minerals that are present. This 
research will expand the data base for the resource potential of these areas 
of the country. 

17 
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A secondary resource of unknown dimensions exists in the industries that 
employ catalysts to produce such products as hydrogenated oils or synthetic 
fibers. As these catalysts degrade and are discarded, metals such as nickel, 
cobalt, copper, zinc, and molybdenum that are contained in these catalysts 
are lost to our economy. Recovery and reuse of the metals in these spent 
catalysts would also lessen our dependence on imports. 

To assess the magnitude of this problem, a contractor to the Bureau is sur- 

4 veying the industry to quantify the amounts and types of metals that are 
being wasted in these indus- 
tries. Having determined 
which spent catalysts repre- 
sent significant resources 
for recovery, processing 
schemes will be investigated 
in-house to devise possible 
flowsheets for recovery of 
the contained metals. 

The photograph shows a geolo- 
gist and a metallurgist col- 
lecting a chromite sample 
suspected to have associated 
platinum from an area near 
the Arctic Circle in AU&a. - 

-At-the Albany Research Cen- 
ter, the sample will be char- 
acterized by techniques such 
as petrography, scanning 
electron microscopy, and 
microprobe analysis. Methods 
such as flotation, gravity, 
magnetic, and electrostatic 
separation are then used to 
devise procedures to concen- 
trate the platinum values. 
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Material Research 

Ever since the late 1940's, when the Albany Center became involved in the 
development of zirconium for use in nuclear reactors, the Center has main- 
tained a program in materials research. This year the program constitutes 35 
percent of the Center's budgeted funds and is primarily oriented toward the 
conservation or elimination of strategic and critical minerals through mate- 
rials substitution. The Center's well equipped testing and fabrication 
facilities, together with its staff of experienced materials scientists, are 
unique among the Bureau's Research Centers. 

Alloy Development 

Most of the chromium consumed in our economy is for the production of stain- 
less and heat resist;ng steels. In many cases the amount of chromium used in 
steels is much greater than necessary for the severity of the application. 
Research is underway to develop iron-base alloys that contain less chromium 
or no chromium but could be substituted for conventional chromium-containing 
alloys should the need arise for conservation. These alloys are being tai- 
lored for specific applications in which high-chromium alloys are now used. 

Chromium is an important alloying element in tools, appliances, and 
industrial application. 
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To substitute for much of the stainless steels that are used for aqueous . 1 
corrosion resistance, such as in the hydrometallurgical processing of ores or 
in the food processing industries, an iron-base alloy is being developed that d 
contains only 9 percent chromium. Copper, molybdenum, and vanadium additions 
are being made to compensate for the lower chromium content. The alloy also : 
contains 6 to 12 percent nickel and minor amounts of manganese. In addition a 
to corrosion resistance, this alloy is being evaluated for its mechanical 
properties, weldability, and oxidation resistance= : 

For more severe environments where higher temperature strength and oxidation 
resistance are required, an iron-base alloy system is being investigated that 
contains at least 50 percent less chromium than the 25 percent chromium 
alloys it is designed to replace. The alloy contains a nickel-aluminum dis- 
persion to compensate for the lower chromium content. Because of its excel- 
lent high-temperature strength and resistance to oxidation and sulfidation, 
this alloy shows ,$romise of outperforming conventional alloys in applications 
where sulfur-containing ores or fuels are treated. 

As a substitute for type 304 stainless steel, where high-temperature strength 
and oxidation resistance are required, but not aqueous corrosion resistance, 
a chromium free alloy is being developed that is strengthened by additions of 
up to 10 percent aluminum and up to 35 percent manganese. 

Another heat-resistant alloy under study is an iron-base ferritic alloy con- 
taining 8 percent aluminum for oxidation resistance and 6 percent molybdenum 
and a dispersion of refractory metal carbides for high-temperature strength. 

Hard Materials 

Materials used for cutting and drilling contain cobalt as an alloy constitu- 
ent or as a matrix to support dispersed hard carbides of tungsten, tantalum, 
or titanium. Because of cobalt's unique capability for cementing the dis- 
persed hard particles and preventing their breakage in use, no adequate sub- 
stitute is currently available. Aa these materials invariably wear out in 
service and are lost irretrievably, we have a continuing need for supplies of 
cobalt and other critical materials used in these tools. To lessen our de- 
pendence on these imported materials, new alloy systems and alternate methods 
for fabrication are being investigated. 

Research is underway to decrease the requirements for cobalt by developing 
substitutes for the cobalt binders in cemented carbide cutting tools. Sub- 
stitutes for the tungsten and tantalum carbides that are presently used in 
cutting tools also are under investigation. Titanium carbide is a possible 
substitute because it has higher hardness and lower thermal conductivity than 
carbides presently in use, as well as sufficiently high oxidation resistance- 
Casting methods are being investigated as alternatives to powder metallurgy 
in fabricating cermets containing substitutes for critical materials. In- 
vestment-type molds are being employed to make shapes that can be tailored to 
specialized mining applications, such as surface implanted hard particles 
cast to form tool shanks. 
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Casting Research 

The Bureau of Mines has pio- 
neered methods for melting 
and casting reactive metals 
such as titanium and zirconi- 
um. Research is now being 
oriented toward further re- 
finements in casting technol- 
ogy to reduce operating costs 
and improve the integrity of 
castings. Casting into sand 
molds shows promise for 
yielding castings having much 
improved properties and with 
less labor than required for 
graphite molding methods now 
in use. By subjecting cast 
shapes to hot isostatic 
pressing, voids can be healed 
and mechanical properties 
improved further so that 
casting should approach the 
quality of forgings. Appli- 
cation of this new technology 
could reduce significantly 
the amount of expensive metal 
that is lost or must be 
recycled, thereby conserving 
critical metals such as tita- 
nium. 

The domestic foundry industry 
is becoming concerned with 
the quality of scrap being 
used to produce iron cast- 
ings. Because alloy steel 

A titanium pipe tee produced by sand casting. 
Development of inexpensive titanium castings 
with improved properties could provide better 
corrosion resistant hardware. 

production is increasing steadily, it is reasonable to expect that alloying 
elements could find their way into cupola charges and seriously degrade the 
quality of castings. 

The Bureau of Mines is cooperating with the American Foundrymen's Society in 
conducting a systematic sampling and characterization of cast irons being 
produced in domestic foundries. By sampling and analyzing a large assort- 
ment of cast irons over an extended period of time, any trends in the quali- 
ty of these materials can be projected and measures can be planned to fore- 
stall anticipated problems. 
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Health and Safety Research 
Prior to Fiscal Year 1979 the Albany Center was not regularly involved in 
research to improve the health and safety of miners and minerals industry 
workers. Upon reorganization of the Bureau of Mines into a multidisciplinary 
structure, opportunities arose to incorporate specialized expertise available 
at the Albany Center into this program area. During this fiscal year, 6 

4 percent of the Center's funding addresses health and safety related problems. 

Ignition Control 

Methane seepage is a primary factor in coal mine explosions and fires. In 
most cases these explosions are caused when coal cutter bits strike rock 
surfaces and cause a hot spot that heats the methane to ignition. This prob- 
lem is exacerbated as the cutter bits become worn and friction-induced hot 
spots develop. 

Research is in progress to study various compositions of cutter materials 
under different operating conditions and to relate these factors to the fre- 
quency with which an ignition occurs in an air-methane mixture when a cutter 
bit strikes a sandstone surface. Evidence shows that tool speed and bit 
composition play a major role in ignition probability. If the tool speed 
can be controlled and the bit composition modified, mine disasters from fric- 
tional ignition might be reduced. 

Another source of ignition results when aluminum impacts rusty steel to yield 
a thermite-type reaction. The possibility for an explosion induced by this 
action may increase as aluminum is used\in mining operations in greater 
amounts to take advantagP the reduced weight of aluminum for tools or roof - -- 
supports. 

To gain a better understanding of this type of ignition, various aluminum 
alloys are being studied for susceptibility to ignition of air-methane mix- 
tures when they impact rusted steel surfaces under controlled conditions. 
The goal of this research is to minimize or overcome the probability for 
ignition by selection or development of aluminum alloys that are less sus- 
ceptible to frictional ignition. Another approach being evaluated is to coat 
or clad aluminum surfaces to overcome ignition susceptibility. 

Wire Rope 

The wire rope used in vertical hoisting in mine shafts is a potential cause 
of mine disasters due to catastrophic rope failure. Satisfactory criteria 
are nonexistent for determining when a rope should be retired to insure 
against such a disaster without unduly sacrificing rope life. To set such 
criteria, the Albany Center is cooperating with other Bureau Centers in the 
evaluation of ropes from several sources. While other Centers research en- 
gineering aspects of rope usage, the Albany Center is concentrating on a 
detailed investigation of the metallurgical properties of both new and retir- 
ed ropes. Individual strands of wire rope are being subjected to both chem- 
ical and physical analysis to relate these properties to failure. 
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Wire rope is the underground miners direct link with the surface. The integ- 
rity of the rope must be maintained while maximizing the service life. 
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Roof Bolts 

GROUT SETS IN 3 
MINUTES TO PRO- 
VIDE EXCELLE 
ROOF SUPPOR 

CARTRIDGE IS INSERTED 
IN HOLE. ROOF BOLT RUP- 
TURES CARTRIDGE AND 

WATER CAPSULES 

Inorganic grouted roof. bolts can be placed 
quickly and develop high strength rapidly pro- 
viding improved ground control in mines. 

The Bureau of Mines has pio- 
neered the use of bonded roof 
bolts as a means to obtain 
higher roof holding capacity 
than the mechanical bolts now 
used in most mines. In the 
system now being studied a 
roof bolt is bonded in place 
with a fast-setting, inorgan- 
ic grout. The grout is form- 
ed when the roof bolt is 
inserted Lnto a hole and 
ruptures a plastic bag con- 
taining a mixture of plaster 
of paris and wax microcap- 
sules containing water. By 
incorporating suitable accel- 
erators into the mixture, 
gypsum is formed and rapidly 
bonds the roof bolt in place. 

To prove the capability of 
this system and reduce the 
variability of properties, a 
systematic study is being 
made of all controlling vari- 

ables. In addition to investigating the\ chemistry of the grouts, ultimate 
-_ -strength and creep properties will be determined. Simulated mine conditions, 

such as the effect of mine water seepage on grout strength, are being evalu- 
ated in this laboratory study. 

Mercury 

A unique mineral, corderoite, occurs in the McDermitt Mine in Nevada which is 
the major mercury producer in the United States. Because corderoite, unlike 
cinnabar, emits mercury vapor during the ambient processing procedure, a 
potential health hazard exists. To better understand the properties of cor- 
deroite so that mercury emissions might be controlled, a detailed characteri- 
zation study is being performed. Both natural and synthetic corderoite are 
being subjected to petrographic, differential thermal, thermogravimetric, and 
other appropriate analytical methods. Decomposition products will be identi- 
fied and the mechanism that results in the formation of free mercury will be 
ascertained. 
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