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BUREAU OF MINES RESEARCH PROGRAMS ON RECYCLI NG
AND DISPOSAL OF MINERAL-, METAL.,
AND ENERGY -BASED SOUD WASTES

by

Charles B. Kenahan 1 and Einar P. Flint2

ABSTRACT

A summry of Bureau of Mines research on utilization and disposal of
solid wastes is presented, accompanied by an extensive bibliography of related
publications. The Bureau i s Solid Waste and Materials Recycling Program is
directed toward four main areas of research, development, and demonstration:

(1) extraction of mineral, metal, and energy values from urban refuse;
(2) upgrading and recycling of automotive and related ferrous and nonferrous
scrap; (3) ut ilization and stabi lization of mine, mill, and smelter wastes;
and (4) recovery and reuse of va lues from industria 1 waste products. A con-
tract and grant program that supplements the in-house research and aids in the
training of manpower in management of mineral-, meta 1-, and energy-based solid
wastes is also discussed.

This publication is an updating of Bureau of Mines Information Circular
8460 issued March 1970.

INTRODUCTION

The Interior Department i s Bureau of Mines has a lways cons idered the waste
products and scrap generated by the mineral and metals industries and the con-
suming public as potential resources. The Bureau has been active in reclaim-
ing values from byproducts of mineral, metal, and energy processes for over
50 years. This statement is supported by the continuity of publications by
Bureau authors on environmental subjects dating back to 1912. The Bureau has
pioneered the fields of secondary metals recovery and solid waste reclamation
and has laid valuable groundwork in several major solid waste areas, including
urban refuse; junk cars; mine, mill, and smelter wastes; and industrial solid
and liquid wastes. The authority and responsibility for conducting research
on separat ion, recovery, and recycling of such products, however generated, is
inherent in the Organic Act of May 16, 1910, as amended in 1913 and 1915,
which estab lished the Bureau of Mines.

i Chief, Divis ion of Solid Was tes .
2Staff Metallurgist.

Authors are in the Office of the As sistant Director--Metallurgy.
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Almost from the date of its founding, the Bureau has been involved in
preservation of the environment and conservation of natural resources by
recycling. Its activities have encompassed not only solid wastes but also
means of alleviating air and water pu11ution, especially those which originate
from industries based on the utilization of minerals, metals, and fossil fuels.
Pollution caused by gaseous, liquid, and solid wastes continues to be of major
concern to the Bureau. The fact that air and water pollution are excluded
from the scope of this report necessitates the elimination from the appended
bibliography of the many Bureau publications on these subjects.

Al though this summary is devoted to solid wastes, brief reference is made
to related Bureau accomp lishments that cannot realist ical ly be separated from
the solid waste aspect. For example, the acid-mine-drainage problem has occu-
pied a prominent place in the Bureau i s work since 1920. Inasmuch as the prod-
uct of neutralizing acid mine waters is a solid waste sludge, its direct
relationship to the Bureau's authority for conserving and developing mineral
resources is evident.

The case is equally definite for air pollution caused by emissions of
sulfur oxides from metallurgical operations and burning of fossil fuels.
Means of alleviating such problems were sought by Frederick G. Cottrell, asso-
ciated with the Bureau of Mines from 1911 to 1921, and Director, 1920 to 1921.
More than any other individual, Dr. Cottrell succeeded in finding means for
abating air pollution. He invented and developed the electrostatic precipi-
tator which bears his name, now used for almost five decades throughout the
world to remove acid fume and particulate matter from stack gases. The Bureau
has continued such work uninterruptedly and is presently conducting research
studies on removal of sulfur oxides from stack gases with subsequent recovery
of elemental sulfur. Other means for abatement of noxious emissions from many
types of industrial operations are also in an advanced developmental stage.

One of the more important functions of the Bureau is to conduct programs
of inquiry and research that will stimulate the production of an adequate
supply of metals and minerals to meet our national needs. The Bureau's author-
ity and responsibility in this area was recently renewed, strengthened, and
explicitly restated in the recently passed Mining and Minerals Policy Act of
1970 (P.L. 91-631). The Congress recognized the Bureau's special competence
and responsibility in minerals research and supply by assigning a major role
to the Department of the Interior in the Solid Waste Disposal Ac t of 1965

(P.L. 89-272), and more recently in the Resource Recovery Act of 1970
(P.L. 91-512).

The Bureau i s Metallurgy Research organization is well equipped to deal
with problems relating to metal- and mineral-waste products. Included are the
Divisions of Metallurgy and Solid Wastes, which is made up of about 780 full-
time employees at eight research facilities strategically located across the
country. About half of the personnel are metallurgists, mineral engineers,
geologists, chemical engineers, chemists, and physicists. Other members of
the Bureau's staff are engaged in coal, petroleum, and mining research and
have capabilities to deal with solid waste problems relating to energy recov-
ery, utilization, and disposal of mining wastes.
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With passage of the Solid Waste Disposal Act, the Bureau accelerated and
expanded its research efforts in separat ing, recovering, and recyc ling the
values contained in a variety of metal-, mineral-, and energy- laden wastes.
Carrying out this program required extensive retraining of a group of its
engineers and scientists to cope with the wide range of prob lems, methods, and
materials that characterize the secondary materials industry, but which have
traditionally escaped consideration in the curricula of colleges and univer-
sities. The approach taken by the Bureau to solve these problems has aiways
been that of improving and expanding the technology of extractive metallurgy
and in modifying known techniques to the solution of difficult secondary mate-
rials prob 1 ems . The success of this approach is evident in achievements during

50 years of secondary metals research as detailed in hundreds of publications,
patents, and presentations resulting from these studies. Documentation is pro-
vided in the bib liography.

Rather than consider metal and mineral wastes as environmental problems,
as many do, the Bureau of Mines views them as opportunities to bolster our sup-
ply of natural resources. These opportunities exist not only in the processing
and recycling of proposed new products but also in processing the present gen-
eration of scrap more effectively. Since the scrap materials of tomorrow are
being manufactured as durable goods today, we are afforded a real opportunity
to examine them for potential future benefits. These materials are accumulat-
ing as goods-in-use at a rapid rate and collectively are reaching enormous
proportions. We must be prepared to recover them efficiently and completely.

The importance of secondary metals --which represent our only growing
metal resource--can best be assessed by comparing the gross production of the
major metals with the quantities reclaimed from secondary sources. According
to production estimates, on an annual basis, over 50 percent of lead, 40 per-
cent of copper, 4S percent of iron and steel, and 25 percent of zinc and alumi-
num fabricated into new products last year were derived from secondary sources.
Equally important are the estimated quantities of these metals accumulating in
the "in-use" channels of the economy. About 40 million tons of copper and
4 million tons of lead and zinc are presently in this category, which repre-
sents a constantly growing "man-made mine" of future raw materials.

Since the mineral resources, once mined, are irreplaceable, it is appar-
ent that a primary solution to the problem of scarcity is the development of
methods for recovering, recycling, and reusing the values contained in wastes.
To some extent, the secondary metal industries have traditionally served this
purpose and have done a remarkable job, but the concept must be more widely
applied. It is probable that present mine tailings dumps, junk-car graveyards,
and possibly even municipal landfills may be looked upon in the future as man-
made mines for minerals and metals whose natural ores have been depleted or
remain in deposits that can be mined only at greater cost than required for
recycling of wastes.

The Bureau of Mines considers solid wastes as resources out of place--we
are simply trying to put them back.
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IN-HOUSE RESEARCH PROGRA

Extraction of Mineral, Metal, and Energy Values From Urban Refuse

The Bureau is directing a major research effort toward developing methods
to recover metal, mineral, and energy values from municipal incinerator resi-
dues and raw, unburned refuse. Specifically, the program seeks to (1) develop
and demonstrate new or improved techniques to State and local governments and
private industry for the recovery and recycling of values contained in urban
refuse; (2) reduce environmental pollution resulting from inadequate treatment
and disposal of a major solid waste; (3) develop technology and provide train-
ing in solutions to prob lems involving the use and reuse of urban solid wastes;
and (4) alleviate the acute problem of urban solid waste disposal. A concep-
tual systems approach for managing all urban wastes is presented in figure 1.
The principal components of the urban-refuse research program are the following.

Municipal Incinerator Residues

A pilot plant with a capacity of one-half ton per hour, which treats
municipal incinerator residues in much the same manner that minerals are sepa-
rated from their ores, has been operated successfully by the Bureau for over a
year (figs. 2-3). The inputs to the plant, consisting of a heterogenous mix-
ture of tin cans, iron and steel products, aluminum, copper, lead, zinc, glass,
and ash, are automatically separated and recovered on a continuous basis. A
sophisticated component of the plant equipment separates the glass into clear
and colored fractions. The process, in addition to being technically sound,
shows favorab le ec onomic s .

Unburned Municipal Refuse

Also, under development is a process for mechanically separating and
recovering the metals, glass, paper, and plastics from raw, unburned refuse on
a continuous basis. The initial step in this process is the liberation of all
of the materials in the refuse by coarse shredding in a mill with double
opposed chains. Various combinations of air classification, magnetic separa-
tion, screening, optical sorting, and gravity concentration separate and
reclaim the individual values. The major equipment required for pilot plant
operation has been purchased, and installation is nearing completion (fig. 4).

Reclamation and Reuse of Waste Glass

Glass, which is the major constituent of incinerator residues and one of
the major components of refuse, is being given special attention. Methods to
obtain clean separations of clear and colored glass are nearly perfected. The
fine-size colorless glass concentrates obtained from the pilot plant are
already of a quality acceptable as cullet for making new glass containers by
the industry. ResearcQ has also been conducted on making such products as
bricks, glass wool, reflec ting beads, and ti le from the waste glass fractions.
Attractive colored bricks have been produced that meet ASTM (American Society
for Testing and Materials) specifications for "severe weather" facing brick,
and high-quality glass wool has also been produced from the waste glass prod-
uct (figs. 5 -6) . An optical electronic sorter, which is not yet part of the
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250 tons incinerator residue
per day

FIGURE 2. - Municipal Incinerator Resi-
IRON due Processing Flowsheet.

76 Tons

NONFERROUS
METALS

7 Tons

COLORLESS GLASS
CONCENTRATE

69 Tons

COLORED GLASS
AND SLAG

50 Tons

FIGURE 3. - Municipal Residue Reclamation Pilot Plant.
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FIGURE 4. - Components of Raw Refuse Process ing Plant.

FIGURE 5. . Structural Products of Face Brick and Glass Wool Made From Waste Glass
Fraction of Municipal Incinerator Residue.
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FIGURE 6. - Gloss Wool Being Made From Waste Gloss Fraction of Municipal
Incinerator Residue.
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flowsheet, has been successfully employed in batch tests to preconcentrate the
colorless glass.

Refining of Metals From Refuse

Emphasis is being placed on refining and utilizing the ferrous and non-
ferrous values recovered from incinerator residues and raw refuse (fig. 7).
Conversion of the meta 1 lic fractions of refuse into marketab le products is
another of the prime objectives of the urban refuse research.

Several methods developed by the Bureau for refining the iron fractions
that contain small amounts of copper and tin have shown considerab Ie promise.
Preliminary tests indicate that an excellent separation of high-quality alumi-
num product from the mixed nonferrous metals can be made by using heavy media
techniques. The sink fraction of the separation is a copper-rich product con-
taining zinc, lead, tin, and small amounts of stainless steel. The lighter
aluminum is collected in the float fraction. Other techniques including vacuum
refining, intermetallic compound formation, and flux refining are also being
applied to the separation of the complex nonferrous metal fraction of the
residues.

FIGURE 7. - Products From Municipal Incineratot Residues.
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Other utilization research is focused on developing uses for the fines
and ash products. Grants have been awarded to the Universities of Missouri,
Stanford, Alabama, and Wisconsin to seek ways of utilizing these and other
values contained in refuse.

Utilization of Discarded Plastics

The Bureau is investigating methods to utilize the vast tonnages of
plastics discarded annually. Preliminary tests have shown that polyethylene,
polystyrene, polyvinyl chloride, and polypropylene, which represent over
95 percent of waste plastics, can be separated and reshaped by application of
heat and pressure (fig. 8). Characteristics of the reshaped plastics are com-
parable to those made of virgin materials. It has also been discovered that
polyvinyl chloride can be broken down into anhydrous hydrogen chloride by heat-
ing at 3000 C (fig. 8). Half the weight of this polymer is made up of hydro-
gen chloride gas which is released on destructive distillation, yielding a
residual char sui tab Ie for use as a fuel.

Pyrolysis of Solid Wastes

The Bureau is applying the process of pyrolysis, the destructive distilla-
tion of ma terials in the absence of air, to the disposal of a variety of waste
products including refuse. This process involves the thermal conversion of
ma terials into usab le forms of char, oil, and gas. It can be applied to a
variety of waste materials such as municipal refuse, wood bark, sawdust, scrap
tires, mulch, and plastics (fig. 9). The process generates enough byproduct
fuel gas to supply the required heat for the reaction. The Bureau i s work on
pyrolysis originated more than 50 years ago when it was applied to the destruc-
tive distillation of coal.

Conversion of Organic Refuse to Oil

A novel process for converting the organic material contained in refuse

(garbage and cellulose) into crude oil is also being investigated (fig. 10).
The process involves the reaction of carbon monoxide and steam at 5000 F and
at 1,500 psi. The technique can also be applied to sewage sludge, manures,
and wood byproducts. One ton of dry refuse, minus the glass and metal content,
will produce 2 barrels of oil with a sulfur content of only 0.1 percent. Even
higher yields are recoverable from manures. The Bureau is presently operating
a continuous laboratory process for treating waste organic materials by this
method.

Upgrading and Utilization of Automotive and Related Ferrous Scrap

The Bureau of Mines has been conducting research on problems relating to
ferrous scrap for many years. The primary obj ective is to devise economic
methods to recover and upgrade the values contained in junk cars and related
ferrous scrap in order to increase the utilization of this commodity and main-
tain traditional markets.

The total inventory of junk cars in the United States has been estimated
at about 15 million cars, and is still growing, so that a substantial loss of

burgess.danielle



Granulation of Waste Plastics Found in Urban

Refuse Reduces the Volume and Is a First
Step Toward Reclamation Processing.

The Extrusion Plastometer Is Used To Measure
the Melt Index of Waste Plastics, One of the
Specific Properties That Characterize Them for
Industrial Uses.

11

Differences in Density of the Plastic Types

Found in Urban Waste May Be the Key To Sep-
arating Relatively Pure Fractions, as Shown

by Separating Polyethylene From Polystyrene
in Water.

Controlled Thermal Dissociation of Polyvinyl
Chloride To Release and Recover HCI as a

Resource Is One Approach To Solving the
Problems That Arise When This Plastic Is

Incinerated.

FIGURE 8. - Utilization of Waste Plastics.
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FIGURE 9. - Pyrolysis of Municipal Refuse.

valuable metals results. Even when a car enters the normal scrap cycle, much
of its aluminum, copper, and zinc content is not recovered, but is discarded
in dumps along with nonmetallic components of the vehicle.

The Bureau is conducting an in-house research program directed toward
expanding the market for junk auto and large-appliance scrap, as well as the
7 million tons of tin cans generated annually, by improving the preparation of
these scrap materials for conventional markets, and increasing the recovery of
nonferrous metals associated with such scrap. Research efforts are underway
on (l) an improved junk car and railroad car incinerator; (2) increased use of
ferrous scrap in electric furnace steelmaking; (3) produc tion of synthetic pig
iron from ferrous scrap; (4) removal of contaminants from mol ten ferrous scrap;

(5) development of an air separator for junk car shredder residue; (6) recov-
ery of copper from copper-containing ferrous scrap by cryogenic techniques;

(7) recovery of copper from starters, generators, and al terna tors by a mol ten
salt method; and (8) high-temperature, oxidation-reduction studies aimed at
producing iron oxide and clean scrap products that can be used as sources of
iron in the steel industry. Current Bureau research in this area is as follows.

burgess.danielle
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FIGURE 10. - Oi i From Garbage
by Carbon-Monoxide-

Steam Treatment.

Junk Car Incinerator

The Bureau has developed and has been successfully operating for over a
year a prototype low-cost (estimated at $22,000), smokeless, junk car incinera-
tor (fig. 11). The facility was constructed in cooperation with a scrap proces-
sor in Utah and operated as part of the scrap yard equipment. Over 20,000
scrap cars have been processed in the facility without adverse air pollution
effects. Work is continuing on the unit to (1) determine amounts of non-
ferrous metals melted during incineration, (2) increase the capacity of the
incinerator, and (3) lower operating costs. Burning of old railroad cars,
trucks, and buses prior to final processing is another area in which the
Bureau-designed incinerator has potential and on which research is underway.
The prototype incinerator is capable of burning four cars every 20 minutes
with a particulate emission discharge of less than 0.01 grain per cubic foot.
The cost of burning, including fuel for the afterburner, has been reduced to
les s than $2 per car.
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FIGURE 11. . Bureau's Smokeless Junk Auto Incinerator.
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Increased Use of Ferrous Scrap in Electric Furnace Steelmaking

The electric-furnace steelmaking industry is one of the major consumers
of purchased scrap. However, growing competition from pelletized iron ore,
which can also be fed to these furnaces, may drastically reduce the auto-scrap
market for such purposes because prereduced iron pellets can be charged contin-
uously to furnaces whereas much of the present scrap cannot. This fact gives
the pellets an advantage over scrap even when prices are equal. Bureau engi-
neers believe that properly prepared auto and large appliance scrap, as well
as tin cans, can also be charged continuously to electric furnaces, and that a
mixture of scrap and pellets would be a suitable charge in most cases. Current
research on this project has emphasized (1) the effects of continuous charging
of ferrous materials at low and elevated temperatures to a conventional, tilt-
able, open-arc furnace; (2) the technical feasibility of continuous steelmaking
in a stationary open-arc furnace; and (3) process evaluation for production of
secondary pig iron from fragmented auto hulks in a submerged-arc furnace. Pre-
liminary tests in which prereduced iron ore in various forms and shredded autos
were added continuously at a controlled rate to a bath of molten auto scrap
showed that, compared with conventional batch practice, the duration of heats
and energy consumption can be substantially lowered and tramp metal content
can be reduced to levels acceptable for most steel products. Further improve-
ment in the efficiency of electric furnace steelmaking appears practical by
utilizing the sensible heat in furnace offgases during continuous charging to
preheat feed material.

Production of Foundry Pig Iron From Junk Car and Other Ferrous Scrap

The objective of these studies is to determine the optimum charges and
processing variables required to make specification-grade foundry iron from
auto scrap and subcornercial scrap iron at commercially attractive costs.
This research is being conducted in a modified size "0" hot-blast cupola having
an l8-inch inside diameter (fig. 12). The cupola can accommodate 330 pounds
of scrap, together with coke and fluxes, to produce approximately 300 pounds
of metal. Preliminary tests have shown that the copper content of metal pro-
duced in the cupola, using prepared scrap, meets the specifications for gray
iron but not for malleable iron. The tests also indicated that specifications
for sulfur content for gray iron can be achieved.

Destructive Oxidation of Ferrous Scrap

Work is progressing on a process for converting junk-car and other low-
grade scrap in a rotary kiln at 1,0000 C (fig. 13) to yield coproducts of high-
grade iron oxide and dense residual steel scrap of high purity. Destructive
oxidation need not be limited to treatment of automobile hulks but can accom-
modate other low-value ferrous scrap such as refrigerators, stoves, tin cans,
turnings, and borings. The light-gage material yields only one kiln product
consisting of high-grade iron oxide. Heavier ferrous scrap charges are 70 per-
cent oxidized in one pass through the kiln and can be either removed as a usa-
ble product or recycled through the kiln. Recovery of the heavier members of
automotive scrap from the kiln roast product not only provides feed suitable
as heavy melting stock for electric furnace or foundry use, but also gives a
material that is substantially more valuable than the original auto scrap.
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FIGURE 12. - Experimental Hot-Blast Cupola.
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FIGURE 13. - View of Large and Small Rotary Kilns Used in Automobile Scrap Processing
Show ing Afterburner at Top of Stack.

Utilization of Ferrous Scrap as a Reductant

The Bureau has done cons iderab le work on the ut ilizat ion of ferrous scrap
as a reductant for converting nonmagnetic taconite into a product that can be
separated from associated gangue minerals. In the process, the mixture of ore
and scrap iron is heated to 1,000 a C in a rotary kiln (fig. 13). The scrap is
oxidized to iron oxide and the nonmagnetic ore feed is reduced to the magnetic
form. Past experience has shown that the best scrap charge is thin-gage auto
scrap, tin cans, borings, and turnings. The thinner gage scrap is oxidized
more rapidly in the process. Although the heavier ferrous scrap may not be
completely oxidized in the kiln, it can be collected and used as high-quality,
heavy-melting stock for electric furnace feed. Future work, particularly on
the use of auto scrap as a reductant, will emphasize the recovery of valuable
nonferrous metals present in the iron oxide concentrate.

burgess.danielle
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Recovery of Copper and Iron From High-Grade Ferrous Scrap

The aim of this work is to recover high-grade copper and iron from copper-
bearing ferrous scrap, such as generators, starters, alternators, etc., by a
preferential melting technique in molten salts, slags, or other sui tab Ie media.
Although the basic method was developed some time ago, the Bureau is continu-
ing this work with emphasis on improving the economics of the process. Cal-
cium chloride has been found to be a suitable substitute for the more costly
barium chloride salt used in early work. It has also been determined that
pretreatment of the scrap with sodium sulfate prior to immersion in the molten
bath for sweating off the copper increases the copper recovery.

Removal of Contaminants From Molten Ferrous Scrap

The Bureau is also working on a metallurgical refining method for remov-
ing copper and other contaminants from molten junk car scrap and other ferrous
materials. One promising approach, currently under investigation, is the use
of an alkali slag to remove copper from molten iron (fig. 14). Technical fea-
sibility of the technique has been demonstrated and its possibilities for com-
mercial use are being explored. The process involves the addition of sodium
sulfate to a molten iron bath to form copper sulfide, which is removed along
with the copper. Work is continuing on means of lowering the sodium sulfate
addition to the bath and on increasing the recycling of the sodium salt from
the slag. The ultimate aim will be to develop a process that wiii permit elec-
tric furnace melting of low-grade ferrous scrap.

Air Separator for Automobile Shredder Residue

In most junk-car shredding operations, large quantities of nonferrous
metals, combined with the other nonmagnetic residues from the shredded vehicle
such as glass, plastics, and rubber, are disposed of in dumps or landfills.
It is estimated that 300,000 tons of nonferrous metals are lost annually in
this manner. The Bureau has designed an inexpensive pilot air classifier wi th
a capacity of 16 tons per hour, in which the nonmgnetic residue from shred-
ding operations can be automat ically separa ted (figs. 15 - 16) . Tests have
shown that more than 95 percent of the nonferrous metal of the residue can be
collected in a single pass through the device. Methods for physical separa-
tion of the individual metals from the nonferrous metal concentrate are being
examined.

Recovery of Copper, Aluminum, and Other Nonferrous Metals
by Cryogenic Techniques

Preliminary tests have shown that quick freezing of copper-ferrous scrap
in liquid nitrogen, or in mixtures of acetone, methanol, and dry ice, greatly
enhances recovery of the copper. Copper and aluminum wire can also be cleanly
separated from plastic and rubber insulation by freezing and shredding. The
method is particularly suited to recovery of copper from smaii motors.
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INGOT
0.5 % Cu .. 0.1 % Cu

SULFIDE SLAG
SODIUM SULFATE 3% Cu

FIGURE 14. - Typical Feed Materials and Products for Recovering Copper From Molten Iron.

Ferrous -Scrap-Operation Surveys

The Bureau, in conjunction with its surveys of mineral industries, has
recently conducted an examination of nine representative junk-car shredding
operations across the country. The rated capacity of the sample from nine
shredders was 21 percent of the total capacity of 89 existing shredders. Col-
lection and dissemination of information will be continued on various types of
ferrous scrap operations that include junk cars.

Utilization and Stabilization of Mine, Mill, and Smelter Wastes

Another phase of the Bureau's solid waste program is directed toward the
stabilization and utilization of the nearly 25 billion tons of mining and min-
eral solid waste accumulated across the country. Surveys have identified many
of the existing wastes, and characterization studies have provided much infor-
mation and data on their nature. Many such wastes can be used to make
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FIGURE 15. - Air Classifier for Processing Junk-Car-Shredder Reject.

FIGURE 16. - Nonferrous Metal (Left) Recovered From Junk-Car-Shredder Rejects (Right) by
Bureau Developed Air Classifier.
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attractive structural materials, and others can be stabilized by several prom-
ising methods. Excellent progress has been made in the development of low-cost
methods to stabilize fine waste such as tailings. Large acreages of uranium,
copper, and lead-zinc tailings piles have been successfully stabilized by veg-
etative and chemical means. The Bureau also has a substantial research and
demonstration program on coal mine subsidence and on controlling fires in coal
waste banks. Current research on mineral wastes includes the following.

Vegetative Stabilization

Successful vegetation stabilization procedures have been developed for
tailings piles from mining of copper, uranium, and lead-zinc ores. Many vari-
eties of grasses, wheats, and ryes have been grown in laboratory tests and on
large-acreage tailings plots (fig. 17). Vegetation that shows promise
includes sweet clover, winter wheat, rye, and barley; grasses such as sorghum,
Kentucky blue, and orchard; and shrubs such as sagebrush, rubber rabbit brush,

FIGURE 17. - Stabilized Copper Mill Tailings 1 Year After Planting¡ Showing Encroachment
of Nat ive Plant Spec ies.
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and Siberian pea tree. A special barley, Charlottetown 80, has been effec-
tively grown in acid wastes at a pH as low as 3.0. Laboratory work is also
underway to determine which salts or organic reagents in the tailings most
affect plant growth. Considerable research has been conducted to devise means
of overcoming the deleterious effects of salts and acids within mill tailings.
Both sewage sludge and compost made from municipal refuse were tested as addi-
tives to the tailings and proved beneficial to both vegetative germination and
growth.

Research is in progress to determine the feasibility of reclaiming and
revegetating coal refuse banks and adjacent affected lands. Coal refuse was
examined for composition, texture, acidity, moisture content, and plant
nutrient levels. Experiments have been conducted by applying various amounts
of fly ash and soil conditioners and mixing these components with coal refuse
to varying depths to promote plant growth. Grasses and legumes were success-
fully established on a formerly barren coal refuse bank.

Chemical Stabilization

Chemical stabilization of fine-grained mill tailings is a promising
method to reduce pollution from such materials. In many instances the tail-
ings, because of contained chemicals or climatic conditions, are not amenab le
to vegetative treatment. At costs of 0.01 to 0.03 cent per square yard, some
of the additives found to be effective surface stabilizers are Coherex, a
resinous adhesive; DCA-70, an elastomeric polymer; calcium, ammonium, and
sodium lignosulfonates; and cement and lime. A 34 -acre tract of uranium mill
tailings in Arizona was effectively stabilized with DCA-70 and calcium
lignosulfonate (fig. 18).

Combined Stabilization Methods

One of the most innovative studies of the Bureau in this area has been
the development of a combination chemical-vegetative stabilization method.
The use of chemicals in conjunction with vegetative growth can have several
advantages in (1) preventing sandblasting of plants, (2) helping to retain
moisture by decreasing evaporation, (3) aiding in germination by adsorbing
heat, (4) adding organics to the wastes, and (5) preventing reflection of the
sun i s rays back to the plant. A combination system involving vegetation and
an application of Coherex was successfully used on a 10-acre copper tailings
plot in Nevada. Smaller plots of lead-zinc tailings have also been stabilized
with the combination methods.

Work has also been conducted on physical stabilization of fine tailings
to prevent air pollution. The most useful materials are rock and soil
obtained from adjacent areas. Granulated smelter slag has been employed as an
effec tive stab ilizer as well as bark covering, straw, placement of windbreaks
such as old tires, and spreading of a mixture of limestone chips and sodium
s i 1 i ca tea sac oa t ing .
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FIGURE 18. - Chemically Stabilized Uranium Mill-Tailings Pile.

Utilization of Mineral Wastes

Research is underway on the use of mineral wastes for producing ceramic
and construction materials. As most mineral wastes are usually low in clay
and plasticity, the Bureau 1 s work has been directed toward developing dry-
pressing and steam-curing methods to produce structural products. The feasi-
bility of using copper mill tailings for making bricks from six different
sources by a dry-press method has been demonstrated (fig. 19). Tailings con-
taining 1.5 percent or less sulfides were used as received, mixed with calcium
lignosulfona te and water, and subj ec ted to pressure and curing.

Steam-cured, silicate-bonded building bricks have also been made in the
laboratory from porphyry copper mill tailings from Utah and Arizona. A method
was devised for producing quality wall tile from phosphorus furnace slag.
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FIGURE 19. - Structural Materials Made From Copper Mill Tailings.

Studies on mineral wastes include development of low-cost methods for
recovering copper) as well as molybdenum) gold) and silver from mining and
milling wastes. Procedures comprising crushing) screening) and flotation are
being employed to obtain rich concentrates. Percolation leaching of coarse)
residual) dump material is also being investigated. Improved) low-cost tech-
niques for recovering uranium from wastes such as mill tailings and mine water
are under development.

Mine Subsidence Control

Mine refuse from past anthracite coal mining operations is being used to
backfill voids in abandoned mines to prevent subsidence of the surface in popu-
lated areas (fig. 20). To date) 12 projects have been completed on flushing
crushed mine refuse into abandoned underground mine voids to provide surface
support under populated areas. Surface water leaches sulfides in the waste
banks to form acid drainage; the waste banks contribute silt to adjacent land
areas and streams; and) when ignited) the banks contribute to pollution of the
air. Thus) three benefits evolve from backfilling operations--disposal of
waste) control of subsidence) and elimination of hazardous conditions.
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Control of Burning Coal Waste Banks

Waste accumulations from coal mines contaminate air and water, pose haz-
ards to public health, create scenic blights, and interfere with community
development. Because of the carbonaceous content of these piles, they are
susceptible to ignition by spontaneous combustion or by irresponsible trash
burning. Once ignited, a coal waste bank may burn for decades, polluting the
atmosphere with smoke and noxious gases (fig. 21). According to the most
recent survey conducted by the Bureau, 292 burning coal waste banks are located
throughout the United States.

Two demonstration projects have been completed in Pennsylvania's anthra-
cite region to develop effective methods for extinguishing fires in coal waste
banks. One consists of water-quenching and compaction and the other is .based
on constructing ponds on the leveled surface of the bank. A third project
involves testing the effectiveness of using yet another technique--water
sprays and a water injection system. In addition, a survey of the ambient air
at the project site is being conducted to gather data on emissions of gases,
such as sulfur dioxide and carbon monoxide, from the coal refuse fire.

Recovery and Reuse of Values From Industrial Wastes

Industrial wastes present serious disposal problems because each type of
waste requires a different solution. In this category are included piles and
acres of sludges, slags, scrap plastics, scrap metal, rags, and waste paper,
as well as chemica ls, oils, solvents, and other liquids resulting from manu-
facturing processes.

The Bureau has developed methods to recover values from industrial waste
products over a period of more than 30 years. However, these have been mostly
metal- and mineral-bearing wastes and were directed to reclamation of high-
value materials. In fact, many of the procedures used by secondary processors
to recover metal values from industrial wastes are Bureau developments. In
recent years, the Bureau has also directed its attention to a variety of
troublesome low-value industrial waste materials. Current investigations
include the following.

Scrap Metal Identification

An important project involves a study on developing rapid, simple identi-
fication methods for scrap metals. Although this is a vital step in the reuse
cycle, and errors can be serious and cumulative, the methods in common usage
are neither scientific nor reliable. Tests that permit rapid identification
of the major alloying constituents of aluminum alloys have already been devel-
oped. An inexpensive device, (fig. 22) requiring only 15 seconds per test,
was designed for electrographic sampling onto filter paper. Current work is
directed toward methods for identifying the large number of copper alloys that
are collected in scrap processing yards.
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FIGURE 22. - Scrap Meta I Ident ificat ion Test Kit.

Precious Metal Recovery From Scrap

Methods are under investigation to recover and recycle the vast quanti-
ties of precious metals that are presently lost when electronic equipment is
discarded. Military electronic equipment is presently being scrapped at a
rate of 15,000 tons per year. This scrap averages per ton, 100 troy ounces úr
silver, 5 troy ounces of gold, 1 troy ounce of palladium, and lesser amounts
of other precious metals (fig. 23). The most promising approach for recovery
of these valuable metals is a smelting process, followed by electrolytic treat-
ment to separate the precious metals from copper (fig. 24).

Reuse of Waste Lubricating Oils

The Bureau has recently initiated research to develop the best methods
and techniques for recovery and reuse of the 8 million barrels of automotive
and industrial lubricating oils presently dumped onto land surfaces or into
streams each year. Further attention is being directed toward the
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FIGURE 23. - Assorted Precious-Metal-Bearing Electronic Scrap.

sludge-disposal problem resulting from the re-refining of used oil. The prod-
ucts are being examined for a variety of uses.

Recovery of Sulfur Dioxide From Smelter Gases

Another serious problem is that of collection and recovery of sulfur diox-
ide emitted from smelters. The Bureau has developed a process for recovering
elemental sulfur from smelter stack gases by absorbing the SO? in a solution
of sodium citrate and sodium carbonate. By reacting the absorbed S02 with ~S,
elemental sulfur is precipitated. Stripped citrate solution is recovered for
recycle, and part of the sulfur is converted to ~S for use in the precipita-
tion step. A pilot plant based on the Bureau's process was built and operated
for several months in cooperation with Magma Copper Co. to obtain technical
and economic data on the proces s.
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FIGURE 24. - Pouring Copper-Gold-Silver Bullion Recovered From Electronic Scrap
by Smelting.
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Reuse of Ferrous and Nonferrous Dusts

Studies identifying the nature and magnitude of solid wastes issuing as
flue dusts in steelmaking operations are underway. Aside from the loss of
iron contained in these wastes, significant amounts of zinc, copper, and lead,
originating from the scrap additions to the steelmaking processes, are also
present. Techniques such as sulfuric acid extraction of copper and zinc are
being used to treat and recover these dusts so they can be returned to the
steel furnaces as high-grade pelletized iron ore. Processes to treat flue
dusts from brass smelters to form metallic zinc, lead, and copper products are
also being investigated. Emphasis is placed on methods that allow the dusts
to be treated in the plants where they are generated.

Recovery of Values From Waste Plating Solutions and Sludges

Work continues on recovery of metallic values from waste electroplating
solutions by application of the Bureau 1 s waste-plus-waste technique. This
method involves the combination of two waste liquids to produce recoverable
products. Research has been initiated on recovery of the valuable constitu-
ents in the sludges that result from electrochemical roching (ECM) and electri-
cal discharge machining (EDM) of stainless steels and nickel- and cobalt-base
alloys. Approaches to be used in solving this problem include selective dis-
solution, solvent extraction, and controlled-potential electrolysis.

Recycling Titanium Scrap

Attention is also directed toward improved methods of recycling titanium
and titanium-based alloy scrap. One procedure employs the use of the Industo-
slag process for continuous direct feed and melting of scrap titanium.

Another project involves developing a fused-salt, electrorefining process
to recover titanium from scrap alloys containing aluminum and tin.

Recycling High-Temperature Alloy Scrap

Methods to recover and recycle the individual components of high-
temperature-alloy scrap are receiving attention. Studies inc lude sequential
oxidation and reduction of elements from molten salts based on their position
in the emf (electromotive force) series.

Treating Aluminum Scrap

Research is continuing on electrolytic processing of aluminum scrap and
alloys in a large, single-compartment cell. Emphasis is placed on extraction
of aluminum and precious metals from aluminum-base electronic scrap and the
nonferrous fraction of municipal incinerator residues. Tests are also being
conducted to determine process conditions necessary for effective separation
of aluminum and aluminum oxide from high-chloride salt slag by molten slag
filtration techniques. Refining s lags and fluxes for treating aluminum
drosses are under examination.
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Lead-Battery Scrap

Work has been initiated on developing a new method for processing lead-
battery scrap to allow recovery of lead and sulfur and eliminate the current
problem of sulfur dioxide emissions. Optimum conditions for leaching, smelt-
ing, sulfur recovery, and regeneration of leaching agents are being examined.

Reuse of Fly Ash, Coal Bottom Ash, and Other Wastes

Other research and development proj ects inc lude the use of waste glass,
coal bottom ash, and fly ash to produce brick by appropriate mixtures of clay
and the waste materials.

Research on the production of portland and regulated set-cement from fly
ash is proceeding. The use of waste silicofluorides and other mineralizers in
the production of cements and refractories appears to be highly promising.
Reclamation of iron foundry core sands is under investigation.

CURRENT AND RECENTLY COMPLETED SOLID WASTE RESEARCH
GRANTS AND CONTRCTS

The Bureau i s work on utilization and disposal of solid wastes is supple-
mented by grants and contracts to educational and other organizations. The
program has two objectives. One is to involve educational institutions in the
recovery and recyc ling of solid wastes. The second is to provide incentives
to graduate students and their associates to prepare for industrial and public
service careers concerned with environmental and mineral supply problems.

Urban Refuse

SWD-12 Residual Elements in Scrap Iron $59,044
Pennsylvania
State University

Objective: To determine the thermodynamic properties of iron-copper solid
solutions and use the results to develop sulfidation and/or evaporation pro-
cesses for removing copper from scrap iron.

Between l,050° and 1,466° C copper in dilute solution in iron exhibits
extreme positive deviation from Raoult' slaw. The deviation decreases with
increasing temperature. At 1,300° C, carbon increases the activity coeffi-
cient of copper in iron, but silicon has no effect. Application of the
results to copper removal from iron-based alloys is under study.

SWD-29 Utilization of Ferrous Urban Wastes $108,445
University of
Wisconsin

Objective: To determine the effect of various concentrations of contaminants,
such as copper and tin, on the physical properties of iron reclaimed from
urban refuse.



33

Both tin and copper moderately increase the strength of annealed ductile
iron while reducing the ductility slightly. The results are similar with
pearlitic ductile iron except that additions of tin in excess of 0.02 percent
do not alter the tensile strength. However, tin has a marked effect on proper-
ties of cast specimens. The properties of malleab 1e iron are not affected as
much by copper and tin as anticipated. A copper-tin heat of about 0.2 percent
Cu and 0.88 percent Sn made from ferrous incinerator scrap gave greater chill
depths than previous heats made with tin or copper additions alone.

Both copper and tin additions increase the strength of cast steels. The
percentage elongation of cast steel decreased to and remained almost steady at
15 percent following addition of either 0.05 percent Sn or 1.0 percent Cu.
Addition of 0.12 percent Sn and 0.2 percent Cu produced higher hardness and
lower ductility than did the same amount of these elements added singly.

SWD-28
Use of Waste Glass in Expanded Shale
Aggregate $32,928

University of
Alabama

Objective: To determine the technical and economic feasibility of using
crushed waste glass from urban refuse in combination with expandable clay or
shale to produce lightweight concrete aggregate.

A number
in concrete.
comparab le to

of lightweight concrete aggregates have been produced and tested
The properties of test specimens, made with the aggregates, are
those made from commercial expanded shale.

SWD-31 Technical Evaluation of Refuse Incineration $55,301
University of
Alabama

Objective: To survey current municipal incinerator operation and design, and
to make recommendations as to future research needs.

As a result of the study, recommendations are made on development of quan-
titative information regarding combustion theory and air requirements, mate-
rials of construction and grate influence, furnace configuration, combustion
emissions, and slag.

SWD-22
Characterization of Mineral and Metal
Values in Incinerator Residue Gangue S50i500

University of
West Virginia

Objective: To characterize municipal incinerator residues and seek means of
utilizing all or part of this waste material.

Fly ash and the nonmagnetic residues from incinerators have been analyzed
for 24 elements. Concentrations of gallium were found to be unusually high,
suggesting that this element might be recovered. Preliminary investigations
are underway into methods for recovering gallium and copper. Fly ash has also
been utilized as a raw material for making lightweight aggregate. Concrete
made therefrom meets ASTM specifications.
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SWD-24 Phosphate Slimes as a Soil Amendment $8, 766
University of
Florida

Objective: To study the effects of phosphate slimes on physical and chemical
properties of Florida soils and the growth responses of selected crops.

Experiments conducted with millet plants indicate that increasing the
amount of phosphate slimes placed on the soil results in increased plant
growth.

Mining and Industrial Wastes

SWD-l
Treatment of Mine Tailings To Enhance Plant
Growth and Promote Stabilization of Tailings S 120,000

Utah State
University

Objective: To determine the best methods for using vegetation to stabilize
mine tailings.

Suitable plants were selected and plant growth enhanced by altering the
tailings chemistry. In field testing, the major problems encountered were
oxidation of pyrites in the tailings pile, decrease in pH, and solubilization
of heavy metals from the pile. The severity of these problems increases with
time. The plants chosen must be hardy in the climate of the area, but they
are usually not indigenous. Native plants become established on the tai lings
piles when the nonnative plants have been in place for a few years. Decrease
in salinity of the tailings and additions of phosphorus and nitrogen are
required. Growing of legumes on tailings pile will result in nitrogen fixa-
t ion. Rarely is there a lack of potash.

SWD-13 Utilization of Mine Waste Tailings $58,279
University of
Wisconsin

Objective: To investigate and develop means of utilizing jig and flotation
mill tailings from the zinc district of Wisconsin.

Upgraded float tailings yielded a concentrate containing 26.9 percent Fe
and 30.3 percent S, which was oxidized in a fluidized bed reactor. A reactor
was designed to handle 200 tons per day of 200-mesh pyrite.

SWD-14 Use of Fly Ash as a Soil Conditioner $42,267

Virginia
Polytechnic
Institute

Objective: To study the potential of fly ash as a supplier of boron, zinc,
and other elements to correct nutrient deficiencies in soil.

The boron in fly ash is in a form available to alfalfa plants and is ben-
eficial. Potassium in fly ash can be absorbed by corn seedlings, but high
proportions of ash may produce boron toxicity.
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SWD-15
Characterization and Utilization of
Anthracite Refuse $364,086

Commonwealth of
Pennsylvania

Objective: To develop uses for refuse from more than 800 anthracite refuse
banks that blanket 12,000 acres of land in northeastern Pennsylvania.

The potential of burning the refuse (containing 35 to 40 percent carbon)
and using the resulting ash as aggregate is being explored. Other applica-
tions are for landfill, highway embankments, road subbases, manufacture of
bricks, nonskid highway surfaces, and recovery of carbon. A Pennsylvania
utility company plans to build and operate a 300-megawatt steam-generating
station using anthracite refuse as a fuel. Anthracite refuse is also being
evaluated as an antiskid material by Wyoming and Luzerne County, Pa.

SWD-32
Recovery of Metal Values From Steel
Plant Dust $20,514

Georgia
Institute of
Technology

Objective: To investigate the recovery of iron, lead, and zinc from precipi-
tator dust on pilot-plant scale, and to investigate potential techniques for
recovering other values such as magnesium, manganese, and aluminum.

In a pilot plant having a capacity of 300 pounds of electric-furnace dust,
initial leaching is with acid to remove zinc, followed by caustic treatment to
remove lead as sodium plurnite. Oxidation of the residue will follow to con-
vert the iron to iron oxide. Some manganese, magnesium, and aluminum will
report in the acid leach solution which must therefore be purified before
electrowinning the copper. The remainder of the manganese, magnesium, and
aluminum are oxidized with the iron. Process and economic data will form the
basis for designing commercial plants.

SWD-C-8 Utilization of Mining and Milling Wastes $104,484
lIT Research
Institute

Obj ective: To evaluate clays, fly ash, and hydra ted iron oxide as additives
to foamed taconite blocks.

The properties studied were foam stability, sett ling from the slurry,
shrinkage cracks, and strength of fired specimens. Ball clay additions
increased strengths. The effects of adding mixtures of mineral wastes to the
taconite are under study.

The Third Mineral Waste Utilization Symposium will be cosponsored in
March 1972 by the Bureau of Mines and the lIT Research Institute.
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Junk Automobiles and Railroad Freight Cars

SWD-C-10
Incinerator for Scrap Automobiles and
Railroad Cars $60,000

Luria Brothers
and Co.. Inc.

Objective: To construct, operate, and demonstrate the feasibility of a facil-
ity to incinerate scrap automobiles and railroad boxcars on a large scale,
based on the Bureau of Mines prototype junk car incinerator at Salt Lake City,
Utah.

The incinerator is to have a capacity of 20 scrap automobiles per hour or
one scrap railroad boxcar every 2 hours. Afterburning of the smoke allows the
incinerator to conform to local air pollution standards. In this cooperative
project, the controlled burning of scrap cars and the recovery of low-melting
junk car components is being studied by the Bureau of Mines. Burned cars are
to be shredded by Luria to determine the effects of incineration on scrap
quality.
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BIBLIOGRAPHY ON SOLID WASTE AND RECYCLING RESEARCH

Bureau of Mines Reports of Investigations3

2230--Slate Dust in Asphalt Road-Surface Mixtures, by O. Bowles. 1921.

2283--The Utilization of Waste Slate as Filler, by O. Bowles. 1921.

2463--Utilization of Waste Rock at Lime Plants, by O. Bowles. 1923.

276l--Magnetic Concentration of Flue Dust of the Birmingham District, by
O. Lee, B. W. Gandrud, and F. D. DeVaney. 1926.

2869--The Production of High-Alumina Slags in the Blast Furnace for the Manu-
facture of Alumina Cement, by T. L. Joseph. 1928.

300l--Nine Years of Smoke Abatement Work at Salt Lake City, by A. Gudmundsen.
1930.

3472--Reduction of Fly Ash Emission From Chimneys, by J. F. Barkley. 1939.

3860--Examination and Treatment of Industrial Magnesium Foundry Wastes, by
O. C. Garst. 1946.

3874--The Recovery of Metal and Other Valuable Products From Aluminum Dross,
by ~ C. Garst, F. Fraas, W. M. Mahan, D. D. Blue, and L. Fink. 1946.

4l90--Studies on Methods for Recovering Scrap Mica From Pegmatite of the
Black Hills, South Dakota, by G. A. Munson and F. F. Clarke. 1948.

4847 --Manganese Concentrates From Open-Hearth S lags by Lime-Clinkering

(Sylvester) Process, by J. A. Ruppert. 1952.

4900--Recovery of Thallium From Smelter Products, by J. D. Prater, D. Schlain,
and S. F. Ravitz. 1952.

5l24--Manganese From Steel-Plant Slags by a Lime-Clinkering and Carbonate-
Leaching Process: Part I. Laboratory Development (in Two Parts), by
R. A. Heindl, J. A. Ruppert, M. L. Skow, and J. E. Conley. 1955.

5 l42--Manganese From Steel-Plant S lags by a Lime-Clinkering and Carbona te-
Leaching Process: Part II. Pilot-Plant Development (in Two Parts),
by R. A. Heindl, J. A. Ruppert, M. L. Skow, and J. E. Conley. 1955.

5205 --Electrolytic Recovery of Zinc From Galvanizers' Sal Skimmings, by
P. M. Sullivan. 1956.

3Copies of reports not out of print may be obtained from the Publications Dis-

tribution Branch, Bureau of Mines, 4800 Forbes Avenue, Pittsburgh, Pa. 15213

burgess.danielle



38

5289--Waterborne Wastes of the Mineral Industries, New England-New York Region,
by B. P. Martinez. 1956.

5327--Recovery of Tin and Tungsten From Tin-Smelter Slags, by H. Kenworthy,
A. G. Starliper, and L. L. Freeman. 1957.

54Zl--Generating Preflux Solutions From Galvanizers' Sal Skimmings, by
P. M. Sullivan, D. H. Chambers, and P. J. Berney. 1958.

5476--Recovery of Magnesium and Cadmium From Incendiary Alloys by Vacuum Dis-
tillation, by H. S. Caldwell, Jr. and M. J. Spendlove. 1959.

5692--Recovering Manganese From Mill Rejects, by W. A. Stickney and
C. W. Sanders. 1960.

5777--Recovering Aluminum and Fluorine Compounds From Aluminum Plant Residues,
by R. S. McClain, G. V. Sullivan, and W. A. Stickney. 1961.

5786--Experimental Extraction of Strategic Components From S-8l6 Alloy Scrap,
by H. Kenworthy, V. A. Nieberlein, and A. G. Starliper. 1961.

5827--Recovery of Zinc From Dross and Tin From Hardhead by Amalgam Electrol-
ysis, by P. M. Sullivan and D. H. Chambers. 1961.

60ll--Disposal of Radioactive Waste in the Vitro-Type Uranium Milling Flow-
sheet, by K. E. Tame, E. G. Valdez, and J. B. Rosenbaum. 1962.

6045--Radioactive Waste Disposal in the Shiprock-Type Uranium Milling Flow-
sheet, by K. E. Tame, E. G. Va ldez, and J. B. Rosenbaum. 1962.

6083--Incinerator for Solid Combustible Wastes Containing Low-Level Radio-
activity, by R. C. Corey and C. H. Schwartz. 1962.

6l07--Recovery of Tin, Tungsten, and Other Metals From Tin Smelter Wastes, by
A. G. Starliper and H. Kenworthy. 1962.

62l9--Beneficiation of Aluminum Plant Residues, by R. S. McClain and
G. V. Sullivan. 1963.

6263--Recovery of Lead and Zinc From Slimes, by J. G. Donaldson. 1963.

6417 --Recovery of Zinc From Galvanizers' Dross and Zinc-Base Die-Cast Scrap
by Filtration, by J. A. Ruppert and P. M. Sullivan. 1964.

6445 --Elec trochemical Recovery of Cobal t-Nickel Al loy From Superalloy Scrap,
by M. Hayashi, D. R. Peterson, and D. W. Bridges. 1964.

645l--Electro-dewatering Tests of Florida Phosphate Rock Slime, by
M. H. Stanczyk and I. L. Feld. 1964.
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6580--Recovery of Scandium From Uranium Plant Iron Sludge and From Wolframite
Concentrates, by J. R. Ross and C. H. Schack. 1965.

6596--The Recovery of Manganese From Open-Hearth Slags and Low-Grade Ores by
Smel ting and Selective Oxidation, by R. C. Buehl, M. B. Royer, and
J. P. Morris. 1965.

6647--Removing Copper From Copper-Clad Steel by Oxidation, by R. J. Leary.
1965.

6728--Recovery of Manganese From Slag Formed by Selective Oxidation of High-
Manganese Pig Iron, by E. G, Davis, F. E. Brantley, and E. C. Wright.
1966.

6758--Ignition and Control of Burning of Coal Mine Refuse, by J. W. Myers,
J. J. Pfeiffer, E. M. Murphy, and F. E. Griffith. 1966.

6764--Magnetic Roasting of Iron Ores With Ferrous Scrap, by M. M. Fine and
C. Prasky. 1966.

6772--Demonstration and Evaluation of Five Methods of Secondary Backfilling of
Strip-Mine Areas, by F. E. Griffith, M. O. Magnuson, and R. L. Kimball.
1966.

6859--A One-Step Operation for Recovery of Manganese as Chloride From Ores and
Slags, by A. A. Cochran and W. L. Fa lke. 1967.

6869--Fly Ash as a Coagulant Aid in Water Treatment, by R. C. Ballance,
J. P. Capp, and J. C. Burchinal. 1966.

6884--The Use of Coal and Modified Coals as Adsorbents for Removing Organic
Contaminants From Waste Waters, by G. E. Johnson, L. M. Kunka,
A. J. Forney, and J. H. Field. 1966.

6889--Refining Iron-Contaminated Zinc by Filtration and Centrifugation, by
J. A. Ruppert and P. M. Sullivan. 1967.

6908--Experimental Studies of Incineration in a Cylindrical Combustion Chamber,
by M. Weintraub, A. A. Orning, and C. H. Schwartz. 1967.

6926--Laboratory Testing and Evaluation of Porous Permeable Rock for Nuclear
Waste Disposal, by J. B. F. Champlin, R. D. Thomas, and A. D. Brownlow.
1967.

6940--Extraction of Germanium and Gallium From Coal Fly Ash and Phosphorus
Furnace Flue Dust, by R. F. Waters and H. Kenworthy. 1967.

6987--Mine Water Research Neutralization, by M. Deul and E. A. Mihok. 1967.

7036--Molten-Salt Electrorefining Vanadium Scrap, by K. P. V. Lei and
T. A. Sullivan. 1967.
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7042--Recovery of Lead and Copper From Blast Furnace Matte, by D. A. Wilson
and P. M. Sullivan. 1967.

7075 - -Revegeta tion Studies at Three Strip-Mine Sites in North-Central
Pennsylvania, by M. O. Magnuson and R. L. Kimball. 1968.

7l02--Evaluation of Synthetic Organic Flocculants in the Treatment of Coal
Refuse Slurries, by K. J. Miller and A. W. Deurbrouck. 1968.

7ll7--Silver Recovery From Waste Photographic Solutions by Metallic Displace-
ment, by R. O. Dannenburg and G. M. Potter. 1968.

7l26--0xidation of Lead Blast Furnace Matte by Ferrobacillus-Ferrooxidans in a
Dilute Acid Solution, by J. D. Corrick and J. A. Sutton. 1968.

7l40--Centrifugal Dewatering of Jamaican Red Mud, by P. C. Good and
O. C. Fur sman . 1968.

7l82--Copper Cementation Using Automobile Scrap in a Rotating Drum, by
K. C. Dean, R. O. Groves, and S. L. May. 1968.

7l9l--Mine Water Research, The Limestone Neutralization Process, by E. A. Mihok,
M. Deul, C. E. Chamberlain, and J. E. Selmeczi. 1968.

7l99--Laboratory Studies on the Use of Sodium Sulfate for Removing Copper From
Molten Iron, by H. V. Makar, B. W. Dunning, Jr., and H. S. Caldwell, Jr.
1968.

7204--Composition and Characteristics of Municipal Incinerator Residues, by
C. B. Kenahan, P. M. Sullivan, J. A. Ruppert, and E. F. Spano. 1968.

72l0--Removal of Nonferrous Metals From Synthetic Automobile Scrap on Heating
in a Rotary Kiln, by G. W. Elger, W. L. Hunter, and C. E. Armantrout.
1968.

72l3--Recovery of Hydrofluoric Acid From Waste Fluosilicic Acid, Preliminary
Studies, by P. C. Good and J. E. Tress. 1968.

72l4--Use of Fly Ash for Remote Filling of Underground Cavities and Passage-
ways, by E. M. Murphy, M. O. Magnuson, P. Suder, Jr., and J. Nagy.
1968.

72l8--Copper Removal From Steel Scrap by Thermal Treatment. Feas ibility Study,
by R. R. Brown and F. E. Block. 1968.

7221- -Beneficiation of Titanium Chlorination Res idues. Preliminary Study, by
C. C. Merrill, M. M. Wong, and D. D. Blue. 1969.

7240--Major Ash Constituents in U.S. Coals, by R. F. Abernethy, M. J. Peterson,
and F. H. Gibson. 1969.
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7250--Experimental Leaching of Gold From Mine Waste, by H. J. Heinen and
B. Porter. 1969.

7254 --Recovery of Rhenium From Tungsten-Rhenium Alloy, by M. J. Ferrante,
F. E. Block, A. D. Fugate, and F. A. Skirvin. 1969.

726l--Chemical and Vegetative Stabilization of a Nevada Copper Porphyry Mill
Tailing, by K. C. Dean, R. Havens, and K. T. Harper. 1969.

7264--Extraction of Aluminum and Fluorine From Leached Pot lining Residues, by
P. C. Good and W. G. Gruzensky. 1969.

7276--0perating Characteristics of a High-Temperature Electrostatic Precipi-
tator, by C. C. Shale and G. E. Fasching. 1969.

728l--Spectrochemical Analyses of Coal Ash for Trace Elements, by
R. F. Abernethy, M. J. Peterson, and F. H. Gibson. 1969.

7282--Entrainment Drying and Carbonization of Wood Waste, by C. C. Boley and
W. S. Landers. 1969.

7288--Chemical Stabilization of the Uranium Tailings at Tuba City, Ariz., by
R. Havens and K. C. Dean. 1969.

730l--Extraction of Copper From Oxides Using Iron and Steel Scrap. Principles
and Application to Pure Systems, by S. E. Khalafalla, H. W. Kilau, and
L. A. Haas. 1969.

7302--Destructive Distillation of Scrap Tires, by D. E. Wolfson, J. A. Beckman,
J. G. Walters, and D. J. Bennett. 1969.

7315 - -Refining Zinc -Base Die-Cast Scrap Using Low-Cost Fluxes, by D. Montagna
and J. A. Ruppert. 1969.

73l6--Chemical Reclaiming of Superalloy Scrap, by P. T. Brooks, G. M. Potter,
and D. A. Martin. 1969.

73l9--Selective Flotation of Minerals From North Carolina Mica Tailing, by
W. H. Eddy, J. S. Browning, and J. E. Hardemon. 1969.

7332--Pretreating Steel Scrap To Speed Oxidation, by S. E. Khalafalla,
S. L. Payne, and G. W. Reimers. 1970.

7336--Solvent Extraction of Nickel and Zinc From a Waste Phosphate Solution,
by H. E. Powell, L. L. Smith, and A. A. Cochran. 1970.

7350--Dismantling a Typical Junk Automobile to Produce Quality Scrap, by
K. C. Dean and J. W. Sterner. 1969.

7368--Mine Water Research: Plant Design and Cost Estimates for Limestone
Treatment, by Edward A. Mihok. 1970.
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738l--Turf Soil ~lodification With Sintered Fly Ash, by J. C. Patterson and
J. P. Cappo 1970.

7389--Reduction Roasting of Nonmagnetic Taconites With Automobile Scrap, by
C. Prasky, R. E. Peterson, and D. L. Siebert. 1970.

7395 --Leaching Gold -Bearing Mill Tailings From Mercur, Utah, by I. L. Nichols
and L. Peterson. 1970.

7428--Conversion of Municipal and Industrial Refuse Into Useful Materials by

Pyrolysis, by W. S. Sanner, C. Ortuglio, J. G. Walters, and
D. E. Wolfson. 1970.

7454--Utilization of Red Mud Residues From Alumina Production, by O. C. Fursman,

J. E. Mauser, M. O. Butler, and W. A. Stickney. 1970.

7498--Distribution of Sulfide and Oxide Copper in Copper Mill Tailings, by
J. C. White and A. R. Rule. 1971.

7502--Utilization of Waste Fluosi1icic Acid (in Two Sections). 1. Laboratory
Investigations. 2. Cost Evaluation, by H. E. Blake, Jr., W. S. Thomas,
K. W. Moser, J. L. Reuss, and H. Dolezal. 1971.

7504--Reclamation of Acidic Coal-Mine Spoil With Fly Ash, by L. M. Adams,
J. P. Capp, and E. Eisentrout. 1971.

7533--Recovery of Phosphates and Metals From Waste Phosphate Sludge by
Reduction-Sinter Process, by R. F. Waters, H. E. Powell, and
A. A. Cochran. 1971.

7537--Dry-Pressed Building Bricks From Copper Mill Tailings, by P. G. Pigott,
E. G. Valdez, and K. C. Dean. 1971.

7544--Chemical Spot Tests for Aluminum Alloys, by A. W. Maynard and
D. A. Wilson. 1971.

7554--Improved Cupric Ammonium Carbonate Leaching of Copper Scrap, by
W. L. Staker, C. J. Chindgren, and K. C. Dean. 1971.

7560--Converting Organic Wastes to Oil. A Replenishable Energy Source, by
H. R. Appell, Y. C. Fu, Sam Friedman, P. M. Yavorsky, and Irving Wender.
1971.

7562 --Recovery of Copper From Converter S lags by Flotation, by V. E. Ed lund
and S. J. Hussey. 1971.

7566 - -Recovery of Cadmium and Nickel From Scrap Batteries, by D. A. Wilson
and B. J. Wiegard, Jr. 1971.
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Bureau of Mines Information Circulars4

6835--Review of Literature on Effects of Breathing Dusts, With Special Refer-
ence to Silicosis. Part I. Ch. 3, Physiological Effects of Breathing
Dusts, by D. Harrington and S. J. Davenport. 1935.

7016 --Smoke Abatement.
J. F. Barkley.

Selection from Papers by O. P. Hood, completed by
1938.

7l04--Some Information on Extinguishing an Anthracite Refuse-Bank Fire Near
Mahanoy City, Pa., by R. D. Leitch. 1940.

7439--Burning Refuse Dumps at Coal Mines, by D. Harrington and J. H. East, Jr.
1948.

7588--Fundamentals of Smoke Abatement, by J. F. Barkley. 1950.

7635--Utilization of Fly Ash, by R. E. Morgan. 1952.

7672--Regeneration of Spent Pickle Liquor, by B. P. Martinez. 1953.

7973 --Iron and Steel Scrap in California and Nevada, by G. C. Branner. 1960.

8002--Methods for Producing Secondary Copper, by M. J. Spendlove. 1961.

8058--Waterborne Wastes and Water Use by Metàl-Processing Industries in the
Missouri River Basin, Kansas, and Missouri, by H. Eng and H. Kenworthy.
1961.

8076 --Processes for Recovering Sulfur From Secondary Source Materials, by
B. K. Shibler and M. W. Hovey. 1962.

8l08--Waterborne Mineral Wastes and Water Uses of Various Industries in the
Lower Missouri River Basin, by R. F. Waters and H. Kenworthy. 1962.

8l43--Secondary Nonferrous Metals Industry in California, With Data on Nevada
and Hawaii, by G. C. Branner. 1962.

82l2--Subsurface Disposal of Industrial Wastes in the United States, by
E. C. Donaldson. 1964.

8243--Iron and Steel Scrap in the Pacific Northwest, by G. A. Kingston. 1964.

8289--Iron and Steel Scrap in Arkansas, Kansas, Louisiana, Mississippi,
Missouri, Oklahoma, and Texas, by F. B. Fulkerson and H. F. Robertson.
1966.

83l4--Pneumatic Transportation of Solids. Proceedings: Institute of Gas
Technology-Bureau of Mines Sympos ium, Morgantown, Wes t Va.,
October 19-20, 1965, by J. D. Spencer, T. J. Joyce, and J. H. Faber.
1966.

4 See footnote 3.
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8329--Iron and Steel Scrap in the Southeast, by V. A. Danielson, J. F. O'Neill,
and H. W. Ahrenholz. 1967.

8333--Ringelmann Smoke Chart (Revision of IC 7718), by Staff, Bureau of Mines.
1967.

8342--Iron and Steel Scrap Survey in Illinois, Indiana, Iowa, Michigan,
Minnesota, and Wisconsin, by W. Pajalich. 1967.

8344--Iron and Steel Scrap in the Intermountain and Northwestern Plains States,
by H. J. Bennett. 1967.

8348--Fly Ash Utilization. Proceedings: Edison Electric Institute-National
Coal Association-Bureau of Mines Symposium, Pittsburgh, Pennsylvania,
March 14-16, 1967, compiled by J. H. Faber, J. P. Capp, and
J. D. Spencer. 1967. (Availab le from Superintendent of Documents,
U.S. Gov't Printing Office, Washington, D.C. 20402, $1.75.)

8404--Waste Disposal Costs of a Florida Phosphate Operation, by J. R. Boyle.
1969.

8406--Waste Disposal Costs at Two Coal Mines in Kentucky and Alabama, by
V. A. Danielson and D. H. White, Jr. 1969.

8407 - -Dust Control in Mining, Tunneling, and Quarrying in the United States,
1961 through 1967, by F. G. Anderson and R. L. Beatty. 1969.

8409--Pennsylvania Anthracite Refuse. A Survey of Solid Waste From Mining and
Preparation, by J. C. MacCartney and R. H. Whai te. 1969.

84l0--Design of Dams for Mill Tailings, by C. D. Kealy and R. L. Soderberg.
1969.

8430--Disposal of Solid Wastes From Coal Mining in washington, Oregon, and
Montana, by M. R. Geer. 1969.

8435--Grace Mine Iron Ore Waste Disposal System and Estimated Costs, by
W. Cochran. 1969.

8440--Estimated Costs of Steel Slag Disposal, by E. C. Baker. 1970.

8445--Impact of Technology on the Commercial Secondary Aluminum Industry, by
D. L. Siebert. 1970.

8447--Secondary Gold in the United States, by Staff, Bureau of Mines. 1970.

8456--Surface Mine Reclamation, Moraine State Park, Pennsylvania, by
L. M. McNay. 1970.

8483 --Fly Ash Utilization. A Summry of Applications and Technology, by
J. P. Capp and J. D. Spencer. 1970.
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8485--A Method for Extinguishing and Removing Coal Refuse Banks, by
F. C. Andreuzzi. 1970.

8488--Ash Utilization. Proceedings: Second Ash Utilization Symposium. Spon-
sored by National Coal Association, Edison Electric Institute, American
Public Power Association, National Ash Association, and Bureau of Mines,
Pittsburgh, Pa., March 10-11, 1970, by J. H. Faber, N. H. Coates, and
J. D. Spencer. 1970. (Availab le from Superintendent of Documents,
U.S. Gov't Printing Office, Washington, D.C. 20402, $3.00.)

8498--Case Studies of Municipal Waste Disposal Systems, by H. W. Sheffer,
E. C. Baker, and G. C. Evans. 1971.

8505--Materials Substitution Study, General Methodology and Review of U.S.
Zinc Die-Casting Markets, by N. S. Petersen, F. V. Canillo, and
R. Charles Vars. 1971.

8507 --Mine Subsidence--Extent and Cost of Control in a Selected Area, by
W. Cochran. 1971.

Bureau of Mines Technica 1 Progres s Reports5

9. Gold Recovery From Scrap Electronic Solders by Fused-Salt Electrolysis,
by E. K. Kleespies, J. P. Bennetts, and T. A. Henrie. 1969.

18. Effect of Lowering the Tin Content of Secondary Red Brass, by
L. W. Higley, J. L. Holman, E. R. Cole, and H. Kenworthy. 1969.

21. Construction and Testing of a Junk Auto Incinerator, by C. J. Chindgren,
K. C. Dean, and J. W. Sterner. 1970.

22. Recovery of Heavy Minerals From Alabama Sand and Gravel Operations, by
G. B. Sullivan and J. S. Browning. 1970.

25. Conversion of Urban Refuse to Oil, by H. R. Appell, I. Wender, and
R. D. Miller. 1970.

27. Recovery of Metals From Electroplating Wastes by the Waste-PIus-Waste
Method, by L. C. George and A. A. Cochran. 1970.

31. Recovery of the Nonferrous Metals From Auto Shredder Rejects by Air Clas-
sification, by C. J. Chindgren, K. C. Dean, and L. Peterson. 1971.

33. Economics of Recycling Metals and Minerals From Urban Refuse, by
P. M. Sullivan and M. H. Stanczyk. 1971.

34. Preliminary Separation of Metals and Nonmetals From Urban Refuse, by
K. C. Dean, C. J. Chindgren, and L. Peterson. 1971.

36. Recovery of Chromite and Silica From Steel Foundry Waste Molding Sands,
by P. G. Barnard, R. A. Ritchey, and H. Kenworthy. 1971.

5 See footnote 3.
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Bureau of Mines Open-File Reports6

1. High-Temperature Alloy Scrap in california and Nevada, by G. C. Branner
and J. W. Padan. 1962.

2. Secondary Base Metals Processing Technology, by A. J. McDermid. 1962.

3. Method for Separating Insulation From Scrap Aluminum Copper Wire, by
P. M. Sullivan. 1963.

4. Radioactive Waste Disposal in Acid Leach Column-Ion Exchange Milling
Flowsheets, by K. E. Tame. 1964.

5. Recovery of Nickel and Cobalt From High-Temperature Alloy Scrap, by
B. E. Barton, R. L. DeBeauchamp, and T. A. Sullivan. 1966.

6. Laboratory Development for Process To Remove Undesirab le Impurities From
Automobile Scrap, by C. E. Armantrout, G. W. Elger, and S. C. Rhoads.
1969.

Contrac t and Grant Pub lications! 7 Bureau of Mines -Sponsored Research

1. Treatment of Molten Automotive Scrap To Reduce Copper Content, PPG Indus-
tries, Glass Research Center, Contract No. 14-09-0070-363. 1967.

2. Vegetation and Metal Toxicity in Relation to Mine and Mill Wastes, Circu-
lar 148, Utah Agricultural Experiment Stat ion, Utah State University,
SWD-L. 1967.

3. Copper Control in Vehicular Scrap With Special Emphasis on Component
Design, Ralph Stone Company, Inc., Contract No. 14-09-0070-382. 1968.

4. Utilization of Red Mud Wastes for Lightweight Structural Building Products,
lIT Research Institute, Contract No. 14-09-0070-386. 1968.

5. Production of High Pressure Steam-Cured Calcium Silicate Building Mate-
rials From Mining Industry Waste Produc ts, Stanford Univers ity, Grant
No. SWD-ll. Part I--Program for Investigation and Report of Field Survey
of Siliceous Mine Wastes in California, Technical Report No. 86, 1968;
Part II--Preliminary Economic Feasibility Study, Technical Report No. 89.
1968.

6. Removal of Fly Ash by Fluidized Bed Techniques, North Star Research and
Development Institute, Contract No. 14-69-0070-375. 1968.

ŠCopies of available reports may be obtained by contacting Charles B. Kenahan,
Chief, Division of Solid Wastes, U.S. Department of the Interior, Bureau of
Mines, Washington, D.C. 20240.7 See footnote 6.
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7. Encased Steel Building Blocks Produced From Scrap Auto Body Sheet Metal,
Korblock Corporation, Contract No. 14-09-0070-385. 1968.

8. Recovery of Metal Values in Waste Electric Power Plant Lignite Ash, South
Dakota School of Mines, Grant No. SWD-7. 1968.

9. Techno-Economic Analysis of Mining and Milling Wastes, lIT Research Insti-
tute, Contract No. G6027. 1969.

10. Utilization of Coal Dust Slurries, Franklin Institute Research Labora-
tories, Contract No. 14-09-0070-380. 1969.

11. Resource Rec lamation: Yard Efficiency; A Preliminary Study of Scrapping
Processes and Site Planning, Ralph Stone Company, Inc., Grant No. SWD-20.
1969.

12. Mineral Wool Production From Coal Ash, Coal Research Bureau, West
Virginia University, Report No. 38. 1969.

13. Underground Disposal of Slurried Wastes, University of Wyoming, Grant
No. SWD-6. 1969.

14. Resource Recovery From Incinerator Residue, Analysis of Factors That
Affect Economic Recycling of Ferrous Metals and Other Inorganic Material
Contained in Municipal Incinerator Residue, Institute for Solid Wastes
of the American Public Works Association, Grant No. SWD-23. 1970.

15. Disposal and Uses of Oil Shale Ash, Denver Research Institute, University
of Denver, Grant No. SWD-8. 1970.

16. Utilization of Mining and Milling Wastes, lIT Research Institute, Con-
tract No. H0190397. 1970.

17. Extraction of Metal and Mineral Values From Municipal Incinerator Flyash,
School of Mines, West Virginia University, Grant No. SWD-25. 1970.

18. Ceramic Products From Mineral Wastes, by I. B. Cutler and P. S. Nicholson,
University of Utah, Grant No. SWD-5. March 1970.

19. Sand-Lime Bricks and Aerated Lightweight Concrete From Gold Mine Waste,
by T. C. Hansen, C. W. Richards, and S. Mindess, Materials Research and
Standards, v. 10, No.8, 21 pp., Grant No. SWD-26. August 1970.

20. Lightweight Building Materials From Waste Glass, Stanford University,
Grant No. SWD-26. 1971.

21. Response of Alfalfa to Boron in Flyash, Virginia Polytechnic Institute,
Grant No. SWD-14, Reprinted from the Soil Science Society of America
Proceedings, v. 35, No.2. March-April 1971.
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22. The Use of Hydrostatic Extrusion for Reclaiming Waste Glass, by
P. G. Hansen and R. L. Davis, University of Missouri, Rolla, Grant
No. SWD-27. 1971.

23. Urban Refuse Incinerator Design and Operation State of the Art, Univer-
sity of Alabama, Grant No. SWD-3l. 1971.

Outside Publications by Bureau of Mines Authors

1. Mineral Losses in Gases and Fumes, by F. G. Cottrell, Ind. Eng. Chem.,
v. 4, 1912, pp. 182-185.

2. Problems in Smoke, Fume, and Dust Abatement, by F. G. Cottrell, Smithso-
nian Inst. Rept., 1913, pp. 653-685.

3. Electrical Precipitation, by F. G. Cottrell, Proc., AIME, v. 34, 1915,
p. 625.

4. Analysis of Scrap Losses in Aluminum Foundry Practice, by R. J. Anderson,
Foundry, v. 48, 1920, pp. 984-992; v. 49, 1921, pp. 16-21, 54-57,
104-111, 143-147, 188-191, 235-239.

5. Practical Remedies for Pollution of Streams by Mine Water, by
A. R. Powell, Proc. Coal Mine Inst. America. 1922.

6. Recovery of Furnace Dust; Treatment of Mine and Domestic Waste, by
M. W. von Bernewitz, Blast Furnace and Steel Plant, v. 14, 1926,
pp. 21-22.

7. The Re-Use of Plaster of Paris Molds, by M. Farnsworth, Ind. Eng. Chem.,
v. 19, May 1927, pp. 583-588.

8. Secondary Metals, by M. W. von Bernewitz, Min. and Met., v. 13, 1932,
D. 101.

9. Discussion of Incinerators--Municipal, Industrial, and Domestic, by
J. F. Barkely and H. S. Henry, Trans. ASME, v. 60, 1938, pp. 284-285.

10. Uses and Metallurgy of Ferrous Scrap Metals, by M. W. von Bernewitz,
Blast Furnace and Steel Plant, v. 27, 1939, pp. 1226-1230.

11. Agglomeration of Smoke, Fog, or Dust Particles by Sonic Waves, by
H. W. St. Clair, Ind. Eng. Chem., v. 41, November 1949, pp. 2434-2438.

~

12. Off-Site Disposal of Radioactive Incinerator Residues by Solid Fluxes,
by R. C. Corey, H. Perry, and C. H. Schwartz, Am. Ind. Hyg. Assoc.

Quart., v. 12, No.2, June 1951, pp. 52-57.

13. Secondary Processing of Aluminum. Atmospheric Pollution, by L. C. McCabe
Ind. Eng. Chem., v. 44, May 1952, pp. l21A-122A.
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14. Treasure From the Slag Pile, by A. W. Martinez, Steelways, v. 8, No.2,
1952, pp. 1-3.

15. Production of Spiegeleisen From Open-Hearth Slag in an Experimental Blast
Furnace, by R. C. Buehl and M. B. Roper, J. Metals, v. 4,1952,
pp. 1289-1292.

16. Scrap Preheater Cuts Costs in Electric-Arc Steelmaking, by R. J. Leary
and W. O. Philbrook, Iron Age, v. 183, No.5, Jan. 29, 1956, pp. 90-93.

17. Electrolytic Recovery of Zinc From Waste Materials by Use of Amalgam
Cells, by P. M. Sullivan and D. H. Chambers, presented at the Annual
Meeting of AIME. Feb. 25-28, 1957.

18. Utilizing and Disposing of Waterborne Industrial Wastes, by A. A. Berk,
Trans. AIME, TP4499H; Min. Eng., July 1957, pp. 780-783.

19. Germanium in Coal Ash From Power Plants, by R. C. Corey and J. W. Myers,
Utilization, v. 12, No. 11, November 1958, pp. 33-35.

20. Recovery of Zinc and Tin From Secondary Products (Part 1), by
P. M. Sullivan and D. H. Chambers, Metal Industry. Sept. 22, 1961.

21. Research on Field Problems in Injecting Solutions Into Permeable Rocks,
by J. B. F. Champ lin, Proc. 2d Ground Disposal of Rad ioact ive Waste Conf.,
Chalk River, Canada, Sept. 26-29, 1961, TID 7628, pp. 324-343.

22. Recovery of Zinc and Tin From Secondary Products (Part II), by
P. M. Sullivan and D. H. Chambers, Metal Indus try. Sept. 29, 1961.

23. Bureau of Mines High-Temperature Electrostatic Precipitator, by
D. C. Shale, Combustion, v. 35, No. 10, April 1964, pp. 42-44.

24. Air Pollutant Emissions From Coal-Fired Power Plants: Report No.1, by
S. T. Cuffe, R. W. Gerstile, A. A. Orning, and C. H. Schwartz, J. Air
Pollution Control Assoc., v. 14, No.9, September 1964, pp. 353-362.

25. Research Program Seeks New Uses for Fly Ash, by J. P. Capp, Elec. Light
and Power, v. 42, No. 10, October 1964, pp. 36-38.

26. A New Potential Scrap Market--Reduction Roasting of Iron Ore, by
N. B. Melcher, Scrap Age, February 1965, pp. 41-42; Waste Trade J.,
Feb. 27, 1965, pp. 61-62, 67.

27. Use of Coal and Fly Ash as Adsorbents for Removing Organic Contaminants
From Secondary Municipal Effluents, by G. E. Johnson, L. M. Kunka, and
J. H. Field, I&EC Process Design and Development, v. 4, No.3, July 1965,
pp. 323-327.

28. Ore-Scrap Magnetic Roasting: A New Basis for the Beneficiation of Iron
Ore, by M. M. Fine and N. B. Melcher, J. Metals, v. 16, No.9, September
1965, pp. 709-714.
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29. Evaluation of Dry Processes for Removing Sulfur Dioxide From Power Plant
Flue Gases, by D. Bienstock, J. H. Field, S. Katell, and K. D. Plants,
J. Air Pollution Control Assoc., v. 16, No. 10, October 1965,
pp. 459-464.

30. Fly Ash Utilization, by J. P. Capp, Combustion, v. 37, No.8, February
1966, pp. 36-40.

31. Technology and Economics of Fly Ash Utilization, by J. P. Capp and
J. H. Faber, Ann. Meeting AlME, Feb. 27-Mar. 3, 1966, New York,
Preprint 66F8l.

32. Recovery of Uranium From Uranium Mine Wa ters and Copper Ore Leaching
Solutions, by D. R. George and J. R. Ross, Proc. Panel on Process ing
Low-Grade Uranium Ores, Vienna, June 27 -July 1966.

33. Fly Ash: New Hope for Strip Spoil, by C. F. Engle and J. P. Capp, West
Virginia University Agricultural Experiment Station Bull. 544, Winter
1967, pp. 1-4.

34. Let's Not Overlook Salvage, by C. B. Kenahan and P. M. Sullivan, Am. Pub.
Works Assoc. Reporter, v. 34, No.3. 1967.

35. Here's What SOa Removal Costs, by S. Katell and K. D. Plants, Hydrocarbon
Processing, v. 46, No.7, July 1967, pp. 161-164.

36. Abandoned and Scrap Automobiles, by W. A. Vogely, Proc. Surgeon General's
Conf. on Solid Waste Management for Metropolitan Washington, Public
Health Service, Dept. of HEW, Washington, D.C., July 19-20, 1967,
pp. 51-60.

37. Air Pollution and the Coal Industry, by H. Perry and J. H. Field, Trans.
SME, December 1967, pp. 337-345.

38. Automobile Disposal: A National Problem, by Staff, Bureau of Mines, 1967

(available from the U.S. Government Printing Office, Washington, D.C.
20402, $4.50).

39. Proceedings of the First Mineral Waste Utilization Symposium Cosponsored
by the U.S. Bureau of Mines and lIT Research Institute, Mar. 27-28, 1968,
ChicalO, Ill. (a compilation of 20 papers, available from lIT Research
Institute, 10 West 35th St., Chicago, Ill. 60602, $12.50).

40. Air Pollution Research in Relation to Coal r s Future in the Electric
Energy Market, by Richard C. Corey, Combustion, v. 39, No. 10, April
1968, pp. 21-29.

41. Sintered Fly Ash as a Soil Modifier, by J. C. Patterson, Jr., P. R.
Henderlong, and L. M. Adams, Proc. West Virginia Academy of Science,
v. 40, April 1968, pp. 151-159.
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42. An Improved Method for Separating Copper and Steel From Copper-Containing
Ferrous Scrap, by V. G. Leak and M. M. Fine, Secondary Raw Materials J.,
v. 6, No.7, July 1968, pp. 27-29.

43. Recovery and Production of Alumina From Waste Solutions by Solvent Extrac-
tion, by D. R. George, K. E. Tame, S. R. Crane, and K. B. Higbie, J.
Metals, v. 6, No.7, July 1968, pp. 1-5.

44. Limestone Neutralization--A Low Cost and Effective Treatment for Acid
Mine Waters, by E. A. Mihok and M. Deul, Coal Age, v. 73, No. 12,
December 1968, pp. 65-70.

45. Physical and Chemical Beneficiation of Metal and Mineral Values Contained
in Incinerator Residues, by M. H. Stanczyk and P. M. Sullivan, presented
at the 98th Annual Meeting of AIME. Feb. 16-20, 1969 (preprint 69-B-54).

46. New Approaches to Solid Mineral Wastes, by K. Dean, H. Dolezal, and
R. Havens, Mining Engineering, v. 21, No.3. March 1969.

47. Destructive Oxidation of Ferrous Scrap, by N. B. Melcher, C. Prasky, and
R. Peterson, 28th Ironmaking Conference of AIME, Apr. 13-16, 1969,
Toronto, Canada.

48. Utilization and Stabilization of Solid Mineral Wastes, by K. C. Dean,
R. Havens, and E. G. Valdez, presented at 16th Ontario Industrial Waste
Conference, Niagara Falls, Ontario, Canada, June 15-18, 1969.

49. Use of Sodium Sulfate for Copper Removal From Molten Iron, by H. V. Makar
and B. W. Dunning, Jr., J. Metals, v. 21, No.7, July 1969, pp. 19-22.

50. Reclaiming Refractory Carbides and Cobalt From Cemented-Carbide Scrap, by
P. G. Barnard, A. G. Starliper, and H. Kenworthy, Secondary Raw Mate-
rials, v. 7, No.9. September 1969.

51. Stabilization of Mineral Wastes, by K. C. Dean, R. Havens, and E. G.
Valdez, Industrial Water Engineering, v. 6, No. 10. October 1969.

52. Opportunities in the Production of Secondary Nonferrous Metals, by Max J.
Spendlove, United Nations Industrial Development Organization, Expert
Group Meeting on the Utilization of Nonferrous Scrap Metal, Nov. 25 -29,
1969, Vienna, Austria.

53. Principles and Practices of Incineration, ed. by Richard C. Corey,
John Wiley & Sons, Inc., New York. 1969.

54. The Recovery of Elemental Sulfur From Base Metal Smelters, by D. R.
George, L. Crocker J and J. B. Rosenbaum, Mining Engineer. January 1970.

55. Smelting of Military Electronic Scrap, by O. Dannenberg and G. M. Potter,
Proceedings of 99th Annual Meeting, AIME, Denver, Colorado. Feb. 12 - 19,
1970.
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56. Proceedings of the Second Mineral Waste Utilization Symposium, Cosponsored
by the u.S. Bureau of Mines and lIT Research Institute, Mar. 18-19, 1970,
Chicago, Ill. (a compilation of 42 papers, available from lIT Research
Institute, 10 West 35th St., Chicago, Ill. 60602, $15.00).

57. Materials and Design in Initial Construction of Junk Auto Incinerator by
Bureau of Mines, Salt Lake City Metallurgy Research Center, Secondary
Raw Materials, June 1970, pp. 118 and 120.

58. Progress in Using and Stabilizing Mineral Wastes, by K. C. Dean, R. Havens,
and E. G. Valdez, presented at the SME Fall Meeting and Exhibit,
St. Louis, Mo., Oct. 21-23,1970.

59. Activation Analysis of Gold-Bearing Scrap, by D. E. Shanks, K. G.
Broadhead, and H. H. Heady, Int. J. Appl. Radiation and Isotopes, v. 21,
1970, pp. 671-676.

60. Processing of Superalloy Scrap, by P. T. Brooks, G. M. Potter, and D. A.
Martin. J. Metals, v. 22, No. 11, November 1970, pp. 25 -29.

61. Carbon Reduction of Iron Oxide Waste Materials to Reactive Sponge Iron in
a Fluidized-Bed Reactor, by E. G. Valdez, H. Dolezal, and K. C. Dean,
Chern. Eng. Progress Symp. Series, v. 66, No. 105, 1970, pp. 221-224.

62. Effective Technology for Recycling Metal, Proceedings of Special Workshop
Cosponsored by the U.S. Bureau of Mines and NASMI, Jan. 7, 1971,
Washington, D.C. (a compilation of 17 papers, available from the
National Association of Secondary Material Industries, Inc., 330 Madison
Avenue, New York 10017, $7.50).

63. Fuels Management in an Environmental Age, by G. A. Mills, Environmental
Science and Technology, v. 5, No.1, January 1971.

64. Metallurgical Aspects of Reclaiming Container Scrap, by H. V. Makar and
H. S. Caldwell, Jr., presented at the Solid Wastes Resources Conference,
May 13, 1971, Battelle Columbus Laboratories, Columus, Ohio.

65. Approaches to Utilization of Plastics From Urban Refuse, by J. W. Jensen,
J. L. Holman, and J. B. Stephenson, presented at a Symposium on Tech-
nology for the Future to Control Industrial and Urban Wastes, University
of Missouri, Rolla. Feb. 9, 1971.

66. The Citrate Process for Removal of S02 From Waste Gas, by J. B. Rosenbaum,
D. R. George, and L. Crocker, Proceedings of AlME Environmental Quality
Conference for the Extractive Industries, June 7-9, 1971, Washington,
D.C.

67. Vegetative Stabilization of Mill Tailings Using Municipal and Mineral
Wastes, by K. C. Dean and R. Havens, Proceedings of the AIME Environmen-
tal Quality Conference for the Extractive Industries, June 7-9, 1971,
Washington, D. C.
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68. The Waste-Plus-Waste Method for Recovering Metals From Electroplating
Wastes, by L. C. George, A. A. Cochran, and R. F. Waters, Proceedings of
AlME Environmental Quality Conference for the Extractive Industries,
June 7-9, 1971, Washington, D.C.

69. Recovery of Aluminum From Incinerator Residue Scrap, by E. L. Singleton,
R. L. DeBeauchamp, and T. A. Sullivan, Proceedings of the AIME Environ-
mental Quality Conference for the Extrac ti ve Industries, June 7 -9, 1971,
washington, D.C.

70. Solid Waste, Resources Out of Place, by C. B. Kenahan, Environmental
Science and Technology, v. 5, No.7, July 1971, pp. 594-600.

71. Pyrolysis of Municipal and Industrial Wastes by W. S. Sanner and D. E.
Wolfson, Proceedings of Centennial Symposium on Technology for the
Future to Control Industrial and Urban Wastes, University of Missouri
at Rolla. Feb. 8-9, 1971.

INT.-BU.OF MINES,PGH.,PA. 16829
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Bureau of Mines
Information Circular 8529

BUREAU OF MINES RESEACH PROGRAS ON RECYCLING
AND DISPOSAL OF MINERA-, ME TAL- ,
AND ENERGY-BASED SOLID WASTES

by

Charles B. Kenahan and Einar P. Flint

ERRTA

Page 20--Caption of figure 16 should read as follows:

FIGURE l6.-Nonferrous Metal (Right) Recovered From Junk-
Car-Shredder Rejects (Left) by Bureau-Developed
Air Classifier.

Page 22--Paragraph on Chemical Stabilization, third sentence should read
as follows: "At costs of 1 to 3 cents per square yard..."

The bibliography on pages 37-46 should read as follows:

;'
,..;.

',,/"
'0

I
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BIBLIOGRAHY ON SOLID WASTE AND RECYCLING RESEARCH

Bureau of Mines Reports of Inves tigations 3

*2230--Slate Dust in Asphalt Road-Surface Mixtures, by O. Bowles. 1921.

*2283--The Utilization of Waste Slate as Filler, by O. Bowles. 1921.

*2463--Utilization of Waste Rock at Lime Plants, by O. Bowles. 1923.

*276l--Magnetic Concentration of Flue Dust of the Birmingham District,
by O. Lee, B. W. Gandrud, and F. D. DeVaney. 1926.

*2869--The Production of High-Alumina Slags in the Blast Furnace for
the Manufacture of Alumina Cement, by T. L. Joseph. 1928.

*300l--Nine Years of Smoke Abatement Work at Salt Lake City, by A. Gudmundsen.
1930.

*3472--Reduction of Fly Ash Emission From Chimneys, by J. F. Barkley. 1939.

*3860--Examination and Treatment of Industrial Magnesium Foundry Wastes, by
O. C. Garst. 1946.

*3874--The Recovery of Metal and Other Valuable Products From Aluminum Dross,
by O. C. Garst, F. Fraas, W. M. Mahan, D. D. Blue, and L. Fink. 1946.

*4l90--Studies nn Methods for Recovering Scrap Mica From Pegmatite of the
Black Hills, South Dakota, by G. A. Munson and F. F. Clarke. 1948.

4847--Manganese Concentrates From Open-Hearth Slags by Lime-Clinkering

(Sylvester) Process, by J. A. Ruppert. 1952.

4900--Recovery of Thallium From Smelter Products, by J. D. Prater, D. Schlain,
and S. F. Ravitz. 1952.

5l24--Manganese From Steel-Plant Slags by a Lime-Clinkering and Carbonate-
Leaching Process: Part I. Laboratory Development (in Two Parts),
by R. A. Heindl, J. A. Ruppert, M. L. Skow, and J. E. Conley. 1955.

5142--Manganese From Steel-Plant Slags by a Lime-Clinkering and Carbonate-
Leaching Process: Part II. Pilot-Plant Development (in Two Parts),
by R. A. Heindl, J. A. Ruppert, M. L. Skow, and J. E. Conley. 1955.

5205--Electrolytic Recovery of Zinc From Galvanizers' Sal Skimmings, by
P. M. Sullivan. 1956.

3Copies of reports not out of print nor indicated as being for sale by the

Government Printing Office or the National Technical Information Service
may be obtained from the Publications Distribution Branch, Bureau of
Mines, 4800 Forbes Avenue, Pittsburgh, Pa. 15213.

*Out of print.
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5289--Waterborne Wastes of the Mineral Industries, New England-New York
Region, by B. P. Martinez. 1956.

5327--Recovery of Tin and Tungsten From Tin-Smelter Slags, by H. Kenworthy,
A. G. Starliper, and L. L. Freeman. 1957.

542l--Generating Preflux Solutions From Galvanizers' Sal Skimmings, by P. M.
Sullivan, D. H. Chambers, and P. J. Berney. 1958.

5476--Recovery of Magnesium and Cadmium From Incendiary Alloys by Vacuum
Distillation, by H. S. Caldwell, Jr. and M. J. Spendlove. 1959.

5692--Recovering Manganese From Mill Rejects, by W. A. Stickney and C. W.
Sanders. 1960.

5777--Recovering Aluminum and Fluorine Compounds From Aluminum Plant Residues,
by R. S. McClain, G. V. Sullivan, and W. A. Stickney. 1961.

5786--Experimental Extraction of Strategic Components From S-8l6 Alloy Scrap,
by H. Kenworthy, V. A. Nieberlein, and A. G. Starliper. 1961.

5827--Recovery of Zinc From Dross and Tin From Hardhead by Amalgam Electrol-
ysis, by P. M. Sullivan and D. H. Chambers. 1961.

60ll--Disposal of Radioactive Waste in the Vitro-Type Uranium Milling Flow-
sheet, by K. E. Tame, E. G. Valdez, and J. B. Rosenbaum. 1962.

6045--Radioactive Waste Disposal in the Shiprock-Type Uranium Milling Flow-
sheet, by K. E. Tame, E. G. Valdez, and J. B. Rosenbaum. 1962.

6083--Incinerator for Solid Combustible Wastes Containing Low-Level Radio-
activity, by R. C. Corey and C. H. Schwartz. 1962.

6l07--Recovery of Tin, Tungsten, and Other Metals From Tin Smelter Wastes,
by A. G. Starliper and H. Kenworthy. 1962.

62l9--Beneficiation of Aluminum Plant Residues, by R. S. McClain and G. V.
Sullivan. 1963.

6263--Recovery of Lead and Zinc From Slimes, by J. G. Donaldson. 1963.

64l7--Recovery of Zinc From Galvanizers' Dross and Zinc-Base Die-Cast Scrap
by Filtration, by J. A. Ruppert and P. M. Sullivan. 1964.

6445--Electrochemical Recovery of Cobalt-Nickel Alloy From Superalloy Scrap,
by M. Hayashi, D. R. Peterson, and D. W. Bridges. 1964.

645l--Electro-dewatering Tests of Florida Phosphate Rock Slime, by M. H.
Stanczyk and I. L. Feld. 1964.
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6580--Recovery of Scandium From Uranium Plant Iron Sludge and From Wolf-
ramite Concentrates, by J. R. Ross and C. H. Schack. 1965.

6596--The Recovery of Manganese From Open-Hearth Slags and Low-Grade Ores
by Smelting and Selective Oxidation, by R. C. Buehl, M. B. Royer,
and J. P. Morris. 1965.

6647--Removing Copper From Copper-Clad Steel by Oxidation, by R. J. Leary.
1965.

6728--Recovery of Manganese From Slag Formed by Selective Oxidation of
High-Manganese Pig Iron, by E. G. Davis, F. E. Brantley, and E. C.
Wright. 1966.

6758--Ignition and Control of Burning of Coal Mine Refuse, by J. W. Myers,
J. J. Pfeiffer, E. M. Murphy, and F. E. Griffith. 1966.

6764--Magnetic Roasting of Iron Ores With Ferrous Scrap, by M. M. Fine
and C. Prasky. 1966.

6772--Demonstrations and Evaluation of Five Methods of Secondary Backfilling
of Strip-Mine Areas, by F. E. Griffith, M. O. Magnuson, and R. L.
Kimball. 1966.

6859--A One-Step Operation for Recovery of Manganese as Chloride From Ores
and Slags, by A. A. Cochran and W. L. Falke. 1967.

6869--Fly Ash as a Coagulant Aid in Water Treatment, by R. C. Ballance,
J. P. Capp, and J. C. Burchinal. 1966.

*6884--The Use of Coal and Modified Coals as Adsorbents for Removing Organic
Contaminants From Waste Waters, by G. E. Johnson, L. M. Kunka, A. J.
Forney, and J. H. Field. 1966.

6889--Refining Iron-Contaminated Zinc by Filtration and Centrifugation, by
J. A. Ruppert and P. M. Sullivan. 1967.

*6908--Experimental Studies of Incineration in a Cylindrical Combustion Chamber,
by M. Weintraub, A. A. Orning, and C. H. Schwartz. 1967.

6926--Laboratory Testing and Evaluation of Porous Permeable Rock for Nuclear
Waste Disposal, by J. B. F. Champlin, R. D. Thomas, and A. D. Brownlow.
1967.

6940--Extraction of Germanium and Gallium From Coal Fly Ash and Phosphorus
Furnace Flue Dust, by R. F. Waters and H. Kenworthy. 1967.

6987--Mine Water Research Neutralization, by M. Deul and E. A. Mihok. 1967.

7036--Molten-Salt Electrorefining Vanadium Scrap, by K. P. V. Lei and T. A.
Sullivan. 1967.

*Out of print.
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7042--Recovery of Lead and Copper From Blast Furnace Matte, by D. A. Wilson
and P. M. Sullivan. 1967.

**7075--Revegetation Studies at Three Strip-Mine Sites in North Central Penn-
sylvania, by M. O. Magnuson and R. L. Kimball. 1968. PB 187 738.

7102--Evaluation of Synthetic Organic Flocculants in the Treatment of Coal
Refuse Slurries, by K. J. Miller and A. W. Deurbrouck. 1968.

7l17--Silver Recovery From Waste Photographic Solutions by Metallic Displace-
ment, by R. O. Dannenburg and G. M. Potter. 1968.

7126--0xidation of Lead Blast Furnace Matte by Ferrobacillus-Ferrooxidans in
a Dilute Acid Solution, by J. D. Corrick and J. A. Sutton. 1968.

7l40--Centrifugal Dewatering of Jamaican Red Mud, by P. C. Good and O. C.
Fursman. 1968.

7182--Copper Cementation Using Automobile Scrap in a Rotating Drum, by K. C.
Dean, R. O. Groves, and S. L. May. 1968.

7191--Mine Water Research, The Limestone Neutralization Process, by E. A.
Mihok, M. Deul, C. E. Chamberlain, and J. E. Selmeczi. 1968.

7199--Laboratory Studies on the Use of Sodium Sulfate for Removing Copper
From Molten Iron, by H. V. Makar, B. W. Dunning, Jr., and H. S.
Caldwell, Jr. 1968.

7204--Composition and Characteristics of Municipal Incinerator Residues, by
C. B. Kenahan, P. M. Sullivan, J. A. Ruppert, and E. F. Spano. 1968.

7210--Removal of Nonferrous Metals From Synthetic Automobile Scrap on Heating
in a Rotary Kiln, by G. W. Elger, W. L. Hunter, and C. E. Armantrout.
1968.

7213--Recovery of Hydrofluoric Acid From Waste Fluosilicic Acid, Preliminary
Studies, by P. C. Good and J. E. Tress. 1968.

7214--Use of Fly Ash for Remote Filling of Underground Cavities and Passage-
ways, by E. M. Murphy, M. O. Magnuson, P. Suder, Jr., and J. Nagy.
1968.

7218--Copper Removal From Steel Scrap by Thermal Treatment. Feasibility
Study, by R. R. Brown and F. E. Block. 1968.

7221--Beneficiation of Titanium Chlorination Residues.
by C. C. Merrill, M. M. Wong, and D. D. Blue.

Preliminary Study,
1969.

**May be purchased for $3 in paperback and 95 cents in microfiche from the
National Technical Information Service, U. S. Department of Commerce,
Springfield, Va. 22151. Identify report by PB numer.
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***7240--Major Ash Constituents in U. S. Coals, by R. F. Abernethy, M. J.
Peterson, and F. H. Gibson. 1969. 25 cents.

7250--Experimental Leaching of Gold From Mine Waste, by H. J. Heinen
and B. Porter. 1969.

7254--Recovery of Rhenium From Tungsten-Rhenium Alloy, by M. J. Ferrante,
F. E. Block, A. D. Fugate, and F. A. Skirvin. 1969.

7261--Chemical and Vegetative Stabilization of a Nevada Copper Porphyry
Mill Tailing, by K. C. Dean, R. Havens, and K. T. Harper. 1969.

7264--Extraction of Aluminum and Fluorine From Leached Potlining Residues,
by P. C. Good and W. G. Gruzensky. 1969.

7276--0perating Characteristics of a High-Temperature Electrostatic Precipi-
tator, by C. C. Shale and G. E. Fasching. 1969.

7281--Spectrochemical Analyses of Coal Ash for Trace Elements, by R. F.
Abernethy, M. J. Peterson, and F. H. Gibson. 1969.

7282--Entrainment Drying and Carbonization of Wood Waste, by C. C. Boley
and W. S. Landers. 1969.

7288--Chemical Stabilization of the Uranium Tailings at Tuba City, Ariz.,
by R. Havens and K. C. Dean. 1969.

7301--Extraction of Copper From Oxides Using Iron and Steel Scrap. Prin-
ciples and Application to Pure Systems, by S. E. Khalafalla, H. W.
Kilau, and L. A. Haaz. 1969.

7302--Destructive Distillation of Scrap Tires, by D. E. Wolfson, J. A.
Beckman, J. G. Walters, and D. J. Bennett. 1969.

7315--Refining Zinc-Base Die-Cast Scrap Using Low-Cost Fluxes, by D. Montagna
and J. A. Ruppert. 1969.

7316--Chemical Reclaiming of Supera110y Scrap, by P. T. Brooks, G. M. Potter,
and D. A. Martin. 1969.

7319--Selective Flotation of Minerals From North Carolina Mica Tailing, by
W. H. Eddy, J. S. Browning, and J. E. Hardemon. 1969.

7332--Pretreating Steel Scrap To Speed Oxidation, by S. E. Khalafalla, S. L.
Payne, and G. W. Reimers. 1970.

7336--So1vent Extraction of Nickel and Zinc From a Waste Phosphate Solution,
by H. E. Powell, L. L. Smith, and A. A. Cochran. 1970.

***May be purchased at the price indicated from the Superintendent of
Documents, U.S. Government Printing Office, Washington, D.C. 20402.

burgess.danielle

burgess.danielle

burgess.danielle

burgess.danielle

burgess.danielle

burgess.danielle



42

7350--Dismantling a Typical Junk Automobile to Produce Quality Scrap, by
K. C. Dean and J. W. Sterner. 1969.

7368--Mine Water Research: Plant Design and Cost Estimates for Limestone
Treatment, by Edward A. Mihok. 1970.

7381--Turf Soil Modification With Sintered Fly Ash, by J. C. Patterson and
J. P. Cappo 1970.

7389--Reduction Roasting of Nonmagnetic Taconites With Automobile Scrap, by
C. Prasky, R. E. Peterson, and D. L. Siebert. 1970.

7395--Leaching Gold-Bearing Mill Tailings From Mercur, Utah, by I. L. Nichols
and L. Peterson. 1970.

7428--Conversion of Municipal and Industrial Refuse Into Useful Materials by
Pyrolysis, by W. S. Sanner, C. Ortuglio, J. G. Walters, and D. E.
Wolfson. 1970.

7454--Utilization of Red Mud Residues From Alumina Production, by O. C.
Fursman, J. E. Mauser, M. O. Butler, and W. A. Stickney. 1970.

7498--Distribution of Sulfide and Oxide Copper in Copper Mill Tailings, by
J. C. White and A. R. Rule. 1971.

7502--Utilization of Waste Fluosilicic Acid (in Two Sections). 1. Laboratory
Investigations. 2. Cost Evaluation, by H. E. Blake, Jr., W. S. Thomas,
K. W. Moser, J. L. Reuss, and H. Dolezal. 1971.

7504--Reclamation of Acidic Coal-Mine Spoil With Fly Ash, by L. M. Adams, J. P.
Capp, and E. Eisentrout. 1971.

7533--Recovery of Phosphates and Metals From Waste Phosphate Sludge by Reduction-
Sinter Process, by R. F. Waters, H. E. Powell, and A. A. Cochran. 1971.

7537--Dry-Pressed Building Bricks From Copper Mill Tailings, by P. G. Pigott,
E. G. Valdez, and K. C. Dean. 1971.

7544--Chemical Spot Tests for Aluminum Alloys, by A. W. Maynard and D. A.
Wilson. 1971.

7554--Improved Cupric Ammonium Carbonate Leaching of Copper Scrap, by W. L.
Staker, C. J. Chindgren, and K. C. Dean. 1971.

7560--Converting Organic Wastes to Oil. A Replenishable Energy Source, by
H. R. Appell, Y. C. Fu, Sam Friedman, P. M. Yavorsky, and Irving Wender.
1971.

7562--Recovery of Copper From Converter Slags by Flotation, by V. E. Edlund
and S. J. Hussey. 1971.

7566--Recovery of Cadmium and Nickel From Scrap Batteries, by D. A. Wilson
and B. J. Wiegard, Jr. 1971.
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Bureau of Mines Information Circulars4

*6835--Review of Literature on Effects of Breathing Dusts, With Special
Reference to Silicosis. Part I. Ch. 3, Physiological Effects
of Breathing Dusts, by D. Harrington and S. J. Davenport. 1935.

*7016--Smoke Abatement. Selection From Papers by O. P. Hood, completed
by J. F. Barkley. 1938.

*7104--Some Information on Extinguishing an Anthracite Refuse-Bank Fire
Near Mahanoy City, Pa., by R. D. Leitch. 1940.

*7439--Burning Refuse Dumps at Coal Mines, by D. Harrington and J. H.
East, Jr. 1948.

*7588--Fundamentals of Smoke Abatement, by J. F. Barkley. 1950.

7635--Utilization of Fly Ash, by R. E. Morgan. 1952.

7672--Regeneration of Spent Pickle Liquor, by B. P. Martinez. 1953.

7973--Iron and Steel Scrap in California and Nevada, by G. C. Branner.
1960.

8002--Methods for Producing Secondary Copper, by M. J. Spendlove. 1961.

8058--Waterborne Wastes and Water Use by Metal-Processing Industries in
the Missouri River Basin, Kansas, and Missouri, by H. Eng and
H. Kenworthy. 1961.

**8076--Processes for Recovering Sulfur From Secondary Source Materials,
by B. K. Shibler and M. W. Hovey. 1962. PB 177 760.

8108--Waterborne Mineral Wastes and Water Uses of Various Industries in
the Lower Missouri River Basin, by R. F. Waters and H. Kenworthy.
1962.

8l43--Secondary Nonferrous Metals Industry in California, With Data on
Nevada and Hawaii, by G. C. Branner. 1962.

82l2--Subsurface Disposal of Industrial Wastes in the United States, by
E. C. Donaldson. 1964.

4Copies of reports not out of print nor indicated as being for sale by

the Government Printing Office or the National Technical Information
Service may be obtained from the Publications Distribution Branch,
Bureau of Mines, 4800 Forbes Avenue, Pittsburgh, Pa. 15213.

*Out of print.
**May be purchased for $6 in paperback

the National Technical Information
Commerce, Springfield, Va. 22151.

and 95 cents in microfiche from
Service, U. S. Department of
Identify report by PB number.

burgess.danielle

burgess.danielle

burgess.danielle

burgess.danielle

burgess.danielle



44

8243--Iron and Steel Scrap in the Pacific Northwest, by G. A. Kingston.
1964.

8289--Iron and Steel Scrap in Arkansas, Kansas, Louisiana, Mississippi,
Missouri, Oklahoma, and Texas, by F. B. Fulkerson and H. F.
Robertson. 1966.

*83l4--Pneumatic Transportation of Solids. Proceedings: Institute of Gas
Technology-Bureau of Mines Symposium, Morgantown, West Va., October
19-20,1965, by J. D. Spencer, T. J. Joyce, and J. H. Faber. 1966.

8329--Iron and Steel Scrap in the Southeast, by V. A. Danielson, J. F.
O'Neill, and H. W. Ahrenholz. 1967.

8333--Ringelmann Smoke Chart (Revision of IC 7718), by Staff, Bureau of
Mines. 1967.

***8342--Iron and Steel Scrap Survey in Illinois, Indiana, Iowa, Michigan,
Minnesota, and Wisconsin, by W. Pajalich. 1967. 35 cents.

8344--Iron and Steel Scrap in the Intermountain and Northwestern Plains
States, by H. J. Bennett. 1967.

***8348--Fly Ash Utilization. Proceedings: Edison Electric Institute-National
Coal Association-Bureau of Mines Symposium, Pittsburgh, Pennsylvania,
March 14-16, 1967, compiled by J. H. Faber, J. P. Capp, and J. D.
Spencer. 1967. $1.75.

***8404--Waste Disposal Costs of a Florida Phosphate Operation, by J. R. Boyle.
1969. 35 cents.

***8406--Waste Disposal Costs at Two Coal Mines in Kentucky and Alabama, by
V. A. Danielson and D. H. White, Jr. 1969. 40 cents.

8407--Dust Control in Mining, Tunneling, and Quarrying in the United States,
1961 Through 1967, by F. G. Anderson and R. L. Beatty. 1969.

***8409--Pennsylvania Anthracite Refuse. A Survey of Solid Waste From Mining
and Preparation, by J. C. MacCartney and R. H. Whaite. 1969. $1.25.

**84l0--Design of Dams for Mill Tailings, by C. D. Kealy and R. L. Soderberg.
1969. PB 198 814.

***8430--Disposal of Solid Wastes From Coal Mining in Washington, Oregon, and
Montana, by M. R. Geer. 1969. 50 cents.

*Out of print.
**May be purchased for $3 in paperback and 95 cents in microfiche from the

National Technical Information Service, U. S. Department of Commerce,
Springfield, Va. 22151. Identify report by PB numer.

***May be purchased at the price indicated from the Superintendent of Docu-
ments, U. S. Government Printing Office, Washington, D. C. 20402.
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***8435--Grace Mine Iron Ore Waste Disposal System and Estimated Costs, by
W. Cochran. 1969. 30 cents.

***8440--Estimated Costs of Steel Slag Disposal, by E. C. Baker. 1970. 30
cents.

***8445--Impact of Technology on the Commercial Secondary Aluminum Industry,
by D. L. Siebert. 1970. 75 cents.

***8447--Secondary Gold in the United States, by Staff, Bureau of Mines. 1970.
40 cents.

***8456--Surface Mine Reclamation, Moraine State Park , Pennsylvania, by L. M.
McNay. 1970. $1.

***8483--Fly Ash Utilization. A Sumary of Applications and Technology, by
J. P. Capp and J. D. Spencer. 1970. 70 cents.

***8485--A Method for Extinguishing and Removing Coal Refuse Banks, by F. C.
Andreuzzi. 1970. 40 cents.

***8488--Ash Utilization. Proceedings: Second Ash Utilization Symposium.
Sponsored by National Coal Association, Edison Electric Institute,
American Public Power Association, National Ash Association, and
Bureau of Mines, Pittsburgh, Pa., March 10-11,1970, by J. H. Faber,
N. H. Coates, and J. D. Spencer. 1970. $3.

***8498--Case Studies of Municipal Waste Disposal Systems, by H. W. Sheffer,
E. C. Baker, and G. C. Evans. 1971. 45 cents.

***8505--Materials Substitution Study, General Methodology and Review of U.S.
Zinc Die-Casting Markets, by N. S. Petersen, F. V. Canillo, and
R. Charles Vars. 1971. 50 cents.

***8507--Mine Subsidence--Extent and Cost of Control in a Selected Area, by
W. Cochran. 1971. 40 cents.

Bureau of Mines Technical Progress ReportsS

9--Gold Recovery From Scrap Electronic Solders by Fused-Salt Electrol-
ysis, by E. K. Kleespies, J. P. Bennetts, and T. A. Henrie. 1969.

l8--Effect of Lowering the Tin Content of Secondary Red Brass, by L. W.
Higley, J. L. Holman, E. R. Cole, and H. Kenworthy. 1969.

2l--Construction and Testing of a Junk Auto Incinerator, by C. J.
Chindgren, K. C. Dean, and J. W. Sterner. 1970.

***May be purchased at the price indicated from the Superintendent of Docu-
ments, U. S. Government Printing Office, Washington, D. C. 20402.

SCopies of reports may be obtained from the Publications Distribution

Branch, Bureau of Mines, 4800 Forbes Avenue, Pittsburgh, Pa. 15213,
unless indicated as available from the National Technical Information
Service.

burgess.danielle

burgess.danielle

burgess.danielle



46

**22--Recovery of Heavy Minerals From Alabama Sand and Gravel Operations,
by G. B. Sullivan and J. S. Browning. 1970. PB 190 997.

**25--Conversion of Urban Refuse to Oil, by H. R. Appell, I. Wender, and
R. D. Miller. 1970. PB 192 414.

**27--Recovery of Metals From Electroplating Wastes by the Waste-Plus-Waste
Method, by L. C. George and A. A. Cochran. 1970. PB 194 948.

3l--Recovery of the Nonferrous Metals From Auto Shredder Rejects by Air
Classification, by C. J. Chindgren, K. C. Dean, and L. Peterson.
1971.

33--Economics of Recycling Metals and Minerals From Urban Refuse, by P. M.
Sullivan and M. H. Stanczyk. 1971.

**34--Preliminary Separation of Metals and Nonmetals From Urban Refuse, by
K. C. Dean, C. J. Chindgren, and L. Peterson. 1971. PB 201 900.

**36--Recovery of Chromite and Silica From Steel Foundry Waste Molding Sands,
by P. G. Barnard, R. A. Ritchey, and H. Kenworthy. 1971. PB 203 890.

Bureau of Mines Open-File Reports6

l--High-Temperature Alloy Scrap in California and Nevada, by G. C. Branner
and J. W. Padan. 1962.

2--Secondary Base Metals Processing Technology, by A. J. McDermid. 1962.

3--Method for Separating Insulation From Scrap Aluminum Copper Wire, by
P. M. Sullivan. 1963.

4--Radioactive Waste Disposal in Acid Leach Colum-Ion Exchange Milling
Flowsheets, by K. E. Tame. 1964.

5--Recovery of Nickel and Cobalt From High-Temperature Alloy Scrap, by
B. E. Barton, R. L. DeBeauchamp, and T. A. Sullivan. 1966.

6--Laboratory Development For Process To Remove Undesirable Impurities
From Automobile Scrap, by C. E. Armantrout, G. W. Elger, and S. C.
Rhoads. 1969.

**May be purchased for $3 in paperback and 95 cents in microfiche from the
National Technical Information Service, U. S. Department of Commerce,
Springfield, Va. 22151. Identify report by PB numer.

6Access to copies of available reports may be obtained by contacting Charles B.

Kenahan, Chief, Division of Solid Wastes, U.S. Department of the Interior,
Bureau of Mines, Washington, D. C. 20240.
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Contract and Grant Publications, 7 Bureau of Mines-Sponsored Research

l--Treatment of Molten Automotive Scrap To Reduce Copper Content, PPG
Industries, Glass Research Center, Contract No. 14-09-0070-363.
1967.

2--Vegetation and Metal Toxicity in Relation to Mine and Mill Wastes, Cir-
cular 148, Utah Agricultural Experiment Station, Utah State University,
SWD-l. 1967.

3--Copper Control in Vehicular Scrap With Special Emphasis on Component
Design, Ralph Stone Company, Inc., Contract No. 14-09-0070-382. 1968.

4--Utilization of Red Mud Wastes for Lightweight Structural Building Pro-
ducts, IIT Research Institute, Contract No. 14-09-0070-386. 1968.

5--Production of High Pressure Steam-Cured Calcium Silicate Building Mate-
rials From Mining Industry Waste Products, Stanford University, Grant
No. SWD-ll. Part I--Program for Investigation and Report of Field Sur-
vey of Siliceous Mine Wastes in California, Technical Report No. 86,
1968; Part II--Preliminary Economic Feasibility Study, Technical Report
No. 89. 1968.

6--Removal of Fly Ash by Fluidized Bed Techniques, North Star Research and
Development Institute, Contract No. 14-69-0070-375. 1968.

7See footnote 6.
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