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ABSTRACT

Current operating practices and proposed new techniques for hydrometal-
lurgical treatment of copper ores and concentrates in the United Otates
of America are discussed from the viewpoint of possible application in
the developing countries. Examples from industrial practices include
(1) sulfuric acid leaching of oxide and mixed oxide-sulfide ores in vats
and heaps in conjunction with cementation, with direct electrowinning, or
with solvent extraction and electrowinning; (2) dump and inplace lenching
in conjunction with cementation for long-term dissolution of copper
sulfide minerals; and (3) former ammonia leaching practice for native
copper and copper carbonate ores. Also described and discussed are a
variety of laboratory and pilot plant develcped processes that have not
been commercially employed. These include (1) sulfur dioxide leaching of
oxide ores; (2) calcining and ammonia leaching of copper silicate ores
that have a high lime content; (3) oxidation and sulfation of sulfide
concentrates via roasting, acid baking, or sutoclave treatment, followed
by leaching and cementation or electrowinning of the copper; and (L) a
speculative process for integrated processing of oxide and sulfide ores
involving roasting of the sulfide concentrate to make acid for leaching
the oxide ore, and preparation of sponge iron from the calcine for
cementation of the copper from the oxide leach liquor.

INTRODUCTION

Copper production in 1969 trom ores mined in the United States was 1.5
million tons. Another 300,000 tons of copper was made in U.S. smelters
from imported concentrate, and 1.25 million tons of copper was reclaimed
from scrap. A total of asbout 3 million tons of copper thus was available
to and was used by industry in the United States last year.




Almost 90 percent of the mined copper came from open-pit operations in
disseminated deposits. The remainder came principally from two und erground
mines--one used a room-and-pillar method in mining a bedded deposit; the
other used block caving in a disseminated ore body. Ore mined and
processed averaged 0.6 percent recoverable copper. About 2 tons of rock
containing about 0.2 percent of copper was mined and piled in waste dumps
for each ton of open-pit ore that was mined and processed.

Sulfide copper ores were processed by flotation, smelting, and refining
to yield 1.3 million tons copper, 25 million pounds of molybdenum sulfide,
300,000 ounces of gold, and 5 million ounces of silver. Only 30,000 tons
of copper was recovered from oxide copper minerals by leach-precipitation-
flotation processing of mixed oxide-sulfide ores. About 2,500 tons of
sul furic acid per day was made from copper smelter gases, and perhaps
half of this acid was used in leaching copper ore and waste dumps. The
pressure on copper smelters to reduce air pollution from emission of

sul fur dioxide and planned increases in leaching of mine strip wastes and
oxidized ores suggest that much more acid will be produced from smelter
gas in the future.

Byproduct metals and acid were recovered only in processing of sulfide
ores. The importance of byproducts varies greatly among the individual
plants. Almost all the gold wac produced at a single plant. About 10
plants recovered molybdenum, but at only a few of these was molybdenum
recovery a significant economic factor. Recovery of silver, selenium,
tellurium, and other byproduct metals was not of appreciable economic
importance to individual plants. Over half the sulfuric acid was made by
one smelter, largely for sale to nearby industrial customers. Copper can
be produced efficiently and cheaply from suitable deposits by large-scale
mining, milling, and smelting of sulfide ores. Hundreds of millions of
dollars are needed to provide the plant and thousands of skilled people
are needed to conduct the operation. In opening up a new sulfide deposit,
such factors as the location, size, grade, and nature of the ore body,
available smelting capacity, projected markets, available capital, and
organizational competence determine whether a fully integrated facility
or only a concentrator will be provided. Sulfide copper concentrators
and smelters in the United States are often located on contiguous sites.
Rail haulage is used to transport concentrate when mills are at a distance
from smelters.

In 1969, dump leaching of waste rock from open-pit mining yielded about
120,000 tons of copper in the form of cement copper by precipitation on
iron. Most of this cement copper was further processed in conventiornal
smelters. A few thousand tons were converted to copper powder for market
by redissolving, pressure hydrogen reduction, sintering, and grinding.

A nev plant scheduled to start operating in 1970 is designed to produce
8,000 tons of copper per year from mine dump leach solution by solvent




extraction in conjunction with electrolysis. This will be in lieu of
former practice which was to cement the copper on iron and have the cement
copper treated on toll by a custom smelter.

Oxide copper ores that were processed by sulfuric acid leaching, followed
by cementation on iron, electrolysls, or solvent extraction in conjunction
with electrolysis, yielded about 100,000 tons of copper. Perhaps 30,000
tons of this copper was electrowon in two plants that leached crushed and
sized ore in vats to make rich solution for the electrolytic cells. One
plant used heap leaching of unsized ore and the solvent extraction-
electrolysis combination process to produce 5,000 tons of copper for
market. The remaining 65,000 tons of copper from oxide ore was produced
by leaching in vats, heaps, and agitators followed by cementation on iron
and smelting of the cement copper.

Growing concern with environmental pollution problems has stimulated much
laboratory work on methods for removing sulfur dloxide from smelter gases.
In addition to examining improvements over conventional manufacture of
sulfuric acid and 1liquid sulfur dioxide, the recovery of elemental sulfur
from smelter gis 1is being studied. This is because elemental sulfur offers
more flexibility in storage and marketing than sulfuric acid and 1iquid
sulfur dioxide. As an alternative to controlling the smelter emilssions,
several systems for hydrometallurgical treatment of copper sulfide concen-
crate are being tested. Many different schemes for chemical processing

of concentrate have been developed in the laboratory, but commercial
adoption still awaits demonstration of engineering and economic feasibility.

In U.S. practice, hydrometallurgical techniques are being employed only

in processing oxide ore and sulfide waste dumps. OSome of the hydrometal-
lurgical operations are quite small by smelter standards. A few make only
1,000 tons of cement copper or copper powder per year. One electrolytic
plant produces only 5,000 tons of copper per year. By comparison, the
smallest copper smelter in the United States produced 25,000 tons of
copper last year. The next smallest produced 50,000 tons of copper. This
is not to imply that small smelters or large hydrometallurgical plants

are necessarily uneconomic in the United States or elsewhere.

Copper deposits in developing countries are likely to be of the same
general types as U.S. deposits now being processed or that have been
processed in the past. These include high-grade oxide and sulfide ores
containing 5 percent or more copper that were formerly smelted directly;
carbonate ores such as those in Alaska that were formerly treated by
ammonia leaching; and native copper ores in Michigan that were treated
by gravity methods and ammonia leaching.

Although there could be notable exceptions, most starting operations in
developing countries are likely to be relatively small in terms of copper
production. Also, in the absence of an established smelting industry,




alternatives to smelting even for sulfide concentrates and regardless of
scale are more likely to receive serious consideration. This paper was
prepared to present data and information on U.S. practice and laboratory
developments that may be helpful in assessing the merit of certain hydro-
metallurgical techniques for procecsing copper deposits in developing
countries.

ACID LEACHING OF OXIDE AND MIXED OXIDE-SULFIDE ORES

The term "oxide" embraces copper carbtonate and silicate minerals as well
as cuprous and cupric oxides. All except cuprous oxide are soluble in
dilute sulfuric acid solution. Oxidizing conditions ac well as acid are
needed to dissolve cuprous oxide. Fine dispersions of copper silicate in
a siliceous matrix is a common ore type. Only & part of the copper in
such material 1s liberated and dissolved even by fine grinding and acid
leaching. Intimately mixed fine-grained oxide and sulfide minerals con-
stitute another common ore type. These may be processed by a combinat ion
of leaching and flotation. Elemental copper is a minor component in many
oxide and mixed ore deposits and is the principal mineral in certain
deposits that occur in the (reat lakes district. Typical current practices

far treating oxide and mixed oxide-culfide ores are illustrated Ly operations

at Ray and Miami, Ariz., and pa;t practice by operations in Alaska and
Michigan.

_C_o%per Silicate Ore Leachi Plant,
ennecott Copper Co., , Aricz.

A leaching and electrowinning plant designed to produce 24,000 tons of
copper annually from a copper 31licate ore was placed in operation at

Ray, Ariz., in March 1969, About 10,00 tons of ore is treated dally.
Mine-run ore containing about 0.8 percent copper i3 crushed to minus-1/2
inch in three stages of crushing. The crushed ore is deslimed at 100 mesh.
Spent solution from copper electroly:ls 1s used to agitation leach the
51imes and vat leach the sands.

Residue from the agitation leach circuit is washed by countercurrent
decantation in thickeners. . opper is precipitated from the clear solutiom
o chredded scrap cans in cone precipitation units, and the cement copper
{s rediscolved to yleld rich solution for upgrading the electrolytic cell
feed. Harren effluent from the cementation comes is circulated to mine
waste dumps for dump leaching. Thi: proves an effective bdleed off of
aluminum and irom impurities that are leached from the ore in the agitators
and vats.

Sands are leached by upflow percolation ia 1b vats om & 10-day leach
and h-day wash cycle. Bach vat holds 10,000 toms of ore. Ore is bedded
in the vats, and the spest residue 1is removed for di:scard by astommtic
sechanical equipmeat. Abaut half of the tankhouse feed selwtiom, which




contains 50 grams of copper per liter, is electrolyced to 10 grams of
copper per liter and then recycled to vat leaching. The remainder is
electrolyzed to 5 grams of copper per liter and used to leach the ore
climes. (urrent density ranges from 1¢ amperes per square foot at the
feed end of the circuit to 5 amperes per square foot for depleted
electrolyte., Overall current efficiency 1is 70 percent, and the power
consumpt ion average: 1.5 kwhr per pound of copper. Innovations at the Ray
tankhouse include use of perforated lead anodec containing 30 percent less
lead than conventionul cast anodes and the use of an anionic surfactant

to produce « troth tint inhibits the discharge of acid mist from the cells.

Acld consumption ic about 100 pounds per ton of ore or 500 tons of acid
rer day. This neid 15 produced in a 750-ton-per-day plant at the nearby
Hayden cmelter, A fTuosolids reactor syctem roasts copper sulfide con-
centrate. trom the llayden concentrator to produce rich SO, gas that is
combined with lower ostrength gas from the copper converters in the smelter
to provide a suitabtle feed gus for the acid plant.

Leaching and Flotation of Mixed Oxide-Sulfide
Ores, Insplration Copper Co., Miami, Ariz.

Until the mid-19%0'.., Inspiration practice comprised vat leaching of

the sand fraction oi the mixed oxlde-sulfide ore and a combination of
flotation and agltation leaching of the fine ore fraction. Copper was
recovered from solution by electrowinning, and the spent electrolyte was
recycled to the vat and agitation leach units. Chalcocite, the easiest
of the copper sulfides ‘o leach, was the chief sulfide mineral. With
deeper mining depth, the proportion of sulfide minerals increased and the
principal copper minaralization shifted to chalcopyrite, the least soluble
of the copprer sulfides. To cope with the changed mineralization, the
Inspiration flowsheet was altered to encompass (1) flotation of selectively
mined sulfide ore containing about 0.5 percen* copper, (2) vat leaching
of selectively mined oxide ore containing about 0.5 percent copper as
oxice and 0.1 percent copper as sulfide, and (3) vat leaching of mixed
ore containing 0.8 percent copper about evenly divided between oxide and
sulfide, followed by grinding and flotation to recover the undissolved
copper sulfides.

The current operating level is 13,000 tons ore per day of sulfide ore,
b,000 tons per day of oxide ore and 8,000 tons per day of mixed oxide-
su.fide ore,

Yor vat leaching, the ore is crushed to 3/8 inch, then deslimed at 200
mesh. Slimes from the oxide ore are agitation leached directly; slimes
from the nixed ores are first floated to remove a sulfide concentrate, and
then the flotation tailings jJoin the oxide slimes in agitation leaching.
leached slimes are washed by countercurrent decantation in thickeners, and




the residue is discarded. Copper is removed from the agitation leach
1iquor by cementation on iron in launders. A part of the cement copper

i dissolved in hot, aerated acid solution to yield strong copper solution
for enriching the electrolytic cell feed. The remainder of the cement
copper is upgraded by flotation to make copper powder for market, or
charped to the converters in the smelter.

Oxide and mixed ore in the vats are leached in 4 days to dissolve only
the oxides, compured tn the 8 days needed when dissolution of sulfides
was attempted. Solution from the vats after further enrichment with
copper from dissolved cement copper is electrolyzed, and the depleted
electrolyte ir used for leaching. About 8,000 tons of copper per year,
analyzing 99.7 percent copper, is made by electrowinning. OUverall copper
recovery from the three ore types 1is 80 percent.

Leaching, Solvent Extraction, and Flectrowinning at
Ranchers', Bludbird Mire, Miami, Ariz.

Ranchers' Exploration and Development Corp. is treating an oxide copper
ore at the Bluebird mine near Miami, Ariz., by heap leaching, solvent 1/
extraction, and electrowinning to produce 15 tons copper per day (10) .=
The ore, containing about 0.5 percent copper, is composed of chrysaEblla,
malachite, and some azurite in schist and granite porphyry host rocks.
Avout €,000 tons per day of ore is mined by ripping, hauled to the heaps
by scrapers, and leveled by graders. The heaps are built up in 20-foot
1ifts with fresh ore added to build a new 1ift after about 180 days of
leaching.

Raffinate, containing 0.2 gram of copper per liter, from the solvent
extraction circuit is fortified with makeup acid to a concentration of
10, 20, or 50 grams of H»504 per liter and used for leaching. The
strongest acid solution is used for the first 20 days of a new 1ift. Next,
the intermediate-strength acid solution is used for 30 days. Finally, the
weakest solution is used for 130 days. The raffinate flow of 1,150 gallons
per minute is augmented by a leach circuit recycle of 200 gallons per

minute. Solution is distributed over the heaps through perforated polyvinyl

chloride pipes at the rate of 1,350 gallons per minute, equivalent to about
5 gallons per square foot of leach area per day. Effluent from the heaps,

containing 2.5 grams of copper per liter, js solvent extracted by a T7-percent

solution of General Mills Reagent LIX 6k in kerosine. Three mixer-
settler contact stages yield loaded organic containing 1.2 grams of copper
per liter and raffinate containing 0.2 gram of copper per liter.

references at the end of this report.
Reference to trade names is made to facilitate understanding und does
not imply endorsement by the Bureau of Mines.

i/ Underlined numbers in parentheses refer to items in the 1ist of




Spent electrolyte containing 31 grams of copper and 155 grams of H,004
per liter is used in stripping the organic. Two mixer-settler contnct
stages yleld strip liquor containing 35 grams of copper and 15,0 grams of
HoS04 for electrolysis and organic containing 0.12 gram of copper pur
liter for recycle to the extraction circuit.

The strip liquor is electrolyzed at a current density of 17 to 20 amperes
per square foot to produce cathode metal analyzing 99.9 percent copper.
Current efficiency is 83 percent and power consumption 0.9 kwhr per pound
of copper. Organic loss in the solvent extraction circuit is C.16 g¢llon
of the 7-percent LIX 6LN solution per 1,0C0 gallons of leach solution.
Assuming the cost of the LIX-kerosine mixture to be $1.40 per ynllon,

the organic loss is equivalent to about 1 cent per pound of coypyper
recovered.

Ranchers' Bluebiréd formerly recovered copper from heap leach liquor by
cementation on iron. Advantages stated for the current solvent extrac-
tion-electrrl,sis circuit are that a higher grade copper product is made
for market, impurities in the electrolyte are maintained below troublesome
levels by the selective extraction of copper from the leach 1iquor, -nd
less plugging of the heaps is expected because iron from cementation no
longer enters the leach liquor.

DUMP AND CAVED MINE LEACHING OF SULFIDE MINE WAGTE

Long-term leaching of sulfide and mixed sulfide-oxide copper minerals in
mine waste dumps on the surface is practiced at about 15 locationz in the
United States. Underground leaching formerly was practiced at the Ohio
mine in Utah, the Ray mine in Arizona, and the Anaconda mine at bFutte,
Mont. The only current example of inplace leaching from caved workings

is the Miami mine in Arizona. Although copper extraction i slow and
incomplete, plant investment and operating costs may be modest and, hence,
attractive in developing countries.

The solution used to dissolve copper from mine dumps and caved minc arcas
is dilute sulfuric acid containing iron sulfates. After percolating
through the broken rock, the solution is passed over iron to precipitate
the copper. Acid is then added as needed, and the solution is recycled
to mine dumps or caved rubble by sprayihg, by flooding, or through per-
forated pipes driven into the dump. Solution flow rates vary with the
height, permeability, and copper conte t of the rock pile bul are ordinarily
adjusted to yield an effluent containing about 1 gram of copper per liter
or 8 pounds of copper per 1,000 gallons. After several weeks or months
of leaching and decreasing copper yield, leaching is recessed and this
section of the dump or mine is allowed to drain and oxidize for several
months. Dissolved copper that impregnates the rock migrates from the
interior of the rocks during the draining period and is recovered during
the next leach cycle.




Dumps ¢nd caved mine areas settle and compact on aging and leaching.

Acid le«ching of broken rock is akin to accelerated weathering. Rock
frogments clowly disintegrate, clays are formed from alumina-bearing
minierals, and iron and aluminum sulfates hydrolyze and precipitate. All
these factors tend to plug the dumps or caved material or sections thereof.
The permeability of new dumps may range up to 240 gallons per square foot
jer day, whereas old dumps that have been leached for several years may
allow passage of only S5 gallons per square foot per day.

Although solution composition data from operating dumps are variable, the
analyces in tatle 1 generally characterize dump influent and dump effluent

solutions.

TARLE 1. - Analysis of dump solutions

Chalcocite mineralization  Chalcopyrite mineralization

grams per liter grams per liter
pH Cu Fet2 Fe'3 pH Cu Fe™2 Fe' o

Dump influent 3.0 0.01 2 0 2.8 0.05 7 0
Dump effluent 2.4 1.2 0.1 1 2.b 1.2 3 1.5

Of significance in these data is that ferrous iron is oxidized and acid
generated concurrent with copper dissolution as the solution flows through
the dump. This is indicative of widespread air penetration into the dump
to effect the oxidation of sulfides and ferrous ion. Oxygen dissolved

in the solution entering the dump is too low to be of importance in the
oxidation reactions. Over 1 pound of iron goes into solution for each
pound of copper cemented. Unless holding tanks or reservoirs are provided
on the surface for oxidation, precipitation, and removal of the added
iron, hydrolysis with precipitation of the added iron occurs in the dump.

Air is the oxidizing medium in conventional dump and caved mine leaching.
In addition to the direct oxidation of sulfiaes, oxygen from the air
converte ferrous to ferric ion, and the ferric sulfate in turn oxidizes
copper sulfide minerais. Oxidation by injection of liquid oxygen into
dumps has been tried experimentally but has not been adopted in practice.
Bacteria present in all dumps and mines accelerate the oxidation of
sulfides by air. These are most effective at temperatures of 35° C and
a solution pH of 2.0 to 2.5 (7,13). Current typical dump leach practice
is illustrated by operations at Silver Bell and Miami, Ariz.

Dump Leaching at AS&R Co.'s Silver Bell Mine

Waste material, stripped during the open-pit mining of the sulfide ore
from the Oxide and El Tiro pits at Silver Bell, is piled in multimillion-
ton dumps and leached to extract the copper. The operation is described



by Sheffer (11). Waste rock contalning chalcocite and chry o-olla, wits
minor amounts of chalcopyrite, arurite, malachite,and cuprite, 1 haaled
by truck and deposited on the exicting unprepared terraln *o for~ dwr-
about 200 feet high. BRulldorzers and front-end loader: level *he 1o«
and form ditches and ponds tor distribution of lea:h .olution . Ar
irrigation-type system ic employed to distribtur:s abtout 2,000 ¢ 7o o
solution per minute. Preciplta ion plant efiluent {5 dolivered *hroush
plastic plpe, discharging into open ditches from whicn solution flow:
into irregular ponds of about 2,500 square feet area ench. Jevernl pond
are continuously flooded with leach solution until the ropper content o!
the effluent solution drops to less than (.5 gram per Titer. loowdinge
of that particular dump area then 1> discontinued, and the leanh colution
is diverted to other ponds. After an insctive period rarging trom «
months to 1 year, the rested ponds are flooded again. This altarnate
flooding and resting produces the most efficient dissolution and removal
of copper from sulfide dump:c.

Effluent solution collection dams are placed across dralnage canycn. at
the base of the dumps. Leach liquor from the dumps, containing from C.h
to 1.4 grams of copper per liter, 1s pumped to a conventional launder
system for precipitation and recovery of the copper by cementation on
detinned scrap cans. Unlike conventional practice of acidulating the
barren solution after copper cementation, Silver Bell practice 1is to
acidulate the leach liquor before cementation. Lowering 'he pH from 2.€
to 2.3 speeds cementation and improves the grade of the cement copper.
The barren precipitation effluent 1s stored triefly 1in a collecting
reservolr and then pumped to the dumps for further leaching. OSome iron
salts precipitate and settle in the barren solution storage reservoir,
but more of the iron salts precipitate on the pond bottoms. During the
resting cycle, the iron precipitate dries and cracks, presenting little
resistance to solution flow when flooding 1s resumed. At other dump
leaching operations, periodic ripping or scraping of the surface {is
required because of the impermeable layers that form. The dump leaching
operation at Silver Bell produces about 10 tons per day of cement copper
analyzing 82 percent copper.

Inplace Leaching at Miami Mine of Miami Copper Co.

Miami Copper Co. employs inplace leaching to recover copper from an
underground worked-out mine that had been mined by block-caving methods.
Copper 1s leached from the oxide capping, from low-grade material left
in the stopes below the capping, and from crushed pillars in the mine.
The principal copper mineral 1s chalcocite, with chalcopyrite, bornite,
covellite, malachite, azurite, chrysocolla, cuprite, and native copper
occurring in minor quantities. Mineralization occurs in seams, velnlets,
and disseminated particles. A description of the leaching operation is
given by Sheffer (11). Barren effluent from the cementation plant 1is
acidified to pH 1.k and sprayed on the surface of the caved area. The
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Kennecott Copper (o. operated a combinatiom gravity-r otation.ammonia

leach plant for treating copper ore in Alaska from 191¢ to 1931 (3).

The ore contained chalcocite, rovellite, malachite, and azurite in a
dolomitic gangue. Jig tallings and coarce sand talle tallings, comtainming
spout 1 percent copper, mostly in the form of carvonates, verc treated

by ammoniacal-ammonium carbonate leaching in a BOU-ton.per-day plant.

The sands first Jere flooded by urward percolation of leach solution to
displace contained water and them were soaked in ammoniacal solution
containing 10.9 percent NHa, 12.4 percent COp, and 6.3 percent copper for
12 hours without circulation. OCubsequently, leaching was comtinued by
downward percolation and recirculation of solution for 36 to 48 hours.
After draining the leacn solution, the sands were washed with dilute
ammonia scolution and then purged with low pressure live steam to flush

out the remaining ammonia. S5Sand residue was discharged by opening doors

in the bottom of the tanks. Strong liquor from the leach circuit, comtaine-
ing 10.3 percent NHa, 12.2 percent COp, and 7.9 percent copper, wvas treated
in the evaporators by steam distillation to drive off ammonia and cardon
dioxide and precipitate copper oxide analyzing 795 percent copper. The
ammonia vapor was condensed and recycled to the leaching circuit. Copper
recovery by ammonia leaching was about 80 percent.

From 1916 until 1968, Calumet and Hecla operated an ammonia leaching plant
in Michigan to recover mative copper from gravity bemeficiation tailings (1).
About 8,000 tons of coarse jig and table tailings containing about 0.7
percent copper were leached daily in 1,000-ton-capacity steel tanks by
downward percolation of cupric ammonium carbonate solution. The presence

of cupric ion was essential to the dissolution of elemental copper in
ammonium carbonate solution. The leaching tanks were equipped with water-
seal covers, cocoa matting filter bottoms, and central cone discharges.
After leaching, the sands were washed twice and purged with live steam

to remove the remaining ammonia. The advancing wash solution used in the
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nethod (8) for processing €50 tons per day of high-limestone ore containing
1.7 parcent copper, mostly as chrysoolla. Ore crushed 'o ! « ir-h |-
nired vith salt and coke and heated in a direct-fired rotary kils *o XX’ o,
After quenching in water to prevent recxidation of the elemental ~ofper
formed in the kiln, the caleine i3 ground and the copper flonted. The
segregation process also 13 used on nomcal carecu: oxide ore: at ‘ne Torco
lant of Mhokana Corp. in Zambia. There the ore i3 prehented to about

0° C 1n & fuildized-bed furnace them reacted with salt and conl in a
segregation chamber. As at lakeshore, the calcine i3 juenched, ground,
and flomted.

As the cost of romsting makes the segregation method too expensive for
ores containing only about 1 percent copper, an alternative ammonia leach
process is being investigated by industry. Rxperiments are being comducted
on & laboratory bench scale and in & l-ton-per-hour pilot plamt. The ore
is roasted under reducing conditions at 500° to 700° C te comvert the
copper silicate to ammonia-soluble copper oxide and metallic -opper.

After leaching, the copper can be recovered from the smmoniacal lemch
liquors by steam distillation or by solvent extraction-electrowisaing.
Unless suitable reduction can be cbtained bty a relatively low temperature-
short time roast, the proposed roast-ammoniacal leach system does mot
appear to offer any significant advantage over the segregation-flotatiom
process for high-limestone oxidized copper ores.

MST ARD PROTOSED FPROCEBSE. FOR SOy LEACNING OF OXIDE ORE

Sulfurocus acid formed by the solution of 0 in water, slthough a
comparatively veak and unstadble acid, is an effective solvent for copper
carbonate and oxide minerals. In the presence of air and irom salts,
some of the SOp is resdily converted to sulfuric acid vhich is wmore
effective than SOp alone in leaching copper silicates.




30 sad air were used in 1 A5 to leach copper from Comstock lode taillngs
ir & %C-ton. er-day plant at Virginia City, YNev. After copper removal,
the *alling: were “varlded for gold and s3liver recovery. The oxide copper
mirers! were resmdily dis:0'ved, btu' *he nigh clay ~ontent of the tailings
prec! gded ar effactive 1iquldeso! id- epmrationm.

In 1XAR, & sma!l commer:ial-scale plant utllizing the Neill-rurfeind
proces: (3] was opersted at Coconimo, Ariz, This process featured the

a5 of exyrem-free 3.l 0irous acld to form ropper sulfide and subsequent
pre-tpitatiom of in-olutle eupre-~upriec =ulflte from solution by driving
off the encess p. Lifficulties encountered included premature precipi-
taticn of *he cepper, resulting in high copper l1o0s3 im ‘he lemch recidue
and formation of some copper :ulfate, whrich re;iired separate precipitation
with fron or lime:'one.

Mmsed on extemsive *esting, a rlmnt (15) te process 250 tons per day of
lowegrade, oxidized copper or» wa: operated im 1914 and 1917 at ladvig,
Nev. The process featured J0p-air sulfating snd leaching of ore cruzhed
to ! ineh and :creened to 10 mesh. The coarse fraction was vedded in
Jlefoot -tall ~losed towers amd wet with water; them a hot dilute SOge-alr
mixture vas iorced up through ‘he tower vhile recycled lemch solution was
sprayed on ‘of of the ore. The Tine ove fraction was proceszed ty recyeling
s palp of minus<'O-mesh ore and 'each liquor through s elosed :slatted
tower against a rising current or 30p and air. Overall extraction of
copper waia over K percent. fowever, 41ffiecalt problems wvith cerrosiom,
1iquides0lids separantions, and smterials handling made the process
unecononie .

The difficulties inheremt in the tower leach me'hod indicated the noed to
devise a 3imple mechanical sothod for achieving adequate contart of gas

and ore pulp. My 1719, the U, 3. buresu of Mines, after teating several
slternatives, had developed a process (]b) tha' siniaized the probtlems
oncountered in prior plants. Leachiag ves perfermed in a vooden or
wood-1ined rotary drum provided vith special 1ifters to enable intimate
sontact of & thieh, ooel sluwrry of aimus-Xe-mesh ore vith dilute ot 30y
o: wd alr., Comtercwrrent fow of gas and slurry vas emplayed to pramote
dlsselwtion of 50p and copyer st the ofel feed end of the drum, sad allow
disehmrge of & wara lanch pulp essentially free of 20n.

The Miaml Copper ». subseguently built and operated for 11 momths &
100«ton-por «day plant for leaching the caidised copper ninerals frem &
Motation nill tailing wing the Parenu-doveloped preeess. [issolut fom of
the 0.6 10 1.0 percent nomsulfide copper ia the lemch foud ranged from 70
te A0 pereent, weing 50 percest pulp selids and o 2- to bepercent 30p gns
1a the leach drum. The relatively lov extrection was attributable to the
presence of (.1 to 0.2 percent copypor &8 ehrysocella 4iffused in silicevus
oagee. Mior te plant shutdown, decause of depres .ol markets for copper
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in 1921, sulfuric acid was tried for leaching in lieu of SO0z. Use of L2
pounds of sulfuric acid per ton of tailing enabled extracting 90 percent
of the copper in the rotary drum. Subsequent research by the Pureau of
Mines showed that recycling part of the solution after iron precipitation
of dissolved copper provided enough dissolved iron in the leach pulp to
catalyze the formation of sulfuric acid by reaction of air with S0

The leaching of nonsulfide copper minerals from low-grade oreds and tailings
by the 30, rotary drum method has several advantages over leaching with
dilute sulfuric acid, particularly in undeveloped countriec. The plant

i{s compact and relatively inexpensive, and much of the equipment can be
constructed of wood. The operation is simple and easy to control.
Excellent contact of gas and ore particles is achieved; hence, leuaching

1s relatively rapid, with good utilization of reagents. If dilute 50z gas
can be made from locally produced pyrite, the gas would be comparatively
cheap; hence, ores containing relatively large amounts of acid-consuming
constituents may be economically processed. The process is applicable to
smallescale operations without undue increase in operatling cost.

PROPOSEDI' HYDROMETALLURGICAL PROCESSES FOR
COPPER SULFIDE CONCENTRATE

Because of claimed economic and pollution control advantages, numerous
proposals have been advanced to substitute hydrometallurgical methods,
in wvhole or part, for smelting of copper sulfide concentrates. These
are usually based on acid or alkaline autoclave leaching, sulfation by
acidulating and baking, sulfation roasting, or roasting to oxide.

Alkaline pressure leaching of nickel sulfide concentrate containing cobalt
and copper is practiced on a commercial scale in Canada. Small production
scale operations have been tried in the United States for (1) acid pressure
leaching of cobalt concentrate containing nickel and copper, (2) concen=
trate containing about 5 percent each of nickel, cobalt, and copper, and
(3) lead concentrate containing zinc and copper. Operating results were
less satisfactory and costs higher than predicted by laboratory studies.

A pilot plant for sulfation by acidulating and baking with a design
capacity of 6 tons of copper sulfide concentrate per day is being con-
structed in Tucson, Ariz. Sulfation roasting on a semlicommercial scale
was tried at Bagdad, Ariz., and abandoned. Experiments with dead roasting
te the oxide, followed by leachins of the calcine, have not extended
beyond the dench scale.

A common feature of hydrometallurgical processing of copper concentrate
is that dbyproduct recovery of precious metals would require reprocessing
of the leach residue. Summary descriptions of the technology and
1imitations of several proposed hydrometallurgical processes for sulfide
copper concentrate may be useful in assessing possible applications in
developing countries.
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Ammoniacal and Acid Autoclave Leaching

Alkaline and acid leaching of copper sulfides in autoclaves has been
investigated by a number of researchers (_6_,;?_) In general, metal values
are dicsolved at elevated temperatures under air or oxygen pressure and
recovery from solution is made by hydrogen reduction, electrolysis, or
chemical precipitation. An example of successful commercial application
of prescure leaching is the refinery of Sherritt Gordon Mines, Ltd., at
Fort Sackatchewan, Alberta, Canada. About 5CO tons per day of sulfide
concentrate, containing 10 percent nickel, 1.2 percent copper, and 0.2
percent cobalt, is pressure leached with ammonia and air at 80° to 95° C,
and a total pressure of 115 to 128 pcig. Soluble ammine complexes of the
metals are formed. Nickel and cobalt are separately recovered by pressure
hydrogen reduction after several intermediate purification steps. Sulfur
in the concentrate is recovered as ammonium sulfate, which is a marketable
byproduct in that area. Copper is recovered from solution as CugS, which
is shipped to a smelter. This marketing of copper as the sulfide is note-
worthy because the process 1s technically capable of converting copper
sulfides to ammonium sulfate and copper powder.

Iaboratory studies show that chalcopyrite 1s readily dissolved in
ammoniacal -ammonium sulfate solutions under oxidizing conditions (4).
Finely ground concentrate was almost completely dissolved in 1 hour at
150° C and an oxygen pressure of 100 psi. Pressure hydrogen reduction,
direct electrolysis, and solvent extraction-electrolysis have been
examined for recovering the copper from ammoniacal sulfate solution.
A1l are workable but involve complicated and potentially troublesome
operations. Advantages of alkaline pressure leaching are that leaching
conditions are relatively mild, iron remains in the leach residue, and
sulfur compounds are recovered os potentially salable byproducts.
Conversely, recovery of copper from solutions appears complicated and
expensive, and a large quantity of ammonia and a market for ammonium sulfate
are needed.

More severe conditions of temperature and oxygen pressure are required
for rapid autoclave leaching of copper sulfide concentrate in the

absence of ammonia. At a temperature of 250° C and oxygen pressure of
100 psi, finely ground chalcopyrite in a vigorously stirred dilute pulp
was dissolved in about 1 hour in laboratory tests. Recovery of copper
from solution by either hydrogen pressure reduction or electrowinning
results in formation of an equivalent quantity of sulfuric acid that must
be neutralized. Results in commercial-size equipment have fallen far short
of those obtained in the laboratory. A possible cause for the failure to
achieve satisfactory scale-up may be the difficulty of effectively distri-
buting oxygen through the pulp in large autoclaves. Despite the extensive
use of titanium and stainless steel, corrosion in the large autoclaves
proved troublesome and expensive.
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An alternative acid pressure leaching process for chalcopyrite has been
proposed that recovers part of the sulfur in elemental form (2). A
temperature of 110° C and 500 psi oxygen overpressure were emp?loyed in
laboratory tests to dissolve part of the chalcopyrite and make elemental
sulfur. An excess of chalcopyrite must be present, and this ne-essitates
subsequent flotation of the leach residue to recover the sulfur and
unreacted chalcopyrite. These can be separated by hot filtratiion or by
dissolving the sulfur in a suitable organic liquid. To avold oxidation
of the sulfur to acid during leaching, the temperature must be maintained
at under 115° C. This relatively low temperature in turn adversely
effects the chalcopyrite dissolution rate. Controlled pressure leaching
has not been attempted on a commercial scale.

Because of the probable high costs for equipment, operation, and
maintenance, the extensive auxiliary supplies that must be availavle,
and the close control needed, pressure oxidation leaching is of doubtful
applicability to copper operations in developing countries.

Sulfation of Copper Sulfide Concentrates
by Acidulation and Baking

The Anaconda Co. currently is investigating a hydrometallurgical method
for processing copper flotation concentrates containing chal copyrite,
chalcocite, and pyrite to replace conventional smelting with 1ts concom-
itant air pollution problems. The process, based on a patent and patent
application owned by the Treadwell Corp., will be investigated in a
pilot plant having a capacity of 6 tons per day of flotation concentrate
In the proposed process, the copper concentrates are pugged with strong
sulfuric acid to form a slurry which is fed along with preheated quartz
pebbles to an externally heated kiln. At a temperature of 230° C copper

(2).

and iron sulfides are converted to sulfates and sulfur, and the iron sulfate

simultaneously decomposes to form iron oxide. Sulfur dioxide gas from

the kiln is converted to oleum for recycle to the acid pugging step. The
pebbles coated with reaction products from the kiln are washed to remove
the water-soluble copper sulfate and the insoluble residue. Any precious
metals present in the original sulfide concentrate remain in the residue.

To recover copper from solution, HCN and SOz are added to the sul fate
solution at a temperature of LO° to 70° C to precipitate cuprous cyanide
and regenerate sulfuric acid for recycle to the acid bake. The cuprous
cyanide is reduced with hydrogen, yielding copper powder and HCN gas for
recycle. However, copper could be recovered from the copper sulfate
leach liquor by conventional electrowinning and the sulfuric acid
generated by electrolysis recycled to the acid pugging step.

Sulfation by Roasting in Controlled SOp Atmospheres

Research is currently in progress at the Salt Lake City Metallurgy Research

Center of the U.S. Bureau of Mines to investigate the feasibility of
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proce:sing ~opper ulfite flotatiomn orn entrate: by rem:t.leach Lo by | graes
to recover Lotk metal wmlue: asd typroduct sulfur., ldeally, the process
would ~ompri e romsting of *he . fld=. to oxldez with eveolutlee of *romyg
30p a5 sultalbla Tor comver lom ‘0 elemental 1] fur, a- 14 lea hing of the
corper oxlde, and electrowlrning to recover 'he ~epper. ‘Mfortmately,

an oxidl lrg rems* produce acld<in ¢lutle ‘opper ferrite: wheuever trom
is presern’ In the ulfide "em-erntrate, Fecent investigatiomz showed that
copper ferrite formation ould te irriilted ty romsting ln high 30
atmoaphere: . Howsver, copper and lromn ulfate: were formed with ‘he
result that ceniidaerabtle water-seluble "orper asd scldese’uble lrem were
produced. A copper sulfate praduct snd aa of f-gas comtalning #9 percent
30, ware made by romsting s chal-opyrite -oneentrate at TOUU® U in a gas
initially contalning /U per ert 30z, o1 per-ent oxygen, and 'J percemt
nitrogen. Complete ‘opper extra tiem from the sulfated -alcime requires
dilute a-id leaching. “ore acld 1: wade {n the subsequemt ¢ ectrovinning
step than needed for lemetiing the -ulfated calcine. Perhaps the exces:
can be decompoced in the romster to yleld move 30p for comversiom te
aulfur. Another alternative telng *ested 13 te crystallise cepper iulfate
from the leach liguor, followed by a decompesl' iom romst to comvertl the
copper to an acidesalublle emide while generating Xy for recycle to the
tnitial :ulfatiom roast. Copper could them be recovered by electrovimning
with the resultant a id used te dilssolve mgre copper emide.

A semicammercial plant empla .ng ulfation romcting of comcontrate was
operated ty lmgdad Copper ©. in Arizema ia the m3d-1950°s (3). Tive
tons per day of chalcopyrite ‘omcentrate frem the Imgldad aill and up te
750 pounds per day of camen' -opper from dump leaching vere procecsed Wy
sulfation romsting, leaching of the vater-seluble coppeor sulfate, and
electrodeposition of the copper from the leach liguer. Feed te the
fluldized ded remctor averaged *f percemt cepper, 23 peveent irem, amd 26
percent sulfur. The reasting temperature had te be sceurately regulated
at sbout 85 ° C; 1f the temperature was too low, encessive iren wms
solubilized, while {f the temperature va: 169 high, eme coppor bocame
insoluble. At the proper tempersture, abeut 9 pereent of the coppor ia
the caleines vai water s0luble and I8 percent was ocid seludle.

After agitation leaching of the raast ealcines and coumterewrrest
decantation wvashing in thickener:, the pregmaat liguer, centaiaing sheowt
M6 grams of copper and b0 grams of NoiO4 per liter, MNeved te 22 concrele
lend-lined cells in the tankhouse. The liquer passed threugh starting
ehoet tanks, commercial -athode tanks, and fimally stripp ag tanks vhere
sponge copper vas produced. ISpent liguor eentained 0.2 gream of coppor
and 100 grame of Hol0, per 1iror. Thias acid wme partly ceomsounsd Wy
leaching oxide ore in » zeparzce cireuit. Ia the adeonce of ensugh onide
ore to conaume all the acid, the excess wvas ssutralised vith lissstone
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befere the speat elertrelyte we used in lenching of calcine. Adout

9¢ pevcent of the copper was recovered by electrovimming. C(athodes
sssaying 79.9C percemt copper vere produced. Curremt efficiemey was 88.5
pereent .

T™e prinzipal protlems in the eperation appsared to te bed defluldizatiom
oviag to the stichy mature of the copper sulfate at romster 'emperature,
control of the irom solubility wvhiech caused protlems in electrowinning,
and the coms.mption or nevtralization of the acid gemerated during
electrovinning .

Sulfation remsting processes are still in an experimental stage of
Sovelopment and are not presently suitable for use in developing
eoutries .

As eited ia the section on sulfation romasting, onidation reasting eof
copper-iren sulfides results 1a the fermation of camsiderable acid-
iaselwdle cepper ferrite. Mestheods fer precessing copper oxide ferrite
ealeines are deing emamined at the dalt lake City Metallurgy Researeh
Comter. A chaleopyrite concentrate was remsted at 825° C ia » Nuidising
e castaiaing 20 pereent 50y, 21 percent Op, and the resminder Ny.
T™he reosultant stack gas comtained ¥ percent 50y and should be readily
ssnvertible to clemental sulfur. Sulfur elimination frem the calcine
was cesentially complete. Adeut b0 percem’ of the copper was in the
forn of scid-inseluble ferrite. Bperimsnts are being made to comvert
sopper auides und ferritas to metallie eopper by & reduciag reast.
Owpric ecnmemium cortomate lenching vould disselve the cepper that them
eould b= recovered either by steam distillstion teo produce cupric onide
or Wy selvent axtrection-electirowianiang teo preduce electrolytic .grade
eopper .

POER ITEMIE MOCES FOR SEPAMTILY NINEAM.E
CXIZE AND RAJIDE RIS

A process that wes enife ore lenching and sulfation remstiag of sul fide
concentirates has bomn preposed for processing & mjor deposit of
separetely niamsble, reughly sgual fommages of enide and wilfide coppor
ore. A Jww of the Wit operstions, swch as leaching of the calde ove

and flotation of the sulfides, are being tested ia an indestirial
1sberstery, bt ae camprebensive iategrated system study 1is uwberwvay.

e contoptunl plan §s presented here (o tllwstrate the rind of techmeleg
thet my Yo cansidered for o nov opevetion. Principal pronisions of the
fNevehost are os followe:

1. Buiftde ere is Mented to praduce o sulfide cmmcantrete and
the tatiliiags are disenrded.




2. Sulfide concentrate is roasted under conditions that produce
a rich SOp gas for acid making, and a calcine containing
copper in a form leachable in spent solution from copper
electrovinning. The iron in the calcine must be substantially
insoluble in the spent electrolyte. Preclous metals are
insoluble and remain in the iron-rich leach residue.

3, Acid made from the roaster gas is used to leach oxide ore in
heaps or in vats and agitators. Chrysocolla is the main copper
mineral present in the oxide ore.

b, FKesidue from leaching of calcine is reductively roasted to
yield sponge iron, and the iron in turn is used to cement
copper from the oxide ore leach solutiom. The cement copper,
containing precious metals that wvere present in the initial
sulfide concentrate, is sold to a smelter or smelted on toll.

S. Rich solution from the leaching of calcine 1is electrolyzed to
profuce copper metal for sarket and spent acid solution for
reuse in leaching calcine.

These are the bare bomes of the conceptual process. Umansvered are

sweh questions a3 how to romst comcentrate that vill yleld caleine in
which all the copper dut little of the irom is acid soludle; hovw to
propare reactive sponge irom from leached calcine residue; how to cope
wvith irom ia the electrolytic circuit; and how to obtain high copper
disselution by dilute acid lemching of refractory chrysocolla ore. These
anl other comsiderations vould pose vorrisoms prodblems in plamming &
copper cperstion im developing coumtries.

T™his reviev has covered U.3. current and past Nydromstallurgical practices
foe treating enide and nined cuide-sulfide ores, proposed processes for
treating Migh-11me cnide ores, and nonsmelting processes for tresting
seiftde Motation concentrate. A choice of methods appear aveilsble for
eaide and nined onide-sulfide copper deposits in developing coumtries
fren amseag the processes used commercially ia the United Stat-s. The
situntion vith regard to sulfide ftetion comcemtrate is differemt.
Processes that have been proposed are based oa ladorstory or pilot plamt
studies of warying scope. 1Ia the adeemce of cammercial experiencs, these
“mr‘ﬂdu«m'ﬁmhnmu«dmw
application 1a develaping coumtries.
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SJMMARY

Copper production in the United States nov is based mainly on

smelting of sulfide concentrates in large plants. less copper is made

by leaching, but the technology is widely practiced at numerous locations.
Growing concern with environmental pollution from smelter gas has stimu-
lated process development work on hydrometallurgical methods for process-
ing sulfide concentrate. These methods for treating concentrates, as
vell as past, present, and proposed hydrometallurgical procedures for
oxide ores and mining wvastes, are described and discussed from the view-

point of possible application in developing countries.

Pattern of U. S. Copper Production
Copper production in 1969 fzum ore mined in the United States vas

1.5 million tons. Sulfide copper ores were processed by flotation,
smelting, and refining to yield 1.3 million tons copper, 2.5 million

pounds molybdenum sulfide, 300,000 cunces of gold, 5 million ounces of

silver, and lesser amounts of selenium, tellurium, and cther byproduct
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metals. About 2,500 tons sulfuric acid a day was made from copper

smelter gas, and perhaps half of this was used in leaching copper ores

and mine waste dumps. The pressure on COpper smelters to reduce air

pollution from emission of sulfur dioxide and planned increases in

leaching oxidized ores and mine strip wastes suggests that much more

acid will be produced from smelter gas in the future.

Leaching of waste rock from mining sulfide ores yielded 120,000 tons
of copper in the form of cement copper by precipitating the dissolved
copper on iron. Most of this cement copper was further processed in
conventional smelters. Leaching of oxide copper ores followed by
cementation on iron, electrolysis, or solvent extraction in conjunction
with electrolysis yielded 100,000 tons of copper.

Acid Leaching of Oxide and Mixed Oxide-Sulfide Ores

United States' practice for oxide and mixed ores are illustrated
by descriptions of the plants operated by Kennecott at Ray, Ariz.;
Inspiration at Miami, Ariz.; and Ranchers' Bluebird at Miami, Ariz.
Past practice for oxide and native copper ores are illustrated by
descriptions of plants operated by Kennecott in Alaska, and by Calumet
and Hecla in Michigan.

Kennecott at Ray, Ariz., treats .10,000 tons copper silicate ore a
day by acid leaching the sand fraction in vats and the slimes in agitators.
Copper is recovered from the vat leach solution by electrolysis. Copper
in solution from the agitators is cemented on iron, then redissolved to

make strong copper solution used to fortify the electrolytic cell feed.

Spent solution from electrolysis is used in leaching.




Inspiration at Miami, Ariz., treats a total of 25,000 tons of ore
a day by three different methods: (1) Selectively mined sulfide ore is
floated and the concentrate smelted; (2) selectively mined oxide ore is
leached in vats and the leach solution electrolyzed; and (3) mixed ore
containing O.4 percent each of oxide (mostly chrysocolla) and of sulfide
(mostly chalcopyrite) is leached in vats, followed by grinding and
flotation of the residue to recover the undissolved copper sulfides.
Slimes made in crushing the ore for the vats are leached by agitation,
followed by cementation of the copper on iron.

Ranchers at Miami, Ariz., treats 6,000 tons a day of chrysocolla
ore by heap leaching, followed by solvent extraction in conjunction with
electrolysis to produce 15 tons of copper a day. Cementation on iron
was formerly used to recover the copper from solution. Advantages stated
for the solvent extraction-electrolysis circuit are that a higher grade
copper product is made for market, impurities in the electrolyte are

maintained below troublesome levels, and less plugging of the heaps is

expected because iron from cementation no longer enters the leach liquor.

Dumps _and Caved Mine Leaching of Sulfide Mine Waste

Long-term leaching of sulfide and mixed sulfide-oxide copper minerals
is practiced at about 15 locations i.. the United States. Underground
leaching of copper from caved mine workings is practiced at the Miami
mine in Arizona. The leach solution used is dilute sulfuric acid
containing iron sulfates. After percolating through the broken rock, the

solution containing ebout 1 gram Cu per liter is passed over iron to
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Precipitate the cogper. A Lli (s thee siied % seeded and the soiution

recycliel Lo the mine hamp or aved rubi.e by rpraging, fivod.ng, of
througt perforited pipes triver nto tue Namps. Afier severs. weens oy
months of leachirg, i je rems | ng ORPEr yleld, .emching i3 re-essed and
the dumg or mine area is rested for severs) motiths. The redble remaicns
moist and oxidation by Bir, ai v by the presence of mcteria, ontimess
during the rest periot. Disscived copper Umtl lagregmtes the ro-a
migrates from the (rterior of the rocas Mring the rest period and 1,
recovered during the rext leaching cyeies Most of Lhe acid reri red for
copper dissolution 1s provided by omidmtion of saiflde ninerais in the
dump or mine. Iron requiremsats for precipitation of the coppor is 2 to
J pounds per pound of recovered copper.

Asmonia leachiing in both A issas Akl Michigan was on send tailings
from gravity concentration of ore. The sands vere percvciation ieached
vith asmoniacal carbomate solutiom. Strong leach liguar was heated to

drive off the smonia and carbon diomide for recycle, and recover a
Copper oxide precipitate comtalniag 75 to %0 pereent capper,

An ssmonia leach process is boing imvestigated for treetmsat of
copper sllicate ore contalning too meeh limsetcms feow stonenical acid
lsaching. The ore is roasted under redicing conditions at 500" 1o

WChmﬁmmrsxuﬂuhmumWnih ,
and metallic copper. Unless suitable roduction can be cdiained in & Low
temperature-short time roast, the jroposed roastsiewnch aysten mg e

economically applicable amly to relstively hMigh-grade ove.
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gﬂ_@;lgchlrg of Oxide Ore
Sulfarous acid formed by solution of 505 in water, although a

camparstiveiy veek and unstal ie ac.d, dissolves copper carbonates and
same of the oxides and si iicates. In the presence of air and ferrous
salts, jart of the %0, is converted to sulfuric acid which is more
effective thar 804 alone in leaching copper silicates, Satisfactory
lsaching of omide copper was obtalned using a rotary drum constructed
of wood and featuring special lifters for countercurrent contacting of
v pulp vith Mot dilute, 80,-bearing o,

e ALl P
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Procesens that haw been proposed for hydrometallurgical treataent
of copper suifide mmmwumMMminwwid
amtor lave mxn, mifation by ascidulating and baking, sulfation
Tonsting, o romsting t» amide. Ammonia pressure leaching is successe
fally precticed in Cannda, bt om nickel silfide rather than copper

—.nmm.ahymmtmmummwmuom

2ohait, aldel, sad lead camcontrutes proved amecomomic,
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Sulfation of copper sulfide concentrate by acidulating and baking

at 230° C is being investigated by The Anaconda Copper Co. on a pilot
plant scale. Copper and iron sulfides are said to be converted to
sulfates and sulfur, and the iron sulfate simultaneously decomposed to '
form iron oxide and SOp. Sulfur dioxide from the kiln is converted to
oleum for use in the acidulating step.
Sulfation roasting followed by dissolution by the copper sulfate
and electrolysis of the leach solution was practiced on a semicommercial
scale by Bagdad Copper Co. in Arizona about 15 years ago. Close temper-
ature control was required to obtain a calcine in which most of the
copper but little of the iron was soluble. A principal problem appeared

to be bed defluidization owing to the sticky nature of the copper sulfate

at roaster temperature of 685° C.

Recent laboratory experiments on oxidation roasting of copper
sulfide concentrate have been directed at methods of treating the calcine
that contains up to 40 percent of the copper as acid insoluble copper
ferrite. One approach being examined is to convert the copper oxide and
ferrite to metallic copper by a reducing roast, and follow with ammonia

leaching.

ma Integrated Process for mwg Mineable
Oxide and Sulfide Ores

A process that uses oxide ore leaching and sulfation roasting of
sulfide concentrates has been proposed to treat a major deposit of '

separately mineable oxide and sulfide ore. The oxide fraction would de

e M-

leached using acid ma.de in roasting the sulfide concentrates. Calcine




from the roaster would be leached in spent cell electrolyte to make
strong copper solution for electrowinning. Sponge iron would be made
from the leached calcine residue and used to precipitate the copper li.m
the oxide ore leach solution., Unresolved problems are foreseen especially

in controlling the roasting step.

CONCLUSIONS

A choice of methods appear available for oxide and mixed oxide-
sulfide copper deposits in developing countries from among the process
used commercially in the United States. The situation with regard to
hydrometallurgical treatment of sulfide flotation concentrate is diff-
erent. Processes that have been proposed are based on laboratory or
pilot plant studies. In the absence of commer:ial experience, these
methods are regarded as experimental and should be so considered for any

application in developing countries.
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