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SUMMARY

Background
The bibliography compiled in this Report is part of a continuing investigation

of the technical and economic feasibility of establishing in South Australia
a facility for treating copper sulphide concentrates. Since 1970, Amdel has
been commissioned by the South Australian Department of Mines to investigate
the feasibility of establishing a central copper smelter, to determine a
suitable hydrometallurgical process and examine its feasibility, to test
concentrates from Kanmantoo and Mount Gunson by thislprocess, and to examine

in situ leaching of copper sulphides in the Moonta and Wallaroo mines.

‘ Objectives
The aim of the present work was to compile a classified bibliography of

1976-77 publications relating to hydrometallurgical processing of copper
sulphides to keep the Department of Mines informed on all technical develoﬂ—'
ments in this field. ‘ ‘

Summary of Work Done

A literature search was carried out with the aid of the Science Citation
Index of the National Library and CSIRO's computefﬁsearch of Chemical Abstracts,
Manual searches were made of Engineering index gnd IMM Abstracts. A ;otal‘of

108 articles are listed in the bibliography. These may be sub-divided as

follows:

Leaching of copper sulphides. ' 60
Roasting processes‘for'popper sulphides.
Electrolysis of Cépper sulphide pulps; ‘_ O
Solvent extraction of copper from aqueous solutiqns. 15
Ion-exchange processes for coppef. . o 2.

- Electrolytic processes for copper_recoveiy, t3 14
Precipitation of metallic copper. 7
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1. INTRODUCTION

Since 1970, Amdel has examined various possibiliﬁies for treating copper
sulphide concentrates from South Australian mines. In Hopton and Gooden™
(1970) it was shown that a central copper smelter to handle the total output
of concentrates from South Australia would not be economically viable.

In 1974 Walker et al.tcarried out a literature review of hydrometallurgi-
cal processes for treating copper sulphides and indicated that a Roast-Leach-
Solvent-Extraction-Electrowin process would be the most suitable. In
addition, an economic feasibility study indicated that such a plant, built in
conjunction with facilities already available in South Australia, would have
a return on new capital sufficient to warrant a more detailed study.

In 1976 McMahon and Walkergtested concentrates from Kanmantoo and Mount
Gunson using the recommended process. Severe difficulties were experienced
in operating the fluid-bed roaster using Mount.Gunsoq'concentrates, while
disappointing results were obtained with the Kanmantoo concentrates.
Accordingly, a different process is required. |

Also in 1976 (Allen, R.J.)“ investigated the feasibility of recovering
copper from sulphide minerals in the Moonta and Wallaroo Mines by in situ
leaching, but the prospects ﬁere not very good. ’

As part of a continuing effort to establish a copper coﬂcentrate pro-
cessing plant, the South Australian Department of Mines commissioned Amdel
to compile a classified bibliography for 1976-77 of articles relevant to the
hydrometallurgical treatment of copper sulphides. This study is aimed at

keeping the Department abreast -of all technical developments in this field.

#HOPTON, 0.B. and GOODEN, J.E.A. (1970)  Copper Smelter and Refinery Feasi-
bility Study. Amdel Report No. 695, March. . :

+WALKER, W.W., McMAHON, R.G.P. and CLAYTON, J.M. (1974) Study of Proposed
. Hydrometallurgical Treatment Plant for Copper Concentrates. Amdel
. Report No. 1008, Oct.

§McMAHON, R.G.P. and WALKER, W.W. (1976) . Hydrometaliurgical Treatment Plant
for Copper Concentrates —Part II. Amdel Report No. 1099, Feb.

YALLEN, R.J. (1976). Moonta. and Wallaroo ‘Mines Prospects for in s1tu
Leaching. Amdel Report No. 1132, July.
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e 2. SOURCES OF INFORMATION

The Science Citation Index of the National Library was used during 1976 to
provide a computer search for reiévant articles. From September 1976, the
CSIRO computer search of Chemical Abstracts was used. = In addition; manual
searches were made of the Selected Annotatéd Titles publishéd by the AMF, -

Engineering Index and IMM Abstracts.
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3. BIBLIOGRAPHY

The first section of the bibliography deals with procésses relating espécially
to copper sulphides. The second’ section contains articles relating to the
further processing of copper-containing liquors, irresééctive of the original
source of the copper. These processes include solvent extraction, ion

exchange and electrowinning.
/

3.1 Direct Treatment of Sulphidés

3.1.1 Leaching

3.1.1.1 General leaching processes

ANDERSON, S.J. (1976). Extraction method for non-ferrous metals.
US Pat. No. 3, 958, 985.

AZPITARTE REYES, J.L., REDONDO ABAD, A. and DIAZ NOGUEIRA, E. (1976).
Lixiviation with pressure and high temperature in aqueous media of
sulphur compounds. Span. Pat. No. 414173,

BARTECKI, A., DUDA, L., MASELKO, J. and SKONECKI, E. (1976). Recovery
of copper from flotation waste by means of leaching with aqueous
ethylenediaminetetracetic acid (EDTA) solutions. Pr. Nauk. Inst.
Chem. Nieorg. Metal. Pierwiastkow Rzadkich Politech. Wroclaw.

29, 207-17. '

BECKSTEA, L.W., MUNOZ, P.B., SEPULVEb, J.L. and MILLER, J.D. (1976).
Acid ferric sulphate leaching of attritor-ground chalcopyrite concen-
trates. 105th AIME Annual Meeting, Las Vegas.

-

BIANGARDI, S. and PIETSCH, H. (1976). Processing of copper sulphide
ores by the Lurgi-Mitterberg (LM) process. Erzmetall. 29(2), 73-6.

BIESZCZAD, T., HEPEL, T. and POMIANOWSKI, A. (1976). Hydrometallurgi-
cal dissolution of bornite in annomium chloride and ammonia solutions.
Pr. Nauk. Inst. Chem. Nieorg. Metal. Pierwiastkow Rzadkich Politech.
Wroclaw. 29, 117-34.

BJORLING, G., FALDT, I., LINGREN, E.. and TOROMANO, I. (1976). Nitric
acid route in combination with solvent extraction for hydrometallurgi-
cal treatment of chalcopyrite. 105th AIME Annual Meeting, Las Vegas.

BLAZY, P., VESTIER, D., CUNIN, P. and HOUOT, R. (1976). Copper leaching
from pyritic ores. 105th AIME Annual Meeting, Las Vegas.

BOGDANOWICZ, H., CZERNECKI, M., GRYSIEWICZ, W., LETOWSKI, F. and
SLIWINSKI, J. (1976). Three-stage leaching of copper concentrates with
ferric sulphate. Pr. Nauk. Inst. Chem. Nieorg. Metal. Pierwiastkow
Rzadkich Politech. Wroclaw. 29, 15-27. ’

CATHRO, K.J. (1976). Recovery of copper from chalcopyrite by means of
a cupric chloride leach. 105th AIME Annual Meeting, Las Vegas.

DEMARTHE, J.M., GANDON, L. and GEORGEAU, A. (1976). New hydrometallurgi-
cal process for copper. 105th AIME Annual Meeting, Las Vegas.

DEMARTHE, J.M., GEORGEAUX, A. and GANDON, L. (1976). Hydrometallurgical
_treatment of sulphur-containing materials. Ger. Offen. Pat. No. 2617348,
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FISCHER, P. (1976). Development trends in metallurgy using copper
as an example: pyrometallurgical recovery of copper from sulphidic
ores — hydrometallurgical treatment of copper sulphide concentrates.
Chem. Exp. Dedakt, 2(11), 369-76.

GORYACHKIN, V.I., BORBAT, V.F., MASHTANOV, N.P., and. SEROVA, N.V.
(1976). Autoclove dissolution of a magnetic fraction of a copper-
nickel converter matte. Sb. Nauchin. Tr - Gos. Nauchno-Issled.
Inst, Tsvetn. Met. 41, 40-9.

HARVEY, W.W. and DUDAS, F.0. (1976). Hydrochloric acid leach pro-
cesses for copper concentrates. I105th AIME Annual Meeting, Las Vegas.

HAUGEN, L.R. (1976). Recovery of copper sulphide, nickel, platinum
group metals and gold from sulfide ores. US Pat. No. 3,975,189.

JONES, D.L. and PETERS, E. (1976). Leaching of chalcopyrite with
ferric sulfate and ferric chloride. 105th AIME Annual Meeting,
Las Vegas. ' :

KUNDA, W., RUDYK, B. and KOHUT, M. (1976). Recovery of copper and
ammonium sulphate from copper-bearing mineral sulphide ores or
concentrates. US Pat. No. 3985553,

LASCHINGER, J.E., ASSONITIS, N., LUSHER, J.A. and MUIR, C.W.A. (1976).
The leaching of wvarious copper minerals with dilute sodium cyanide
and dilute solutions containing sulphuric acid and ferric ionms.

Natl. Inst. Metall., Repub. S. Afr., Rep. 154,

LESIDRENSKI, P., GROZDANOV, I., BAKURDZHIEV, P. and PETKOV, I. (1976).
Possibility of hydrometallurgical dressing of copper pyrite ore.
Metalurgiya 31(9), 9-11.

LETOWSKI, F.(1976). Hydrometallurgical processing of domestic copper
concentrates. Pr. Nauk, Inst. Chem. Nieorg., Metal. Pierwiastkow
Rzadkich Poletech. Wroclaw. 29, 3-13.

LOMBARD, M.J.S. and BREED, De W. (1976). An evaluation of the low-
pressure ammonia-ammonium sulphate system for the leaching of local
base-metal sulphides. Rep. Natn. Inst. Metall. S. Afr. No. 1769.

LUSHER, J.A. and LAXEN, P.A. (1976). Leaching tests on the copper
sulphide mineral Vallerite from Palabora Mining Company. Natl. Inst.
Metall., Repub. S. Afr., Rep. 84.

MACKINNON, D.J. (1976). Fluidised-bed anodic dissolution of chalco-
cite. Hydrometallurgy 1(3), 241-57.

MADSEN, B.W. and GROVES, R.D. (1976). Leaching a low-grade copper
sulphide ore. 105th AIME Annual Meeting, Las Vegas.

MARCANTONIO, P.J. (1976). Chalcocite dissolution in acidic ferric
sulphate solutions. Diss. Abstr. Int, 37(5), 2454,

MATEVICH, T.N., GORYACHKIN, V.I. SLAVSKAYA, A.I. MANTSEVICH, M.I.
and LADYGO, A.S. (1976). Ways of improving the extraction of mon-
ferrous metals during hydrometallurgical processing of pyrrhotite-
containing concentrates. Tsvetn. Met. 9-11.

MUIR, D.M., PARKER, A.J. and GILES, D.E. (1976). Cuprous hydro-
metallurgy Past IV. Rates and equilibria in the reaction of' copper
sulphides with copper (II) sulphate in aqueous acetonitrite,
Hydrometallurgy 2(2), 127-40.

NABOICHENKO, S.S., NEUSTROEV, V.I. and KHUDYAKOV, I.F. (1976). Hydro-
metallurgical activation of chalcopyrite concentrates. Tsvetn. Met.
20-1,



NEUSCHUETZ, D. and SCHEFFLER, U. (1976). Recovery of values from
hydrothermal ore slimes. Ger. Offen. Pat. No. 2513689.

PACOVIC, N., ZIVKOVIC, Z., LUKIC, Z. and BOZIC, S. (1976). Treat=-
ment of Bor mines flotation tailings for the récovery of copper.
Tehnika (Belgrade) 31(6), 1-4.

PARKER, A.J. and MUIR, D.M. (1976). Copper from concentrates via
cuprous sulphate in acetonitrile-water solutions. Min. Mag.
134 (6), 537-9.

PETERS, E. (1976). Direct leaching of sulphides: chemistry and
applications. Metall. Trans., 7B(4) 505-17.

PHILLIPS, T.A. (1976). Economic evaluation of a process for ferric
chloride leaching of chalcopyrite concentrate., Inf, Circ. US Bur.
Mines No. 8699.

POSEL, J.G., WILLIAMS, G. P. and NILSEN, D.N. (1976). Recovery of
nitric acid soluble transition metals from sulphur and iron-contain-
ing ores. US Pat. No. 3,966,462,

PYATNITSKII, I.V. PILIPYUK, Y.S. and BOIKO, N.D. (1976). Extraction
of copper, zinc, cadmium and titanium by chloroform solutions of
cinnamic ‘acid. Ukr. Khim. Zh. 42(8), 884-6.

REILLY, I.G. and SCOTT, D.S. (1976). Leaching of cupric sulphide in
ammonia. Ind. Eng. Chem. Proc. Design. 15(1), 60-7.

ROSENZWEIG, M.D. (1976). Copper makers look to sulphide hydrometallurgy.
Chem. Eng. NY 83(1), 79-8l.

SHANTZ, R.F. (1976). Cyanide leaching of/éhalcocite. Diss. Abstr.
Int. 37(7), 1389.

SHANTZ, R.F. and FISHER W.W. (1976). Leaching chalcocite with
cyanide. EMJ 177(10) 72-4.

SITNAI, O. and PEELER, P.K. (1977). The evaluation of four potential
hydrometallurgical processes for copper production. Proc. Aus. IMM-
No. 261, 21-30.

SNELL, G.J. (1976). Leaching of copper ores to recover sulphur and
silver - catalyst. US Pat. No. 3,974,253,

'SUBRAMAN, K.N., YAWNEY, B. and NISSEN, N.C. (1976). Elevated-temp-
‘erature oxidative leaching of a copper-nickel concentrate. A 105th
AIME Annual Meeting, Las Vegas.

SYMENS, R.D., QUENEAU, P.B. and BLANDON, A.E. (1976). Atmospheric
leaching .of matte containing iron. US Pat. No. 3,962,051,

THAKUR, D.N. SAROJ, K.K. and GUPTA, A. (1976). Effect of sodium
nitrate and sodium chloride on acid leaching of chalcopyrite.
J. Mines Metals., Fuels, 24(4) 118-23.

THOLE, B, (1976). Methods of copper ore leaching practised in the
United States. Erzmetall. 29(10), 453-6.

TOURO, F.J., FISHER, B.M. and MATSON, R.F. (1976). Oxidation leach-
ing of copper concentrates for production of:electrolytic copper.
105th AIME Annual Meeting, Las Vegas.

TOZAWA, K., UMETSU, Y. and SATO, K. (1976). Chemistry of ammonia
leaching of copper concentrates. 105th AIME Annual Meeting, Las Vegas.
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3.1.1.2

3.1.1.3

3.1.1.4

3.1.1.5

VAN DER MEULEN, S.J. WEIZENBACK, B., MACKIW, V.N. and KINJERSKI, T.A.
(1976). Hydrometallurgical treatment of nickel and copper bearing
intermediates. US Pat. No. 3,975, 190.

Kinetic studies -

HEPEL, M. and POMIANOWSKI, A. (1976). Study of the kinetics and
mechanism of leaching of chalcocite in an ammonia medium. Pr. Nauk.
Inst. Chem. Nieorg, Metal. Pierwiastkow Rzadkich Politech.

Wroclaw 29, 137-56. .

REILLY, I.G. (1976). Kinetics and reactor development of the ammon-
iacal leaching of cupric sulphide. Diss. Abstr. Int. 37(2), 882.

Bacterial leaching

MAKHMUDBEKOVA, N.I., MIRZOEV, R.K. and AKHMEDOV, A.Z. (1976).
Possibility of using a bacterial method for leaching non~ferrous
metals at Azerbaidyhan deposits. Za Tekhn, Progress. 63-6 and 71,

MURR, L.E. and BERRY, V.K. (1976). Electron microscope study of
bacterial attachment to chalcopyrite - microstructural aspects of
leaching. 105th AIME Annual Meeting, Las Vegas,

PINCHES, A. AL-JAID, F.O. and WILLIAMS D.J.A., (1976). Leaching of
chalcopyrite concentrates with Thiobacillus ferro—oxidans in batch
culture. Hydrometallurgy 2(2), 87-103.

SAKAGUCHI, H., SILVER, M. and TORMA, A.D. (1976). Microbiological
leaching of a chalcopyrite concentrate by thiobacillus ferro-oxidans.
Biotechnol. Bioeng. 18(8), 1091-1101.

In situ leaching

BRAITHWAITE, J.W. (1976). Simulated deep solution mining of chalco-
pyrite and chalcocite. Diss. Abstr. Int. 37(2),- 929,

CATANACH, C.B. (1976). Development and in place leaching of Mountain

City chalcocite ore body. 105th AIME Annual Meeting, Las Vegas.

HOCKINGS, W.A. and FREYBERG, W;L. (1976) . Laboratory studies of
in situ ammonia leaching of Michigan copper ores. 105th AIME Annual
Meeting, Las Vegas.

TARJAN, G. (1976). Use of in situ mining for leaéhing porphyritic
chalcopyrite ores at deep levels. Banyasz. Kohasz. Lapok. Banyasz.
109(6), 383-92. ' :

Leaching equipment

MICHALAK, S. and NOSOWICZ, J. (1976). Column apparatus for continuous
leaching. Pr. Nauk. Inst. Chem. Nieorg. Metal. Pierwiastkow Rzadkich
Politech. Wroclaw. 29, 337-43.

3.1.2 Roasting

BARTLETT, R.W. and HAUNG, H.H. (1976). Fluidized bed roasting of lime-
copper concentrate pellets. - Metall. Trans. B. 7(3), 489-90.

HAUNG, H.H. and BARTLETT, R.W. (1976).  Oxidation kinetics of a lime~
copper concentrate pellet. Metall. Trans. B. 7(3), 369-74. '
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3.1.3

3.2.1

7
LENCZEV, A. (1976). Kinetics of the oxidizing roasting of bornite and
chalcopyrite. Rudy Met. Niezelaz. 21(9), 334-7.

LENCZEV, A. and KARAVASTIEVA, M. (1976). -The kinetics of oxidising and
sulphation roasting of copper-zinc concentrates in a fluidised bed.
Rudy Met. Niezelaz, 21(10), 371-5.

PERLOV, P.M., SUSLINA, R.I. and SEMENOVA, E.A. (1976). Oxidation-segrega-
tion roasting of flotation tailings. Tsvetn. Met. 78-80.

REID, J.G. (1976). Roast-leach-cementation approach to treating copper
sulphide concentrates. CIM Bull. 69, 6l.

SEHNALEK, F., IMRIS, I. and KUFFA, T. (1976). Thermal processing of
copper sulphides concentrates containing antimony. Czech, Pat.
No. 162868.

Electrolysis

BERTRAM, R., CLEMENT, M. and ILLI, H. (1976). Electrolytic leaching of -
ores and concentrates containing sulphidic copper minerals. Ger.-.Offen.
Pat. No. 2510505,

BIEGLER, T. and CONSTABLE, D.C. (1976). Upgrading and activation of
chalcopyrite contentrates by slurry electroly51s. Trans. Inst. Min.
Metall. C. 85, 23-9

- CYMERMAN, J., HEPEL, M., HEPEL, T. and LESZKO, M. (1976).. Some aspects

of electroleaching of metals from Legnica-Glogow copper district sulphide
concentrates in chloride solutions. Pr. Nauk. Inst, Chem. Nieorg. Metal.
Pierwiastkow Rzadkich Politech. Wroclaw. 29, 61-76.

3.2 Related Processes-’

.

Solvent Extraction

ANDERSON, B. (1976). The use of hydroxyphenyl ketomines in extfacfing
metal values from aqueous solutions. Brit. Pat. No. 1441174,

BAUER, G.L. and CHAPMAN, T.W. (1976) . Measurement and correlation of
solvent extraction equilibriums - The extraction of copper by Kelex 100.
Metall. Trans. B. 17(4), 519-27.

BERGER, S.A. (1976). . Solvent extraction of copper (II) with chlorendic
acid. Talanta 23(6), 475-9. .

BUSH, P.D. and BAILEY, D.W. (1976). Solvent extraction and electro-
winning of zinc and copper from sulphate solution. US Pat. No. 3989607,

CHRISTIE, P.G., LAKSHMANAN, V.I. and LAWSON, G. j (1976). The behaviour
"of LIX 63 in the extraction of Cu (II) and Fe (III) from chloride media.
Hydrometallurgy 2(2), 105-15.

TTECCLES, H., LAWSON, G.J. and RAWLENCE, D.J. (1976). The extraction of
copper (II) and iron (III) from chloride and sulphate solutions with
LIX 64N in kerosene. Hydrometallurgy 1(4), 349-59.

FLEMING, C.A. (1976). The kinetics.and mechanism of solvent extraction
of copper by LIX 64N and Kelex 100. Rep. Natn, Inst, Metall., S. Afr.,
No.1793. .

HUGHES, M.A., PRESTON, J.S. and WHEWELL, R.J. (1976). Kinetics of sol-
vent extraction of copper (II) with LIX 64N reagents — activation
energies. J. Inorg. and Nuclear Chem. 38(11), 2067-9.

MURAYAMA, K. (1976). Comparative study of copper extraction by commercial
chelate extractants from ammoniacal ammonium carbonate solutions. Kogai
Shigen Kenkyusho Iho 5(2), 13-9.
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3.2.2

3.2.3 Electrolytic Processing

8

RAO, S.P., SHARMA, R.C. and KHOSLA, M.M.L. (1976). Solvent extréctiqn
of copper with n-~butylaniline in chloroform from a mixture of potassium
iodide and sulphuric acid media. Acta.Cienc. Indica. 2(1), 8-12.

SHEVCHUK, I.A., SIMONOVA, T.N., KONOVALENKO, L.I., SMIRNOVA, L.M. and
SAGIROVA, L.S. (1976). Study on solvent extraction of the carbonate
complexes of metals. 2h. Anal. Khim. 31(7), 1289-93. )

VINOKUROVA, 0.B. and KLETENIK, Y.B. (1976). Kinetics of solvent
extraction of metals with dithizone. Zh. Anal. Khim. 31(6), 1067-75.

WHEWELL, R.J., HUGHES, M.A. and HANSON, C. (1976). Kinetics of solvent
extraction of copper (II) with LIX reagents - effect of LIX 63 in
LIX 64N. J. Inorg. Nuclear Chem. 38(11), 2071-5.

WRIGHT, C.N., RICHARDS, K.J., CAREY, C.D. and PROBERT, T.I. (1976).
Application of solvent extraction for recovering copper from very

"dilute leach solutions - economic constraints and potential technical

solutions. 105th AIME Annual Meeting, Las Vegas.

ZOLOTOV, Y.A., VLASOV, G.E. and RYBAKOVA, E.V. (1976). Extraction of
copper by certain sulphur -~ containing compounds. Zh. Prikl, Khim.

49(8), 1702-7.

Ion Exchange

HUGHES, M.A. and PURDEY, C. (1976). Use of solvent-impregnated polymer
to extract copper from certain acid solutions. Trans. Inst. Min.
Metall. 85, Cl24-32. :

SKARBO, R.R. and NATWIG, D.L. (1976). Liquid ion exchange process for
the recovery of copper and nickel. US Pat. No. 3988151.

3.2, 3 1 Electrowinning
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electrowinning copper from dllute leach solutlons. 105th AIME
Annual Meeting, Las Vegas.
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ised bed cell. Electrochim. Acta 21(8), 545-50.

HARVEY, W.W. and HSUEH, L. (1976). Copper electrowinning from seat
leach electrolyte. Can. Min. Metall. Bull. 69(768), 109-19.

HARVEY, W.W., RANDLETT, M.R, and BANGERSHIS, K.I. (1976). Electro-.
winning of superior quality copper from h1gh—ac1d electrolyte.
Trans. Instn. Min. Metall. 85, Cl69.

KACZMARSKI, R. and KOLODZIEJ, B. (1976). Studies on electrolysis of
solutions after the leaching of copper concentrates with ferric
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Rzadkech Politech. Wroclaw. 29, 29-39,
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effect of chloride ion in the electrowinning of copper. J. Appl.
Electrochem. 7(1), 81-90.

MACKINNON, D.J. and LAKSHMANAN, V.I. (1976). Recent advances in
copper electrowinning. Canmet. Rep. 76(10). "

MACKINNON, D.T., LAKSHMANAN, V.I. and BRANNEN, J.M., (1976). Effect
of LIX 65N and chloride ion in copper electrowinning. Trans. Inst.
Min. Metall. 85, C184-90.



3.2.3.2 Electrorefining
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