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The Konkola Deeps sulphide 
deposit in Zambia occurs in the 
immediate vicinity of a large surface 
oxide deposit known as the Chingola 
refractory ore (CRO), as well as some 
two decades' worth of accumulated 
oxide tailings material from the 
adjacent Nchanga Tailings Leach Plant. 
Both oxides contain economically 
attractive quantities of copper (-1 %). 
As part of an assessment of various 
scenarios associated with the expansion 
of the underground mine, a hydromet
allurgical process route for the 
treatment of both the sulphide and 
oxide materials was evaluated. 

Process Concept 

In the proposed hydrometallurgical 
flow sheet (Figure 1), the sulphide 
material was concentrated by flotation 
to 40-45% Cu and then subjected to a 
high pressure acid leach (HPAL) under 
conditions that maximized recovery of 
copper and cobalt while rejecting iron 
as hematite. The autoclave discharge 
contained 60 g/1 Cu and 5 g/1 H2S04. 

This enabled the pregnant leach 
solution (PLSl) to be purified directly 
by SX without neutralization. The high 
tenor SXl circuit removed the bulk 
of the copper, the extraction of 
50 g/1 Cu generating a raffinate stream 
that contained about 80 g/1 H2S04• 

This acid was then used to leach 
copper from the CRO. The aggressive 
leaching conditions were necessitated 
by the substantial amounts of 
aluminum, magnesium, and calcium 
oxides and carbonates in this material 
that consume acid in leaching and 
effectively act as an 'acid sink'. Copper 

Figure 1: The hydrometallurgical flow sheet for the Konkola project. 

Konkola concentrate 

+ 
High pressure 

acid leach 

Thickener 

0/F 

High tenor SX 
Raffinate 

Low tenor SX 

Copper EW 

t 
Copper cathode 

was recovered from the atmospheric 
leach liquor in the low tenor SX2 
circuit. Both SX circuits were integrat
ed with electrowinning to produce a 
high-grade copper cathode product. 

This flow sheet capitalized on the 
synergy that exists between the leach
ing of the sulphide copper concentrate 

(acid producing) and the oxide copper 
ore (acid consuming). Copper leached 
in the autoclave provided a convenient 
way of 'transferring acid' from the sul
phide circuit to the oxide circuit. Key 
to the concept was the specification of 
a copper SX circuit operating at a high 
extraction efficiency of copper (LlCu = 
50 g/1), thereby providing a raffinate 
solution of sufficient acid strength to 
successfully leach the refractory CRO 
minerals. The high tenor SX circuit 

(SXl) focused on maximizing the 
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copper extraction using a high 
extractant concentration and a high 
flow rate of the organic phase relative 
to the aqueous phase (O:A). The low 
tenor circuit (SX2) was responsible for 
generating a raffinate as low in copper 
as possible(< 0 .5 g/1). 

Pilot-Plant Evaluation 

The integrated flow sheet was 
piloted at AARL during 2000, produc
ing 24 kg/h cathode copper. The eight
week campaign treated 27 tons of CRO 
and 2.5 tons of Konkola concentrate, 
and produced 940 kg of LME A Grade 
copper cathode [l, 2]. 

The HPAL achieved high extrac
tions of both copper (98.1%) and 
cobalt (96.5%) from the concentrate. 
The acid tenor of the autoclave dis
charge liquor averaged 6.5 g/1. 



• 

Although slightly higher than the target value of 5 g/1, this 
was still low enough to allow the liquor to be fed directly to 
the SXl circuit. Copper extraction from the CRO material 
averaged 77.5%. The acid concentration of the atmospheric 
leach liquor was 2.7 g/1. Two extractants were· tested during 
the campaign. The Avecia extractant tested was ACORGA® 

M-5640. The diluent was Shellsol 2325. The operating con
ditions for the two SX circuits are shown in Table I.

''The successful completion of the 
Konkola pilot plant demonstrated that 
existing extractants can be used in this 

non-traditional application without problems." 

The SXl circuit consistently 
obtained the required copper extrac
tion of 50 g/1. The performance of 
the SX2 circuit also exceeded the 
specifications; with average raffinate 
tenors of 0.25 g/1 Cu - well below the 
target value of 0.5 g/1. Typical solution 
analyses obtained during the campaign 
are given in Table II. Although normal 
crud formation occurred, no adverse 
physical effects on the organic phase 
were observed. 

Electrowinning of copper 

Figure 2: SXl solvent-extraction circuit used in the Konkola pilot campaign. 

from the loaded strip liquor 
consistently produced LME A Grade 
throughout the campaign, with all 
cathodes meeting the BSI standard BS 
6017:1981 with respect to individual 
element impurities. 

Table I: Konkola pilot-plant operating conditions for the SX circuits. 

Parameter SXl SX2 

Extractant concentration (vol. %) 32 16 

Temperature (0() 40 40 

Mixer volume (I) 7.5 12 

Settling area (m2} 0.15 0.22 

Extraction circuit 
PLS Clarified autoclave discharge Clarified CRO leach liquor 
PLS composition 60 g/1 Cu, 4.2 g/1 H

2
S0

4 
5.3 g/1 Cu, 1.6 g/1 H

2
S0

4 

Advance 0:A 4.9 1.0 

Target llCu (g/1) 50 4.8 

Strip circuit 
Advance O:A 0.9 1.8 

Strip liquor (SE) 37 g/1 Cu, 170 g/1 H2
S0

4 37 g/1 Cu, 170 g/1 H
2
S0

4 

Loaded strip liquor (AE) 46 g/1 Cu, 156 g/1 H
2
S0

4 45 g/1 Cu, 157 g/1 H
2
S0

4 

Table II: Typical performance of SXl and SX2 circuits during the Konkola piloting campaign. 

Element SXl SX2 

(g/1} PLS .. LO so PLS LO so 

Cu 59.29 15.6 6.2 5.81 8.85 3.8 

Co 1.23 < 0.001 < 0.001 0.61 < 0.001 < 0.001 

Fe 1.22 < 0.001 < 0.001 1.77 < 0.001 < 0.001 

Al 1.12 < 0.001 < 0.001 1.31 <0.001 < 0.001 

Mg 7.95 < 0.001 < 0.001 6.83 < 0.001 < 0.001 

Ca 0.65 < 0.001 0.001 0.69 < 0.001 < 0.001 

Mn 1.31 < 0.001 < 0.001 1.22 < 0.001 < 0.001 

Zn 0.10 0.001 < 0.001 0.05 < 0.001 0.001 
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CONCLUSIONS 

Pressure leaching technologies currently under 
development for the treatment of copper sulphide concen
trates yield leach liquors that can contain in excess of 50 g/1 
Cu. The purification of such liquors by SX requires an 
integrated flow sheet in which the large quantities of acid 
produced by the extraction reaction can be accommodated. 
This work demonstrated that extractant concentrations up 
to 32 vol.% can achieve copper transfers of> 50 g/1 in three 
stages. Adequate stripping is achieved in two stages with 
a conventional composition of the spent electrolytes, and 
producing an advance electrolyte from which LME A Grade 
copper cathode can be electrowon. 

The performance of conventional SX extractants and 
circuit configurations for transferring such high amounts of 
copper without neutralization had not been documented 
previously for continuous trials. The successful completion of 

the Konkola pilot plant demonstrated that existing 
extractants can be used in this non-traditional application 
without problems. 
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NOTE 

This work was carried out in 2000, during which 
time Konkola Copper Mines was jointly owned by Zambian 
Consolidated Copper Mines (ZCCM) and Zambian Copper 
Investments (ZCI), of which Anglo American plc was the 
major shareholder. Anglo American currently holds no 
financial interest in KCM. 
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FOR FURTHER INFORMATION on the work reported or 
on the piloting capabilities available at AARL, please contact 
Kathy Sole at ksole@aarl.co.za or visit our Web site at 
www.aarl.co.za. 




