
The Southern African Institute of Mining and Metallurgy      The Fourth Southern African conference on  

Base Metals  

Etienne Roux 

 

Page 27 

 

 

 

CU-REMOVAL FROM THE SKORPION CIRCUIT USING EMEW
®
 

TECHNOLOGY 

E. Roux, J. Gnoinski, I. Ewart* and **D. Dreisinger 

eroux@skorpionzinc.com.na 

Namzinc (Pty) Ltd, Private Bag 2003, Rosh Pinah 

 Namibia 

*Electrometals Canada Inc., North Vancouver,              BC, V7K 

2K7, Canada 

**

University of British Columbia, Department of Materials 

Engineering, 309- 6350 Stores Road, Vancouver, B.C., Canada 

V6T 1Z4 

1. Abstract 

Skorpion Zinc operates a solvent extraction/electrowinning zinc plant producing over 150 
000 t/a of special high grade (SHG) zinc (>99.995% Zn). In the current flow sheet copper 
and cadmium are cemented from the neutral leach solution using zinc powder, to prevent 
galvanic corrosion of plant equipment and build-up of copper in plant solutions. This 
process is effective but unfortunately consumes expensive zinc dust and produces a low 
value copper product. The EMEW® (Electrometals electrowinning) technology of 
Electrometals Technologies Ltd. uses a rapid flow of electrolyte through a cylindrical cell 
to deposit copper or other metals from dilute solution (less than 1 g/L) [1].  The copper can 
be deposited as powder or may be harvested as a tubular cathode product.  The advantage 
of the use of EMEW® technology at Skorpion Zinc will be to eliminate the use of 
expensive zinc dust and to produce a high value copper product for sale. Following 
extensive bench test work, a piloting campaign was carried out at Skorpion Zinc. The tests 
demonstrated the ability of the EMEW® cell to effectively remove copper from solution 
through direct electrowinning at lower operating cost than cementation.   
  
Keywords: Skorpion Zinc, copper, cementation, direct electrowinning, EMEW® 
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2. Introduction 

Skorpion Zinc features a unique zinc refining process comprising a mild atmospheric leach 
of run-of-mine zinc silicate/oxide ore, solvent extraction (SX), electrowinning (EW) and 
casting of special high grade zinc. Zinc electrowinning requires ultra pure electrolyte and is 

susceptible to impurities like copper and nickel for which the specification is < 50µg/l. 
Closed loop streams between leach-SX and SX-EW make impurity removal critical in 
order to avoid impurity build-up.  

Copper is present in the Skorpion ore ranging from 0.1% in the plant blend to 1.4% in the 
marginal ore, and is partially leached out with the zinc. The Skorpion PLS and Raffinate 
streams contain between 300mg/l to 1000mg/l copper, which is removed from the PLS to 
provide the ore mill with copper free dilution solution, and to reduce the total copper in the 
circuit. Conventional cementation with zinc dust is used to cement out the copper, which is 
then filtered in plate-and-frame filters. The copper cementation circuit has been plagued 
with operational problems and low run time. Zinc dust is a high cost reagent. 

Alternative technologies to copper cementation include upgrading processes, like ion-
exchange and solvent extraction, followed by production of a saleable products for 
example crystallisation of CuSO4.5H2O or electroplating of copper cathode. Upgrading 
through solvent extraction has been considered, but the risk of cross-contamination of 
organic extractants makes it unfavourable. Conventional electrowinning would require 
excessive upgrading of the copper, as would crystallisation. EMEW® technology provides 
the possibility of plating copper directly from the PLS, without the need of prior upgrading 
and at a lower cost than cementation with zinc dust. 

3. Process Description  

A simplified flow sheet of the Skorpion Zinc process is given in Figure 1. The head grade 
of the ore is 8-14% Zn. Comminution stages comprise primary, secondary and tertiary 
crushing of blended ore, followed by homogenising in a stacker re-claimer to produce a 
uniform plant feed. The homogenised ore is milled in a closed circuit ball mill to produce a 
leach feed slurry with a top size of 500 µm and a D80 of 140 – 180 µm. A mild atmospheric 
leach at 50oC dissolves 96% of the zinc and 33% of the copper present in the ore and lesser 
amounts of nickel and cadmium. 

The slurry from the neutralisation thickeners is filtered over vacuum belt filters to recover 
a primary filtrate solution that is recycled back to neutralisation. The leach residue filter 
cake is subjected to a further two-stage counter-current wash stage that is operated in 
closed circuit with the basic zinc sulphate precipitation (BZS) plant. The latter accepts a 
feed of secondary filtrate, arising from the cake-washing operation, and produces a zinc-
free wash solution by the precipitation of basic zinc sulphate (ZnSO4.3Zn(OH)2.4H2O). 
This zinc is returned to the main circuit by recycling the precipitate as a neutralising agent. 
Halides and magnesium exit in the effluent treatment plant (ETP) bleed. 
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A bleed of the PLS is treated for impurity removal before being used as dilution for the ore 
mill. Copper is removed by cementation with zinc dust and filter pressing. Current nickel 
levels have not necessitated nickel cementation. 

The neutralisation thickener overflow (PLS) is the feed to the solvent extraction plant 
(SX). The SX circuit comprises three extraction, three washing and two stripping stages 
and uses D2EHPA as extractant. Zinc is concentrated from 35g/l in the PLS to 120g/l in 
the loaded electrolyte, while impurities are diluted in the order of 10000 times (Cu, Ni 

from ~500mg/l to ~50 µg/l). This is necessary due to sensitivity of zinc electrowinning to 
metals catalytic towards hydrogen generation. Electrowinning of zinc takes place at a 
current density of 450A/m2. The stripped cathodic zinc is melted and cast into the final 
product form in the cast house. The cast house produces 417t/day of 25kg SHG Zn ingots 
on a fully automated casting line.   
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Figure 1: Simplified Skorpion flow diagram 
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4. EMEW
®
 Technology 

Conventional electrowinning technology in the metallurgical industry consists of 
electrolytic cells arranged in series, with each cell containing a number of anode and 
cathode plates in parallel. Cell feed solution is normally fed into one end of the cell, 
perpendicular to the electrodes, and overflows on the far side. The electrolytes usually 
contain high concentrations of the metal to be electrowon. The reason for this is to increase 
the specific production rates per cell (kg/cell/day) and to improve current efficiency as well 
as reduce energy consumption.  

The specific production rate of an electrolytic cell is limited by the limiting current density 
of the system. At the limiting current density the electrochemical reaction occurring at the 
electrodes becomes mass transfer controlled. In most conventional cell houses, the main 
mode of mass transfer to the electrodes is natural convection and therefore the limiting 
current density is quite easily reached. Mass transfer in electrolytic cells is not uniform. 
Mass transfer is generally greater at the top part of the electrodes due to the convective 
flow imparted by the gas evolution (oxygen) at the anodes. Various attempts have been 
made to improve mass transfer in electrolytic cells through enhanced agitation of the 
electrolyte. Some of the most common methods that have been investigated are: 

1. Modifications to the feed arrangement of the cells to create forced circulation of 
electrolyte. The Continental Copper and Steel (CCS) cell developed by Balberysky 
and Anderson [3] consisted of a feed pipe located centrally near the bottom of the 
cell with orifices direct flow upwards past the electrodes. This system does not 
permit uniform mass transfer over the surface of the cathodes, due to rapid damping 
of the electrolyte flow. Mass transfer is much higher at the lower sections of the 
cathodes. Coupled with high pumping costs and problems associated with 
maintaining a system of pipes with small orifices, this approach leads to only 
marginal benefits [2]. 

2. Another approach is to improve mass transfer through air-sparging. The air-
spargers are normally situated in the bottom section of the cells. The upward flow 
of electrolyte induced by the flow of gas bubbles brings more electrolyte to the 
surface of the electrodes. Harvey et al. [4-6] did pioneering work in view of 
industrial application of air-sparging. The work of Ettel et al. [7] provides concrete 
evidence that air-sparging provides much greater and more uniform mass transfer 
than the case of forced electrolyte flow. 

3. Tapered anodes were studied and developed by Ettel and Gendron [8] and are used 
commercially in INCO’s copper cell house at Copper Cliff, Ontario [2]. The anodes 
were developed to make use of the increased mass transfer near the top part of the 
cathodes, caused by the gas-induced convection. The anodes create a higher current 
density toward the top part of the cell where the mass transfer is highest. 
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Other methods have been studied in order to directly electrowin copper from dilute 
solutions: 

1. Packed bed electrowinning. Ammann et al. at Kennecott Copper Corporation [9] 
successfully piloted the deposition of copper onto a bed of coke from dilute copper 
solutions 2g/l. The copper was strongly bonded to the coke, and was then removed 
and melted, fire refined and cast as a copper product. However excessive power 
consumption made the process economics unattractive. 

2. Air-sparging coupled with SO2-sparging to reduce anode oxygen over-potential has 
been demonstrated to plate out copper at tenors as low as 5 g/l [10] and 2g/l [11]. 

3. The use of fluidised bed cathodes have been studied as a method to recover copper 
from very dilute solutions <2g/l [12, 13]. In this arrangement particles of copper are 
fluidised by the upward flow of electrolyte. The bed is rendered cathodic by the 
insertion of a feeder titanium/copper cathode. The large specific surface area of the 
copper particle bed means that the current density per unit surface area is extremely 
low (2 A/m2) while the nominal current density can remain fairly high (~300A/m2). 
The good agitation provided in the bed ensures good mass transfer and allows 
plating to ~10mg/l. Monhemius and Costa [14] showed that the system has two 
main drawbacks. The first is the sensitivity towards the ferric ion and the second 
being the high power consumption due to the low conductivity of solutions. 

 

 

EMEW® cell technology was developed as a method to increase mass transfer in 
electrochemical cells and to make possible the recovery of metals from dilute solutions, 
generally <1-20g/l [1]. It can reduce the metal content in streams to very low 
concentrations, 0.01g/l for gold and 0.1g/l in the case of copper [1]. The cells are 
cylindrical annuli, with the anodes making up the core and the cathodes making up the 
shell of the cell. Solution is fed into the bottom of the cell and is discharged from the top of 

the cell. 

 

Figure 2: EMEW
®
 cell construction 

 

High linear velocity of solution through the cell ensures good 
mass transfer and allows plating at higher current densities 
and lower metal concentrations. Two types of EMEW® cells 
are produced, plate cells and powder cells. The cathodic area 
of the powder cells are 1m2 while the plate cells are 0,5m2.  
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Plate cells are used for higher metal concentration streams (>1g/l) and metals with 
comparatively high limiting current densities, which make them amenable to form compact 
and dense plate deposits. In order to harvest the deposited metal, flow and power to the 
cells are interrupted, the cells are drained and the metal tubes are removed manually from 
the cells. At this stage the cathodic tubes would normally weigh 25kg. The metal tubes can 
then be compressed and packaged into bundles and sold.  

Powder cells are used in applications where the feed stream is very dilute (<1g/l) [1], or the 
metal to be plated has a low limiting current density, which would make plate deposits 
difficult or impossible. The powder cells have the same dimensions as the plate cells, but 
have anodes with much larger diameter and surface (close to 1:1 ratio between cathode and 
anode). This allows plating at high current densities in order to form metal powder 
deposits. The large diameter anode also leads to a much decreased electrode gap, which in 
turn increases the linear velocity of the solution and the mass transfer. Powder cells can be 
operated continuously due to the automated flushing and backwashing of the powder from 
the cells, which can then be filtered and pressed into briquettes. Plate and powder cells are 
often used in combination, with the plate cells removing the bulk of the metals and the 
powder cells providing the final scavenging.  

Both powder and plate cells employ dimensionally stable anodes (DSA®) which are 
constructed with titanium with platinum group metal oxide coatings. The DSA® anodes 
decrease the oxygen over-potential at the anode by as much as 50% [2] when compared to 
conventional lead anodes and ensure low energy consumption. The cells are supplied in 
30-cell modules. 

EMEW® technology is particularly suited to the recovery of high value metals from dilute 
streams and the removal of toxic heavy metals from waste streams. While conventional 
electrowinning cell houses are better suited for high capacity production, EMEW® 
technology is better suited to lower capacity production. Examples of industrial 
applications are the recovery of Au, Ag, Cd, Co, Cu, Mn, Ni, Pt, Sn and Zn [1]. 
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Figure 3: EMEW
®
 modular construction 
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5. Copper Cementation at Skorpion Zinc 

The Skorpion impurity removal circuit consists of a copper cementation circuit and a 
nickel cementation circuit. The feed to the copper-cementation plant is a bleed stream of 
PLS. The copper is cemented out with the addition of zinc dust (Eq. 1) and then filtered 
through plate-and-frame filters. Cadmium is partially co-cemented with the copper (Eq. 2). 

Cu+2 + Zn � Cu + Zn+2…………………………(1) 

Cd+2 + Zn � Cd + Zn+2…………………………(2) 

The selectivity towards copper in the cementation process can be optimised by minimising 
the zinc dust addition to stoichiometric amounts. This produces a higher purity copper 
cake, but does not remove copper to the required final concentration in the filtrate 
(<50mg/l). The zinc dust addition can also be maximised to ensure complete copper 
removal and to cement out other impurities like cadmium. This produces a lower purity 
copper cake. The effect of changes in the plant requirement on the copper cake purity can 
clearly be seen in Figure 4. 

Skorpion Cu Cementation performance
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Figure 4: Copper cake and filtrate purity 
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6. EMEW
®
 Pilot test work at Skorpion Zinc 

The bench-scale test work was conducted in Vancouver, in collaboration with the 
University of British Columbia, Electrometals Technologies Ltd. and Skorpion Zinc. It 
indicated that direct electroplating of copper from the Skorpion PLS and Raffinate was 
viable [15]. Table 1 summarises the key results of the bench testing. 

Table 1: EMEW
®
 bench-scale performance 

Bench scale EMEW
®
 performance (synthetic sol.)  

Copper powder purity 99.8% 

Cadmium contamination <0.01% 

Current efficiency 90% 

PLS energy requirement @ 160 A/m2 2.5 kWh/kg 

Raffinate energy requirement @ 220 A/m2 2.1 kWh/kg 

After approval of the pilot campaign, a complete self-contained EMEW® pilot unit was 
constructed in Australia, by Electrometals, and shipped to Skorpion Zinc. The unit 
consisted of a transformer-rectifier, control panel, 2 full-size EMEW® powder cells, 
pumps, compressors and filter unit (Figure 5 and 6). The operation of the pilot unit was 
fully automated and programmable to adapt to the changing needs during piloting. 

 

Figure 5: Skorpion EMEW
®
 pilot unit 
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Figure 6: EMEW
®
 pilot plant flow sheet 

The pilot test campaign was conducted during the first half of 2007 and consisted of a 
series of exploratory batch tests followed by week-long continuous operation tests. All 
samples were analysed onsite by ICP. The main objectives of the pilot campaign were to: 

• Validate that bulk removal of copper from the Skorpion PLS through direct 
electroplating was more cost efficient than cementation through the addition of zinc 
dust 

• Demonstrate the operability of the plant and test the peripheral functions. The main 
concern here was the ease of flushing of copper powder from the cells and 
filterability of the copper powder. 

• To confirm the quality of the copper powder produced in the bench scale tests. 
Bench test work produced copper powder of 99.8% purity [15]. 

• To test the performance of lead anodes in comparison with the DSA® anodes 

• Obtain data for plant design, costing and process control. 

The possible locations for an EMEW® plant in the Skorpion circuit are either in the PLS 
bleed used for mill dilution solution, or the Raffinate from SX returning to leach (Figure 
1). From an electroplating point of view treatment of the Raffinate would be preferable. 
The higher acidity leads to lower energy consumption, better selectivity, higher capacity 
and ultimately a smaller capital outlay. From a process point of view, treatment of the PLS 
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bleed would be preferred due to the low copper tenors achieved in the mill dilution 
solution. 

The initial batch tests were conducted in order to compare the performance of the PLS and 
Raffinate streams, and to optimise conditions for the continuous tests. Batch tests were run 
for a period of eight hours. From the time that the bench-scale tests had been conducted, 
the solution composition had changed significantly (Figure 7). The copper tenor was much 
lower while the cadmium tenor was at a similar concentration. In order to compare the 
pilot plant performance to the bench-scale tests, copper sulphate was added to the batch 
solution to obtain similar concentrations as the bench tests. 

The higher cadmium concentration experienced during the piloting caused more cadmium 
to plate out than during the bench tests, but when the copper concentration was adjusted to 
levels similar the bench tests, the results obtained from the pilot unit were very similar to 
the bench tests. 
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Figure 7: Skorpion PLS impurities 

The copper deposits obtained during the batch and continuous tests were fine and were 
easily filtered and briquetted. It was noted during filtration of the powder that the slurry 
was bubbling. This was especially evident during Raffinate test work and was attributed to 
the dissolution of co-deposited cadmium. Washing of the copper cake with acidic Raffinate 
confirmed that the cadmium could be dissolved. 
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During continuous tests it was noted that the cells voltage continued decreasing after the 
initial drop. It was found after five days of operation that a build-up of copper remained 
that could not be flushed out by the normal mechanism. Several process changes were 
made in attempts to create a looser finer deposit without success. The continued drop in 
cell voltage was attributed to the copper build-up in the cells. 

Copper production rate was found to be more related to copper concentration in the feed 
solution than to the current density. This is to be expected as the electrowinning takes place 
under limiting current density conditions, where the plating of copper is mass transfer 
limited, in order to form a fine and loose deposit.  The effect is that the required plant size 
increases as the depletion ratio of the feed solution increases. 

Increasing the circulation flow-rate through the cells was found to increase cell 
productivity. This is attributed to the lower delta copper or “copper bite” over the cell and 
improved mass transfer. It was also found that the selectivity towards copper increased 
with increasing circulation. This effect is also due to the improved mass transfer of copper 
cations to the cathode surface, which would plate in favour of cadmium. 

As in the bench-scale tests, the quality of the copper deposit decreased with decreasing 
copper tenor. As copper is depleted the other elements present, which are further down in 
the electrochemical series, can be plated. The main contaminants were manganese (MnO2 
from the anodes) and cadmium. 

The deposition of MnO2 on the anodes was confirmed on the pilot plant DSA® anodes. 
Cell voltages also increased towards the end of the DSA® anode testing period, indicating 
in increase oxygen over-potential. The lead anodes were successful in producing copper 
from the EMEW® cells. A downside to the lead anodes was the expected increase in cell 
voltage. The lead anodes doubled the energy consumption of the pilot unit. It remains to be 
seen whether the increased operating cost of anodes cells would compare favourably with 
the high cost of DSA® anodes and their limited performance life due MnO2 poisoning. The 
MnO2 deposition on the lead anodes would necessitate their frequent removal for cleaning. 
This would have to be a laborious manual operation and it would have to be seen whether 
this would be practical, especially since the anodes are heavy and easily damaged. 

The main outcomes of the piloting are listed in Table 2 [16]. 

 
Table 2: Main EMEW

®
 parameters 

EMEW operating Performance  

Cu production rate (kg/cell/day) 4.1 

Energy consumption for DSA® anodes (kWh/kg) 3.3 

Energy consumption for Pb anodes (kWh/kg) 6.6 
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Figure 8: Continuous EMEW
®
 pilot performance 

 
The test work proved that the EMEW® technology can successfully remove copper from 
the Skorpion circuit more cost effectively than the current cementation circuit (9.1 USc/lb 
vs. 64.2 USc/lb). However there is scope for improvement and a combination of different 
technologies might be the best approach. One possibility would be to combine copper ion-
exchange with EMEW® plating technology. Copper ion-exchange would upgrade the 
copper to a stream with a relatively low copper tenor and very low impurities levels. This 
would allow the use of DSA® anodes due to the absence of manganese. The low upgrading 
ratio would allow for a small ion-exchange circuit and the higher copper tenor would allow 
for EMEW® plating units. The plating cells have a higher production capacity, lower 
operating costs and would produce a higher value product than the powder units. The 
barren stream from the copper ion-exchange would be copper free (<50mg/l) and could be 
treated in EMEW® powder units to plate out cadmium. 
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The upgrading of copper solution through the use of ion-exchange was assessed by Anglo 
Research and found to be feasible [17]. The LANXCESS TP207 resin used is very selective 
towards Cu+2 and is able to produce a barren stream from plant solution contain <50mg/l Cu. 
The combination of Cu-IX and EMEW® is to be piloted at Skorpion Zinc during the third 
quarter of 2007. The main objectives of the pilot campaign will be to: 

• Demonstrate the operability of the Cu-IX and Cu-EMEW® combination. 

• Demonstrate the selectivity of the LANXESS TP207 resin on a pilot scale for longer 
periods. 

• Determine the sensitivity and longevity of the LANXCESS TP207 resin to Skorpion 
plant PLS containing varying amounts of suspended solids. 

• Confirm the quality of copper cathode produced by the EMEW®

 plate cells. 

• Confirm the quality of cadmium powder produced by the EMEW® powder cells from 
copper-free barren solution produced by the copper IX-columns. 

Data obtained from the Skorpion pilot test work, was used to do a Class 2 estimate for plant 
sizing and capital expenditure. The option of the Cu-IX and Cu-EMEW® combination was 
also considered. Data from the Anglo Research Cu-IX test work was used to do a Class 2 
estimate for the Cu-IX column sizing and capital expenditure. The addition of a cadmium 
plating circuit was not considered due to the lack of sufficient data. The process economics 
for both options are highly favourable, and is more so in the case of the combined IX-
EMEW® circuit. The main outcomes of the Class 2 estimation are listed in Table 3. 

Table 3: Class 2 Budgeting* 

Class 2 Estimate Criteria Cu-Powder EMEW
®

 Cu-IX/Plate EMEW
®
 

Figure 9: Proposed Cu IX- EMEW
®

combination 
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Nr of Powder modules 23 2 

Nr of  Plate modules NA 13 

Current (A) 250 250 

Cell Productivity (kg/cell/day) 4.1 6.8 

IX-column volume (m3) NA 20 

Nr of IX-columns NA 2 

Cu Production (t/a) 999 999 

CAPEX (US$) 11,328,872 10,615,250 

OPEX (US$/a) 209,091 655,758 

EBIT (US$/a) 2,031,066 4,944,636 

NPV (US$) 2,706,188 14,003,153 

 

*Assumptions for the Class 2 estimate are: 

• LME copper price = 5606 US$/t (1 February 2007) 

• Copper powder sold at 40% of LME price 



The Southern African Institute of Mining and Metallurgy      The Fourth Southern African conference on  

Base Metals  

Etienne Roux 

 

Page 42 

 

 

7. Conclusions 

• Direct electrowinning can remove copper from the circuit more cost effectively 
than traditional copper cementation. 

• The copper cake produced is of the same or higher purity than that produced by 
cementation. 

• Subsequent treatment of copper cake with Raffinate can produce high purity 
copper cake by acidic re-dissolution of cadmium. 

• The flushing problems and hard copper powder deposit experienced during the 
piloting is most likely due to differences in the makeup of the actual plant 
solution and synthetic solutions tested on bench-scale.  

• Due to the combination of flushing problems and the somewhat conflicting 
goals of bulk copper removal and pure copper production, different approaches 
might be best suited to this application. First and foremost would be the 
combination of upgrading the copper through ion-exchange, followed by 
EMEW® copper plate cell modules (applied to eluant from IX)  and cadmium 
powder cell modules (applied to barren solution from IX). 

• MnO2 deposition on the DSA® anodes would rule out their use in direct 
electrowinning from the Skorpion PLS, without further tests as to the effect of 
the deposition of MnO2 on the DSA® anode performance.  

• The process economics for the construction of a powder Cu-EMEW® circuit is 
favourable. 

• The process economics for the construction of a combined Cu-IX and plate Cu-
EMEW® circuit is more favourable than for a powder Cu-EMEW® circuit. 
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