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Four of the Mutanda Mining solvent-extraction trains were designed and constructed 
with a loaded organic wash stage. The wash stages were initially commissioned as 
electrolyte after-settlers to reduce organic entrainment to electrowinning cells. BASF and 
Mutanda Mining initiated on-site pilot and plant trials to evaluate the benefits of 
converting the electrolyte after-settlers to loaded organic wash stages, as originally 
intended, to minimize the transfer of impurities from the pregnant leach solution (PLS) to 
the electrolyte by aqueous entrainment in the extraction stages. The solvent-extraction 
pilot trials consisted of two tests: the first without a washing stage and the second with a 
washing stage. The transfer of impurities of iron, manganese, magnesium, calcium and 
silicon from PLS to electrolyte was evaluated. The inclusion of a washing stage 
significantly improved impurity transfer from PLS to electrolyte in the pilot trials: similar 
results were evident in the plant trial. This paper outlines the results of the pilot and 
plant trials, together with recommendations for future studies.  
 

 
INTRODUCTION 

 
Physical entrainment of unwanted species in the solvent-extraction (SX) operation of copper 
hydrometallurgical plants from the pregnant leach solution (PLS) to the electrolyte is via aqueous 
entrainment and carryover of crud into the loaded organic (LO) phase from extraction to stripping 
stages. In many cases, this carry-over of deleterious elements to electrowinning is far greater than 
chemical transfer (Cognis, 2007; Miller, 2010). Different levels of aqueous-in-organic entrainment are 
experienced by SX plants. It is believed, in the copper SX industry, that 500 mg/L of aqueous-in-
organic entrainment is the maximum level that a plant can undergo without major consequences on 
the operation (Miller et al., n.d). 
 
The main operational challenge faced by many agitation leach plants and which causes an increase of 
aqueous-in-organic entrainment is associated with high suspended solids into the PLS (Megaw et al., 
2016; Sole, 2008). Various causes, such as high phase-disengagement-time (PDT), increased organic 
viscosity due to high extractant concentration (35–45 %v/v) and increased organic linear velocity, can 
also create entrainment (Robinson et al., 2008). 
 
This paper evaluates the introduction of a wash stage to reduce the transfer of impurities from PLS to 
electrolyte in the SX circuits of the Mutanda Mining (Mumi) hydrometallurgical plant located in the 
Democratic Republic of the Congo (DRC).  
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Mumi is one of the largest Cu operations in the DRC, producing copper cathodes and cobalt 
hydroxides. The copper section has six SX circuits (SX  1–6) and seven electrowinning (EW 1–7) 
modules. Four of the SX trains have provisional wash stages, which were initially commissioned as 
electrolyte after-settlers. The benefits of converting these to wash stages far outweigh their use in the 
current role.  
 
 
LABORATORY TESTWORK 

 
Laboratory testwork was conducted with the purpose of: (a) determining the levels of entrainment 
from PLS to electrolyte in cases both with and without a prior wash of the LO; and (b) evaluating the 
impact of the wash water acid content on the efficiency of the impurities washing (referred to as 
scrubbing).  
 
Tests were performed in 250 mL separating funnels using a sample of the LO collected from SX5 train 
of the Mumi plant. All tests were conducted in two steps: in the first step, 150 mL of the LO, with 
aqueous (PLS) entrainment, was contacted with 75 mL of wash water. The washed LO was then 
stripped, in the second step, using 75 mL of synthetic spent electrolyte (180 g/L sulfuric acid). The 
wash water sulfuric acid (H2SO4) concentration was varied from 0 to 20 g/L and the conditions for 
the wash and strip tests (1–6) are summarized in Table I. In Test 1, the LO was directly contacted with 
the synthetic electrolyte without prior washing. 
 
In this case, as well as in the cases of pilot and plant trials, the elements were analyzed by atomic 
absorption spectrophotometry. For silica (SiO2), the Si was analyzed and then converted to SiO2 after 
multiplying the value by the conversion factor (2.14). 
 

Table I: Conditions for laboratory testwork. 

Test # 
  

Wash tests Stripping tests 

LO volume    
(mL) 

Water volume 
(mL) 

Acidic water     
(g/L H2SO4) 

LO volume   
(mL) 

Spent volume 
(mL) 

1 150 No wash – 150 75 

2 150 75 0 150 75 

3 150 75 5 150 75 

4 150 75 10 150 75 

5 150 75 15 150 75 

6 150 75 20 150 75 

 
Aqueous Entrainment to Electrolyte 

Figure 1 shows the levels of PLS entrainment from the LO to the electrolyte in the case without 
washing (Test 1) and with washing (Tests 2–6). The volumes of PLS entrainment were calculated 
considering the cobalt content in the advance electrolyte, obtained after stripping the LO with 180 
g/L sulfuric acid, and also knowing the cobalt concentration in PLS. 
 
Accumulation of Impurities into Wash Water 

Figure 2 shows the increasing trend of impurities into the wash water with increasing of the acid 
concentration for the laboratory batch tests.  
 
Discussion of Results 
PLS entrainments from the LO to electrolyte decreased from more than 2500 mg/L without a wash to 
below 500 mg/L for all the tests with a wash. 
 
The levels of impurities increased in the wash water with increasing of the acid content and 10–15 
g/L H2SO4 is recommended to have efficient scrubbing of impurities while minimizing the amount of 
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stripped copper. The laboratory could not analyze Si as it was below the detection limit of the 
analytical technique.   
 

 

 
Figure 1: PLS entrainment to electrolyte in laboratory batch test. 

 

 
Figure 2: Effect of acid content of wash water levels on impurities in the wash water for laboratory batch tests. 

 
 
PILOT-PLANT TRIAL 
 
Procedure and Methodology 

The pilot plant was run in two different circuits – with and without a wash stage – with the purpose 
of evaluating the impact of a wash stage on reducing the transfer of PLS impurities to the electrolyte. 
The PLS and wash water (for the circuit with wash) were run in open circuit mode, i.e., the raffinate 
and impure water were not recycled. In both cases, the electrolyte was run in closed circuit to enable 
accumulation of impurities to allow a good evaluation. The LO was recycled via a holding tank. In 
both cases, the primary and secondary mixers were run at the speed, in rotation per minute (rpm), to 
get the required tip speed. The organic-to-aqueous (O/A) ratios were similar.  
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Table II summarizes the main operating conditions of the two pilot-plant trials. Figures 3 and 4 
describe the configurations of the two circuits. 
 
 

Table II: Conditions of pilot-plant trials. 

Parameter 
Circuit with  
a wash stage 

Circuit without 
 a wash stage 

Configuration 2E x 2S x 1W 2E x 2S 

Extractant  LIX 984N LIX 984N 

Organic concentration 36%v/v 36%v/v 

Wash water flow (L/h) 39.1 – 

Organic flow (L/h) 117.4 114.9 

PLS flow (L/h) 100.2 100.4 

Spent flow (L/h) 68.3 61.3 

Washing O/A ratio 3 – 

Extraction O/A ratio 1.17 1.14 

Stripping O/A ratio 1.72 1.87 

Primary mixers tip speed (m/s) 4.6 (@ 680 rpm) 4.6 (@ 680 rpm) 

Secondary mixers tip speed (m/min) 4.6 (@ 725 rpm) 4.6 (@ 725 rpm) 

Extraction specific flow rate (m3/m2/h) 3.58 3.54 

Cu extraction efficiency (%) 92.18 88.13 

 
Figure 3: Pilot-plant flowsheet without wash stage. 

 
The SX pilot plant (Figure 5) consisted of four stages for the circuit without a wash stage and five 
stages for the circuit with a wash stage. It had three tanks from where the PLS, electrolyte and organic 
were pumped. Each stage had two mixers (primary and secondary) and pumps were used for the 
feeding of PLS, electrolyte, organic and water (for the circuit with wash). The two trials were run one 
after another and for one week each. 
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Figure 4: Pilot-plant flowsheet with wash stage. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Solvent-extraction pilot plant used for pilot trials. 
 
Results and Discussion 
Silica transfer 
In the case of the circuit without wash stage, the silica content increased very fast in the electrolyte, to 
the point where it reached the PLS levels as shown in Figure 6. When we incorporated the LO wash 
stage into the circuit, the silica content stayed minimal in the electrolyte: there was a big difference in 
its content in the PLS compared with that of the electrolyte (see Figure 7). 
 

Figure 8 shows that the transfer of the other impurities (iron, manganese, magnesium and calcium) 
from PLS to electrolyte was also lower in the circuit with the wash stage than in the circuit without 
wash stage).  
 
Table III summarizes the results of the impurities transfer to the electrolyte. There was a significant 
difference between their levels in the electrolytes of the two circuits, except for calcium, which 
entered the circuit with the water and so its presence in the electrolyte is not only a consequence of 
PLS entrainment into the LO. 
 

W E2 S1 E1 S2 
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Figure 6: Deportment of silica in circuit without wash stage. 
 

 
Figure 7: Deportment of silica in a circuit with wash stage. 

 
Table III: Comparison of impurities levels in two circuits. 
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Figure 8: Comparison of impurity levels in electrolyte in the circuits with and without wash for pilot plant trial. 
 
 
PLANT TRIAL 

 
A wash stage was implemented in SX5 for the plant trial. This stage was previously running as an 
electrolyte after-settler. The configuration of the circuit was changed to a 2E × 2E × 2S × 1W for this. 
 
The LO from E1 stage was sent to the LO tank, from where some of the entrained aqueous was 
drained out before being pumped to strip stages via the wash stage. The wash water was filled into 
the mixers and settler, and was run in a closed circuit until the impurities reached 80% of the ones in 
PLS, after which the impure water was replaced by fresh water. The level of entrained aqueous in the 
washed LO was controlled to below 500 ppm by running the stage in AC mode and maintaining the 
organic depth within the settler to 300 mm. 
 
Figure 9 summarizes the accumulation of impurities (cobalt, manganese, iron, silica, magnesium and 
calcium) in the wash water. The fluctuating trends are explained by the bleeds. 
 
As for the pilot results, except for calcium, the increase of impurities in the wash water was a clear 
indication that the wash stage played a positive role within the circuit. 
 
A decreasing trend of physically transferred impurities (cobalt and manganese) to the electrolyte has 
also been noticed, as shown in Figure 10. This was not only a result of the wash stage implementation 
because an electrolyte bleeding strategy is also being implemented. 
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Figure 9: Evolution of impurities accumulation into wash water. 

 
 
CONCLUSIONS 
 

 A wash stage reduced the transfer of impurities from PLS to electrolyte in a pilot-plant trial. The 
difference was so significant that a plant trial was considered. 

 The plant trial showed that there was periodic accumulation of impurities in the wash water. A 
strategy of bleeding spent wash water was put in place to avoid uncontrolled bleeding by the 
operators. 
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Figure 10: Deportment of impurities in the electrolyte. 

 

 The decreasing trend of physically transferred impurities (cobalt and manganese) could not be 
attributed only to the presence of a wash stage in the circuit, because systematic electrolyte 
bleeding was also implemented in all SX circuits at the same time. 

 
Mumi is considering implementing wash stages in all the SX circuits. The SX plants without 
provisional wash stages (SX1 and SX6) would use in-launder water spraying on the organic in E1 
stages for the same purpose.  This launder–wash is also an option for circuits with provisional wash 
stages if there are cost issues due to the additional organic inventories required for their 
implementation 
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