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Crud is a ubiquitous challenge for copper solvent extraction plants in the African 
Copperbelt, as well as other parts of the world. An inescapable consequence of mixing an 
aqueous leach solution containing fine suspended solids with an immiscible organic 
extractant phase, crud is a solid-stabilized emulsion that forms and builds up in the 
settler. Left unmanaged, it will eventually spread throughout the circuit and potentially 
generate significant operational disruption or shut-down. The mechanism of crud 
formation is complex, involving many parameters such as: total suspended solids, 
dissolved silica and acidity of the pregnant leach solution; contacting equipment, circuit 
configuration and mixing conditions; as well as upstream and downstream additives 
such as coagulants and flocculants. As such, there has been no real cure to crud to date, 
short of physical removal. Recently, Solvay developed an additive, which, under certain 
conditions, inactivates the crud formation process. This paper reviews the results of side-
by-side comparative tests conducted at the pilot scale at various commercial copper 
solvent extraction operations. 
 

 
INTRODUCTION 

 
Crud, sometimes referred to as gunk, is a stable emulsion of aqueous, organic, air and fine solid 
particles. In spite of the many technological advances in the hydrometallurgical industry, it appears 
that the formation of crud in a solvent extraction (SX) operation is unavoidable. Crud is all the more 
prevalent in agitation leach plants, which account for over 90% of the copper SX production in Africa. 
Crud bears a detrimental impact on the physical and economic performance of the operation (Ritcey, 
2006) and is directly responsible for a number of operational problems including higher organic 
losses, increased aqueous-in-organic entrainment (leading to cathode quality issues or increased 
bleeds), and can lead to downtime for the SX operation (Liu et al., 2002). 
 
There is ample literature hypothesizing on the causes and mechanisms of crud formation, which, as 
of today, are not fully understood (Wang, 2005). From a remedy standpoint, almost all the practices 
recommended in the industry have been reactive rather than proactive. Notwithstanding techniques 
to minimize solids in the feed (e.g., clarification of the pregnant leach solution (PLS)) and air control 
in mixing conditions, crud is typically allowed to form and accumulate in the settlers. Only then is it 
removed mechanically (using suction pumps, crud forks or other devices) and treated through 
filtration and/or centrifugation to remove the solids and recover the organic phase trapped within 
the emulsion (Ritcey, 1980). 
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In a radically different approach, Solvay has undertaken the effort to alleviate the negative impacts of 
crud by developing a new additive to dose directly in the PLS prior to the extract stage, and which, 
under certain conditions, will inactivate the crud formation process. While this development is still in 
progress, the results from laboratory- and large-scale tests are showing a promising potential in the 
ability to reduce crud formation in a copper SX plant. 
 
 
PILOT TEST AT LABORATORY SCALE 
 
The performance of the additive was first assessed through a laboratory-scale side-by-side pilot plant 
with the objective to compare crud formation with and without the additive and prove the concept in 
a dynamic rig configuration. As such, an agitated leach solution with high solids contents (average 
total suspended solids (TSS) between 500 and 700 ppm) was used in order to promote crud 
generation. Entrainment measurements and other parameters were not evaluated as small-scale 
equipment in such configuration would not allow drawing conclusions on physical performance. 
 
Methodology 

Our test at laboratory scale used two exactly similar deep-cell pilot plants with a mixer volume of 0.5 
L and settler volume of 2.5 L. Both plants used the same PLS, plant organic, and lean electrolyte (LE), 
all of which were obtained from a large-scale operation, and run under the same configuration: one 
extract stage and one strip stage (1E + 1S), as shown in Figure 1. One plant was used as baseline while 
the second was dosed with the additive (in-line with the PLS) at 10 mg/L concentration. This dosage 
was selected after performing batch tests at a range of different concentrations: 10 ppm showed the 
best performance. 
 

 
Figure 1: Laboratory-scale pilot plant process flow diagram. 

 
Both plants were operated under the same conditions, as per Table I. The pilot plants were run for a 
total of 40 h, 10 h at a time with physical measurements taken every 2 h and metallurgical assessment 
completed daily. 
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Table I: Operating conditions for laboratory-scale tests. 

PLS flowrate 125 mL/min 
Organic flowrate 125 mL/min 
LE flowrate 62.5 mL/min 
E1 O/A* ratio 1  
S1 O/A ratio 2  
E1 continuity Organic  
S1 continuity Organic  
Mixer speed 940 rpm 

* Organic-to-aqueous volumetric ratio 

 
Physical Performance 

The measurements of crud depth for each plant demonstrated that, when operating under organic 
continuity, the additive impacted crud formation. On average, the additive-treated plant had a weir 
crud depth of 0.7 cm compared witho 2 cm in the untreated plant (Figure 2). 

 
Figure 2: Extract weir crud formation. 

 
The photographs in Figure 3 show the interface of the extract settlers at the end of the trial, with 
visible higher crud levels in the untreated plant compared with the additive-treated plant. 
 
To further quantify the difference in crud formation, after shut down of the plants, the entire organic 
inventory from each extract stage was filtered through 1 µm fiberglass filter paper. Weighing the 
resulting residue showed that the additive-treated plant had about four times less TSS in the organic 
phase than the untreated plant (Figure 4). 
 
Physical performance was monitored over the trial to evaluate any effect of the additive to the circuit. 
It was noted that the additive treatment increased phase disengagement times (PDT) under organic 
continuity by about 90 s (Figure 5) in the extract stage. This slightly longer PDT does not impact the 
operation as it is still within the breaks observed in SX plants. More importantly, the difference in 
PDT was not observed in the strip stage, indicating that the additive was not transferred through the 
organic phase from the extract stage. 
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Figure 3: Crud formation at extract interface. 

 

 
Figure 4: Extract stage total suspended solids (in organic). 

 

 
Figure 5: Organic-continuous extract phase disengagement times. 
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Metallurgical Performance 
The additive did not show any detrimental impact on copper transfer. Figure 6 depicts copper 
recovery over the course of the evaluation. The PLS used contained 25 g/L copper and 20 g/L H2SO4. 
MET profiles were taken once per day. The difference in recovery was due to the dilution in the 
treated plant and slight variation in the organic-to-aqueous volumetric (O/A) ratio. The overall low 
recoveries were expected, based on the feed grade, reagent concentration, and pilot-plant 
configuration used during the trial. High Cu recovery was not the main objective for the trial. (Note: 
The lower recovery on Profile #4 was due to lower organic flow.) 

 
Figure 6: Copper recovery. 

 
LARGE-SCALE PILOT PLANT 
 
Following the successful results at laboratory scale, a large-scale pilot-plant trial was conducted at a 
copper SX plant in North America with the following objectives in mind: 

i) confirm at large scale the crud reduction results obtained during the laboratory-scale trials; 
ii) assess the impact of the additive in terms of physical and metallurgical performance for a 

copper SX operation. 
 

Methodology 
Each plant’s circuit consisted of two extract stages in parallel and one strip stage (1E + 1E + 1S), as 
shown in Figure 7. Each plant had a mixer volume of 29 L and a settler volume of 68 L. In the 
additive-treated plant, the additive needed to be added in each extract stage. 
 

 
Figure 7: Large-scale pilot plant copper SX circuit. 
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To investigate the impact of the additive under different continuities throughout the test, the E1 stage 
was run in aqueous continuity while the E2 stage ran in organic continuity. The additive-treated 
plant PLS was dosed with 10 ppm of the additive. Operating conditions appear in Table II. The trial 
run continuously for 300 h. Physical measurements were taken every 2 h and an additional 
metallurgical profile was taken every 12 h. 
 

Table II: Operating conditions for large-scale pilot plant. 

E1 PLS flowrate 4 L/min 
E2 PLS flowrate 4 L/min 
Organic flowrate 4 L/min 
LE flowrate 1 L/min 
E1 O/A ratio 1  
E2 O/A ratio 1  
S1 O/A ratio 4  
E1 continuity Aqueous  
E2 continuity Organic  
S1 continuity Organic  
Mixer speed 340 rpm 

 
 
Physical Performance 

Under organic continuity, a reduction in E2 crud formation was observed between the additive-
treated plant and the untreated plant. Crud measurements at the middle of the settler and at the weir 
indicated a five-fold reduction in crud formation, as shown in Figure 8. 
 

 
Figure 8: Crud at weir in E2 (organic continuous). 

 
Under aqueous continuity, crud measurements were inconclusive and impacted by differences in 
PDT and dispersion depths between the two trains. Qualitatively however, the untreated plant 
showed substantial floating crud (aka “fish eyes”), as shown in Figure 9, whereas no floating crud 
was observed in the additive-treated plant. 
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Figure 9: Floating crud in E1 untreated plant (aqueous continuous). 

 
Under aqueous continuity, a significant impact of the additive was observed in terms of PDTs, which 
were approximately three times higher for the additive-treated plant compared with the untreated 
plant, as shown in Figure 10. The slower PDT in the additive-treated plant led to a larger aqueous 
dispersion in the settler, which increased aqueous entrainment; however, PDT returned immediately 
to the baseline level after discontinuing additive addition. 
 

 
Figure 10: Aqueous-continuous phase disengagement times for E1. 

 
Although the organic-continuous PDT for the additive-treated plant was also slower than the 
untreated plant, there was no impact on organic dispersion throughout the settler or on either 
aqueous or organic entrainment. Additionally, there was no difference to PDTs, dispersion depths, 
aqueous entrainment, or organic entrainment of the strip stages. This was expected as the additive 
does not accumulate in the organic phase, as suggested by interfacial tension measurements in Figure 
11. 
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Figure 11: Loaded organic interfacial tension. 

 
Metallurgical Performance 

To evaluate the additive’s impact on metallurgical performance, copper recovery and selectivity were 
measured for E1 and E2. Copper recovery was consistent between trains, suggesting the additive was 
not impacting Cu transfer (Figure 12). 
 

 
Figure 12: Copper recoveries for E1 and E2 stages. 

 
From a copper vs. iron selectivity standpoint, the additive did not show any negative impact on 
Cu:Fe selectivity, as per Figure 13. 
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Figure 13: Cu:Fe selectivity. 

 
 
CONCLUSION 

 
Side-by-side pilot trials conducted at laboratory scale and at large scale both demonstrated Solvay’s 
additive ability to reduce crud formation in copper SX. Under organic continuity, crud depth 
measurements indicated a 4–5 times reduction in crud formation. 
 
The addition of the additive showed limited impact to physical and metallurgical performance when 
operating extract stages in organic continuity, which is the preferred continuity at this point. 
Increased PDT under organic continuity was minimal and did not impact dispersion band depths nor 
aqueous-in-organic entrainment. 
 
Dosing the additive under aqueous continuity presented challenges. Slower PDTs caused increased 
dispersion in the settler and resulted in increased aqueous-in-organic entrainment; however, physical 
performance was restored when dosing was turned off. For application in the plant, dosing could 
therefore be interlocked with conductivity measurements in the mix box, allowing automatic control 
of overdosing based on plant continuity. 
 
Testing confirmed that the additive remained in the aqueous phase (leaving in the circuit with the 
raffinate) and did not build up in the organic nor transfer to the strip stage. Testing to date suggests 
the need to operate under organic continuity; however, more trials will be conducted to conclusively 
determine aqueous-continuity performance. 
 
Overall, initial testing of Solvay’s new additive suggests an encouraging solution to one of the most 
common and vexing issues in copper SX operations worldwide. Next steps include conducting 
additional large-scale pilot trials with high solid feed solutions to verify current results. Aqueous-
continuity challenges will also be addressed to understand the versatility to the SX application. 
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