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This paper covers the application of on-line analysis to copper solvent extraction and 
electrowinning processes. The utilization of on-line analysis in process control is also 
discussed. The goals and requirements for controlling leaching, solvent extraction and 
electrowinning process at Cobre Las Cruces hydrometallurgical copper plant in Seville, 
Spain, are discussed.  

 
 
INTRODUCTION 
 
An important method for hydrometallurgy is leaching a suitable raw material by a leaching agent. An 
effective separation process is needed to recover the valuable metals in the leach solution. Solvent 
extraction (SX) has become an important method for copper production (Rotuska and Chmielewski, 
2008). It is also an established method for extraction of nickel from low-grade laterite ores and cobalt 
from CoNi ores. 
 
The SX process starts after the valuable metal is leached into an aqueous solution called the pregnant 
leach solution (PLS). The PLS contains impurities, which have to be removed. The SX stage decreases 
the impurity content and concentrates the solution. A simplified flow sheet of a Cu process is 
presented in Figure 1. The metal ions are selectively transferred from the PLS to an organic solution 
and stripped back to aqueous solution. The stripped aqueous solution is called the rich electrolyte, 
which is fed to an electrowinning (EW) stage to produce copper cathodes. 
 

 
Figure 1: Simplified flow diagram of an LX-SX-EW process.
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Outotec has provided on-line analysers for minerals processing since the first installation of the 
Courier 300 wavelength-dispersive (WD) X-ray analyser in the Pyhasalmi flotation plant in 1969. The 
resolution of the WD spectrometers is generally in the order of 50–60 eV, while other commercial 
spectrometers, e.g., energy-dispersive (ED) detectors are generally in the range of 150–250 eV. The 
good resolution of the WD technology allows the analyser to distinguish between neighbouring 
elements, e.g., Fe, Co, Ni, Cu and Zn, which is generally difficult with the lower-resolution ED method 
(Jenkins et al. 1995). Although most of the Courier® analysers are installed in froth flotation plants, the 
first hydrometallurgical analyser was installed in Outokumpu’s copper refinery in Pori in 1981. Since 
then, on-line analysers have been applied to many hydrometallurgical plants, especially in SX. The 
new generation of Courier X-ray analysers have recently been introduced. The analysers contain 
several improvements in the electronics compared with the older generation of analysers.  
 
Cobre Las Cruces Operation 

The First Quantum Minerals Cobre Las Cruces (CLC) copper operation is located in Seville, Spain. The 
production phase of the mine started in 2009, while the project itself was started in 1992. The planned 
annual production of the plant averages 72000 t of London Metal Exchange (LME) Grade A copper. 
The copper grade in the ore from the open pit mine ranges between 3% and 7%. The copper is mainly 
associated with the mineral chalcocite. The copper extraction process was custom-designed for CLC 
needs by the Outotec research centre in Pori. The key to the process was the reactor leaching 
technology developed especially for the CLC ore. 
 
The ore is processed by atmospheric leaching in eight OKTOP® agitated reactors under conditions of 
high temperature and acidity. Oxygen is added to the reactors to oxidise Fe2+ to Fe3+. After leaching, 
the PLS is fed to SX. A simplified block diagram of the process is presented in Figure 2. In the SX step, 
the copper in the PLS is transferred to an organic phase, where it is further transferred to electrolyte 
solution, which is then fed to the EW stage.  
 

 
Figure 2: Cobre Las Cruces process block diagram. 

 
 
APPLICATION OF ON-LINE ANALYSERS TO THE PROCESS 
 
Pulp Analysers 
The grinding circuit of the plant is monitored using an on-line particle size analyser PSI500® based on 
laser diffraction. The particle size analysis of P80 and <38 µm of the cyclone overflow in the grinding 
circuit is important information for the plant operators to know how the milling circuit is performing. 
The pulp feed of the leaching is monitored using a WD X-ray analyser Courier 5 SL and is used to 
monitor the grades of Cu, Fe and Ca and solids content. The ore feed rate to leaching is controlled 
using the pulp Cu assays provided by the analyser to optimise the performance of the leaching stage. 
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Hydrometallurgical Analysers 
Clear process samples can be brought directly to the analyser under process pressure or gravity, or 
from a continuous flow in a fast loop. Process streams with solids can be clarified by specially 
designed filters or settlers. Each sample stream has its own filter to eliminate contamination. All 
samples are presented to the X-ray analyser or the titrator via an HXM clear sample multiplexer, 
which ensures rapid introduction of the sample without cross-contamination or crystallisation. 
 
The X-ray analyser, Courier 5 HX, is designed for use in mineral dressing and hydrometallurgical 
analysis applications. The analyser is used to measure Cu and total Fe content of the sample streams. 
It is equipped with a 35 W X-ray tube. The fluorescent emissions of the elements in the sample are 
separated by WD curved-crystal spectrometers, with a good signal-to-background ratio. Copper, for 
instance, can be detected down to 10 mg L−1 using the 35 W tube. For applications where a lower 
detection limit is required, a more powerful 200 W X-ray tube is available, reducing the detection 
limits by 10-fold.  The analyser can measure up to 24 process streams, with typically 30 seconds spent 
analysing each sample. A schematic diagram of the analyser system is presented in Figure 3. 
 

 
Figure 3: Schematic diagram of the hydrometallurgical analyser system. 

 
Some of the sample streams coming to the multiplexer are also fed to the on-line titrator, OTI 40, 
which is programmed to measure acid and Fe2+ concentration. All of the samples are analysed for the 
acid concentration, while the Fe2+ is measured from the leach reactor discharges, PLS and raffinate 
streams. The titration is generally more time-consuming than X-ray analysis, so the titrator will 
produce assay results roughly after every three X-ray assays. 
 
SX/EW Process Control Utilising the Analyser Data 

The aim of an SX/EW process is to obtain high purity commercial copper cathodes at a low cost. 
Usually the target requires some trade-off between a number of factors. These include the 
concentration of PLS, the flow and concentration of copper and contaminants in the organic phase, the 
degree of entrainment of organic in aqueous, the aqueous carry-over in organic, the consumption of 
reagents, the electric current stability and distribution, the time scheduling of cathodes and anodes 
changing, among others (Bergh et al. 2000).  
 
The main purpose of the analysers is to provide operators with a constant flow of data of the process 
conditions. The operators can then make substantiated decisions on how the process parameters 
should be adjusted or fine-tuned. It is also possible to use the analyser results automatically for 
process control. A flow diagram of the analyser data usage is presented in Figure 4. The goals and 
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benefits of applying the on-line analyser to different stages of the Cu SX/EW plant are summarised in 
Table I. In addition to the goals defined in the table, the benefits of on-line analysis include saving in 
laboratory costs and generation of an hourly production value. 
 

 
Figure 4: Diagram of how the analyser information is utilised in the process control. 

 
Table I: The goals and benefits of on-line analysis in Cu SX/EW process. 

Process stage Purpose of control 

Leach Optimised leaching of copper. Acid assays are used to control acid addition 
to the reactors. The Fe2+/Fe3+ ratio is used to control the oxygen addition to 
the leach. 
 

Solvent extraction Monitoring mass flow of copper so that the throughput can be optimised. 
Monitor disturbances in extraction or stripping. 

Washing organic Monitoring removal of impurities so that transfer of Fe is minimised. 
Reduced costs of replenishing aqueous circulation by reducing the need to 
bleed electrolyte and to make up washing solution with clean water or 
fresh acid. 
 

Electrowinning Lean electrolyte Cu content is a critical assay to set the EW current density. 
This helps to keep Cu cathode quality in the specifications. 

 
One of the most critical analysis points is the mass transfer of copper to the cathodes in the EW stage. 
At a certain current density, the diffusion of ions to the cathode increases to the maximum and cannot 
increase any further. This is called the limiting current density (ilim). In practice, much lower current 
densities are applied at some fraction of the ilim. The quality of the cathodes starts to decrease, 
becoming unacceptably rough, porous and impure beyond this point. This point is known as the 
critical current density (Ettel et al., 1975). As the Cu concentration in the electrolyte decreases, so does 
the critical current density. The EW process can be optimised by varying the current density based on 
the Cu concentration. 
 
Analyser Calibration and Performance 
A preliminary calibration of the Courier was done by injecting known samples to the sample cell and 
recording the X-ray pulses given by the analyser. A linear regression was made to correlate the pulses 
with the elemental concentrations. A final calibration of the analyser was made by collecting several 
spot samples from the process and analysing them in the laboratory. The automatic titrator unit does 
not require calibration. The laboratory method for elemental analysis is by inductively coupled 
plasma optical emission spectroscopy (ICP–OES). A standard solution of potassium dichromate 
(K2Cr2O7) and sodium hydroxide (NaOH) are used for the titration of Fe2+ and acid in the laboratory, 
respectively. The Fe2+ titration is made using a Pt electrode with Ag/AgCl reference electrode. 
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Endpoint titration is used for the acid concentration in the electrolyte samples and a Gran plot is used 
for the acid in PLS and raffinate samples. 
 
The plant was equipped with the lower power X-ray tube analyser, as all of the measured samples 
have a relatively high grade of Cu and Fe. The lowest Cu grade is ~0.3 g L−1 in the second raffinate, 
and the highest Cu grade is ~55 g L−1 in the rich electrolyte. The higher power X-ray tube analyser 
would have not delivered substantial benefits in this case. Calibration data of the analyser in the lean 
electrolyte and primary PLS are presented in Figures 5(a) and (b), respectively. The σrel is the relative 
standard deviation between the analyser predicted values and the laboratory values. The relative 
standard deviation of the reference measurement is less than 1% for all elements. The accuracy of the 
Courier in all sample streams is presented in Table II. The R2 value is the coefficient of determination 
of the regression model of the analyser versus laboratory; the rel. σ is the relative standard deviation 
of the analyser values from the laboratory values; min. is the minimum concentration; max. is the 
maximum concentration and n is the number of samples. 
 

 
Figure 5: (a) Analyser versus laboratory results for Cu concentration in the lean electrolyte.  

(b) Analyser versus laboratory results for Cu concentration in the primary PLS. 
 

Table II: Analyser performance in the sample streams. 

Sample Cu  R2 
Cu rel. σ 

(%) 
Cu min. 

(g/L) 
Cu max. 

(g/L) 
Fe       
R2 

Fe rel. 
σ (%) 

Fe min. 
(g/L) 

Fe max. 
(g/L) 

n 

Leach feed tank 
discharge 0.941 4.9 7.2 20.0 0.942 5.2 19.2 42.0 32 
Reactor 1 
discharge 0.979 5.4 2.8 29.0 0.923 3.9 25.2 50.0 49 
Reactor 7 
discharge 0.875 4.0 19.8 26.6 0.870 3.5 25.3 39.8 32 
Raffinate to 
leaching 0.993 5.8 0.8 13.7 0.797 3.0 29.8 38.6 71 

Primary PLS 0.987 5.0 4.9 27.8 0.970 7.3 10.1 38.9 41 

Secondary PLS 0.966 5.8 4.6 16.3 0.892 4.7 15.5 26.2 41 
Secondary 
raffinate 0.969 13.6 0.1 2.6 0.955 6.9 2.3 29.7 66 

Rich electrolyte 0.927 5.6 22.3 50.3 0.907 11.7 0.9 3.6 81 

Lean electrolyte 0.926 5.8 16.7 41.8 0.960 10.0 0.2 3.4 88 
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CONCLUSIONS 
 
The need of on-line monitoring and control brings many benefits to SX/EW processes, as 
demonstrated in the field installation. The benefits of applying an X-ray analyser and titrator in the 
SX/EW plant include optimisation of the leaching process; reduction of acid consumption in the 
leaching; monitoring of Cu mass balance in real time; savings in laboratory costs and optimising the 
EW process while maintaining the cathode quality. 
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