This practical will investigate the chemistry of the extraction process and in particular look at the capacity of a solvent
extraction reagent to remove copper ions from an aqueous “leach” solution at various loaded capacities.

The process of producing metals from ores generally involves three stages, namely:

Preparation of the ore by crushing to expose the valuable mineral. In some processes, the crushed ore is sent directly
to the next stage of processing, usually a chemical process. In other processes, the aim is to reject as much waste
material as possible and send only the valuable components to the next stage of processing. In the case of low grade
copper (0.1-0.5 wt% copper) the ore is typically crushed to a particle size of less than 100mm, and then sent to
further processing.

The second stage involves the extraction process. In recent years, with the increase in world price for copper, heap
leaching is now used widely even on very low grade copper oxide ores which in the past have not been economic to
operate. This process involves stacking the crushed ore into large heaps (often one million tonnes) and “washing” the
stockpiles of crushed ore with dilute sulphuric acid solution. This dissolves the copper as copper sulphate.

The final step involves the recovery of the metal which takes place in two stages; solvent extraction to purify and
concentrate the leached solution, followed by electrowinning. It is the first of these stages, solvent extraction, which
this practical aims to investigate.

The objectives of the solvent extraction process are (i) to purify the solution and (ii) produce a more concentrated
solution of copper ready for electrowinning. The heap leaching process produces only low concentrations of copper
in the aqueous copper solutions (around 2 g/L Cu) (0.03M) which is too weak a solution for successfully
electrowinning of the copper metal. In order to achieve satisfactory and economical deposits, the concentration of
copper in the electrolysis solution needs to be around 50 — 70g/L Cu (0.8 — 1.1 M). Also, the leach solution contains
dissolved iron as well as copper and the solvent extraction process prevents the iron from reaching the
electrowinning stage.

The actual solvent extraction process (SX) involves two steps — transferring the dissolved copper from the leach
solution into a second (organic) phase, then reversing the reaction and transferring the copper from the organic
phase into the electrowinning solution. The organic phase consists of a synthetic organic molecule (the extractant)
dissolved in a low volatile kerosene solvent.

The leach solution (known as Pregnant Leach Solution or PLS for short) and the organic phase are mixed vigorously
for a short period to extract copper ions (but not Fe ions) from the aqueous layer and dissolve them in the organic
layer. The vigorous mixing increases the surface area of contact between the aqueous and organic phases, so
increasing the overall rate of reaction and hence reducing the time required to reach chemical equilibrium.
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So how does this extractant molecule do this? The structure of one such molecule is shown below (figure 1).
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Figure 1: beta-hydroxy-benzophenone oxime Figure 2: chelated species ing copper position

The extraction of copper occurs when the PLS containing copper at a concentration of about 2 g/L, is mixed with the
organic solution containing the extractant. When the extractant molecules come in contact with copper cations they

form a complex called a chelate, as shown in figure 2.

The chemical reaction which forms the chelated species does not go to completion but is, in fact, an equilibrium
system. A simplified representation of what occurs can be described as:

Extraction

Cu@g + 2RHorg S RiCUorg + 2H'ag)
Where:
Cu®*aq = copperin PLS

RHeorg = extractant molecule
R2Cuiorg) = chelated species
H* (aq) = acid in copper depleted aqueous layer now called the raffinate solution

The chelated species is soluble in the kerosene and not in the aqueous layer so when the two immiscible liquids are
allowed to settle and separate out, the raffinate can be siphoned off, leaving behind the organic phase that is
somewhat enriched in copper. If the organic phase is mixed again with fresh PLS even more copper cations can be
chelated, further enriching the organic phase with copper. Sufficient contacting steps are undertaken to ensure that
the organic phase is “loaded” to optimum capacity with copper.

This extraction process serves to:

separate the copper ions from the ions of other metals that are present in the PLS since the extractant

molecules are selective for copper ions;
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increase the concentration of copper ions in the organic solution.

You will note that there will always be some copper in the final raffinate solution (due to the chemical equilibrium) —
i.e. there can never be 100% recovery of the copper in the PLS.

What remains to be done next is to return the copper ions to an aqueous phase before electrowinning. This step is
known as Stripping and uses knowledge of the equilibrium system above and Le Chatelier’s Principle to return copper
cations to an aqueous phase:

Stripping
R:CUory + 2H'ag S Cu™@g +  2RH(org

By mixing the “loaded” organic phase with another aqueous solution with a low pH (usually a sulphuric acid
solution) the equilibrium will shift to favour dissolution of copper ions in the aqueous solution and the reforming of
the extractant molecule in the organic solution. The now stripped organic solvent can then be returned to the start of
the process to extract more copper.

When used as an industrial process, the extraction and stripping processes are undertaken as a continuous steady
state system, with PLS being fed into the extraction process at one end and a concentrated copper solution emerging
at the other end ready for electrowinning. The extraction phase of the process is undertaken in several stages, each
stage further enriching the organic solution with copper, just as you will do in the prac. The stripping phase is also
undertaken in several stages, progressively depleting the organic phase of copper and enriching the electrowinning
solution with copper.

To recover the copper with an increased concentration in the aqueous phase ready for electrowinning:

A high concentration of sulphuric acid is required in the solution (typically 200 g/l ) to reverse the chemical
equilibrium

Only one tenth of the volume of aqueous solution is used.

Concentration of Cu in the electrowinning solution = concentration of copper in the leach solution x (vol ratio of
leach solution/strip solution)

=2.5g/Ix10/1 =25g/l

On a commercial scale it is important to optimise the balance between the overall fraction of the copper recovered
and the capital cost of the plant. The more stages of extraction and stripping the higher will be the overall recovery
of copper — but at the expense of higher capital cost for the plant. Where is the optimum balance?
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Industry Application
In this prac you will not be able to find the optimum balance between recovery and capital cost, but you will be able

to gain some insight as to how many extraction stages would be required to fully load the organic phase with copper.
In fact, chemists and metallurgical engineers use extraction tests, exactly as you will in this prac, to collect extraction
data for varying conditions that may be encountered in the industrial process and to construct extraction isotherms,
just as you will. The chemists and metallurgical engineers then use these isotherms to determine the optimum
number of stages for the extraction and stripping stages and to determine how large the reactors need to be to.

This practical will investigate the chemistry of the extraction process and in particular look at the capacity of a solvent
extraction reagent to remove copper ions from an aqueous “leach” solution at various loaded capacities.

Syllabus Key Concepts and Ideas: S2 -.5; R1-.3; R3-.4; R4-.1,.2,.3; R5-.3,.4

Points to note/observe:
The leach solution at the end of the first one or two extractions is very pale blue or even clear —i.e. essentially all of

the copper is being transferred to the organic phase

The solution at the end of the following extraction stages are progressively bluer —i.e. the amount of transfer is
restricted by the equilibrium set up by the copper already in the organic phase

Even after five extractions, the copper concentration in the organic phase is still increasing —i.e. the there are still
some bonds on the solvent extraction reagent that have captured a copper ion, i.e. the organic phase is not yet fully

saturated.

After the fourth and fifth extraction, you may notice the drops of organic phase do not coalesce as easily as they did
for the first extraction. The copper ions actually alter the surface properties of the drops (increase the surface
tension) so that they cannot coalesce as easily.
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Aim: To gain an understanding of the chemistry involved in solvent extraction of copper by an organic reagent, and

To obtain experimental data in order to construct an extraction isotherm that could be used to design an industrial
sized plant.

Equipment & Chemicals:

1 x 500 mL separating funnel

1 x 100 mL measuring cylinder

6 x 250 mL plastic bottles

200 mL of 10 % Acorga M5774 solvent extraction reagent in kerosene
1.5 litres of “leach solution”

To obtain the required solvent extraction chemical (Acorga solvent extraction reagent No.M5774) and MSDS e-mail
Bernhard Black Laboratory Technician Chemical and Metallurgical Engineering Program School of Engineering The
University of Queensland e-mail:

The following will need to be on hand copper sulphate, sulphuric acid, kerosene — preferably one with no colorant
added, but kerosene from a hardware store will do, distilled water.

Procedure: This procedure loads the organic phase to saturation with Cu2+ by means of cross-current loading.

Place 200 mL of the prepared solvent extractant in the 500 mL separating funnel

Measure and record the pH of the leach solution

Add 200 mL of the leach solution

Shake vigorously for 2 minutes

Allow the phases to separate (at least one minute)

Drain the aqueous phase into a suitably labelled plastic bottle. Care must be taken to ensure that all the
aqueous but none of the organic is drained into the plastic bottle.

Measure and record the pH of the extracted aqueous phase

Repeat steps 3 — 7 with the same organic solution but fresh aqueous leach solution for a further 5 extractions
(i.e. 6 extractions in total)

Measure the copper ion concentration remaining in each of the aqueous layer samples. See note below for
methods to do this.

Report results in Table 1.

Construct an extraction isotherm using the data in the table by plotting the copper concentration in organic
layer (Y axis) against copper concentration in aqueous layer (X axis).

NOTE: In order to assess this one of the following methods could be performed:
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Method 1: Using a colorimeter
Firstly to make up standard solutions by adding 25, 50, 75, 100, and 150 mls of leach solution to a series of beakers

(or other receptacles). Make each solution up to 200 mls. This will give comparison solutions with 12.5, 25, 37.5, 50,
and 75% of the copper concentration in the leach solution.

Using a wavelength of around 625 nm measure the absorbance of each of these solutions. Draw a Beer-Lambert
curve and use this to gauge the copper concentrations of each sample.

Method 2: Using “eye colorimetry”
Make up the four standard solutions as above. Ensure all samples (the standards and the test samples) are placed in

identical test tubes. By holding each sample up to the light alongside the standards a good approximation of the
copper ion concentration can be made.

Method 3: Using Cementation to assess copper content.

The cementation process refers to the displacement of copper ions from solution by iron. For each sample measure
the volume of the aqueous layer removed from the separating funnel. Place a clean mild steel nail into the sample
and allow to sit overnight. After 24 hours, carefully scrape and wash copper deposit into a weighed filter paper. Dry
in oven overnight and re-weigh to determine mass of copper.

Results:
TABLE 1: Copper ion concentration in each layer for the six extractions

Agqueous [Cu?]in aqueous layer after extraction | [Cu?]in Solvent extractant after

Sample (g/L) extraction (g/L) pH of aqueous sample
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Discussion and Processing of Data:
1. Calculate the Cu concentration in the organic phase at the end of each extraction in the following manner:

For the first extraction — mass (g) M of copper transferred to the organic phase = [(conc of copper at the start of
extraction 1, g/L) — (conc of copper at the end of extraction 1, g/L) x litres of aqueous phase being extracted

Concentration of copper in the organic phase at the end of first extraction = conc of copper at the start of extraction
1 + concentration increase due to the transfer of M gms of copper (i.e M/litres of organic phase)

Repeat the same set of calculations for the next four extractions

Plot the extraction isotherm.

QRC wishes to acknowledge the collaborative efforts of Bob Hannah Senior Lecturer, Chemical and Metallurgical
Engineering Program, School of Engineering, The University of Queensland and Rick Morrow Science Head of
Department of Queensland Minerals and Energy Academy school Marist College Ashgrove in the preparation of this
experiment.
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