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A Copper Production Process
Copper Leaching, Solvent Extraction and Electrowinning
Experimental Procedures
and Student Results
Student name: ________________________
EXPERIMENT 1

Copper Leaching and Titration

Your presenter will demonstrate how the copper leaching process occurs.  A sample of primary leach solution will be obtained by your group for the purposes of copper titration.  The copper titration method will be demonstrated to the class.
AIM 
To determine the copper content of the leach and solvent extraction solutions.

REQUIREMENTS FOR TITRATION
(
50 ml burette in a retort stand

(
10 ml pipette and pipette filler

(
2 x 250 ml flasks
(
0.031 M solution sodium thiosulfate (Na2S2O3)

(
potassium iodide 
(
vitex (starch) 
· primary leach solution (CuSO4)

PROCEDURE

1. Fill the burette with sodium thiosulphate (Na2S2O3) solution.

2. Take initial reading off the burette (T1).

3. Pipette 10 mL of primary leach solution (CuSO4) into a 250 mL flask.

4. Use a spatula to add a small amount (approximately the size of a pea) of potassium iodide (KI) crystals and swirl to obtain a yellow/ brown colour.

5. Titrate with sodium thiosulphate solution to a pale yellow milky colour.  Add one small spatula of vitex (starch) and swirl to obtain a deep blue-black colour.  Continue to titrate until the blue-black colour disappears and the solution is a milky white colour. This is the end point.

6. Take final burette reading (T2).  Enter your results in the table below.  
RESULTS FROM EXPERIMENT 1-  COPPER TITRATION 

	Titration
	Burette Reading
	Volume 
	Copper Concentration
	Copper Concentration

	
	Initial (T1) (mL)
	Final (T2) (mL)
	mL
	(g/L)
	(M)

	1


	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	


Shortcut Calculation to Determine Copper Concentration   Copper g/L = (T2 – T1) ml x 0.2 g / (L)                     (see Page 3- Example Calculation)                                                                                                                                                       [Cu] M   (Molar concentration) = [Cu] in g/l                                                                                                                 
                                             (63.5g/mol)  (molecular weight, molecular mass)
              EXAMPLE CALCULATION AND CHEMISTRY FOR EXPERIMENT 1

Reduction-Oxidation (Redox) Titration
(Based on a volume of CuS04 of 10 mL, a titre of 10 mL of Na2S203 would be expected)

Step 1

Stoichiometric Equation
 2 CuSO4   +    4 KI   (  2 CuI(s)  +  I2 +  2 K2SO4(aq) 

Ionic Equation


2 Cu2+      +      4 I-    (   2 CuI(s)  +  I2
Step 2
Stoichiometric Equation     2 Na2S2O3(aq)   +  I2   (  2 NaI(aq)   +  Na2S4O6(aq)

Ionic Equation                   2 S2O3 2-              +  I2   (  2 I-             +  S4O6 2-
Ratios                                CuSO4            :     I2             :      Na2S2O3

                            2                  :     1              :         2
Therefore                          Cu2+                 :             Na2S2O3
                                           1                      :                   1

Information you need:

Volume of Na2S2O3 used              = 10 mL (not in correct units)

                                                      = 10 X 10 -3 L (converted to correct units) 

Concentration of Na2S2O3 used    = 0.031 mol L-1 (0.031 M)

Volume of CuSO4                         = 10 mL (not in correct units)

                                                      = 10 X 10 -3 L (converted to correct units) 

Concentration of CuSO4               = you have to find by calculation.

i)
Moles Na2S2O3   =     Concentration of Na2S2O3 (mol L-1) x Volume of Na2S2O3 (L)

=
0.031 mol L-1 x 10 X 10 -3 L (litres can cancel out)

=
0.31 x 10 -3 mol

=
3.1 x 10 -4 mol

ii) Moles of CuSO4
From the ratio, for every one mole of Na2S2O3 that was used up, one mole of CuSO4 was present.  Therefore, 3.1 x 10-4 moles of CuS04 were present.

iii) Concentration of CuSO4 (mol L-1)
       ( moles of CuSO4 ( volume CuSO4 in litres

(3.1 X 10-4 mol   (   10 X 10 -3 L

(0.031mol L-1 (0.031 M)

iv) Concentration of copper (g L-1)
       (  concentration.Cu2+ (mol L-1) x molar mass (g mol-1)

(  0.031 mol L-1 x 63.5 g mol-1 (cancel units)

(
1.97 g L-1 (  2 g L-1
Our results show that 10 mL of sodium thiosulphate (Na2S2O3) reacts with 10 mL of a       2 g L-1 solution of copper ions for every 1 mL of thiosulphate used, the copper concentration increased by 0.2 g L-1.  That is:


Concentration of Cu2+ g L-1
  ( titre mL      x  0.2 g L-1 mL-1 (units of mL cancel)


Cu2+ g L-1
       ( [(T2 – Tl)  x  0.2] g L
Alternative Methods of Measuring Copper Concentration

Visible Spectroscopy
Visible spectroscopy is a method of chemical analysis involving light.  You will have observed that a more concentrated solution of copper sulphate is a deeper blue colour than a less concentrated solution.  This is because the copper sulphate solution absorbs red light and reflects blue light. The more concentrated the solution, the more red light it absorbs and the bluer the solution appears.

A visible spectrometer is an instrument which measures exactly how much light of a particular wavelength (or colour) is absorbed by a solution.  This measurement can then be compared to the amount of light absorbed by solutions of known concentration.  The concentration of an unknown solution can be determined as there is a direct relationship between absorbance and concentration of a solution (Beer-Lambert’s Law).
You are going to use this process to determine the copper concentration of the primary leach solution from Experiment 1.
AIM   To compare the concentration of a primary leach solution (CuSO4) obtained by copper titration with a result obtained by spectrophotometric means.
REQUIREMENTS

(
10 ml primary leach solution 

(
50 mL syringe

(
Swinex filter loaded with filter paper
(
cuvette

The NQSEC presenter will show you how to use the spectrophotometer to obtain a copper concentration reading as a class exercise.
RESULTS- Spectrophotometric Determination of Copper Concentration
	Copper Standards (g/L Cu)
	Absorbance reading (at 700 nm)

	0
	

	1
	

	2
	

	3
	

	4
	

	5
	

	Primary Leach solution
	


Graph to calculate copper concentration of primary leach solution using absorbance readings from a spectrophotometer.
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Copper concentration of primary leach solution using spectrophotometer=

Copper concentration of primary leach solution using titration=

Analysis of Results from Experiment 1
Copper Leaching
1. Describe any changes in the colour of the solution upon contact with the "ore."
2. Describe any changes in the colour of the solution (ie. did it become darker or lighter) as the experiment progressed.

3.  What might have caused the colour of the solution to change?

Copper Titration               
4. 
Calculate the percentage of copper recovered from the "ore" into the primary leach solution (use the information given below).

Molar mass

CuSO4.5H20 = 249.6 g mol-1 

Cu = 63.5 g mol-1

Initial weight of copper sulphate in "ore" = 15.70 g
Initial weight of copper in "ore" =15.70 g x 63.55 g mol-1 = 4.0 g 

                                                            249.68 g mol-1
From your Data calculate

Total weight of copper in primary leach solution

= initial volume of water (L) x copper concentration (g L-1)

= 2.0 L x          g L-1 

=            g


Copper recovery to solution 
                       = total weight of copper in solution (g) x 100

                          initial weight of copper in "ore" (g)

=
            g x 100 

              4.0 g

=                   %
5. 
The “ideal” result for this process would be 100% recovery of copper. List some reasons why you did not achieve 100% copper recovery?

6. 
Given that leaching is only the first of three main processes, how will this affect the overall recovery of copper? Assume each process is 90% efficient in your explanation.
7.          Are the copper concentration values for your titration method and the spectrophotometric method the same?  If not, explain why they are different?

Post Visit Class Discussion      (background information in Teacher Information Pack)
The following methods were investigated by taking samples of the primary leach solution at different time intervals.  The samples were analysed to determine how much copper had been leached into the solution.  

	Time Sample Taken
	Copper Concentration (g/L)

	
	A

Agitation Leaching
	B

Heap Leaching
	C

Vat Leaching
	D

In Situ Leaching

	1 minute
	1.16
	0.26
	3.42
	0.15

	2 mins
	1.73
	1.07
	6.76
	0.16

	3 mins
	1.98
	1.56
	0.89
	0.18

	5 mins
	2.00
	2.00
	0.45
	0.20

	10 mins
	2.00
	2.00
	0.00
	0.20


Examples of graphs using the various leaching methods are shown.
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7. Compare your leaching results with the results provided for other methods of leaching.  Where the results are different, suggest reasons why.
8. What is the most effective means of leaching?

9. Suggest why the most effective means of leaching is not always used in industrial applications.  
EXPERIMENT 2

Copper Solvent Extraction
AIM


To demonstrate the use of copper solvent extraction.

REQUIREMENTS
· 


primary leach solution from Experiment 1

· 
separating funnel (250 mL)

· 
measuring cylinder (100 mL)

· 
180 g 1-1 (1.8 M) sulphuric acid solution (50 mL)

· 
organic reagent (5% extractant M5640 in kerosene) (100 mL)

· 
100 mL conical flask

· 
50 mL conical flask

· 
safety glasses

PROCEDURE



Safety glasses must be worn

1. 
Check that the tap on the separating funnel is closed.  Pour the organic reagent into the separating funnel.

2. Measure out 100 mL of the primary leach solution from Experiment 1 and place in the separating funnel.

3. 
Seal the separating funnel and then agitate for 5 minutes.  Record any colour changes.

4. 
Allow the two phases to separate and drain the aqueous phase from the separating funnel into a 100 mL conical flask.  Retain it for further analysis.  This is referred to as the secondary leach solution (ie. after extraction).

5. 
Measure out 50 mL of 176 g L-1 sulphuric acid and place in the separating funnel.

6. 
Seal the separating funnel and then agitate for 5 minutes.  Record any colour changes.

7. 
Allow the two phases to separate and drain the aqueous phase from the separating funnel into a 50 mL conical flask.  Retain it for further analysis.  This is called the acid solution (ie. after stripping).

8. 
Drain the organic layer from the separating funnel back into its original container.  DO NOT WASH THE SEPARATING FUNNEL.
9. Conduct a copper titration on the two aqueous solutions collected (see procedure on page 2).  Record your results below.

RESULTS FROM EXPERIMENT 2–  SOLVENT EXTRACTION
Describe any colour changes for all aqueous and organic samples.

Extraction:
before mixing-

after mixing-

Stripping:
before mixing-


after mixing-

COPPER TITRATION RESULTS

	Sample
	Burette Readings (mL)
	Titration 

Volume (mL)
	Copper 
Concentration (M)
	Copper Concentration (g/L)

	
	Initial (T1)
	Final (T2)
	
	
	

	Secondary Leach solution (after extraction)
	
	
	
	
	

	Acid solution                  (after stripping)
	
	
	
	
	


SUMMARY TABLE (Including all titration results)
	Sample
	Copper Concentration (g/L)

	Primary Leach Solution (before extraction)
	

	Secondary Leach Solution (after extraction)
	

	Acid Solution (before stripping)
	

	Acid Solutionn (after stripping)
	


Analysis of Results from Experiment 2- Solvent Extraction
10. 
How many grams of copper were "extracted" (removed) from the original 100 mL of leaching solution?


eg initial conc (g/L) x solution volume (L) – final conc (g/L) x solution volume (L)

11. Use your result from Q2 to calculate what percentage of copper has been extracted.

12. 
How many grams of copper were "stripped" (transferred) into the acid solution from the organic reagent ?


eg final conc (g/L) x solution volume (L) - initial conc (g/L) x solution volume (L)

13. 
What is the total percentage of copper recovered through the solvent extraction process? Eg {(final amount of copper in strip solution  (  initial amount of copper in
 leach solution) x 100%}

14. 
Why is solvent extraction used after copper leaching?

                                    EXPERIMENT 3

Copper Electrowinning
AIM


To demonstrate the principles of copper electrowinning.

REQUIREMENTS

(
lead anodes (2)

(
stainless steel cathode

(
plastic container
(
variable current DC power source

(
copper sulphate

(
sulphuric acid

(
measuring cylinder

(
safety glasses

(
2 x 20 mL sample bottles

PROCEDURE
This experiment will be performed as a teacher demonstration.
1. 
Make up 2 litres of 45 g L-1 (0.7 M) Cu and 176 g/L (1.8 M) sulphuric acid.

                   Place solution into container.

2. 
Weigh the stainless steel cathode.  Record the weight.

3. 
Place the stainless steel cathode (-) between the two lead anodes (+) and ensure that the faces are aligned parallel.

4. 
Connect the DC power source, turn it on and adjust to 0.96 Amps. (This ensures a current density of 100 Amps m-2 ). Record the time at which power was turned on.

5. 
Leave running for 2 - 4 hours.  Check once every hour during this time as the Amps may have to be adjusted slightly.

6. 
Remove cathode and anodes.  Wash with water and allow to dry.

7. 
Weigh the stainless steel cathode with deposited copper.  Record the result.
8. 
Strip copper from stainless steel cathode and present to class.
RESULTS FROM EXPERIMENT 3- ELECTROWINNING OF COPPER
ELECTROWINNING RESULTS
Mass of stainless steel cathode =            


 
g

Mass of stainless steel cathode and copper cathode =          
 
g 
Mass of copper cathode deposited  =         



g

Current and Voltage readings from Electrowinning Setup

	Time
	Current
	Voltage

	Actual
	Calculated (hrs)
	(Amps)
	(Volts)

	
	0
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	Average:
	
	


Analysis of Results from Experiment 3- Electrowinning
15. 
Calculate the mass of copper that should theoretically have been deposited using:

Q = i x t,  where Q =  total charge (coulombs),  i = average current (amps) & 

 t = deposition time (s)

· In theory, 96,500 C deposits 0.5 mol copper.
16. 
Compare theoretical and actual copper deposited.

Current efficiency                =  actual mass Cu deposited              X 100

theoretical mass Cu deposited

                                               =              g x  100   =                 %

                                                              g

17. 
Why isn't the process 100% efficient?

18. 
Calculate the cell E0.  Why would the actual cell voltage be higher than this?

Cathode:
Cu++(aq) + 2 e- (   Cu0 (s)          
E0 = + 0.34 V

Anode:       
H20      (     1/2 O2 + 2 H+ + 2 e- 
E0 = - 1.23 V
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