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Executive Summary 

A solution, representing a product of the KSM two-stage counter-current (CCD) washing of the cyanide 

leach residue (‘Wash Water’ sample, approximately 20L), was received for preparation of the feed 

solutions for testing. The test program had originally been established to evaluate hydrogen peroxide and 

activated carbon as the treatment methods for producing treated solutions meeting the target of <0.5 

mg/L CNWAD and Cu. The program was later modified to include other treatment methods in an attempt to 

achieve the target level of cyanide and copper in the final discharge solution. 

Testing was conducted on the Wash Water sample as received and on three solutions from diluting the 

Wash Water sample with gypsum saturated water to approximately 90 mg/L (Solution A), 5 mg/L 

(Solution B), and 2 mg/L (Solution C) copper to simulate polishing treatment of the tailings pond effluent.   

Solution A (104 mg/L CNWAD, 88 mg/L Cu) responded reasonably well to treatment using the SO2/Air 

method. Conducting the test at pH 8.5, 1 hour retention time, using 4.8 g SO2 per gram CNWAD produced 

treated product containing 1 mg/L CNWAD and 2 mg/L Cu.  Contacting the SO2/Air solution product with 15 

g/L fresh activated carbon reduced the residual CNWAD and Cu to <0.5 mg/L. Treating the SO2/Air solution 

product with ferrous sulphate, at approximately 11 moles Fe per mole Cu, also successful in attaining the 

target <0.5 mg/L residual CNWAD and Cu. However, treating the SO2/Air solution product with NaSH, at pH 

3 and 120% of the stoichiometric requirement of NaSH, was unsuccessful in reducing the Cu 

concentration in solution to below 0.5 mg/L. 

Cyanide destruction testwork using hydrogen peroxide was conducted on Solution B (5.4 mg/L CNWAD, 

4.9 mg/L Cu) to evaluate the use of this reagent for polishing treatment of solutions containing low levels 

of cyanide and copper. The results indicated that treating Solution B with approximately 10 times the 

stoichiometric required of H2O2 was successful in reducing the concentrations of CNWAD and Cu in 

solution to < 0.5 mg/L.   

The possibility of polishing treatment of Solution B with NaSH was investigated using 120% the 

stoichiometric requirement of NaSH for the precipitation of Cu, and at two pH levels of 3 and 8.  However, 

both tests were unsuccessful in attaining the target <0.5 mg/L residual CNWAD and Cu.  

The use of fresh activated carbon for polishing treatment of solutions containing very low levels of CNWAD 

and Cu was investigated using Solution C (2 mg/L CNWAD, 2.1 mg/L Cu). Treating Solution C in a fluidized 

bed column, at a solution flowrate of 10 carbon bed volume per minute and a solution to carbon mass 

ratio of 1988, reduced the Cu concentration from 2 mg/L to <0.5 mg/L. However, the effluent still 

contained 0.79 mg/L CNWAD. Passing the solution through the same carbon bed a second time reduced 

the CNWAD to <0.5 mg/L.   
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Direct treatment of the Wash Water (176 mg/L CNWAD, 145 mg/L Cu) was evaluated using a combination 

of SART (Sulphidization, Acidification, Recycling of precipitate, and Thickening of precipitate) precipitation 

of copper sulphide and AVR (Acidification, Volatilization of HCN gas, and Reneutralization) recovery of 

cyanide, followed by polishing treatment of the AVR barren solution.  Conducting the SART treatment at 

pH 3 using 120% of the stoichiometric requirement of NaSH followed by AVR of the SART solution 

product produced an AVR barren solution containing 14 mg/L CNWAD and 0.5 mg/L Cu.  Selenium 

appeared to precipitate during AVR processing of the SART solution product.  This finding should be 

confirmed in future testwork for possible use in controlling the selenium level in plant solutions.   

Polishing treatment of the AVR barren solution was evaluated using the Caro’s acid and the hydrogen 

peroxide methods.  Treating the AVR barren solution with 5 times the stoichiometric requirement of 

Caro’s acid resulted in near complete removal of Cu and thiocyanate. However, the test was 

unsuccessful in reducing the CNWAD level to the target <0.5 mg/L.  

The AVR barren solution responded well to polishing treatment using 10 times the stoichiometric 

requirement of H2O2.  The CNWAD and Cu concentrations were reduced to <0.5 mg/L.     

In summary, the testwork has demonstrated the effectiveness of peroxide polishing treatment by 

simultaneously reducing the concentrations of both copper and CNWAD in solution to the target <0.5 mg/L.  

Polishing treatment of SO2/Air treated solution product with fresh activated carbon and ferrous sulphate 

were also successful in achieving the target <0.5 mg/L CNWAD and Cu in solution.  

Feed/ pH/ NaHS H2SO4 SO2 Ferrous H2O2 Caro's
Treatment Method pH Add. Add. Acid CNT CNWAD CNS CNO Cu Fe Se

Target % g/g M/M Sol'n/C % %
Stoic. g/L CNWAD Cu g/L g/g Stoic. Stoic. mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Wash Water 7.7 - - - - - - - - 187 176 270 25 145 3.90 0.055
SART 3 3.0 120 0.43 - - - - - - 162 156 280 12 0.38 2.20 0.138
AVR on SART Sol'n 3.0 - 0.46 - - - - - - 42 14 261 <1 0.50 2.78 <0.001
Caro's Acid on AVR Barren 8.4 - - - - - - - 500 8.8 1.2 <2 94 0.10 1.86 0.051
H2O2 on AVR Barren 8.6 - - - - - - 1000 - 12.6 0.4 240 9.3 0.10 1.86 0.084

Solution A 8.1 - - - - - - - - 108 104 160 17 87.8 1.53 0.064
SO2/Air 8.7 - - 4.6 - - - - - 4.8 1 120 120 2.04 <0.05 0.084
Carbon on SO2/Air Sol'n 7.7 - - - - 5 200 - - 0.17 <0.1 44 110 0.45 <0.05 0.096
SART on SO2/Air Sol'n 3.0 120 0.50 - - - - - - <0.1 <0.1 90 24 0.80 - -
FeSO4 on SO2/Air Sol'n 6.0 - 0.012 - 11.2 - - - - <0.1 <0.1 88 130 0.07 <0.05 -

Solution B 8.1 - - - - - - - - 6.4 5.4 8.7 0.9 4.89 <0.2 -
Hydrogen Peroxide 8.0 - - - - - - 1095 - <0.1 <0.1 <2 8.5 0.14 <0.05 -
SART 3.0 120 0.028 - - - - - - 6.6 6.4 - - 0.60 - -

Solution C 7.8 - - - - - - - - 2.4 2.0 4.2 0.4 2.13 <0.2 -
Carbon in Column CIC 1 - - - - - - 1988 - - 0.78 0.79 2.9 0.4 0.40 <0.05 -
CIC 2 Using CIC 1 Sol'n - - - - - - 896 - - - 0.50 - - 0.20 <0.05 -

Fresh Activated
Carbon

Solution Analysis 
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Testwork Summary 

1. Feed Sample 

The solution, submitted for testing, representing a product of the KSM two-stage counter-current washing 

of cyanide leach residue (Wash Water) was received at the SGS Lakefield site on June 12, 2012, and 

given the SGS receipt number 0289-Jun12. 

A batch of gypsum saturated water was also prepared in the laboratory by agitating 80 g of industrial 

grade gypsum in 20L of deionized water overnight followed by filtration to remove the undissolved solids.  

This solution simulated gypsum saturated recycled stream. Three feed solutions having target copper 

concentrations of 90 mg/L (Solution A), 5 mg/L (Solution B), and 2 mg/L (Solution C) were prepared by 

diluting the Wash Water sample with gypsum saturated water.  A head sample was taken from each 

solution and submitted for chemical analysis.  The results are presented in Tables 1 (major 

elements/species) and 2 (multi-element ICP scan).  

Table 1: Feed Samples- Quantitative Analysis 

Wash
Water

90 mg/L 5 mg/L 2 mg/L
Solution A Solution B Solution C

CNT mg/L 187* 108* 6.4 2.4
CNWAD mg/L 176 104 5.4 2.0
CNO mg/L 25 17 0.9 0.4
CNS mg/L 270 160 8.7 4.2
Cu mg/L 145 87.8 4.89 2.13
Fe mg/L 3.9 1.53 <0.2 <0.2
Se mg/L 0.055 0.064 - -

*Calculated based on CN WAD  assuming that Fe present as ferrocyanide

Analysis

Water to Target Cu Conc.

Test Solution
Diluted with Gypsum Saturated
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Table 2: Feed Samples - ICP Scan  

Wash
Water

90 mg/L 5 mg/L 2 mg/L
Solution A Solution B Solution C

Fe mg/L 3.9 1.53 < 0.2 < 0.2
As mg/L <0.3 < 3 <0.3 <0.3
Ca mg/L 726 610 669 704
Ag mg/L < 0.08 < 0.08 < 0.08 < 0.08
Al mg/L < 0.2 < 0.2 < 0.2 < 0.2
Ba mg/L 0.012 0.012 0.008 0.007
Be mg/L < 0.002 < 0.002 < 0.002 < 0.002
Bi mg/L < 1 < 1 < 1 < 1
Cd mg/L < 0.09 < 0.09 < 0.09 < 0.09
Co mg/L < 0.3 < 0.3 < 0.3 < 0.3
Cr mg/L < 0.1 < 0.1 < 0.1 < 0.1
K mg/L 9 5 < 1 < 1
Li mg/L < 2 < 2 < 2 < 2
Mg mg/L 3.46 0.08 0.7 0.61
Mn mg/L < 0.04 < 0.04 < 0.04 < 0.04
Mo mg/L < 0.6 < 0.6 < 0.6 < 0.6
Na mg/L 499 502 18 7
Ni mg/L < 0.6 < 0.6 < 0.6 < 0.6
P mg/L < 5 < 8 < 5 < 5
Pb mg/L < 2 < 2 < 2 < 2
Sb mg/L < 1 < 1 < 1 < 1
Se mg/L < 3 < 3 < 3 < 3
Sn mg/L < 2 < 2 < 2 < 2
Sr mg/L 1.18 1.84 3.75 3.7
Ti mg/L < 0.02 < 0.02 < 0.02 < 0.02
Tl mg/L < 3 < 3 < 3 < 3
U mg/L < 1 < 1 < 1 < 1
V mg/L < 0.2 < 0.2 < 0.2 < 0.2
W mg/L < 2 < 2 < 2 < 2
Y mg/L < 0.02 < 0.02 < 0.02 < 0.02
Zn mg/L < 2 < 2 < 0.7 < 0.7

Test SolutionAnalysis
Diluted with Gypsum Saturated

Water to Target Cu Conc.

 

2. Metallurgical Test Program 

The objective of the test program was to investigate various treatment options to produce a final treated 

product containing less than 0.5 mg/L of residual Cu and CNWAD. Testwork was performed on the CCD 

plant Wash Water sample and on solutions prepared by diluting the CCD plant wash water with gypsum 

saturated water to target copper concentrations of 90 mg/L (Solution A), 5 mg/L (Solution B), and 2 mg/L 

(Solution C).  The overall test program is presented in Figure 1.  
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SART 4

 Carbon ads. 
Bottle roll tests

Caro's acid

H2O2                 

( H-3 and H-4)

Solution A

SART           
(SART1 & SART2)

Wash Water SART 3 AVR

SO2/Air         
CND 1

Solution C

Carbon Ads.      
(CIC 1 & CIC 2)

SO2/Air         
CND 3

Solution B
SO2/Air         
CND 2 

FeSO4             
Fe-1 and Fe-2

 Carbon ads. 
Bottle roll tests

H2O2                     

( H-1 and H-2)
 

Figure 1: Program Flowsheet 

2.1. Cyanide Recovery by SART and AVR Followed by Polishing Tests on Wash Water 

2.1.1. SART Precipitation of Copper 

The recovery of cyanide and copper from the Wash Water sample was investigated using the SART 

method in Test SART 3.  The test was conducted in a 3 litre glass kettle using 2 litres of feed solution.  

The copper was precipitated at pH 3 using 120% of the stoichiometric requirement of NaSH.  The results 

are presented in Table 3.   

Treating the Wash Water sample with SART was successful in reducing the copper concentration from 

145 mg/L to 0.38 mg/L.  The sulphuric acid consumption was 0.42 g/L feed solution. 

Table 3: SART Treatment on Wash Water Sample 

Test NaHS H2SO4

Target Final Add.
120% Add. CNT CNWAD CNS CNO Cu Fe Se
Basis
g/L g/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Feed (Wash Water) 7.7 - - - 187 176 270 25 145 3.9 0.055
SART 3 3.0 3.0 0.5 0.43 162* 156 280 12 0.38 2.2 0.138
*Calculated based on CN WAD assuming that Fe present as ferrocyanide

pH Solution Analysis 

 
 

2.1.2. AVR Recovery of Cyanide 

A 2 litre portion of the solution product from Test SART 3 was placed in a 2 litre airtight glass kettle.  Air 

was drawn through the solution at a flowrate of 2 L/min for 6 hours to purge the HCN into a glass 

scrubber containing a sodium hydroxide solution.  The solution was maintained at pH 3 using a dilute 



Seabridge Gold Inc. –– Project 12628-001 

SGS Minerals Services 

4 

sulphuric acid solution.  The cyanide concentration in the scrubber solution was monitored during the test.  

The results are summarized in Table 4 and the details of the test are included in Appendix A.   

Since the AVR feed contained very little Cu, the concentration of CNWAD was essentially the same as 

CNF, and was present as dissolved HCN in solution.  The residual CNWAD in the final AVR barren was 14 

mg/L.  The slow rate of volatilization of cyanide is attributed to the nature of laboratory batch testing.  

Large scale continuous AVR testing using stripper and adsorber columns would be required for the 

design of the AVR plant.  The amount of cyanide collected in the scrubber was equivalent to 64% of the 

CNWAD in the feed solution.  The low CN recovery in the scrubber was likely due to the loss of HCN during 

filtration of the acidic SART product to obtain filtrate for use as AVR feed.  The AVR feed contained 0.138 

mg/L Se while the AVR barren had <0.001 mg/L Se.  The final scrubber solution assayed only 0.003 mg/L 

Se, which was likely from the small amount of mist carried over to the scrubber during the 6 hour test.  

These findings suggest that Se might have precipitated during AVR.  This should be confirmed in future 

testwork as this process could potentially be used for control of Se level in plant solutions.    

The AVR sulphuric acid consumption was 0.46 g/L, and the amount of hydrated lime required for 

reneutralization of the AVR barren was 145 g/m3 solution.   

Table 4: AVR Test on SART Solution Product 
Test pH H2SO4 Lime Reactor Solution Composition Scrubber (1.5 L)

Added for Vol. CNT CNWAD CNS CNO Cu Fe NH3+NH4 Se CN % of
Cumu. Neutr. CNPicric as N Feed

CNWAD

g/L g/L mL mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg

SART 3 Solution 3.3 … … 2000 162* 156 280 12 0.38 2.2 15.5 0.138 … …
15 min 2.6 … … … … … … … … … 14 5
30 min 2.6 … … … … … … … … … 24 8
60 min 2.6 … … … … … … … … … 43 14
120 min 2.6 … … … … … … … … … 76 24
180 min 2.5 … … … … … … … … … 111 36
240 min 2.5 … … … … … … … … … 142 46
300 min 2.5 … … … … … … … … … 165 53
360 min 2.5 … … … … … … … … … 184 59
420 min 2.5 … … … … … … … … … 194 62
480 min 2.6 0.46 … 2000 42 14 261 <1 0.50 2.8 16.9 <0.001 200 64
Reneutralization 9.2 … 0.145 … … … … … … … … … …  

2.1.3. Polishing Test Using Caro’s Acid  

The use of Caro’s acid for polishing treatment of the AVR barren solution was evaluated using 5 times the 

stoichiometric requirement of H2SO5 based on CNWAD.  The Caro’s acid reagent was prepared in advance 

using a procedure provided by INTEROX (Appendix D). The required amount of Caro’s acid was added to 

500 mL of the AVR barren solution while stirring.  The solution was maintained at pH 8.8.5 with hydrated 

lime for 30 minutes before taking sample for analysis.  The results are shown in Table 5. 



Seabridge Gold Inc. –– Project 12628-001 

SGS Minerals Services 

5 

Treating the AVR barren solution with 5 times the stoichiometric requirement of Caro’s acid resulted in 

near complete removal of Cu and thiocyanate.  However, the test was unsuccessful in reducing the 

CNWAD level to the target <0.5 mg/L.  

Table 5: Polishing Test on AVR Barren Using Caro’s Acid 

 
Test Lapsed pH Lime EMF

Time Added Stoich. AgCl CNT CNWAD Cu Fe CNO CNS Se

min g/L % g/L mV mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Feed (AVR Barren) 2.4 … 180 42.1 14.3 0.50 2.78 <1 261 <0.001

Caro's acid 30 11.19 500 8.4 27.3 239 8.8 1.2 <0.05 1.54 94 <2 0.05

Solution CompositionH2SO5 25%

 

2.1.4. Polishing Tests Using Hydrogen Peroxide  

The polishing treatment of the AVR barren solution with hydrogen peroxide was investigated in two tests 

using 10 times the stoichiometric requirement of H2O2.  In the first test (Test H-3), 20 mg/L Cu (as copper 

sulphate) was added followed by the addition hydrogen peroxide.  The solution was maintained at 

approximately pH 8.5 with hydrated lime for 60 minutes.  A solution sample was submitted for analysis of 

CN and species of interest.  The second test (Test H-4) was carried out using the same procedure except 

copper catalyst was not used.  The comparative results are presented in Table 6.  

Treating the AVR barren with 10 times the stoichiometric requirement of H2O2 was successful in reducing 

the CNWAD and Cu to the target <0.5 mg/L.  Adding a copper catalyst was not beneficial as high CN and 

Cu were present in the test product.    

Table 6: Polishing Test on AVR Barren Using Hydrogen Peroxide  

 
Test Method Lapsed pH Lime Cu2+

EMF
Time Added AgCl CNT CNWAD Cu Fe CNO CNS Se

Added Stoich
min g/L % g/L mg/L mV mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Feed (AVR Barren) 2.5 214 42 14 0.50 2.78 <1 261 <0.001
Test H-3 Batch 60 0.19 1000 8.9 0.50 20 141 8.4 5.4 15.2 <0.05 30.0 270 0.087
Test H-4 Batch 60 0.19 1000 8.6 0.38 … 169 12.6 0.4 0.10 1.86 9.30 240 0.084

100% Basis
Solution CompositionH2O2 

 
 

   

2.2. SO2/Air Cyanide Destruction Followed by Polishing Tests on Solution A 

2.2.1. SO2/Air Cyanide Destruction 

Cyanide destruction testwork using sodium metabisulphite (as the source of SO2) and air was conducted 

on Solution A to generate product for polishing testwork.  In this process, the weak acid dissociable 

cyanide is oxidized to cyanate and copper precipitates as copper hydroxide.  Ferrocyanide is not oxidized 

in the process and instead is precipitated as mixed metal ferrocyanide precipitate:   
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2CN-  +  Na2S2O5  +  2O2  +  2OH-  →  2CNO-  + Na2SO4  +  SO4
2- +  H2O 

Cu2+ + 2OH-  →   Cu(OH)2 

Fe(CN)6
4-   +   2Cu2+   →  Cu2Fe(CN)6 (precipitate) 

Fe(CN)6
4-   +   2Zn2+   →  Zn2Fe(CN)6 (precipitate) 

Testing was carried out using a 1L reactor and hydrated lime slurry was used to maintain the solution at 

the desired pH level.  A batch test (CND 1) was conducted to produce a solution product with low residual 

cyanide for use as the starting solution for the first continuous test (Test CND 2).  The treated product in 

the reactor from one test was used as the starting material for the next test.   

The results are presented in Table 7.  The details of the experimental procedure and results are 

appended (Appendix B). 

Table 7: Cyanide Destruction Tests on Solution A Using SO2/Air 

Test Mode ReactorReten. Composition (Solution Phase) ProductCumulative Reagent Addition(1)

Vol. Time pH CNT CNWAD CNO CNS Cu Fe Se Vol. g/g CNWAD Fe(3)

(2) SO2 Lime Fe(3) mg/L
L min mg/L mg/L mg/L mg/L mg/L mg/L mg/L L Equiv. Feed

Feed (Solution A) 8.1 108 104 17 160 87.8 1.53 0.064 … … … … …
CND 1 Batch 1.0 60 8.5 … <0.1 … … … … … 4.75 3.66 … …
CND 2 Continuous 1.0 57 8.7 4.8 1 120 120 2.04 <0.05 0.084 3.4 4.61 2.60 … …
CND 3 Continuous 1.0 52 8.6 10.3 … 120 130 1.52 <0.05 0.059 0.9 5.14 5.04 0.004 0.4
(1)SO2 added as Na2S2O5

(3)Fe added as FeSO4
(2)by the Picric acid method …not analyzed or added  
 
Conducting the SO2/Air test at approximately pH 8.5, 1 hour retention time, 4.8 g SO2 per gram CNWAD in 

the feed (Test CND 2) reduced the concentration of CNWAD from 104 mg/L to 1 mg/L and copper from 

87.8 mg/L to 2 mg/L.   

Test CND 3 was carried out in an attempt to further reduce the residual copper in the SO2/Air product by 

adding a small amount of ferrous during the test to convert some of the residual CNWAD to ferrocyanide for 

precipitation of the residual copper as copper ferrocyanide: 

Fe2+   +   6CN-   →  Fe(CN)6
4- 

Fe(CN)6
4-   +   2Cu2+   →  Cu2Fe(CN)6 (precipitate) 

The results are included in Table 7.  Adding 0.004 g ferrous per gram CNWAD of the feed (0.4 mg/L Fe2+) 

during SO2/Air treatment appeared to have a positive effect in reducing the residual copper in the test 

product.  The residual Cu concentration in solution decreased slightly from approximately 2 mg/L (Test 

CND 2) to 1.5 mg/L.  However, the residual cyanide in the SO2/Air treated product increased with the 
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addition of ferrous to approximately 10 mg/L CNT.  Owing to the exhaustion of feed, Test CND 3 only 

operated for 1 reactor displacement (52 minutes) instead of the typical 3 reactor displacements for a 

standard SO2/Air test.  Therefore, these findings should be confirmed and the effect of higher dosages of 

ferrous should also be evaluated in future testwork.   

The two products from Tests CND 2 and 3 were used as feeds for polishing testwork using activated 

carbon, NaHS, and ferrous sulfate. 

2.2.2. Polishing Treatment Using Activated Carbon   

Carbon adsorption polishing tests were conducted on the two solution products from Tests CND 2 and 

CND 3.  The feed solution (approximately 300 mL) was placed in a glass bottle.  Fresh preattritioned 

activated carbon (Calgon GRC-22) was added and the bottle was placed on rolls for 24 hours.  Solution 

samples were taken during the test for copper analysis to determine the kinetics of copper adsorption.  

Three carbon concentrations of 5, 10 and 15 g/L were evaluated on each feed solution.  The results are 

presented in Tables 8 and 9 and plotted in Figures 2 and 3.  The details of the experiments are included 

in Appendix B. 

The results indicated that activated carbon could be used for the successful removal of residual copper 

and cyanide in SO2/Air treated solution products.  

Table 8: Carbon Adsorption Polishing Tests on Test CND 2 Solution 
Test

CNT CNWAD CNO CNS NH3 + NH4 Cu Fe Se
as N

Feed - CND 2 Solution 4.8 1 120 120 12.7 2.04 <0.05 0.084
5 g/L Carbon 0.17 <0.1 110 44 15.4 0.45 <0.05 0.096
10 g/L Carbon 0.05 <0.1 90 24 14.7 0.16 <0.05 0.055
15 g/L Carbon 0.02 <0.1 75 12 15.4 <0.05 <0.05 0.056

Solution Composition, mg/L

 
 

Table 9: Carbon Adsorption Polishing Tests on Test CND 3 Solution 
Test

CNT CNWAD CNO CNS NH3 + NH4 Cu Fe Se
as N

Feed - CND 3 Solution 10.3 … 120 130 17.2 1.52 <0.05 0.059
5 g/L Carbon <0.1 <0.1 96 42 43.6 0.42 <0.05 0.067
10 g/L Carbon <0.1 <0.1 78 21 40.0 0.06 <0.05 0.105
15 g/L Carbon <0.1 <0.1 65 13 35.5 <0.05 <0.05 0.060

Solution Composition, mg/L
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Figure 2: Carbon Adsorption Polishing Tests on CND 2 Solution – Cu in Solution 
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Figure 3: Carbon Adsorption Polishing Tests on CND 3 Solution – Cu in Solution 
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2.2.3. Polishing Treatment Using SART 

The possibility of polishing treatment of the SO2/Air product with NaSH was evaluated on Test CND 2 

solution.  The solution was treated at pH 3 using 120% of the stoichiometric requirement of NaSH (Test 

SART 4).  The results are presented in Table 10.  The test was unsuccessful in achieving the target 

copper concentration of <0.5 mg/L. 

Table 10: SART Polishing Test on CND 2 Solution 
Test NaHS H2SO4 Hydrated

Target Final Add. Conc. Lime CNT CNWAD CNS CNO Cu
120% Add. Add.
Basis
mg/L g/L g/L mg/L mg/L mg/L mg/L mg/L

Feed (CND 2 Solution) 7.7 - - - - 4.8 1 120 120 2.04
SART 4 3.0 3.0 2.0 0.5 0.45* <0.1 <0.1 90 24 0.80
* For reneutralization of solution product

pH Solution Analysis

 
 

2.2.4. Polishing Treatment Using Ferrous Sulphate  

The possibility of reducing the residual copper and cyanide from the SO2/Air treated product by the 

addition of ferrous sulphate was investigated using Test CND 2 solution.  Two ferrous sulphate levels of 

5.6 and 11.2 moles Fe2+ per mole Cu were evaluated.  The solution was maintained at approximately pH 

6 for 1 hour using a dilute sulphuric acid solution.    

The results are presented in Table 11.  The addition of ferrous sulphate at the dosage equivalent to 11.2 

moles Fe2+ per mole Cu was successful in removing the residual copper and cyanide to the required 

target of <0.5 mg/L.  

Table 11: Polishing Test on CND 2 Solution Using Ferrous Sulphate   
Test pH H2SO4

Target Amount Molar Conc. CNT CNWAD CNS CNO Cu Fe Se
Ratio

5.5-6.5 g/L Fe/Cu g/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Feed (CND 2 Sol'n) 7.8 4.8 1 120 120 2.04 <0.05 0.084

Test Fe-1 5.8 0.05 5.6 0.012 <0.1 <0.1 99 130 1.91 <0.05 0.056
Test Fe-2 6.2 0.10 11.2 0.012 <0.1 <0.1 88 130 0.07 <0.05 0.026

FeSO4•7H2O Solution Analysis

 

2.3. Peroxide Treatment of Solution B 

The removal of copper cyanide by oxidation with hydrogen peroxide was evaluated using Solution B.  In 

this method, cyanide is oxidized to cyanate by hydrogen peroxide under slightly alkaline condition 

according to the following reaction: 

CN- + H2O2 = CNO- + H2O 
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Testing was conducted using 500 mL of Solution B, and at two hydrogen peroxide dosages of 

approximately 10 and 20 times the stoichiometric amount based on CNWAD.  Following hydrogen peroxide 

addition, the solution was maintained at pH 8 with hydrated lime for 90 minutes.  Solution samples were 

taken every 30 minute during the test for analysis of residual cyanide and Cu.  The results are presented 

in Table 12.  

Treating Solution B using approximately 10 times the stoichiometric required of H2O2 (Test H-1) reduced 

the concentrations of CNWAD and Cu to <0.1 mg/L and 0.14 mg/L, respectively.  Doubling the H2O2 

dosage to approximately 20 times the stoichiometric amount based on CNWAD resulted in a further 

reduction of the copper concentration in solution to <0.05 mg/L.    

Table 12: Peroxide Tests on Solution B 
Test Method Cumu. Lime Solution Composition

Reten. added pH EMF CNT CNWAD Cu Fe CNO CNS
Time Added Stoich AgCl
min g/L % g/L mV mg/L mg/L mg/L mg/L mg/L mg/L

Feed (Solution B) 8.1 182 6.4 5.4 4.89 <0.2 0.9 8.7
Test H-1 Batch 1 0.08 1095 0.10 8.7 276 … … … … … …

30 8.1 242 <0.1 <0.1 0.07 … … …
60 8.0 234 <0.1 <0.1 <0.05 … … …
90 8.0 220 <0.1 <0.1 0.14 <0.05 8.5 <2

Test H-2 Batch 1 0.16 2190 0.20 8.7 … … … … … … …
30 8.0 213 <0.1 <0.1 <0.05 … … …
60 8.0 207 <0.1 <0.1 <0.05 … … …
90 8.0 206 <0.1 <0.1 <0.05 <0.05 7.9 <2

H2O2 

100% Basis

 
 

2.4. SART Removal of Copper on Solution B 

In the SART process, the addition of NaHS under acidic condition precipitates copper as copper sulphide 

and liberates cyanide as HCN in solution.  The possible reactions are presented below:  

Na2Cu(CN)3 + 0.5NaSH + 1.25H2SO4 = 0.5Cu2S + 3HCN(aq) + 1.25 Na2SO4 

CaCu(CN)3 + 0.5NaSH + 1.25H2SO4 + 2H2O = 0.5Cu2S + 3HCN(aq) + 0.25 Na2SO4 + CaSO4.2H2O 

 
Testing was conducted in a 1-L glass kettle using 500 mL of feed Solution B.  Mixing was provided with a 

magnetic stirrer.  The feed was adjusted to the required pH using a dilute (20%) sulphuric acid solution. 

The required amount of NaHS was added and the solution was maintained at the desired pH for 20 

minutes.  Following the test, a flocculant (Magnafloc 156) was added to assist the settling of the copper 

sulphide precipitate.  A solution sample was taken and filtered.  Sodium hydroxide was added to adjust 

the filtrate to above pH 11 to stabilize the cyanide before submitting the sample for analysis.  Another 

sample was then taken and adjusted with lime to approximately pH 10 to determine the lime requirement 

for reneutralization of the solution product. The test parameter was solution pH (pH 3 and 8) and the 

comparative results are shown in Table 13.  
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Conducting the SART test at pH 3 using 120% of the stoichiometric requirement of NaHS (Test SART 1) 

reduced the concentration of Cu in solution from 4.89 mg/L to 0.6 mg/L.   The sulphuric acid requirement 

was 0.028 kg/m3 and the hydrated lime consumption for reneutralization of the solution product was 0.15 

kg/m3. 

Carrying out the SART test under alkaline condition (Test SART 2 at pH 8) was ineffective.  The copper 

concentration only decreased from 4.89 mg/L to 3.61 mg/L.   

Table 13: SART Tests on Solution B 

Test NaHS H2SO4 Hydrated Solution Analysis
Target Final Add. Conc. Lime CNT CNWAD CNF Cu

120% Add. Add.
Basis
mg/L g/L g/L mg/L mg/L mg/L mg/L

Feed (Solution B) 7.5 - 6.4 5.4 <2 4.89
SART 1 3.0 2.9 2.8 0.028 0.15* 6.6 6.4 4 0.60
SART 2 8.0 8.2 2.8 - - NA NA <2 3.61
* For reneutralization of solution product
NA: not analyzed

pH

 

2.5. Carbon Adsorption Column Test on Solution C 

The objective of the testwork was to evaluate the efficiency of copper adsorption onto activated carbon in 

a fluidized bed column.  Testing was carried out using 5 gram of activated carbon (Calgon GRC 22) in a 

transparent glass column having an internal diameter of 15 mm.   The feed solution was Solution C at the 

natural pH of approximately pH 7.8.   

In a first test, the feed solution was pumped upflow through the carbon column, at a flowrate of 

approximately 50 mL/min for 200 minutes.  It was observed in the test that at this solution flowrate, there 

was insignificant expansion of the carbon bed and, therefore, no fluidization of the carbon bed was 

achieved.  Nevertheless, the test was allowed to proceed to completion.  The column effluent was 

collected in 30-minute portions (20 minutes for the last collection) for analysis of residual copper.  The 

results are presented in Table 14, and the details of the experiment are appended (Appendix C).  

The total volume of solution processed was 9.94 litres, which was equivalent to a solution-to-carbon mass 

ratio of 1988.   The results indicated that the test was successful in reducing the copper level from 2.13 

mg/L in the feed solution to below 0.5 mg/L in the treated product.   

The solution products from the first test were blended and a sample was taken for copper analysis.  A 4.5 

litre portion was used as feed for Test 2 to determine whether the loaded carbon from Test 1 could be 
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used to extract more copper from solution.  The solution was pumped upflow through the same carbon 

column but at a much higher flowrate of 300 mL/min in order to achieve a carbon bed expansion of 

approximately 78%. The results (Table 14) showed that it was possible to further reduce the copper 

concentration in solution from 0.3 mg/l to 0.2 mg/L by reprocessing Test 1 effluent through the same 

carbon bed.  

Table 14: Carbon Adsorption Column Tests on Solution C 
Test Lapsed Solution Flow Solution Composition Cu

Time Vol. Rate CNT CNWAD CNO CNS Cu Fe Removal

min L mL/min mg/L mg/L mg/L mg/L mg/L mg/L %
Feed (Solution C) 0 2.4 2.0 0.4 4.2 2.13 <0.2
Column Test 1 30 1.36 45 … … … … 0.22 … 90

60 1.44 48 … … … … 0.25 … 88
90 1.46 49 … … … … 0.26 … 88

120 1.46 49 … … … … 0.28 … 87
150 1.48 49 … … … … 0.28 … 87
180 1.48 49 … … … … 0.30 … 86
200 1.26 63 0.78 0.79 0.4 2.9 0.40 <0.05 81

Feed (Comp. of Test 1 Product) 0 … … … … 0.30 …
Column Test 2 15 4.48 299 … 0.50 … … 0.20 … 33
… not analyzed  
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Conclusions and Recommendations 

Laboratory testwork was conducted at SGS Minerals Services Laboratory in Lakefield, Canada, to 

investigate various treatment options for detoxification of the KSM plant cyanide leach residue CCD Wash 

Water.  Testwork was performing on the CCD plant Wash Water sample and on solutions prepared by 

diluting the CCD plant wash water with gypsum saturated water to target copper concentrations of 90 

mg/L (Solution A), 5 mg/L (Solution B), and 2 mg/L (Solution C).  The objective was to produce a final 

treated product containing less than 0.5 mg/L of residual Cu and CNWAD. 

The following conclusions can be drawn from the testwork: 

• Hydrogen peroxide was effective for polishing treatment of solutions containing low levels of 
copper and cyanide.  Treating Solution B (5.4 mg/L CNWAD, 4.9 mg/L Cu) using approximately 10 
times the stoichiometric required of H2O2 reduced the concentrations of CNWAD and Cu to < 0.5 
mg/L.   

• Activated carbon adsorption was also effective for polishing treatment of solutions containing very 
low levels of cyanide and copper.  Treating Solution C (2 mg/L CNWAD, 2.1 mg/L Cu) in a fluidized 
bed column, at a solution flowrate of 10 carbon bed volume per minute and a solution to carbon 
mass ratio of 1988, reduced the Cu concentration from 2 mg/L to <0.5 mg/L.  However, the 
effluent still contained 0.79 mg/L CNWAD.  Passing the solution through the same carbon bed a 
second time reduced the CNWAD to <0.5 mg/L.   

• Precipitation of low level of copper using NaSH was unsuccessful in reducing the cyanide and 
copper concentrations to the target <0.5 mg/L.   

• It might be possible to treat solutions containing moderate levels of cyanide and copper by a 
combination of SART precipitation of copper sulphide and AVR recovery of cyanide followed by 
polishing treatment to reduce the residual CNWAD and Cu in the AVR barren to below 0.5 mg/L.  
Testwork conducted on the Wash Water sample (176 mg/L CNWAD, 145 mg/L Cu) produced an 
AVR barren solution containing 14 mg/L CNWAD and 0.5 mg/L Cu.  Treating the AVR barren 
solution with 10 times the stoichiometric requirement of H2O2 based on CNWAD reduced the 
CNWAD and Cu levels to 0.4 mg/L and 0.1 mg/L, respectively.   

• It was observed during the testwork that selenium appeared to drop out of solution during AVR 
processing of the SART solution product.  This finding should be confirmed in future testwork.  

• It was also possible to use the SO2/Air method to treat solutions containing moderate levels of 
cyanide and copper to reduce the CNWAD and Cu concentrations to approximately 1 mg/L, 
followed by polishing treatment to achieve the target <0.5 mg/L CNWAD and Cu.  Testwork results 
indicated that treating Solution A (104 mg/L CNWAD, 88 mg/L Cu) with SO2/Air, at pH 8.5, 1 hour 
retention time, using 4.6 g SO2 per gram CNWAD produced treated product containing 1 mg/L 
CNWAD and 2 mg/L Cu.  Contacting the SO2/Air solution product with 5 g/L fresh activated carbon 
reduced the residual CNWAD and Cu to <0.5 mg/L.  Treating the SO2/Air solution product with 
ferrous sulphate, at approximately 11 moles Fe per mole Cu, also was successful in attaining the 
target <0.5 mg/L CNWAD and Cu.   

• Additional testing is recommended for selecting the polishing treatment method to meet the 
discharge target of <0.5 mg/L CNWAD and Cu. 
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Appendix A – SART followed by AVR Treatment
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Appendix B – CND and Polishing Treatment 
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Appendix D – Preparation of Caro Acid 
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Added Jan. 2013 by 

Rescan, an ERM Group Company 
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