
Liquid fraction of Kloof pulp only 

Volume of pulp: 15 liters 

Sparging medium: air 

Temperature: 17 °G 

NaCN added: 9,00 g

Airated for 45 min before NaCN addition

■ _| 1
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Run 22,

Time(min) Ept(mV) EA u (mV)
^Au-Ag(m^) [Au]1 (ppm) [CN]mmol/l

0
■1

■ - ■ 0.00
1 * - -525 0.098 13.107

• -445 .
3 -92 -
4 - - -539
5 - -435 _
6 ■105 .
8 - - -555
10 - -447
12 -133
15
20

-93 -

-530
0.098 13.130

30
40

“

-395
-540 0.195 13,062

50 -55
60
75 :

-388
-513 0.2,44 12,566

90
120

180
270
360
390

0

+18
+43

0

+74
+69

-350
-340
-320
-362
-289
-295

-460
-452
-442
-50.5
-440
-450

0,342
0,342
0.488
0.585
0.683

12.205 
11,776 
11.280 
9,926 
8.686 

■_.... .

-I

, ,  ' , ..

-  Jk> •£•■ -  - L _  ^  « y.iMm&$&s2isasa



Potential measurements in distilled water

Volume of water: 15 liters

Sparging medium: air

Temperature: 20 °C

NaCN added: 9,00 g

Airated for 45 min before NaCN addition
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Run 33 .

»

EAu-Ag^mV ) [Au] ]_(ppra)

0.000
- -473

-310 - .
- - 0,049
- -481 .

-307 - -

- -482
”

-302 - -

-
0.049

-301 -

- -465 .
-298

-461 0.122

[CNJmmol/1

0,00

12 , 002

-447

-494
-457
-432
-488
-444
-439

0.195

0.293
0.293
0.390
0.5126
0.561

26,689

11,979

12.024

11.844

11.957
11.934
11.438
11.280
11.032
10.716

' *■

*



Page 106

Run ? 4 .

Kloof pulp

Volume of pulp; 15 liters 

Sparging medium; air 

Temperature; 17 

NaCN added: 4.50 g

Agitation speed: 300 rpm (it was 600 rpm in all the
previous runs)

Time(min) Epc (mV) [Au]^(ppm) fAu]s (g/t)

0

1 -125
0.000 10.8

2 -129
3 -128 1.346 8.655 -129 _
8 -129
16
20

-125
-122

5.513 5.92

24 -120
30
40

-120

-121
8.056 4.32

45
60
90

120

180
240
305
360

|

-120

-115
-109
-107
-107
-104
-102

-102

-33

9.979
11.004
12.222

12.842
13.077
13.248
13.526
13.568
14.103

2.77
2.30
1.16
0.92
0.83
0.40
0.46
0.45

■■ ■ .. ■ 

■■■ ...
■' ■

r ,V
■■ - 

■ • .’ •■ . ' " /

I • -. ,
1 - : v 3 ;

i.

f4
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Run 25.

Kloof pulp

Volume of pulp; 15 liters 

Sparging medium: air 

Temperature: 17 °C 

NaCN added: 4.50 g 

Agitation speed: 450 rpm (it was 600 rpm in all the previous runs)

Time(min) Ept(mV) [Au]1 (ppm) [A u 3 s (s/fc)

0 - 0.128 , 11.5
1 -86 .
2 -92 _
3 -86 1.410 9.36
5 -82 _
8 -78
15 -72 5.406 7.47
20 -67 .
24 -64
30 -63 8.355 4.54
40 -59
45 -58 10.278 3.26
60 -52 11.325 2.71
90 -44 12.714 1.87

120 -39 13.162 1.31
180 -106 13.397 1.00
195 -54
240 -39 13.697 1.12
300 -33 13.504 1.09
305 -104 _
360 -40 13.632 0.91

CO -33 14.103 1.22
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Run 2 6.

Kloof pulp

Volume of pulp: 15 liters 

Sparging medium: air 

Temperature: 17 °C 

NaCN added: 4.50 g

Agitation speed; 600 rpm add 0.24 g thallium(I)chloride

£&

Time(mln) Ept(mV) tAu]L (ppm) [Au]s <g/t)

0 - 0.000 11.8
1 -98 - .
2 -115 . .
3 -112 2.726 7.94
5 -108
8 -104 _
15 -99 7.76 4.93
20 -98
24 -70
30 -65 10,55 2.94
40 -61 .
45 -60 12,54 2.44
60 -59 13.604 1.83
90 -55 14,312 0.88

120 -60 14.532 0.60
175 -59 14.837 0.98
240 -66 14.778 0.77
300 -73 14.956 0.96



Experiment At

400 ml water

Test the effect of cyanide on the potential 

No copper added 

pH = 10

Concentration of the cyanide solution which was added: 0.6703 mol/1
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Vol CN added Time
(min)

EPt
(mV)

Time
(min)

^Pt
(mV)

1 ml 0 -24 8 -53
1 -31 9 -54
2 -38 10 -55
3 -42 12 -56
4 -45 14 -58
5 -48 16 -58
6 -50 18 -58
7 -52

2 ml 0 -59 8 -66
1 -60 10 -67
2 -61 12 -67
4 -63

3 ml 0 -67 10 -72
1 -67 17 -75
4 -70

5 ml 1 -75 8 -84
2 •78 10 -85
3 -79 14 -87
4 -81 20 -90
6 -82

■ ■■ ■ ■ - 

■ ■ ■ ■

• a

...----......■■ ■



Test the effect of gold ions on the potential 

Copper concentration - 3.5 ppm 

Cyanide concentration - 0.0084 mol/1 

pH ~ 10

Concentration of the gold solution which was added: 0.0025 mol/1

Vol gold sol. added(ml) Pt redox pot.(mV)

0 -194
1 -190
2 -188
3 -184
4 -182
5 -180
7 -178
10 -176
11 -173



, i
. .  t- . .

Page 111

Experiment AT

Test Che effect of copper on the potential 

Cyanide concentration - 0.0084 mol/1 

pH a 10

Concentration of the copper solution which was added; 0.00446 mol /1

Vol Cu added Time
(min)

Ep t
(raV)

Time
(min)

r  % t
(mV)

2 ml 0 -89 10 -66
1 -76 20 -82
2 -73 31 -80
3 -71

3 ml 0 -80 3 -68
1 -72 8 -652 -70 10 -65

28 -67

4 ml 0 -67 6 -55
1 -59 10 -55
2 -57 14 -57

.. , 3
_  -56 .......... .. .
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.Experiffiflrit- (,h

Test the effect of silver on the potential 
No copper added

Cyanide concentration - 0.75 mmol/1  

pH » 10

Conoanccacion of * .  < u „ t ^  ^  q ^  ^

Vol Ag added Time
(min)

®Pt
(mV)

1 Time 
(min) /Pt(mV)

1 ml 

---------------
0
1

-67 
- 66 2

3
-66
-67

2 ml 0

1
-67 
- 66

2 -66

3 ml

?
2

-66
-64
-64

3
4

-63

4 ml 0
1

-63 |
- 60 I

4
6

, 3  H

-57 j
A.5 ml 0

1
2

-56
-52
-S.!

3
14

-50
-43

5 ml 

_________________

° -43 1 
1 1 + 5 1  [

7 •

:

■S
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SUM; 
SOMRET 

I I r SOMRET 
IrtEOIN 

33 | K IEX f  
1(2 EX f 
KK!

= SOMM;
SOM( . 3. ;

5'l
35 I
56 |
57 I 
30 I
59 I
60 | 
61 I

K IEXP ;  
Kl<2 := |<2CXI‘; 
f I S ;
INI EC;
KOHS;
SUM ;
SOMEXP := SOMM;
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1
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2 1 1 va
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3 2 1 03 |
3 2 1 Oil 1
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i r  SOMEXP < SOMIUT ItlCII
ncoiN

K l(  . 1. ) := 1(1 EXP;
' ' K2EXP;

= SOM CXI1;

S O U R C E  l> l( 0 0 n A M

--V

K 2 | , I .  ) 
S O H ( . I . ) 

END 
E L S E  
DEC! IK 

i< I ! . I . ) 
K 2 ( . I. ) 
S O H ( . 1. ) 

(Till)

= k i n c r ;
= Kgur.r; 

SOMIlCf;

I F  SOMUCE > SO M (. I .  ) I MEN 
U EC IN

K IK E E  ;= K ) | , ) , )  •
K2itEE := |«>( . 1 . ;

END;
K1CONJ != Cl N IK I  - B E ' IA M C C N I IU
K2CONJ := Cl I I I  K2 ~ ~ ............
«I<1 := K1COMI ;
KK2 := K2C0NI ■
C I S ;
IN I EC;
KONS; •
.SUM;
SOI COII r := SOI4M;
IE  SOMCOHI < S O H ( . 1 , )  THEN 
DEC IN '

SOH( . 1. ) ;= SOMCONI; 
l< I ( . 1. ) : = K 1 CON I ;
K 2 ( . 1 . :»  K2CON I ;

END 
CLSE  
DEC IN

K l ( . 2 . )  : «  CCN1K1;
K 2 | .2 .  ) : = c rN IK S ;
KKI := « I ( . 2 .  ) ;
Kl<2 := l<2( .2 .  ) ;
C I S ;
I II  TEC;
KONS;
SUM;
S O M ( , 2 . )  SOMM;
K1 ( . 1 . ) := (1(1 ( . 1 . ) I K1 ( . 3 . ) )/2; 
l « (  . I . ) : = |<2( . | , ) i .3 . /?  
KKI := K I  ( . I . ) ;  ' U  ’
KK2 : = K2 ( . I , );
C IS ;
IN I  EC;
KONS;

Oc I a - I c Ch I k"  I  K2KEI } ;  l CA1CULA,C CON II IAC IED  P O IN I |
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UlS-aradActed leachin, H n P H r i  fnt_aSBS£lJnsn£a 1, 2 and 3 rs»p H  ol,ra a ts

An average redox potential measurement, determined from the three 

experiments, was used. The optimum constants where the sum of squared 

differences was a minimum were;

- 1.242*10'4 k 2 - -0,0409334

Time (min) (Au] ]_(ppm) 
experimental

2
3
5
13
13
17
20
23
30
30
45
45
45
60
60
60
90
90
90
120
120
120
180
180
180
240
300
360

(Au] ]_(ppm) 
predicted

0.873 0.6367
1.368 0.8777
1.625 1.2641
2.213 2.2227
2.217 2.2227
2.400 2.5593
2.783 2.7816
2.783 2.9741
3.000 3.3155
3.302 3.3155
3.525 3.7040
3.797 3.7040
3.774 3.7040
3.800 4.0304
4.104 4.0304
3.962 4.0304
4.025 4.3064
4.599 4.3064
4,339 4.3064
4,300 4.4924
4,811 4.4924
4.627 4.4924
4,500 4,7582
5,187 4,7582
4.906 4.7582
5.189 4,8991
4.850 4,9646
4.850 4.9849

The sum of squared differences - 1,407
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— e Predicted leaching kinetics for experiment: 4 (See figure 6.fi1

The constants were optimized for experiment 4 individually. The optimum 

constants where the sura of squared differences was. a minimum were:

0.0473214

he sum of squared differences - 0,855

Time (min) [Au]1 (ppm)
experimental

(Au]1 (ppm)
predicted

0 0.000 0.0000
2 2.063 1.8351
7 3.228 3.4796
13 3.762 3.7589
20 4.053 4.1727
30 4.369 4.5434
45 4.515 4.7988
60 ■ 4.903 4.9808
90 4.503 5.1493
120 4.976 5.2150
200 5.000 5.2401
250 5.243 5.2427
300 5.243 5.2430
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Ibe„,predicted leaching kinetics for experiment 5 (See figure C31

The constants were optimized for experiment 5 individually. The optimum 

constants where the sum of squared differences was a minimum were:

-0.0686404

The sum of squared differences - 2.942

Time (min) [Au]1 (ppm)
experimental

[Au]1 (ppm)
predicted

0 0.000 0,0000
2 5,944 6.1680
10 12.908 12.8019
15 14.617 13.9556
25 15,306 15.4897
30 15.306 15.7619
47 15.510 16.3238
60 15.561 16.4133
90 15.944 16.4895
120 16.020 16.4989
180 16,122 16,5000
240 16,122 16.5000



M i
saas

e ; ' f e

Page 125

-—a predicted leaching kinetics for experiment: 6 (See figure C4 )

The constants were optimized for experiment 6 individually. The optimum 

constants where the sura of squared differences was a minimum were:

- 1.778*10"^ 0.0408394

Time (min) [Au]1 (ppm)
experimental

[Au]1 (ppm)
predicted

0 0.300 0.3000
1 3,125 3.3479
8 11.750 11.5014
18 14,275 14.3730
39 15,175 15.5472
45 15,175 15.6138
60 15,175 15.6702
90 15,300 15.6795
120 14.675 15.6800
180 14,500 15.6800
240 15.675 15.6800
300 15.675 15.6800
360 15.675 15.6800

The sura of squared differences - 3,244
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Hie...predicted leaching kinetics for experiment: 4, 5 and fi

The constants were optimized for experiment 4, 5 

other words, the constants were forced to be the 

riments, The optimum constants where the sum o; 

a minimum were:

k 1 - 5,864*10"2 k 2 - -0,0098954 

The sum of squared differences - 14,060

and 6 simultaneously; in 

same for the three expe- 

squared differences was

(continues on the next page)
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Time (min) [Au]1 (ppm)
experimental

[Au]1 (ppra)
predicCed

Experiment: no 4

0 0.000 0.0000
2 2.063 1.6756
7 3.228 4.2410
13 3.762 4.6011
20 4,053 5.0076
30 4,369 5,1856
45 4.515 5.2351
60 4,903 5.2419
90 4,903 5.2430
120 4,976 5.2430
200 5.000 5,2430
250 5,243 5.2430
300 5.243 5,2430

Experiment no 5

0 0,000 0.0000
2 5,944 4.4058
10 12.908 12.6638
15 14,617 14.5423
25 15.306 16.0027
30 15.306 16.2403
47 15,510 16,4737
60 15.561 16,4951
90 15.944 16,4999
120 16.020 16,5000
180 16.122 16,5000
240 16.122 16.5000

Experiment: no 6

0 0.300 0,3000
1 3.125 2.9423
8 11.750 11.8811
18 14.275 14.9245
39 15,175 15.6532
45 15.175 15,6698
60 15.175 15.6791
90 15.300 15.6800
120 14.675 15.6800
180 14.500 15.6800
240 15 675 15.6800
300 15.675 15.6800
360 15,675 15,6800
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The predicted leaching kinetics for experiment: 8 CSaa figure 6.51

The constants ware optimized for experiment 8 individually. The optimum 

constants where the sum of squared differences was a minimum were;

kx - 4 . 6 1 2 * 1 0 k2 - +0.0023231

Time (min) (Au]s (ppm)
experimental

[Am ]s (ppm) 
predicted

0 11.1 11.1000
3 10.39 10.1281
8 8.78 8.6796
13 7.30 7.4283
20 5.98 5.9714
30 • 4.31 4.3795
45 2.72 2.7714
60 1.84 1.7939
120 0.70 0,4874
180 0,59 0,3158
240 0.69 0.2933
300 0,44 0.2904

The sum of squared differences - 0,336



Ifae, predictedJLeachlng kinetics Cor experiment-. 9 (See flcrnrp

The constants were optimized for experiment 9 individually. The 

constants where the sura of squared differences was a minimum were

kj_ » 8,659*10‘2 k2 - +0.0088893

Time (min) (Au]s (ppm)
experimental

[Au]s (ppm)
predicted

0 10.8 10,8000
3 10.1 10,1100
10 8,84 8.5624
20 6.54 6.6381
30 5.03 5.1225
45 3.33 3.4773
70 1.91 1.9167
90 1.48 1.2657
120 0,98 0.7943
180 0,69 0.5264
240 0, 57 0.4866
300 0,49 0.4810

The sum of squared differences - 0.231



The predicted....leaching kinetics Cor experiment 12 (Sep. figure

The constants were optimized for experiment 12 individually. The optimum 

constants where the sum of squared differences was a minimum were:

The sum of squared differences - 0.231

Time (min) [Au]s (ppm)
experimental

[Au]s (ppm) 
predicted

0 11.4 11.4000
5 7.97 8.5813
20 4.78 4.2181
40 2.27 2.4899
60 1.53 1.6150
90 0.92 0.9289
120 0.70 0.5587
170 0.55 0.3717
240 0.44 0.3026
300 0.44 0.2919
360 0.45 0.2904
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Tfae predicted leaching kinetics for experiments 8.9 and 12 (Sep. figure

The constants were optimized for experiment 8, 9 and 12 simultaneously, in 

other words the constants were forced to be the same in all three experi­

ments. The optimum constants where the sum of squared differences was a 

minimum were:

kj_ - 6,027*10'2 k2 - +0.0043686 

The sum of squared differences - 8.485
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Time (rain) [Au]s (ppm) 
experimental

[Au]s (ppm) 
predicted

Experiment no 8

0 11.1 11.1000
3 10.39 10.1917
8 8.78 8.8104
13 7,30 7.5925
20 5.98 6.1514
30 4.31 4.5511
45 2.72 2.9000
60 1.84 1.8852
120 0.70 0.5016
180 0.59 0.3178
240 0.69 0.2935
300 0.44 0.2904

Experiment no 9

0 10.8 10.8000
3 10.1 9.8750
10 8.84 7.9471
20 6.54 5.7890
30 5.03 4.2302
45 3.33 2.6882
70 1.91 1.3901
90 1.48 0.9238
120 0.98 0.6301
180 0.69 0.4964
240 0.57 0.4818
300 0.49 0.4802

Experiment no 12

0 11.4 11.4000
5 7.97 9.6535
20 4.78 5.8631
40 2.27 3.0202
60 1.53 1.6178
90 0.92 0.7368
120 0. 70 0.4425
170 0,55 0.3151
240 0.44 0.2921
300 0.44 0.2902
360 0.45 0.2900

r ' ^



Figure Cl. Model prediction of leaching kinetics vs. Che experimen­

tal results of experiment no. 9.

Fitted to run 9 only: kj_ - 8.659*10~2 and k 7 - +0.0088893 

Fitted to 8,9 arid 12 slmult.: kĵ  - 6.027*10~2 and k 7 - +0,0043686

12.0--

to. o

ii 9. oo

Q. 00'

•i. oo

z. oo

o, o
o, o ao. o 120. 180. 240.

T I M E  t N M I N U T E S
300. 360.

Figure C2: Model prediction of leaching kinetics vs, Che experimen­

tal results of experiment no. 12, t 

Fitted to run 12 only: kj_ - 5.880*10'^ and k? - -0.0709691 

Fitted to 8,9 and 12 slmult.: kj_ - 6.027*10~2 and k? - +0.0043686
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