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Optimization of NaClO leaching process of gold from
refractory gold ores in Guizhou by response surface methodology
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Abstract: The response surface methodology (RSM) was used to optimize NaClO leaching process of
gold from the refractory gold ores in Guizhou, and the interaction among four factors, namely, NaClO
concentration, temperature, liquid-solid ratio and pH, and their effects on the gold leaching rate were
investigated, and the parameters were optimized. RSM analysis showed that the significant order of each
factor on the gold leaching rate was NaClO concentration > liquid-solid ratio > pH > temperature, and the
interaction between NaClO concentration and pH was more significant. A good gold leaching rate of
93.4% were achieved under the condition as follows: a reaction time of 3 h, NaClO concentration of 0.9
mol/L, pH=13.4, liquid-solid ratio of 8.2, and temperature of 27 °C.
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Tab.1 Chemical composition of the ore /%

D %ix SiO2 Ca0 ALOs FexOs  SOs3 MgO

&8 464 156 109 819 788 579
5 KO TiO2  P20s  As203 MnO  BaO
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2Au+3NaClO+3H,0=2Au(OH)3(aq)+3NaCl (5)
Au(OH)3(aq) +NaOH=NaH,AuO;+H,O (6)
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Tab.2 Horizontal coding of response surface test factors

% L i
-1 0 1
A NaClO #JE/(mol/L) 0.3 0.6 0.9
B HBE/rPC 25 30 35
C I L 6 9 12
D S pH 12.5 13 13.5
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Y=1490.91+3.27A-0.11B+0.57C+0.33D-1.35AB
-0.69AC+1.71AD+2.02BC-1.71BD-1.04CD
-5.30A2-2.92B2-3.94C2-1.93D?
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Tab.3 Response surface design scheme and experimental results

- SN EAdiy

A B C D R Y/%
1# 0.6 30 9 13 90.9
2 0.6 25 9 12.5 85.5
3t 0.9 30 9 12.5 84.1
4# 0.9 25 9 13 86.8
5t 0.3 35 9 13 81.4
6" 0.6 30 12 13.5 84.1
7* 0.9 35 9 13 85.5
g 0.9 30 9 13.5 88.2
9 0.6 35 9 12.5 86.9
107 0.9 30 12 13 85.5
117 0.6 25 6 13 84.1
127 0.3 30 9 12.5 81.4
13# 0.6 35 12 13 86.8
14* 0.3 30 9 13.5 78.7
15% 0.6 30 12 12.5 85.5
16" 0.6 25 12 13 82.8
17# 0.6 30 9 13 90.9
18* 0.6 35 9 13.5 84.1
19* 0.3 25 9 13 77.4
207 0.6 35 6 13 80.1
21% 0.6 25 9 13.5 89.6
20# 0.3 30 12 13 80.1
23# 0.6 30 9 13 90.9
24# 0.3 30 6 13 77.4
25% 0.6 30 6 12.5 84.1
26" 0.6 30 9 13 90.9
27% 0.9 30 6 13 85.5
28 0.6 30 6 13.5 86.8
29# 0.6 30 9 13 90.9
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K4 SR HBEREFEBM G ZH T %23% 4 (Tab.4 continued)
Tab.4 Variance analysis of regression model of gold leaching FHERE  EHFM AmE By E O FEH O PH
rate BD 11.64 1 11.64 979 0.0074
JIERIR PO HMmE ¥z FAE P1A CD 4.33 1 4.33 3.64 0.0771
T 442.12 14 3158  26.58 <0.0001
A? 181.9 1 181.9 153.1 <0.0001
A 128.51 1 128.51 108.17 <0.0001
B? 55.47 1 5547  46.69 <0.0001
B 0.15 1 0.15 0.12 0.7297
C? 100.87 1 100.87 84.9 <0.0001
C 3.88 1 3.88 3.26 0.0923
D? 24.06 1 24.06 20.25 0.0005
D 1.33 1 1.33 1.12 0.3081 -
k%= 16.63 14 1.19
AB 7.31 1 7.31 6.15 0.0264 PR 16.63 10 166
AC 1.88 1 1.88 1.59 0.2285 VRL E0 715x10% 4 1.79x10
AD 11.64 1 11.64 979  0.0074 A 458.75 28
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Fig.2 Plot of normal probability distribution of residuals (a), comparison of predicted values and residuals (b)
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Fig.4 Three-dimensional response surface plot of the effect of

NaClO concentration and temperature on gold leaching rate
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Fig.5 Three-dimensional response surface plot of the effect of

NaClO concentration and liquid-to-solid ratio on gold leaching rate
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