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Table 1 Chemical multi-element analysis results of gold
concentrate (mass fraction, %)

Au Ag Fe Cu Zn Pb

62.68X107° 9835X107> 31.75 024 0.05 0.05
S CaO MgO ALO; SiO,
30.52 2.71 3.02 8.34 23.32

=—Pyrrhotite
®—Quartz
A4 —Mirrorstone
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20/(°)

B SR PR i XRD i

Fig. 1 XRD pattern of neutral roasted product of gold

concentrate
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2.1 BEEZRIRARE
2.1.1  NaySOs; iR FEXT 43 R (13m0

h T H 5% Na,SOs W R ber=1ri U 1%
W, ZEBEDTANEE/N T 0.038 mm HIS A 90%, S
BERFIE 15%, NH3H,0 1.2 mol/L, CuSO, 0.06
mol/L, Na,CO; 0.1 mol/L, =HIEE 60 'C, &2 H
7h, WELE 6:1, HFEHE 550 r/min FI5AE T, 4
HATA IR NapSO; R BE IR iR . ie g Al 2
Fi7R o

1P 2 1T, 43 H Z A NapSO5 W I3 n
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TELEM) ST S CuS. Cu,S MR S,05% FEAR-IIER
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2.1.2 NHyH,O WJEXT G H 2 (1) 50

#f Na,SOj; 0.14 mol/L, CuSO, 0.06 mol/L, Na,CO;
0.1 mol/L, HAbEE T 24 L&, 4 hlidk
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Fig. 2 Effect of Na,SO; concentration on gold leaching rate
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Fig.3 Effect of NH3-H,O concentration on gold leaching rate
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Fig. 4 Effect of CuSO,concentration on gold leaching rate
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Fig. 5 Effect of Na,COj; concentration on gold leaching rate
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Table 2 Experimental factors and levels of response surface

methodology

Level/(mol-L™")

-2 -1 0 +1 +2
Na,S0; X 0.10 0.12 0.14 0.16 0.18
CuSO4 X, 0.04 0.05 0.06 0.07 0.08

NH;H,O0O X5 120 150 1.80 2.10 2.40

Factor Code

mol/L, CuSO,4 0.06 mol/L, Na,CO; 0.1 mol/L. Na,CO; X, 0.05 0.075 0.10 0.125 0.15
F3 ma AR AR
Table 3 Results of response surface experiment
Serial Concentration/(mol-L’l) Gold leaching rate, Predicted .
. Relative error/%
No. Na,S0s3, X;  CuSO4 X, NH;H,0,X; Na,COs, X, Y% leaching rate/%
1 0.12 0.05 1.50 0.08 80.81 80.28 —0.66
2 0.16 0.05 1.50 0.08 83.26 81.94 -1.59
3 0.12 0.07 1.50 0.08 90.28 89.79 —0.54
4 0.16 0.07 1.50 0.08 91.81 91.32 —-0.53
5 0.12 0.05 2.10 0.08 81.74 81.34 —0.49
6 0.16 0.05 2.10 0.08 85.15 82.97 -2.56
7 0.12 0.07 2.10 0.08 90.96 90.27 —-0.76
8 0.16 0.07 2.10 0.08 93.15 91.76 —-1.49
9 0.12 0.05 1.50 0.13 85.45 85.29 —0.19
10 0.16 0.05 1.50 0.13 86.28 84.89 -1.61
11 0.12 0.07 1.50 0.13 92.53 92.62 0.10
12 0.16 0.07 1.50 0.13 93.25 92.10 -1.23
13 0.12 0.05 2.10 0.13 88.60 87.00 —1.81
14 0.16 0.05 2.10 0.13 87.63 86.57 -1.21
15 0.12 0.07 2.10 0.13 93.98 93.75 —-0.24
16 0.16 0.07 2.10 0.13 94.74 93.19 —-1.64
17 0.10 0.06 1.80 0.10 93.84 94.03 0.20
18 0.18 0.06 1.80 0.10 91.68 95.13 3.76
19 0.14 0.04 1.80 0.10 60.78 63.29 4.13
20 0.14 0.08 1.80 0.10 78.29 79.42 1.44
21 0.14 0.06 1.20 0.10 92.71 93.62 0.98
22 0.14 0.06 2.40 0.10 93.04 95.77 2.93
23 0.14 0.06 1.80 0.05 85.50 87.43 2.26
24 0.14 0.06 1.80 0.15 92.15 93.86 1.86
25 0.14 0.06 1.80 0.10 95.16 95.78 0.65
26 0.14 0.06 1.80 0.10 95.61 95.78 0.18
27 0.14 0.06 1.80 0.10 94.40 95.78 1.46
28 0.14 0.06 1.80 0.10 96.38 95.78 —0.62
29 0.14 0.06 1.80 0.10 96.74 95.78 -0.99
30 0.14 0.06 1.80 0.10 96.69 95.78 —0.94
31 0.14 0.06 1.80 0.10 95.50 95.78 0.29

Note: R*=0.964
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Y=95.78+0.27 X, +4.03X, +0.54X; +1.61X, — Source UM of d Mean e P value
0.032.X,.X, —0.00875.X, X; —0.51.X, X, - sauares e
Model ~ 1559.02 14 11136  30.62 <0.0001
0150, X; = 0.54X, X4 +0.16 XX, — X 1.82 1 1.82 0.50  0.4900
0.3X7 —6.11X;-027X7 —1.28X; 4) X, 39043 1 39043  107.37 <C0.0001
ZIRZ BEIUA IR R RP=0.946, i X 698 1 698 192 01850
R 5 1 (B R R e B R T 405, RS 1 X, 6208 1 6208  17.07  0.0008
PRI, UL RTAL P R (e, XX, 00169 1 00169 0.0046  0.9465
6 JT7n A 4t A 2RISR R IO (B R 0 L g 2R, mT L XX 0.0012 1 00012 0.0003 0.9856
TR 45 AL SUEEA B A e i B e ) R L I XX, 4.24 1 424 .17 0.2960
e AR, ARZEANT 5%, R ZkZE XX 0.35 1 035 0.10  0.7610
Tt ARSI I 5 AR B0 R 28 RN 43 HH R R AH Dk o XoX, 4.73 1 473 1.30 0.2708
100 XX, 0.42 1 042 012  0.7376
. X’ 2.59 1 259 071 04109
2 X, 1066.62 1  1066.62 29333 <0.0001
= .- & X2 212 1 212 058 04561
;:: < X} 4721 1 4721 1298  0.0024
g 80r > Residual ~ 58.18 16  3.64
B Lack of fit 53.67 10 537 7.15  0.0128
= 70 Pure error 4.51 6 0.75
- Cortotal 161720 30
060 70 80 90 100

Experimental value/%
6 i AR S TN 0 B
Fig. 6 Comparison of gold leaching experimental values with

prediction values
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Table 5 Predicted and experimental values of gold leaching rate

Concentrate/(mol-Lfl) Gold leaching rate/%
Na,SO; CuSOy4 NH;-H,O Na,CO; Experimental value Predicted value
0.14 0.06 2.10 0.12 96.31 97.17
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Gold self-leaching optimization of neutral roasted products of
gold concentrate by response surface methodology

XU Tao', ZHAO Liu-cheng®, LI Shao-ying’

(1. Department of Business Administration, Chinalco China Copper Corporation Limited, Beijing 100082, China;
2. College of Mining Engineering, North China University of Science and Technology, Tangshan 063009, China)

Abstract: The method of single experiment and response surface experiment were chosen to optimize the self-leaching
process for roasted products of gold concentrate under neutral atmosphere. Different additives, such as Na,SO;, CuSOy,
NH;-H,0, Na,CO; and their concentrations were also optimized. Effects of different additives and their interaction on
gold leaching rate, significance and influence order, were analyzed. The results show that gold leaching rate gradually
increases as the concentration of Na,SO; increases. However, gold leaching rate first increases and then decreases with
the concentrations of CuSO,4, NH;-H,0 and Na,COj3. The concentrations of CuSO, and Na,COs; have significant effects on
the gold leaching rate, and the impact of the concentration of CuSO,4 upon the leaching rate is greater than that of Na,COj.
The gold leaching rate reaches 96.31% under the optimum processing conditions that the concentration of Na,SOj; is 0.14
mol/L, NH;-H,O of 2.1 mol/L, CuSO, of 0.06 mol/L, Na,CO3 of 0.12 mol/L. The error value between the experimental
and the predicted value is only 0.86%, indicating that the quadratic polynomial model deduced from the response surface
methodology is reasonable. Meanwhile, the process of neutral roasting and gold self-leaching of gold concentrate
provides a new way for the high-efficient non-cyanide leaching.

Key words: gold concentrate; neutral roasted product; gold self-leaching; non-cyanide leaching; response surface

methodology
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