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Table 1 Chemical multi—element analysis results of raw ore (mass fraction) %
% Cu Fe MnO, Ca0 MgO Si0, S As Ag(g/t)  Aulg/t) TiO,
T 1.07 4.31 0.65 491 3.72 57.1 0.10 0.02 0.87 <0.1 1.4
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Table 2 Results of copper phase analysis %

#YIA G A A REAEE Al JsX|
T 0.02 0.20 0.78 0.07 1.07
Hi AR 1.87 18.69 72.94 6.50 100.00
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Table 3 Particle size analysis results %

- e ORI G fiFdHCu
KiJE /mm AR s Cu it fir SR

~14-0.043 1486 100.00  0.83  11.48  100.00
-0.0434+0.038  9.47  85.14 093 820 88.51
-0.03840.019  36.55  75.67 097 3301 8031
-0.01940.01 1390  39.12 121 1572 4730
-0.014-0.005 2332 2522 136 29.53  31.58
-0.005 1.90 1.90 116 2.05 2.05
&t 100.00 1.07  100.00
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Table 4 Code and parameter levels used for CCD

A FLAEAL it (7K
TZEH AL B FIoR A hE
-1.68 -1 0 1 1.68
TR BE /(g/L) X, £ 46.36 60 80 100 113.64
I LEA(mL/g) X, £ 0.65 1.5 2.75 4 4.85
12 A ] h N £, 0.64 2 4 6 7.36
x5 CCDBIHIFES SLIRE5 R
Table 5 Experimental results of CCD with the linear design
SR HLAE AL ~
5 W T L/ =i XX, XX, XX, X? X} X2 Hl
X X ’ ’ ’ /%
W (/L) (mL/g) I i)/ : : ’ (A) (B) (€) D) (E) (F)

1 100 4 6 1 1 1 1 1 1 1 1 1 81.06
2 100 4 2 1 1 -1 1 -1 -1 1 1 1 80.03
3 100 1.5 6 1 -1 1 -1 -1 1 1 1 1 80.04
4 60 4 6 -1 1 1 -1 1 -1 1 1 1 72.14
5 60 1.5 6 -1 -1 1 1 -1 -1 1 1 1 67.63
6 100 1.5 2 1 -1 -1 -1 1 -1 1 1 1 81.95
7 60 4 2 -1 1 -1 -1 -1 1 1 1 1 71.53
8 60 1.5 2 -1 -1 -1 1 1 1 1 1 1 64.45
9 80 275 4 0 0 0 0 0 0 0 0 0 80.23
10 80 2.75 4 0 0 0 0 0 0 0 0 0 80.23
11 80 2.75 4 0 0 0 0 0 0 0 0 0 80.23
12 80 2.75 4 0 0 0 0 0 0 0 0 0 80.23
13 80 275 4 0 0 0 0 0 0 0 0 0 80.23
14 80 275 4 0 0 0 0 0 0 0 0 0 80.23
15 113.64 2.75 4 1.68 0 0 0 0 0 1.68 0 0 82.18
16 46.36 2.75 4 -1.68 0 0 0 0 0 1.68 0 0 59.31
17 80 4.85 4 0 1.68 0 0 0 0 0 1.6 0 79.19
18 80 0.65 4 0 -1.68 0 0 0 0 0 1.68 0 74.75
19 80 275 7.36 0 0 1.68 0 0 0 0 0 1.68  81.45
20 80 2.75 0.64 0 0 -1.68 0 0 0 0 0 1.68  77.77
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Table 7 Results of significance test for coefficients of

the second regression model
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Fig. 1 Test and prediction results of leaching rate
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Fig.2 Surface and contour plot of the influence of sulfuric acid concentration and the liquid-to-solid ratio on the

leaching rate at an intermediate leaching time (4 h)
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Fig.3 The surface and contour plots of the effect of pulp liquid-to-solid ratio and leaching time on leaching rate

under medium sulfuric acid solution concentration (80 g/L.)
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Fig.4 The surface and contour plot of the influence law of sulfuric acid concentration and leaching time on

leaching rate under the medium pulp liquid-to-solid ratio(2. 75 mL/g)
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Optimization of acid leaching process for high—clay copper oxide ore using response surface

methodology based on excel regression modeling
Wang Purong'*, Xu Guoyin®, Dai Huixin', Zhao Jiageng®, Wu Changhong’
(1. Kunming University of Science and Technology , Kunming 650093, China;
2. Panzhihua University, Panzhihua 617000, China)

Abstract: To address the high cost of single-factor process experiments and Design-Expert software, this study
investigates the sulfuric acid leaching of high-clay copper oxide ore. A central composite design (CCD) was
employed to conduct 20 sets of acid leaching experiments. With sulfuric acid concentration, liquid-to-solid ratio,
and leaching time as independent variables, and copper leaching rate as the response value, a quadratic regression
model was established using Excel. Analysis of variance (ANOVA) and response surface optimization were
performed to determine the optimal solution. The results show that the model is highly significant (F =91. 14, R? =
0.988). The influence of factors on the leaching rate follows the order: sulfuric acid concentration > leaching
time > liquid-to-solid ratio. The interaction between sulfuric acid concentration and liquid-to-solid ratio exhibits a
significant negative effect. The optimal process conditions obtained from the response surface optimization are :
sulfuric acid concentration of 96. 16 g/L., liquid-to-solid ratio of 3. 26 mL/g, and leaching time of 4. 32 h, with a
predicted leaching rate of 83.39%. A verification experiment yielded a leaching rate of 84. 15%, showing good
agreement with the prediction, indicating the predictive accuracy of the model and the reliability of the optimization
results. By replacing professional statistical software with Excel, this method not only provides an efficient
parameter optimization strategy for the sulfuric acid leaching process of high-clay copper oxide ore but also offers a
cost-effective and easy-to-operate solution for process optimization in mineral processing and other related fields.

Key words: high-mud oxidized copper ore; acid leaching; response surface methodology; Excel; regression

analysis; process optimization



