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Optimization Model for Roasting Parameters of High-Copper Low-Sulfur
Concentrate Based on Response Surface Methodology
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(1.Huagang Mining Co., Lid., Beijing 100039, China; 2.China Railway Resources Group Co., Lid., Beijing 100039,
China)

Abstract: By adopting central composite design (CCD) of response surface methodology (RSM) , a binary quadratic
regression prediction model was established, with roasting temperature and oxygen concentration as influencing factors
and copper leaching rate of calcine as the response value. It is shown that the prediction model presents a P value of
0.018 2, adjusted determination coefficient of 0.810 1, and signal-to-noise ratio of 7.323 6, exhibiting favorable
reliability and prediction accuracy. Roasting temperature has an extremely significant effect on copper leaching rate,
while oxygen concentration brings insignificant effect, and their interaction is weak. The parameters were optimized via
Design-Expert software, and the optimal roasting process parameters are obtained as follows: roasting temperature of
750 C and oxygen concentration of 30%. Under such optimized parameters, the predicted copper leaching rate of
calcine is 97.47% , while the copper leaching rate of calcine in industrial applications reaches 98.17%.
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Main chemical composition of copper sulfide concentrate

%

Table 1

Cu Pb Zn Co TFe Au" Agh

63.93 <0.005  <0.005 0.53 2.52 0.55 5.52

As S Si0, Ca0 MgO Al, Oy Mn

<0.005 12.76 5.06 1.15 1.63 0.90 0.024

1) ¥fih g/t

2 AGALHAS T AR AT A A, a2 Al
R i R LABR AL BT e s UA7 A 5 HE R 78.69%
FUC A MBS AT Bk P A 225 5 0.33%,
HoAbH P11 224 5 0.20%
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Table 2 Phase analysis of copper sulfide concentrate

AH 5 H S/ % 3T/ %
AR 6.82 10.49
HAb S fbn™ 6.69 10.29
Ak 51.15 78.69
B Wy A 0.21 0.33
oAl P 224w 0.13 0.20
A1t 65.00 100.00
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Table 3  Factors and levels for central composite design

it 7K X,/C X,/ %
-1.41 537.87 15.86
-1 600 20
0 750 30
1 900 40
1.41 962.13 44.14
1.4 HiELE

K ] Design-Expert 31 X% 150 B4 #4172 o0 ]
UL SRR SRR B S R L R K
Z Y sl i 7 22 70 Bt (ANOVA ) A 36 458 7 I,
Fh,

2 R 53R

2.1 REHER

F 4 R Tt LR, 3R 4 AL TR R
JLHEA 46.80% ~97.48% , H 0> 55 (X, =750 C, X, =
30% ) 4 - 1935 H 2k 97.46% , A XS bR E (R 2% (RSD)
90.011 7% , R EE MR A, S5 iRE Hh
962.13 °C AU R 30% 5}, H#l35 HKik 94.80% ; KiF
PR 537.87 C B, Hil 12t 64X 46.80% , Ik i 4% 14
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Table 4 Experimental design and corresponding results
P X,/C X,/ % Y/%
1 600 20 82.16
2 900 20 88.74
3 600 40 85.61
4 900 40 95.70
5 537.87 30 46.80
6 962.13 30 94.80
7 750 15.86 83.20
8 750 44.14 97.45
9 750 30 97.47
10 750 30 97.46
11 750 30 97.45
12 750 30 97.48
13 750 30 97.46
22 HERFEITHREMRE
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I LG AR R (Y) SRR (X)) VA
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Table 5 ANOVA of second-order model

S8 S5 A Al By FAH P{H
FEi70 1927.30 5 385.46 5.97 0.0182
X, 893.64 1 893.64 13.84 0.007 5
X, 116.76 1 116.76 1.81 0.220 6
XX, 3.08 1 3.08 0.047 7 0.8333
X,? 913.53 1 913.53 14.15 0.007 1
X,? 20.30 1 20.03 03103 0.594 8

5k 451.90 7 64.56 — —
A 451.90 3 150.63  1.159x107°  <0.000 1

RS, =0.810 1;{5ME 1L =7.323 6
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Fig.1 Response surface plot showing effect of two-factor

interaction on copper leaching rate of calcine
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Fig.2  Contour plot showing effect of two-factor interaction

on copper leaching rate of calcine
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