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Table 1 Components of copper sulfide ore (mass fraction, %)

Cu Pb Fe S Zn Ag
7.70 2820  20.52 2372 4.50 1000V
1) g/t.
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2CuFeS, +0,(g) —>Cu,S+2FeS+S50,(g) (1)

Cu,S+20,(g)——>2Cu0+S0,(g) 2)

3FeS+50,(g)——> Fe;0, +3S0,(g) 3)

2Ca0+2S0,(g)+0,(g)—>2CaS0O, “4)
(a) =—(CaSO0,
¥—PbSO,

b)

©
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Fig. 1 XRD patterns of calcification roasting calcinates (a),

leaching residue (b) and raw material (c)
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Fig. 2 SEM images of raw material (a). calcinate (b) and

leaching residue (c)
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Table 2 Chemical composition of raw material calcinate and

leaching residue tested by EDS shown in Fig. 2

Mass fraction/%
Point No.
(0] S Ca Fe Cu Pb
1 - 11.60 - 373 147 83.20
2 - 13.35 - 555 201 79.09
3 - 35.05 - 1265 1.04 51.26
4 3558 431 631 1272 413 36.96
5 46.68 13.74 19.18 592 201 1246
6 37.12 1098 1443 8.66 2.88 2593
7 50.59 16.34 2583 0.69 - 6.55
8 3405 560 1024 1.72 - 48.39
9 33.67 221 645 121 - 56.50

X fONFERE, %: wie w, SRR RS
WM&, %; m's m W RAC RS iR, go 8
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Y, = 97.76+0.88x, +2.60x, +1.98x; —0.48x,x, +
0.44x,x3 —0.74x,x, —0.31x7 —=2.12x3 —1.02x3  (9)

Yy =17.05+1.22x, +0.63x, +1.03x; —0.025x,x, —
0.025x,x; —0.20x,x; +0.20x7 —0.61x3 —0.22x; (10)

A Y R A, Y, BRI, x R
WSEGRD; x, A LE gt x3 AERE i . HE
WAL 25 e WK 5. o, P<<0.01 2 i 5 0 3
i, P<0.05 AEREN. £ 6 HIAYRH 2P

R3 POALE AR PR AR i

Table 3 Independent variables and their levels used for CCD

Ti ZES T4 R

6 Al %0, BRI FIEWF WA TN
BEM)N 7518, PAH(P AL R B M i) /T
0.0001, FWARIA TR 5 25, IF H A S5 R -70)
LEINA [P I ECE 2275/ S

E—KIN X, Xow Xsr KT X X3° XA
BHREW SRS, O XX XX SR H
R, HRTREE., MR NEnS, R

Coded variable level (x;) Temperature, A/'C

Liquid-solid ratio, B/(mL-mg ")

Acid concentrate, C/(mol'L™")

~1.68(—a) 63 3 86
-1 70 4 100
0 80 6 120
1 90 8 140
+1.68(+a) 97 9 154
F 4wl GEs

Table 4 Optimization result of RSM

Cu leaching rate/%

Fe leaching rate /%

Experiment No. A B C
Experimental Predictive Experimental Predictive
1 +a 0 0 98.51 98.47 19.51 19.59
2 0 0 0 97.76 97.76 17.03 17.05
3 1 -1 1 96.65 96.78 18.36 18.26
4 0 0 —a 92.49 90.32 14.51 14.73
5 0 0 0 97.76 97.76 17.05 17.05
6 1 1 -1 95.05 95.25 17.56 17.45
7 0 +a 0 97.01 96.77 16.62 16.35
8 0 0 +a 97.87 98.09 18.42 18.14
9 0 —a 0 87.13 88.41 14.9 15.05
10 0 0 0 97.69 97.76 17.04 17.05
11 -1 1 1 97.12 97.48 16.42 16.58
12 -1 -1 -1 87.84 87.81 13.38 13.33
13 -1 1 -1 94.86 95.13 14.9 15.05
14 —a 0 0 95.85 95.11 15.79 15.56
15 1 -1 -1 89.64 89.88 16.04 15.73
16 1 1 1 98.78 99.4 18.88 18.98
17 0 0 0 97.79 97.76 17.06 17.05
18 -1 -1 1 92.77 9291 15.7 15.86
19 0 0 0 97.72 97.76 17.05 17.05
20 0 0 0 97.75 97.76 17.06 17.05
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Table 5 Variance analysis of model of Cu leaching rate
Source Sum of square Degree of freedom Mean square F-value Probability
Model 238.51 9 26.5 75.18 <<0.0001
X 10.55 1 10.55 29.93 0.0003
X 92.42 1 92.42 262.17 <<0.0001
X3 53.29 1 53.29 151.18 <<0.0001
XX, 1.83 1 1.83 52 0.0457
XX 1.58 1 1.58 4.47 0.0606
XX 4.43 1 443 12.55 0.0053
X2 1.42 1 1.42 4.04 0.0722
X’ 64.83 1 64.83 183.92 <<0.0001
X’ 15.04 1 15.04 42.66 <<0.0001
Residual 3.53 10 0.35
Lack of fit 3.52 5 0.7 572.18 <<0.0001
Pure error 6.15X107° 5 1.23x107
Corrected total 242.04 19
R%,4=0.9723.
Ro6 PR M ARKBAT 25 Hr
Table 6 Variance analysis of model of Fe leaching rate
Source Sum of square Degree of freedom Mean square F-value Probability
Model 47.52 9 5.28 110.76 <1.0x10*
X 20.41 1 20.41 428.24 <1.0Xx10™*
X, 5.36 1 5.36 112.35 <1.0x10*
X 14.47 1 14.47 303.5 <1.0x10*
XX 50X107° 1 5.0E-03 0.1 0.7527
XX 50X107° 1 5.0E-03 0.1 0.7527
XX 0.4 1 0.4 8.5 0.0154
X 0.59 1 0.59 12.3 0.0057
X’ 5.39 1 5.39 113.03 <1.00x107*
X’ 0.68 1 0.68 14.27 0.0036
Residual 0.48 10 0.048
Lack of fit 0.48 5 0.095 793.42 <1.00Xx10™*
Pure error 6.0X107* 5 12x107"
Corrected total 47.99 19

R%,4=0.9811,

FAEBOK, NZE ik, & N3 LN R H
P RO 3 2R g i 2 2 PR IO X > XG> X, >
XX> X1 X500

FHF 6 nI%0, —IRIL (X)) R b ()RR 5
(Xa), —UIR X2 X X7 WPk R R e 2
T I LR 5 1) A HAE FH (QGXG) % Bk 352 H %6 5 i
Fo HXiv Xov X XX I F AEZMIh 428.24.

112.35. 303.5 Fi1 8.5 A%, KR H R 52 m 2 K
IMEIR K Xy > X35> X0> XoX50
223 BEIRWFEE ST

B 3(a) FH(b) BT 43 ) A AR H SR AR R K
[BIHF R AT E AT, B 3 AR SR S
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B3 4. BRI R U B b 2k
Fig. 3 Comparison of predictive and experimental leaching

rate: (a) Cu leaching rate; (b) Fe leaching rate
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Cu leaching rate/%

B4 5 R P AT LA FR AR H 2 R 5
Fig. 4 Effect of interaction of temperature and liquid-solid

ratio on Cu leaching ratio

Cu leaching rate/%

Fe leaching rate/%

Bl 5 0 b SRR LA HAE RIS BRI H A A 5
Fig. 5 Effect of interaction of liquid-solid ratio and acid
concentration on Cu and Fe leaching rate: (a) Cu leaching rate;

(b) Fe leaching rate
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Table 7 Test results under optimal leaching conditions

Experimental condition

Leaching rate/%

Sample No. N . ) . . . -1
Temperature/C Liquid-solid ratio Acid concentration/(g'L ) Cu Fe
1 70 7.99:1 102.44 96.19 15.16
2 70 7.99:1 102.44 96.20 15.17
3 70 7.99:1 102.44 96.11 15.26
g 8:1 B, BRERISEHT 100 g/L HINE] 140 g/L, i
BH A 94.96 $E i E] 97.95%, BRIR H A AHRAR 3 g
=R

1 o B PRVAR JSE (A BE 0 AR Pl LR 1) HUR o,
TER | 2 R T AR AR [ ) 45 A1 A8 2 1 H 5 k5 b
F7 Y, M e FIEK P332 HE 2R 200 (R 155 T 120
g/l Ji, XHHTE R LS, R A R,
HHIE 4 FIPE 5 mTA, S R 38O B RTR
FEHRRE 0 & 4 S AR R th 2 . B R R B
A, WA LR, B FIER FE R, A Rk IR Ak
RO AR 103 25 H 0 5 Bt A Rk 1) 4
B RCARIAE R, (4 R AR R, 75 AR
IR H .
225 FAERH T A& ARG E

TR R S AL A, SRV, WAHIRIAR
1A, FMMIRIZ RO, A5 B R R
H TR PR B T A o B i R KT 96%
OBk R R R AR O Il A, i 1
Design-Expert 8.0 ZEATHULA AT, 15 Z15 AL I FE1E
BN BHEE 70 'C. WE L 7.99:1. BRIk
fE 10244 /Lo M4 T BB Fo0Mll 4 1) 2 H 220k 3
96.05%, I AN 15.14% .k I1E i 5 i T
RIAERATE, (et hA I 3T 3 4150 E S5,
TE SRR T ORFF SRR 20 500 r/min, K5 Beb kL
AINF 75 um, RHETE] 1 h, SERGZEHRNR 7 FroR. B
X7 ATAL WA R A 96.19%. 96.20%.
96.11%, “FIYMEA 96.17%, 5 FFIAE AR 2 A
0.12%, BB Ko nlh 15.16% 15.17%
15.26%, “F¥IMEN 15.20%, S5FUNAE AR 2 N
0.40% , — %R /M. XRD 4 Hr (W E 1) K%
SEM-EDS Zr#T(WLE 2 FiZ& 2)& W], &b ) E 2
YIMIA CaSO4. PbSO4. Fe,05, Ui HIKTID 1) PbO 4
454 PbSOy,, BRIFIIFEHF FeO ¥ T2 I 53X Fe;0,
AR FeyOy, ¥ IV K] XRD 3 G480 0T Y. 1)
W, YL I A A R R e N T, AR R A
i, X ARE D U R R E R BACA T T

1) IINFEALES B4 s R R Ak i, AL
Kie 730 CHIRHBIURGZE, 1M 820 “C RS R5 KR4S 31
MRS BN o AR be i 52 A4 B AL A r (1) B AT
TISEAT BOERAT 0 R R R A L A AR,
KA B [ B 9k 97.77% .

2) J% 1] Design-Expert8.0 {1 CCD i )3 (1 1f1 15
TN A BRI R L R L BRI
20 IRANH y FRA R B s ] LU RT3 Hh 2R
(s e i 3, FLUORBRBRIR S, ML EE R 5 mm R/ 5
TR ORI S5 ] bl 5l P 2 TR) PR A AR FH ) 4
(R H AR R 2, 9T LU RN R 2 1) 28 HAE
XPERIFE B A5

3) Design-Expert 8.0 AL L FEMER 4l |
IR IR 25T A W= R 70 °C, R[]
Eb 7.99:1, BRIKJE 102.44 g/L. fEHAREAT Ty, R
TR FIER (32 H %R 96.05%H1 15.14%, 3 KRS
oA, BRSO 96.17%H1 15.20%. i
TG 5 SR TG W3 7 e, Uk A BT N A ]
FErm, WA .
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Optimization of selective leaching technology of
complex sulfide copper ore by response surface methodology

LIAO Ya-long, ZHOU Juan, HUANG Fei-rong, WANG Yi-yang

(Faculty of Metallurgical and Energy Engineering,
Kunming University of Science and Technology, Kunming 650093, China)

Abstract: The objective of this study is to extract copper from complex sulfide copper ore selectively. Calcification
technology was performed in the presence of CaO, and calcinate was leached selectively with diluted H,SO,. SEM, XRD
and EDS were employed to investigate the calcinating and leaching behaviour. The multivariate quadratic regression
models charactering the effects of factors such as temperature, liquid-solid ratio and acidity and their interactions on
leaching efficiency were studied with the aid of the response surface methodology (RSM) based on central composite
design (CCD). The results show that the optimum conditions to obtain Cu leaching rate larger than 96.0%, the minimum
rate of iron are optimized as follows: temperature of 70 C, liquid-solid ratio of 7.99:1, acidity of 102.44 g/L, and the
leaching rates of copper and iron reach, 96.05% and 15.14%, respectively. Compared with the results determined by the
model equations, the leaching rates of copper and iron reach 96.17% and 15.20%, respectively in experimental tests,
which indicates the optimization results can be trusted.

Key words: complex copper lead sulfide ore; calcification roasting; leaching; response surface methodology
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