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Table 1 Chemical composition of raw ore (mass fraction, %)
Ni S Cu ALO; MgO Fe!” SiO, Others
253 306 286 3.05 1.60 4564 1140 232

1) Fe, is total Fe content.
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Fig. 1 XRD pattern of raw ore
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Table 2 Mineral phase of raw ore (mass fraction, %)

Pyrrhotite Chalcopyrite Magnetite
40.69 22.41 18.92
Quartz Pentlandite Nepouite
12.30 3.33 2.35

B2 )56 ) SEM 1%
Fig. 2 SEM images of raw material: (a) Flat zone; (b) Large

particle
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Fig.3 TG-DTA curves of raw ore in air
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Fig. 4 XRD patterns of clinkers at different temperatures

HIE 4 70, JRA 28 418 CRIE, 0 41 PIfLE
@EEL(F%SS)\ ﬁ%lﬁ]ﬁf(CuFeSz)\ '%%ﬁ:!f%ﬁr(NMsF%sss)
FACRORE™, RIRH . FA B, OV R
KQ)~@Wr. B 5 Pl sl & mi b st
NEFIBRAE T AT A . B 6 B s AL i R
B NIRRT A it RE. &L S A6 (1 A A
51 R3¢0 B T S P o K /K B S0 ol
A LA B < e S A A P P P 80 <3 s 0 1R o PO s v
HATETH HEEEN T 0, HAAKAR AR IR IR 1L
WA Sy o AERRBIAER T, BRI B IRAE BRI
Rk T, AR S R R A R AR B AR Ay B PR AR 7
SRR - DR T S A B 5 T AL BRSO AR IR AL
R R o

ROBEUR LT, AR AR AT 0 S O W
B L SRRk B — SR (T S e 2 S A B
(RTHE P R . X8 I S R
YRS RN B 20 £ Ti4h, TRIREL S 480 C
THa R A O) R 73 S, ARk, R L
BRI AR N AE, A, BRER i 2
AR
4Fe,S;+530,=14Fe,0,+3250, 2)
4CuFeS,+ 130,=4Cu0O+2 Fe,0,;+8S0, 3)
4Ni, sFe, sS3+109/20,= 18NiO+9Fe,0,+32 SO, (4)
4Ni, sFe, sS3+560,=9NiFe,0,+9NiSO,+2350, (5)

1/3Fe,0,+0.50,+S0,= 1/3Fe, (S0, ), (6)



201747 A

1474 v A 4 2 AR
-400 - M
6.
Lo =600
)
= NigSg+12.50,(2)=INiO+8S0,(g)
=2 800
N
[©) 0 +850,(®
=3.5Fe,3
< -1000 - F61S8+\3.2507_(%) 3 %)
8S0,(8)
1200 Fe ss+\4.7soz(%>=“5“203+ ’
- - 9

0 200 400 600 800 1000
Temperature/C

5 TR E G AL SN FRIARUE I A T RE
Fig. 5 Standard Gibbs free energy of metal sulfide oxidation

reaction
50
0 .
E
- -50F
<
N
O]
< -100
-150
QI i 1 1 1 1 1
0 200 400 600 800 1000
Temperature/'C

6 <eJRSAALOR IR AL SN AR AE T A e A g
Fig. 6 Standard Gibbs free energy of metal oxide sulfation

reaction
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Fig. 7 UV absorbance of filtrate at different wave lengths
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Table 3 Element content of ore powder with different particle

size

Mass fraction/%

A1203 MgO SIOQ

Particle
size/um  Ni Cu  TFe S

62-74 234 265 4430 312 2.60 1.79 10.80
74-80 233 283 4320 299 291 198 1193
80-91 238 323 4247 31.6 280 198 11.38
91-104 233 3.16 4232 305 285 2.17 11.65
104-124 226 2.99 4154 293 3.12 221 13.05
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b 6:1, A 60 °C, WA 2h, 45K 8 Fx.
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WKL N 62~74 pum B, J0RL )l &%, BHAS A
A MBI R NIRRT BUTER . Bk TR



27 B T W '

i}
'_’ﬁi

s S5 BRI G R pe - TR . B BRI 1475

100
=—Cu
e—Ni
80 4+—Fe

\

40t

Leaching rate of metal/%

201

0 N N N
62-74 74-80 80-91 91-104 104-124
Partical size/um

8 BUBIRL X < T B R A AR

Fig. 8 Effect of particle size of ore powder on leaching rate of

metal
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Fig. 9 Effect of roasting temperature on leaching rate of

metal
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Fig. 10 Effect of roasting time on leaching rate of metal
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Table 4 The leaching ratio in different solvents

Mass fraction/%
Solvent
Ni Cu Fe
Water 46.25 96.27 0.910
5% ammonia water 10.087 51.216 1.202
10% ammonia water 18.221 53.326 1.227
10% NH,CI solution 19.826 66.599 3.374
10% (NH,4),COj solution 12.258 87.107 2.006
10% ammonia water+

23.581 63.883 0.583

10% NH4CI solution
10% ammonia water+

10% (NH,4),COj solution

4.684 72.216 1.963
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Fig. 11 Effect of liquid-solid rate on leaching rate of Ni, Fe
and Cu
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Fig. 12 Effect of leaching temperature of solvent on leaching
rate of Ni, Fe and Cu

IR 12 T4, 35 HE I A 03 H SR S AN K
BRR AL 30~50 CEUS A S, 7 il
60 CIERTR A, N 46.25%, ULFEARST R, 4
G IR HRIRC, e 1%A 4,
224 A E R

FERLE A 74~80 pm A K3 71 600 “C 1 K5%¢ 2 h,
RERERBLKEE, 580 N T 23 4 1~3 h I X
R HEH IS . AR AR A LE 6:1, R
[ 60 °C, ZiRE 13 Pros.

HHIE 13 W%, 5 I (R A 192 H SR 5w AN
ik, RREALE 96% /A, BRI HERBEE R IR 1 h



9527 &H T PRI, S HTBA

BURGH R R R AR, BRI

1477

ﬁ%@M5hﬁ,%%ﬁﬁ%ﬁ,ZFﬁ&ﬁmwmﬁ

A K. BRINR ARG, £ 0.8% /4.

100 - —
° =—Cu
= 80 .
= *—Ni
g 4s—Fe
« 60
S)
)
o 401
=
=
3
o 20r
=
0 — . . N N
1.0 1.5 2.0 2.5 3.0

Leaching time/h
13 BRI ()0 <5 iR H 4 (1 5 )
Fig. 13  Effect of leaching time on leaching rate of metal
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Transformation of cooper, nickel and iron of
oxide-sulfide mixed copper-nickel ore during roasting-leaching process

CUI Fu-hui', MU Wen-ning®*, GU Xing-li', XU Qian®, ZHAI Yu-chun®?

(1. School of Material and Metallurgy, Northeastern University, Shenyang 110819, China;
2. School of Resources and Materials, Northeastern University at Qinhuangdao, Qinhuangdao 066004, China;
3. Key laboratory of Clean Conversion and Efficient Utilization to Resource in Qinhuangdao, Qinhuangdao 066004, China;
4. School of Materials Science and Engineering, Shanghai University, Shanghai 200072, China)

Abstract: With the resource shortage of nickel sulfide ore, the new process is needed to treat the oxide-sulfide mixed
copper-nickel mixed ore. DTA-TG and XRD of ore at different roasting temperatures and thermodynamic analysis were
used to reveal the phase transition at the roasting stage. The influences of mineral particle size, roasting temperature and
roasting time on the element transformation of copper, nickel and iron were studied at the roasting process of
oxide-sulfide mixed copper-nickel ore. The influences of different leaching solvents, liquid-solid ratio, leaching
temperature and leaching time on the leaching of copper, nickel and iron were studied during leaching process. The results
show that when the particle size of mineral powder is 74—80 um, the roasting temperature is 600 “C, roasting time is 2 h,
using water as solvent, leaching temperature is 60 ‘C, liquid-solid ratio is 6:1 and leaching time is 2 h, the leaching ratios
of copper and nickel reach the maximum, 46.25% and 96.27%, respectively.
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