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Table 1 Main chemical composition of high copper
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Table 2 Composition and relative mass fraction of high

copper nickel matte
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Fig. 1 SEM-EDS analysis of high copper nickel matte
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Table 3 Energy spectrum elemental analysis results of main components in high copper nickel matte %
1 W Ni Cu Fe Co S 0
i B a1 B (B 55~57 14~16 1.5~2.5 0.5~0.7 25~27 —
B AL 5 B D 1~3 64~66 5~7 0.2~0. 4 26~28
B IER AT 27~29 — 36~38 — 34~36 —
HEA 1 78~80 20~22
B (D 4~6 — 68~170 — — 25~27
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Table 4 Mineral composition of thickener

overflow residue
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Fig.2 SEM-EDS analysis of supernatant filter residue
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Table S Energy spectrum elemental analysis results of main components in supernatant filter residue %
F B Ni Cu Fe Co S 0 Si Mg
AR 54~56 — 5~7 1.5~2.5 37~39 — — —
i B AL 4 32~34 23~25 1~3 0.5~1.5 38~40 — — —
A (D 1~3 — 70~72 26~28 — — — —
R ALY 66~68 — 10~12 0.5~1.5 — 20~22 — —
LA T R 8§~10 44~46 5~7 10~12 29~31
kMR R 51~53 — 3~5 0.5~1.5 — 25~27 16~18 0.5~1.5
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Fig.3 Effect of pH on leaching rates of Ni,Cu,Fe and

settling time
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Fig. 4 Effect of reaction temperature on leaching rates

of Ni,Cu, Fe and settling time
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Fig.5 Effect of liquid volume to solid mass ratio on

leaching rates of Ni,Cu,Fe and settling time
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Fig. 6 Effect of time on leaching rates of Ni,Cu,

Fe and settling time
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FE 3~4 h Z i), Ni &2 20 A T R Cu = R
WA 1Tt 3 U5 R 0 8 X R 1 4 ) e T
T W B & AR K — B4 AT RE A Oy R A
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2.3 EXKE

LSl SrW i NN RS S SO R ai i uN N YA
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PR EOEAL . PRI, A B VR R B i bl 8 /1
(FETF 2. 2.3 7000k A9 o 2 1) 19 3 Al | L 2k B
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Table 6 Factors and levels of orthogonal experimental

wE A B c D K BRI Bl Bl L W i) /

S WEE/C oM/ RBEFE/h o WG p(Cu2t) /(g L7 pH /% p(Cw)/(g+ L7 p(Fe)/(g+ L1 min
1 80 (1 2.5 3 (D 8 (D 5.8 88.5 3.5 1.2 14
2 80 (1) 2.8(2) 1(2) 10 (2) 6.1  92.3 2.4 0.8 10
3 80(1)  3.0(3) 5(3) 12 (3) 6.0 91.8 2.9 1.0 11
4 85(2) 2.5 (D) 4(2) 12 (3) 6.2 90.1 2.7 0.9 10
50 85(2)  2.8(2) 5(3) 10 (2) 5.9 93.7 2.2 0.7 9
6 85(2) 3.0(3) 3(D 8 (1 5.8 92.5 3.2 L1 13
790 (3) 2.5 5(3) 10 (2) 5.7 89.2 3.0 1.3 16
8 90(3)  2.8(D) 3(D 12 (3) 5.6 90.5 3.4 1.4 17
9 90(3) 3.0 4(2) 8 (1 5.5 89.8 3.6 1.5 15

RN B 22 R 2R X 4% AT A R 2 o 1)
A — 20 XA A48 bR R A7 0 22 40 A S5 2R
WER7.8MAE 7,

R7 BEUENMESWER

Table 7 Range analysis of nickel leaching rate

HZE KF Rk KFEky KFEhy WER Ex/d05¢2

90.87  92.10  89.83 2.27
89.27 92.17  91.37 2.90
90.50  90.73  91.57 1.07
90.27  91.73  90.80 1.47

B>A>D>C

O 0 T >

x8 BEEEXNFRERHEE

Table 8 Range of each factor for different indicators

- w2 R 2R DLRE
B ) N A
H#E oy o(Cw/ o(Fe)/ s 8] /
P geL ) (geLH min
A 2.27 0.633 0. 500 5.333
B 2,90 0.566 0.233 1.333
c 1.07 0.667 0.233 3.000
D 1.47 0. 900 0.334 2.333
EL SR PN
RV 5 90 (B) 0.900 (D) 0.500 (A)  5.333 (A)
W2 R
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Fig. 7 Radar chart for comparison of each influencing

factor intensity
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AL i pH BE IR BE T+ i FEAIK, i 5. 8(80 °CH [%
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Coupling of Copper and Iron Migration Behavior During Atmospheric Pressure
Leaching of High Copper-Nickel Matte

YAO Kangbing, YANG Guiyan, YAN Ganggang, MA Lei,ZHANG Yuyuan,ZHANG Lijuan
(Jinchuan Group Co. ,Ltd. ,Jinchang 737100,China)

Abstract:In view of the complex technical problems such as " running muddy" in the thickening
system, excessive Cu’" in the solution and poor open circuit of Fe®" in the atmospheric leaching
process of high copper nickel matte, the migration behavior and inhibition mechanism of Cu and Fe
were systematically revealed by mineralogy, chemistry and reaction kinetics. The mineral analysis
system (MLA) was used to clarify the occurrence state and evolution path of raw materials and
intermediate slag nickel sulfide (Ni;S,), copper nickel sulfide and iron oxide (FeOOH, etc.). The
coupling effects of pH, temperature, liquid volume to solid mass ratio, reaction time and initial Cu*”
mass concentration on the leaching kinetics and hydrolysis precipitation behavior of Ni,Cu and Fe were
investigated by designing systematic single factor and L,(3") orthogonal experiments. The results
show that Fe*' is significantly hydrolyzed at pH >> 3. 0, and the generated Fe (OH); colloid
encapsulates the microparticles through electrical neutralization and bridging, which is the direct cause
of system stability damage and "running muddy". In addition to direct leaching, Cu*" has a hidden
cycle path of "adsorption-coprecipitation", which is the core reason why it is difficult to completely
open the circuit. Based on this,a "Fe/Cu synergistic regulation” strategy is proposed. The core of this

strategy is to accurately control the initial pH in a narrow window of 2. 5-3. 0:in this interval, the

24

catalytic effect of Cu*" can be used to promote nickel leaching,and the hydrolysis of Fe’" into gel at
the initial stage of the reaction can be inhibited to the greatest extent. Combined with orthogonal test
optimization, the optimum process conditions are determined as follows: initial pH = 2.5-3.0,
temperature is 80-85 °C,liquid mass solid mass ratio is 8/1-9/1, reaction time is 4-5 h. Compared to
the traditional process,after applying this collaborative regulation strategy, the total nickel leaching
rate of the system increases steadily from approximately 90% to over 93%. The Ni mass concentration
in the externally supplied nickel sulfate solution reaches over 105 g/L, while the Cu mass
concentration decreases from over 15 g/L to below 3 g/L,and the Fe mass concentration drops from
over 5 g/ to below 1 g/L. This method solves the problems of "slurry leakage" and impurity control
in industrial production effectively, and provides a solid theoretical basis and engineering practice
solution for the precise regulation of the high-nickel concentrate hydrometallurgical process.

Key words: high copper nickel matte; colloid; normal pressure leaching; copper and iron migration;

pH control; multi-factor coupling; orthogonal experiment



