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Thermodynamic Analysis and Processing Technology for
Producing Medium-Grade Nickel Matte by Sulfidation Smelting of
Copper-Nickel Electroplating Sludge
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Abstract; A thermodynamic analysis based on HSC Chemistry software reveals the phase evolution of main metals in the
production of nickel matte by sulfidation smelting of copper-nickel electroplating sludge, and the optimal process
conditions for obtaining medium-grade nickel matte by sulfidation smelting were also analyzed. Theoretical calculation
shows that the electroplating sludge with grades of Cu and Ni at 3.0% and 3.5% respectively is smelied at a temperature
of 1300 °C, with calcium sulfate as a sulfurizing reagent under a smelting atmosphere with V¢,/(Vq+Vo,) in a volume
ratio of 60%—75% , and the actual usage of sulfur 1.6—2.0 times the theoretical value. It is expected that medium-grade
nickel matte with Fe content less than 20% can be obtained, and the contents of Cu and Ni in the slag with S ratio in the
preferred range can be less than 0.20% and 0.43% respectively. It is shown that recovery rates of Cu and Ni exceed 95%
and 90% respectively, and the fixation rate of Cr in the slag is over 99.9%. According to the statistical results of
production samples, the distribution behavior of Cu, Ni and Cr is basically consistent with the thermodynamic analysis
results. This proves that the established mathematical model has good reliability and is of certain guiding significance for
production.
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Fig.2 Phase distribution of nickel at reaction equilibrium with different sulfurization agent dosage under different smelting atmospheres
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Fig.3 Phase distribution of chromium at reaction equilibrium with different sulfurization agent dosage under different smelting atmospheres
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Fig.5 Technical indicators for nickel matte smelting with different sulfurization agent dosage under different atmospheres

(14 DX I PN SR T30 SR e, A AR AR R B /N T 20% 1
H KRR, TR DX 385 P 118 P S 7 ) 8 7 0 Sl TG T
0.20% ,0.43% , 4 FVER [T 53 51 AT 3K 95% F1 90% LA
e TR B A s v A [ SR AT A 99.9%
3 Al

FIFHIR T 2 BT 25 5%, #E 26 7= B Rk ad 7 rp s il
T R FE R, I3 1 1 Y sl XL R R R R s
A, TR T KR IR A e et a5 A an
F2 FIME 6 P, GEFWoR, ihokE ™
BBk B34 S A4 A 26.76% . 28.51% ,20.15%
18.28% , 5 Hil FE B Y5 i 2 53 531 0.24% F11 0.32%
T AT — A TR R AL s Ak, R 6 T
Y A IR 32 B A A AE VKR TR ST X A A LA 43 S
92.12%F1 91.79% , 1 i o i F- 391 K R 43 5118 5.35%
F16.67% A S ISR AF A IS B, 2 FE2Z 5010
FE VKB AR 50 A0 AU M PR 7 T i, 4

x2 KREEUFERRITER(RESH)

Table 2 Statistical results of main chemical composition

of nickel matte %
WiH Cu Ni Fe S
GiitsE R 23.62~29.41 24.81~33.59 15.76~22.16 16.08~22.15
il 26.76 28.51 20.15 18.28

T RGO A RO 43 4

HEIE /%
99.50

20 30 40 50 60 70 80
F/%

BRI / %
99.00

20 30 40 50 60 70 80
F/%

x3 PENERMRUETER(RESH)

Table 3 Statistical results of copper and nickel contents in slag %

WiH Cu Ni
SN S E 0.11~0.42 0.09~0.49
¥l 0.24 0.32

RS RE A RE 130 41,

2w By Bl pAs

100 - 9
80|
<
= 60
<~l§ 99.87
40} 77.45
R
20
0F H!H-.I c.ln
Fe Cr

6 FEREBARERGFTWHNSH

Fig.6 Distribution of main metal elements in smelting products

RRBUEH Y A 7 v 7 SRR B R T RCATR 45
2J.99.87% [WHE S AR A AL DKER AR A b (9 53 A
T HAw

Xof A 7 gk AR v R — itk v A 7 g KRR R
(KRR ) EAT XRD RAE, 85 R0 7 pis, k7
AR VKL EEAFAE Cu, oS CuFeS, . CusFeS, (Cu, S,



146 R

T

i

o545 %

CuNi Ni,S, Fl Ni, Sy SYAH , b i B 2 A7 7E FeCr,0,
I AT A5 1 S AR AR

(@)

1—Cu,FeS,
2—CuFeS,

20/(°)

(b) 1—FeCr,0,

0 30 60 90

26/(°)
(a) UKEL; (b) Hids
7 RRERTEH XRD EiE
Fig.7 XRD patterns of smelting products

25 bW, 2T HSC Chemistry £ 57 AR 75 T b
AR SR VKR T BB B A m] S, XA

PR R
4 4R

1) #7257 03 Bl R o < 76 e il A R i Ak o 72
BRI RAS FE E 2Z A b R0 P i L B R A
A VER R W, s 2 2 AU S B A7, L
FeCr,0, QAN E,

2) ZHNCTIE TS VIR R AR A e i v vk B
whn AT, ol e b T L 5% F=60% ~75%,
Soe/ Spe = 1.6 ~ 2.0, 7E 32 DX I Bl P9 47 30 JR A% Ik
B A/ INT 209 0 KR, TR X 385 P9 119 £
T AN R AL T I T 0.20% AR T 0.43% , 4 Al
BRITSCR AT T 35 95% A1 90% L L,

3) AFEREARGE A R R AR B I A AT R
SIS g AR — 8 UL L T SR S
B TS Ve TR SR R P VKR T S BCA R BT By ]
etk XHEBA 2R R E X,

52 3L#k ( References) :

[1]

(9]

[10]

[11]

XAk AR 0T AE. TS IR AL AL BRI T R (0]
HLBE SR, 2022,41(8) :585-592.
LIU Wei, JIANG Shanqin, JIAO Fen, et al. Progress in research of
resource-oriented treatment technologies for electroplating sludge [ J J.
Electroplating & Finishing, 2022,41(8) :585-592.
Bk, AR ek o [ B T U B oA A0 i RO BE IR AT
FE[D]. )N AR BT R, 2021.
HUANG Qiuyun. Study on the separation and recovery of valuable
metals from electroplating sludge by chlorinating roasting and its re-
source utilization[ D]. Guangzhou: South China University of Tech-
nology, 2021.
JRIIBZE /NS 2R A8 AT A 0 5 L B 5 U8 30 A A I I A1
PKERLJ]. iR TR, 2023,43(6) : 133-138.
ZHOU Zhaoan, LIU Xiaowen, LI Jun, et al. Production of low-grade
nickel matte by sulphidizing smelting of low grade copper-nickel-bear-
ing electroplating sludge[ J]. Mining and Metallurgical Engineering,
2023,43(6) :133-138.
HUANG R, HUANG K, LI Z, et al. Recovery of valuable metals from
electroplating sludge with reducing additives via vitrification[ J]. Jour-
nal of Environmental Management, 2013,129.586-592.
XU, BRAE R, X 55, 55, LA T 4 B o B 5 Je T Ak - TR T A4
FE[1]. A ade)m GET#S) , 2021(3) :21-27.
LIU Chao, CHEN Zhigiang, LIU Yong, et al. Study on mineralization-
flotation process of a low grade copper-nickel electroplating sludge[ J].
Nonferrous Metals( Mineral Processing Section) , 2021(3) :21-27.
BT SO BRI, AF. S R L B TS DR A bR A -k
2], hEA g B AR, 2020,30(4) :942-950.
LYU Haozi, HE Zhuangzhi, CHEN Zhiqgiang, et al. Sulfidation sinte-
ring-flotation process of copper-nickel-bearing electroplating sludge[ J].
The Chinese Journal of Nonferrous Metals, 2020,30(4) :942-950.
JAE . TS R PER I SRR MIFE [ D], 9% PR SR K
2, 2015.
ZHOU Xue. Roasting and leaching experiment of the electroplating
sludge[ D]. Xi’an; Xi’an University of Architecture and Technology, 2015.
Fp . S AR TR R R R AR I S e R WER (7]
B BERLE A A, 2022,40(8) < 1-5.
JIANG Zhongxiao. Study on influencing factors of copper and nickel ex-
traction from leaching solution of sludge containing copper and nickel[ ] ].
China Resources Comprehensive Utilization, 2022,40(8) :1-5.
T, R RGOS TR [ T]. PR
Bl 5 A, 2016,39(H4 T 1) :307-310.
DONG Wangqiang, LI Jun, HUANG Wengqi, et al. Recovery of copper
and nickel from electroplating sludge with acid leaching method[ J].
Environmental Science & Technology, 2016,39(S1) :307-310.
LI P P, PENG CS, LI F M, et al. Copper and nickel recovery from elec-
troplating sludge by the process of acid-leaching and electro-depositing[ J |.
International Journal of Environmental Research, 2011,5(3) :797-804.
TR W R (LGRS 45, NH,-NH, *-CO,> IR R B i s
P BRRIGRTSE )], MRk, 2015,34(1) :25-28.
ZHANG Huanran, LAN Bibo, WU Zengling, et al. Leaching of copper
and nickel from eleetroplating sludge in NH;-NH, *-CO;*" system[ ] ].
Hydrometallurgy of China, 2015,34(1) ;25-28.
(MHEE 151 50)



552 TR 4 AR SO R ERT T BRIR B IR AT 5T 151

[10]

process of low-grade manganese rhodochrosite ore from Yingjiang
County of Yunnan Province[ J]. Mining and Metallurgical Engineer-
ing, 2023,43(5) .74-76.
AR N RIEANE A SRR IR, 2023 4F HARRIRAM [ R]. 2024,
Ministry of Natural Resources of the People’s Republic of China. 2023
natural resources bulletin[ R]. 2024.
T, WA, ok A5, BRET FERERAY AR R R BR [T ]
T E M, 2021,48(1) :102-119.
CHENG Xiang, HU Peng, ZHANG Haikun, et al. The main types,
distribution and current development of manganese ore deposits[ J].
Geology in China, 2021,48(1) :102-119.
ASCEE RS, FLAW, AR R BRI S E R YR IR
SRR (D], hESL, 2019,28(9) :175-182.
DENG Wenbing, ZHANG Yanwen, KONG Linghu, et al. Current
status of manganese ore resources in China and selecting for national
physical geological data of manganese ore deposit[ J]. China Mining
Magazine, 2019,28(9) :175-182.
REEARE . SN IR IR AT S R L],
[E %5, 2022,40(2) :6-10.
WU Hao, WANG Ziguo, LU Meng. A brief analysis of manganese re-
sources in Guizhou Province and some development suggestions[ J].
China's Manganese Industry, 2022,40(2) :6-10.
T AR, EAR . SRR - AR LA [T]. IR
T, 2020,40(5) :100-103.
WANG Yang, WU Chengbo, YUE Lin, et al. Experimental Research
on roasting and ammonia leaching of high phosphorus rhodochrosite[ J].
Mining and Metallurgical Engineering, 2020,40(5) ;100-103.
AR, — PG RS MRATR AR AY T34 - i, CNO2116045.4[ P ].
2003-11-05.
Z0U Xing. An improved method for leaching manganese from rhodo-
chrosite: China, CN02116945.4[ P]. 2003-11-05.
TR, R, R, A5, ZERR T T A R R HG A 4 T R e T 25 A0F
FEMERELI]. RS T, 2023,52(2) : 13-16.
ZHANG Hui, SONG Da, WANG Zejiang. The research process of the
development and utilization of the rhodochrosite and the preparation of
manganese sulfate[ J]. Journal of Salt Science and Chemical Industry,
2023,52(2) :13-16.

VOCR. BRI S5 PR AR LI ()], I A4

[11]

[12]

[14]

[15]

J&, 2014(3) :38-40.

TANG Wenguo. High sulphur manganese carbonate and manganese ore
direct leaching experiment[ J]. Sichuan Nonferrous Metals, 2014(3) .
38-40.

X5e. RSO ZEAR T B A T 225 G R R 9T (1], VP
1642, 2010,30(5) :5-7.

LIU Liang. Experimental study on comprehensive use of two leaching
processes for low grade manganese[ J]. Jiangxi Metallurgy, 2010,30(5)
5-7.

TSR IR FA . SR A AT T[T ] ks
4, 2002,21(4) .184-187.

MENG Yunsheng, XU Xiaojun, WANG Jikun. Research on bacteria
leaching of low grade manganese ore[ J|. Hydrometallurgy of China,
2002,21(4) :184-187.

Z/N A TR R R AR ot L A 0 S 9 s )X 6 1
JE[1]. =R, 2014,43(4) :28-31.

LI Xiaoying, PENG Jianrong, YAN Jiangfeng. Experimental study
on pressure leaching of high silicon low grade manganese ore[ J .
Yunnan Metallurgy, 2014,43(4) :28-31.

BRAR AN AR S AR BB 2 i R A A Bl
JI2EWSEL )] TR TR, 2022,42(1) :77-80.

QIAN Zhen, TAN Jie, LI Chongyang, et al. Thermodynamics and
kinetics of leaching rhodochrosite from electrolytic manganese anode
solution[ J]. Mining and Metallurgical Engineering, 2022,42(1) :
77-80.

2V SRR S SRR IR R A ALY TR VR AT
ABFFELD]. N VYT R, 2019.
LI Shaoping. Study on the crystal chemistry, surface characteristics
and flotation behavior between rhodochrosite and calcium-magnesium
carbonate minerals[ D]. Ganzhou: Jiangxi University of Science and

Technology, 2019.

SIRARN: 2385, %%, REL, F. RSB ALHBREHN 7 AR 13 h
AFARR[]]. &k T4, 2025,45(2) :147-151.
WANG Yuanzhi, PENG Jun, ZHANG Xilong, et al. Direct sulfuric acid

leaching behavior of low-grade manganese carbonate concentrate[ J]. Mining

and Metallurgical Engineering, 2025,45(2) ;147-151.

(358 146 10)

[12]

[13]

GENG Shuhua, LI Guangshi, ZHAO Yong, et al. Extraction of valu-
able metals from low nickel matte bycalcified roasting-acid leaching
process [ J ]. Transactions of Nonferrous Metals Society of China,
2019,29(10) :2202-2212.

AR X 2, AL, T R AP R AR 7 i B A P SR [T .
HEA @4, 2019,48(6) :30-33.

SI Jungi, ZHAO Yun, WANG Chuanqiang. Production practice of
high nickel matte produced by converter in Ji’en Nickel Smelter[ J].
China Nonferrous Metallurgy, 2019,48(6) :30-33.

SR SRR, TV, 5. SR TR I TR ).
IR TR, 2024,44(1) :57-59.

WU Haixiang, WU Weixin, YUE Tao, et al. Reclaiming copper re-

source from copper smelting slag by flotation approach[ J]. Mining

and Metallurgical Engineering, 2024 ,44(1) ;57-59.
X WRak, SALE 5. EAMEAR A A A AL R e T
LWIELT]. BR T, 2023,43(6) :70-73.

LIU Chao, CHEN Zhigiang, HU Hongxi, et al. Beneficiation experi-
ment on low-grade refractory copper-nickel sulfide ore from abroad[ J].

Mining and Metallurgical Engineering, 2023,43(6) .70-73.

SIRARST: B Je e, ) s 3, B4k, . ARAR 4R T IR ARAL B P ok 4 ag
BAFAIEMA[]]. 5k T, 2025,45(2) : 141-146.
ZHOU Zhaoan, LIU Xiaowen, LI Jun, et al. Thermodynamic analysis and

processing technology for producing medium-grade nickel matte by sulfidation

smelting of copper-nickel electroplating sludge[ J]. Mining and Metallurgical
Engineering, 2025,45(2) :141-146.



