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Fig.2 XRD diffraction pattern of Kaldor slag
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Table 1 Chemical compositions of Kaldor slag %
JERE Ni Cu Fe Co S CaO MgO Si0o,
RIRZ s 1% 17. 08 31.02 6.52 0.11 0.28 2.35 1. 80 19.25
IR g 2* 17.20 30.85 5.72 0.10 0.26 2.55 1. 66 19. 35
R2 BEGRIBER I>

Table 2 Reducing agent granular coal compositions Y

% Fe S Ca0 MgO Si0, Al O, Y ix RSy I 0 ik
s 0. 84 0.50 28.40 0.36 36. 58 17.50 7.20 17.70 75.10
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Table 3 Chemical compositions of flux limestone

%
o CaO Si0, MgO Fe S
e 50.95 5.5 0.8 0.44 —
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(BB A x FaEE + BRAP B x B
HFmw) x100% (8)
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Table 4 Test results of different reducing

agent rates %

I B Ay R Al
FiIE Ni Cu Ni Cu Ni Cu

5.00% 21.51 78.12 0.98 1.72 98.31 97.09
10.00% 29.47  63.80 0.61 1.17 99.02  99.13
12.50% 27.54  60.22 0.15 0.32 99.56  99.57
15.00% 28.27  65.38 0.28 0.43 99.64 99.76
20.00% 28.11 64.47  0.084 0.19 99.86  99.86
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Fig.3 The effect of reducing agent rate on nickel and copper
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Table 5 Test results of different flux rates

Y BARGY/ % RS/ %0 HIE %
/% Ni Cu Ni Cu Ni Cu

10.00 25.93 63.94 0.25 0.51 98.93  98.91

12.50 28.90 59.03 0.29 0.52 98.95 98.89
15.00 29.66 62.67 0.081 0.18 99.45  99.38
17.50  26.98 61.13 0.15 0.32 99.22  99.35

20.00 25.47  67.59 0.18 0.37 99.15  99.15
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Fig.4 The influence of flux rate on nickel and copper
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Table 6 Test results of different settling time
Uik BRI % RIS/ % HHCR %
fl/min N Cu Ni Cu Ni Cu
30 30.85  64.02 0.49 0.91 98.51 98.75
40 30.80  61.27 0.30 0.65 98.79  98.92
50 28.92  62.58 0.18 0.37 99.14  99.27
60 29.69  61.94 0.15 0.32 99.46  99.43
70 28.29 61.56 0.14  0.29  99.48  99.50
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Fig.5 The effect of settling time on nickel and copper

750 ~ 1500 °C LIRS IE AR A7 AT R4 R0 2%
T, & BRI RE R A, I A5 BB & 4 Fl ik
RS .

3)AEE G I kR IR R R IR 2
I A R R AR IE SRR L 1420 °C ik 50 ]
1 10.00% HEH) % 15.00% | JLFE IS ] 60 min fiy
AR RN RS m ARG, B &L
BIR T 90.00% ;4 i H R K T 98.50% , 4
R A PR R 0. 15% .0.32% LT
— 2 AP PR O @ Jm o WE SRS R O B
HL A A B 7R 22 i i 3 — o g &L T 7
ik

E=2CN

(1] & ASC, 2R RIRZ I b S5 BH AR ¢ X < Iml B £ A g

[J]. ¥ A (36 42 ,2014,43(5) 163 - 66.

JIN Ziwen, LI Chunxia. Comparison of recovering selenium tech-

nologies from gas of copper anode slime treatment with Kaldo fur-

nace[ J]. China Nonferrous Metallurgy, 2014 ,43(5) ;63 - 66.
(2] EWgR. RIRZIPRME L Z ) J1 2000 5 S kg [T ],

A4 ,2018,47(1) 117 -20.

WANG Hairong. Kinetic analysis of Kaldo furnace converting

process and its practice[ J]. China Nonferrous Metallurgy,2018 ,47
(1):17 -20.

[3]  FEdfgse. Bh b s R Rk e wr e (. PIEA @
1i42,2012,41(4) :63 - 66.
WANG Hairong. Experimental research of reduction of smelting
slag from Kaldo furnace by shaft furnace [ J]. China Nonferrous
Metallurgy ,2012,41(4) :63 - 66.

(4] ShFEER, W, Fbk, 5% s 5% P E i A I i MR 1
AT ()], B, 2012(12) 51 -55.
HAN Fengxia, LEI Ting, ZHOU Lin, et al. Feasibility analysis of
smelting acid slag in a closed DC electric arc furnace in Yunnan
[J]. Light Metal, 2012(12) : 51 -55.

[5] ER, REE, BRE. MEHRIET AT MR &5
i)l AEa)E R, 2012(3): 14 -17.
BIAN Ruimin, YUAN Junzhi, CHEN Junhua. Copper smelting
slag dilution method and technical and economic analysis [ J].
Nonferrous Metals ( Extractive Metallargy) , 2012(3) ; 14 - 17.

[6] R, BEH. MRS MR KN HLERLT]. AE8E
FHELS TR, 2020, 41(3) : 55 - 60.
LU Jing, WU Jiayan. Summary of Research and Application of
Copper-Nickel Alloys[ J].
neering, 2020, 41(3) : 55 - 60.

(7] BYIE, EIBL, B4, % HERBIP ERE L

Non-Ferrous Metal Materials and Engi-



2023 4E2 H55 1) FRILAESE 50 kVA E IV AL BE-R IR 20 i B 5 - 59 -

SIREEZ)]. W TR, 1999, 19(4) ; 43 -46. [J]. Mining and Metallurgical Engineering, 1999, 19(4) . 43 -
MAO Yongjun, QU Shuguang, HE Zequan, et al. Reduction and 46.

smelting of ocean polymetallic nodules in a DC electric arc furnace

Experimental study on treatment of Kaldor slag by 50 kVA DC EAF
ZHENG Jianghua'”, REN Xuegen'”, MA Xiaodong'”, ZONG Hongxin'"?
(1. SKL of Nickel and Cobalt Resources Comprehensive Utilization, Jinchang 737100, China;
2. Nickel&Cobalt Research and Design Institute JNMC, Jinchang 737100, China)

Abstract: Firstly, thermodynamic calculation was used to obtain the relationship between the Gibbs free energy and
time of the main reaction when smelting Kaldor slag. It showed that under the condition of temperature 750 ~1 500 °C,
with coke as reducing agent and limestone as flux, all main reactions could occur, and finally copper-nickel alloy and
calcium silicate slag could be obtained. On this basis, combined with difference in reducibility of different elements
in Kaldor slag, granular coal was used as a reducing agent, and Kaldor slag was selectively reduced and smelted in a
DC electric arc furnace to obtain qualified copper-nickel alloy and discarded slag. The test results showed that under
the conditions of smelting temperature of 1420 °C, reducing agent rate of 10% , flux rate of 15% , and settling time of
60 minutes, high-grade copper-nickel alloys were obtained, and the alloy grades were all greater than 90. 00% ; the
recovery rates of copper and nickel were both greater than 98. 50% , and the content of nickel and copper in the slag
were reduced to 0. 15% and 0. 32% respectively, achieving one-step extraction of valuable metals from the slag. The
research is conducive to improving the secondary resource recovery rate of non-ferrous metals, and lays a theoretical
and practical foundation for smelting of Kaldor slag in the DC electric arc furnace.

Key words: Kaldor furnace; calcium silicate slag; copper nickel alloy; DC EAF; selective reduction; smelting;
granular coal
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