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Table 2 Boundary condition
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Table 3 Physical properties of furnace charge "’

/K 673 1073 1473 1773 2073
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A/ (T kg™ K1) 971.3 989. 0 1077.5 1107.6 1344.3
PER/ (W-m™'-K™) E=1x10""T" +0.0027T +0. 41"
B3R/ (S\m™") 0.075 0.15 15 150 150
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Table 4 Physical properties of furnace gas'™
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KEEE/ (107 kgem ' -s7") 1. 862 2.626 3.594 4.156 4.675 5.162 5.625 6. 067
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Sh T S A M R Ml P I 2 R ) A
A& T 20 min 30 min 40 min F1 50 min 5}
y=0m ZbIFE G VI, B 5 b e N L a2 o A =
Nz AT LA Hh O A AN 2 Rl 2
SR ThTE RN R, B B 0 A SR IA% , Fifi

LA /(A - m)
1.0x10°
9.5x10*
8.9x10*
8.4x10*
7.9x10*
7.4x10*
6.8x10*
6.3x10*
5.8x10*
5.3x10*
4.7x10*
4.2x10*
3.7x10*
3.2x10%
2.6x10*
2.1x10*
1.6><le
1.1x10
5.3x10° _

0.0

(a) 1=20 min

(c) =40 min

(b) z=2.07 mﬁs’cﬂ T

FEJE RIS TR] 3 i , T R IR DX 2 T R AR 2475 3 TS
0 =2 TR0 P L 98 2880 5 2 o i, L R I DX P ) 30 2% 1)
LIS AT S, 3 R A S T R T e AR
REHL A0, B8 BN I8k, S48 R[]
k50 min B, LR EHIINZE 3 x10° Aem 2,

(b) =30 min

(d) =50 min

5 50 min REBGMBRBRZTES T

Fig.5 Current density distribution during the 50 minute stable melting stage

3.3 WEEERSHIN
R T ST T M X BEAS [] e 22 b i H R A 2

66

S, 6 SR AR IR 2R n b i £ H 3 23 A
W I TRIHEAS SR RN W N, = 24 rp e ri SRR



FRORTRAF . LA AR LR 0T SR MR v S 22 ) R 5 1 S (B AL

I, L) e 000 e, AT L A A R, FERT
40 min FEHAMHR R B XA HBAER I %, H
{E°43.07 x10° W-m >, ) 40 min %] 50 min FEH-F4
KF2x10° Wem 7 XIFS A I TR, Hix

A

(W+m™)
2.0x10°
3.5%107
6.2x106
L1x10°
1.9x10°
3.4x10*
5.9%10°
1.0x10°
1.8x10°
3.2x10'
57%10°
1.0x10°

P N

(a) =20 min

r

(c) 1= 40 min

KAAHEE 3.45 x 10° Wem ™ oAb, 7EHRHX I H
HLO L BT AE— R F AR IX e, X T
DX 2 P A PR AR , R I PR/, BT L AR HAA
WAL/

| =
YP-_

(b) = 30 min

(d) 1= 50 min

6 ARMZIEF®RSH
Fig.6 Joule heat distribution at different times

3.4 WERESH
K Ji L A R i A Mt R G K T
AN 220 47 b 30 B AT BB B P 40 min,
R IR DX B0 3 I8 B AN =, T s T X, AN W )
it G0 B M A3 A | 5 L I 2 R R AR - A A
ZARL, 7 H I AN 300 5 1 3 B AR B v e U R
5182 K teAh, ek DS &8 oot 7 B A7 7E — IR IR
DX, B 5 J75 I s 1) AN B o o Jt PR b 9 35 A
HAA A B 2 380, AR DX S FEAS T 46 /0N 3O T
S vk DX o) T B AR el A5 it P S oo DXl A o
JRE/K

2800

2607

M2413

2220

2027

1833 .

1640 (a) t=20 min

1446

1253
1060

s P -
<y

() t=40 min

Hahn, £ 40 min 2 50 min = X R EE R A K e
FREHE 2 5379 K, JF#a TRUE , eI f oI R 3
1B 78 3 4w APk I SOy B T iR EE o AR S
RESCIRE R T 2 600 KA X 38 33 X, 78 16 1k 2
40 min BFHIRXATAETE B, 7206 2 50 min B H 3R
XSE I, T X2 DL AR Ak i S 1
RIS D S I P ot T B o S PR v A ] 8 o Jh v
JE YR BE AN ] | 2 52 Bt 9 22 ARG 78 S R v
I 13 DX 3 ) S 1)

(b) =30 min

v

(d) =50 min

7 ARMZEBES S

Fig.7 Temperature distribution at different times
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Fig.8 Temperature distribution of molten bath with applied different voltages
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Fig.9 Temperature distribution of molten bath with different voltage
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Numerical simulation of melting characteristics and multiphysical field

coupling in a dual-electrode DC nickel-iron electric furnace

CHENG Zonggiang, YANG Yihan, LUN Xiaojun, HOU Yuxin
(School of Mechanical and Power Engineering, Shenyang University of Chemical Technology, Shenyang 110142, China)

Abstract; This paper conducts a numerical simulation study on the melting process of a dual-electrode

DC nickel-iron electric furnace, aiming to explore the coupling laws of multiphysical fields inside the

furnace and provide a theoretical basis for optimizing the production of nickel-iron electric furnaces. The

study employs a three-dimensional transient multiphysical field model and uses the finite volume method
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Intelligent transformation of equipment for sulfate roasting
process of copper anode slime

WANG Jifu, LIU Peisong, DU Shaojun, SHI Fengbang
(JCC Guoxing ( Yantai) Copper Co. ,Ltd. , Rare and Precious Metals Branch, Yantai 264006, China)

Abstract; The anode sludge produced during the copper electrolytic refining process, in which precious
and rare metals can be extracted, has important economic value. Based on the problems existing in the
copper anode sludge roasting process of a smelting enterprise, such as insufficient pretreatment, uneven
feeding, large fluctuation of negative pressure at the end of the kiln, easy deformation of the kiln body,
and excessive pressure in the jet pump, combined with the EMERSON — DeltaV DCS control system,
optimization measures were proposed, such as adjusting the dense pressure filtration method, increasing
DCS interlock control of the anode slime tank’s liquid level, establishing liquid level interlock between
the anode slime tank and the feed tank, adding negative pressure delay protection, improving fuel usage
in the heating system, and adding vacuum pump sensors. After these improvements, the daily processing
capacity of the rotary kiln for copper anode slime had been increased, the working environment had been
improved, energy consumption had been reduced, the labor intensity of workers had been reduced,
production costs had been effectively lowered, and equipment lifespan had been extended.

Keywords: copper anode slime; sulfate roasting; rotary kiln; DCS control system;waste; recycling &a
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to simulate the distribution of electric field, thermal field, and Joule heat during the melting process of
the electric furnace. User-defined functions ( UDF) are utilized to incorporate source terms such as
electromagnetic force and Joule heat into the momentum conservation equation and energy conservation
equation. Additionally, complex physical phenomena in the arc zone and molten pool zone, such as
electrothermal conversion, electromagnetic induction, and magnetic field disturbance, are taken into
account. The simulation results show that the current flows from the electrodes, forming distinct current
paths between the electrodes and the furnace bottom, between the electrodes themselves, and between the
electrodes and the furnace side walls. As the melting time increases, Joule heat accumulates near the
arc, causing the furnace temperature to rise continuously and resulting in a pronounced proximity effect.
After 40 minutes of melting, the maximum value of Joule heat is 3.07 x 10> W/m’, and the highest
temperature is 5 182 K; by 50 minutes, the maximum value of Joule heat increases to 3. 45 x 10* W/m’ ,
and the highest temperature rises to 5 379 K. Furthermore, as the applied voltage increases, a crucible
zone with higher temperature gradually forms below the electrodes. The highest temperature in the arc
zone increases from 4 853 K to 5 833 K, and the peak temperature of the molten pool rises from 1 891 K
to 2 026 K. This indicates that increasing the applied voltage helps to raise the overall temperature of the
ore zone, thereby enhancing the melting efficiency.

Keywords: multi-physics field; submerged arc furnace; temperature field; Joule heat; ferronickel;

molten pool; melting Iy
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