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Fig. 1 Simplified process flow diagram of top-blown furnace
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Fig. 2 Flow diagram of the top-blown furnace metallurgical model
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Table 3 Experimental design table 1 for top-blown furnace production
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29



Total 199 il

Al

T

i JEE 199 1

P BB IRSN, A7 AR R TSR S B AT

RS2 A A I T B Y A8 T 1 2 W ki 4 K
AL, ROk B R R RSO, AL
AT S BEE ] FAR S S BT A RO i L X
SR SER ORISR

Hie 5545 VZ SRR P S B 1T, SR ABCE
B THAMOA A, SRS ICE BRI
H SRS DR P A, WA A T A B BB o

PP SR Z 6 TP S R, AR T
P IARBUAHSCC B | 42 A5 PRk ot | 4
ZHROTA LR R, R s g nl 8
BRI LIRS R, SR = e R A R
CIE /e

K7 LU S RIE S, BB R T TP
AR BRGS0 e B N B e, FEA
T F i S LIRSS 2Z 1818 PR AL

IR ] EaE) S5y

F S HobirE

LRSS R
(il A/ 5k )’

2,55 E AL P&
1R 55 R

3 ARIR
S B Dy 2 e

B A K

(1 JSON Schema)

LR Ere qu]

(POST/calculate)
— P>

6 F Bk
RNy

7R R ELL
45 (JSON)

8LERAE &
AR E H R

9. 5B A

RS H ik
fEEEAR S | >

BRI

FfER S

RS Bl

&7

RGBT

Fig. 7 Algorithm interaction flow of the system

4 &%

AHIFEEISE o S MW SR — 2 A TR —
MG PR A R RS = T 2R R i Tk
WHRIAT, TR SRR i T ReE R, £
X% T2 A o LA 2 i i S B il A2 i, )
BEMAR T e AR ON, FAMOA RO IR A T
TIPSR T 2SR R S . U AL Y

30

it

HERfPE S IE I, BFFER A T IEsSiE iit,
TR 00T B 1 S 2R 7=l , RGEPAG T RAEIE A
[FI e AR S 00T XA . KU S5 G B i =
BTHRORG R . RUEZRRY], B RZEAL T
TARERHEZEE A, UESE T HAE Rl o TR
(N et ve o (IR RS O PR 7HIbE el e
BT SRR IR S BOR S



REREGSE WP IR T 2R R G

2026 4F45 33

BT YRR IR, R TARRK & A B ZEMA
J7 1) ST s — SRSl AR 20 5 AR B IE,
XS HE 2R G TR R Gl 07 L R | SR S 2R
LR AETT T AR DR AR, S8 U A BRI RS ERE
iy ZRBUI TRERRSETI RS RGN, E A
WFFERTRL AR LR A 2 I AL, BB i IOk
A S B TOURES, IR = 2R e
bl SR m o AT S B = P i T2 50 B
BLE FRE . RRUE T BUE T IR BLIE AL, R
T AR S

Sk

(1] whak AU TR SR % 2 WO AU PS E ek T ]
A EIREBE 505, 2015, 36(5): 18-21.

[2] XUSTHE . 20 TRV 22 ORI e I 32 e AUl 2 7 I
20 [0). WiviR4s, 2022, 45(9); 107-108, 129.

[3] PR SWEHEARNERT]. a/iB4, 2008,
37(5): 24-28.

[4] Taskinen P, Jokilaakso A. Reaction sequences in
flash smelting and converting furnaces: an in-depth
view [J ]. Metallurgical and Materials Transactions B,
2021, 52(5): 3524-3542.

[5] WRaEZe, XUHERE. SR TNEEHIG B R
R 0] A 6 R GRIERN) , 2011( 2) : 38-41.

[6] Anderson A, Kumar V, Rao V M, et al. A review of
computational capabilities and requirements in high-

resolution simulation of nonferrous pyrometallurgical

furnaces [J]. JOM, 2022, 74(4): 1543-1567.

(7]

[12]

[13]

[14]

hyegs, AR, BT A RRISR A T RSB A
PELIR SRR GRRIE [T]. ASMERY, 2014,
31(1): 78-81.

Davenport W G, Partelpoeg E H. Flash smelting:
analysis, control and optimization [ M ]. Amsterdam:
Elsevier, 2015: 50-62.

Bacedoni M, Moreno-ventas I, Rios G. Copper flash
smelting process balance modeling [J]. Metals, 2020,
10(9): 1229.

Liu P, Li B K, Cheung S C P, et al. Material and
energy flows in rotary kiln-electric furnace smelting of
ferronickel alloy with energy saving [ J]. Applied Thermal
Engineering, 2016, 109; 542-559.

WA, BT, RE, OO SE ORI S
TE LR I B3 G DU 1 FH R SRR LT ) 06 42 43 B, 2021,
41(1): 41-46.

BENT AR, PRI, AR, AF VKA R AU AR
RO EHAL ] A 64, 2003, (1): 72-74.
AP, BRR, RRIK, 55 SRR R S0k A gk vk a
MALIER[) ] 2 e R, 2025(6): 14-22.

WA L A I B M RE B E AT 5 (D ]
AR WHERHR S, 2024,

Yin Z Y, Li R, Lin H, et al. Analysis of influencing
factors of cementitious material properties of lead—zinc
tailings based on orthogonal tests [J]. Materials, 2023,
16(1): 361.

BE/NGE, BhFSE, BELE, R TIERBOIE R
T o J2 AR 3 S B AL S AL ] Al T AR,
2025(4): 88-98.

31



Total 199 o TR JEE 199 1

Decision Optimization System for Continuous Copper Smelting Process in Top
Blown Furnace

Cui Jingmi1 , Chen Yibo’, Liu Ye'
(1. Jiangxi Tongrui Information Technology Co., Lid., Nanchang 330096, China; 2. JCCL Guoxing ( Yantai) Copper
Co., Lid., Yantai 264000, China)

Abstract: As the core equipment of the domestically developed hot-state triple-furnace continuous copper smelting system, the multi-lance
top-blown furnace still requires further improvement in process monitoring and intelligent decision-making capabilities. Current challenges
include delayed parameter adjustments, pronounced fluctuations in furnace conditions, and suboptimal continuity in production. This
research developed a decision optimization system for top-blown furnace operations by integrating metallurgical modeling, industrial data
acquisition, and software development. Based on the metallurgical reaction mechanism, the input-output mathematical model of the top-
blown furnace was established to enable quantitative determination of core operating parameters such as flux dosage and oxygen volume. A
calculation model for key process parameters was created to overcome limitations in real-time process state perception during continuous
smelting. Through systematic integration, modules for data acquisition and model computation were encapsulated into a comprehensive
decision optimization system. The system provided accurate calculation and decision support for core control parameters. It significantly
reduced the uncertainty associated with manual operations but also provided effective technical support for dynamic multi-process
coordination and control within the hot-state triple-furnace continuous copper smelting process.

Key words: copper smelting; metallurgical modeling; multi-lance top-blown furnace; continuous copper smelting; numerical
calculation; orthogonal test

doi: 10.3969/].issn.1009-3842.2026.03.003

SI3CHE R : A 5, BRI, e TRl S T 2RI R G FE [ ] Sl T2, 2026(3): 24-32.
Cui Jingrui, Chen Yibo, Liu Ye. Decision optimization system for continuous copper smelting process in top blown furnace

[J]. Copper Engineering, 2026(3): 24-32.

PR WAL www.tyge.net AR« jxtyge

32



