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Table 1  Chemical composition of mixed ore (mass
fraction, %)

Cu Fe S Si0, CaO H,0O  Bal

24.62 2340 26.72 1344 145 7.51 2.86

12 RNEREERELEHNES

JEEWRIP A s AL ik 1200 °C, B R 2
M BTG, ARSI S A A B A A A AR
AR TR A, BRAGAIIIE NI s P 30 8 44
AT IEGRANE W )Y, BRI N s~ (7) T4l
4CuFeS, (s) = 2Cu,S(s) + 4FeS(s) + S, (g) (1)

2FeS, (s) = 2FeS(s) + S, (2) )

xn X
Me.S, (g,5)+ (EJF »)0,(g)= ;Mewon (g,8)+ SO, (g)

3Fe;0,(s) + FeS(l) = 10FeO(1) + SO, (2) ((j;
10Fe,05(s) + FeS(l) = 7Fe;0,(s) + SO, (g) (5)
2FeO(1) + Si0, (s) = (2Fe0- Si0, )(1) (6)
FeS(1) +3Fe;0, (s) + 5Si0, (s) =

5(2Fe0-Si0, )(I)+ SO, (g) @)

BB T R R A ) I SR A, LR N
Cu,S Ml FeS, 5 A7 /b8 4% BT S koA gy o I
R 1 Pb Zn Ni 45 554 i 2 AR AL TE A5(PbS
ZnS. NiLS)HFEAE,  IMERER T LA FeS, o3 JE R (W5 H
LA FeS)FAAEAN, AT Tl LAY (FeO B Fes04)
JEAAFAE

AHEFEWS Je 1) AR R Cu A
65%~T5%(JIT 53 40), Ay AEE A, nIEALA
tH Cu,S Fl FeS 41, HooarA bl B A fb i R AT &
Cu,S—FeS o RAHEIMAE, WK 2 s,

RAEE 2, 7F Cu,S—FeS —JCEY, Mgl
A [xCuyS+yFeS],  NILL o 7 5 5 & K 3 (8)F(9):

s weas we wee AN Cu Sy Fe itk
g

S S —
S+, = )
Mcy My

XA megs mgs mpe 73N AFERF Cus Sy Fe i,
AL A @) FO) AR HE wes wee F1 ws Z ][ 3]
WO R A

Wee = 63.48% — 0.80wc, (10)
we =36.52% — 0.20w, (11)
wg = 20.18% + 0.26wp, (12)

1773

15731

13735

Temperature/K

17y 1213K ™,

973f ¢

773 . L . i
FeS 20 40 60 80 Cu,S

w(Cu,S)/%
2 Cu,S-FeS —JCHRAAK
Fig. 2 Binary phase diagram of Cu,S and FeS

1.3 BESHAE

WA H . BERE . ANEE. By RIEE, e f
W%y, AT Cus Fed S. SiO, 4t & & (FE
TIEOTI NN weas Wres wes Wsio, o SR 30 d BERCK
£ FIREHE, SR Origin9.0 A HT wous Wees W
Weio, SRR AR L2 0] (R OGP (RPN X &), IR i
A3 M SEHUE 54U 2 S T 2 18] R 4 %) 1% 22
SRR, PP wews Wres sy Wi, SRR L2
V) PR DI R 55 A SOl MR 1

2 FERE5HM

UK BB 7 E R, Oy TR
BRGSO AR 2 RO REAT T,



190 hEA SR R

2016 F 1 H

A7 6 BEXT R e by A ARV TR AN AT, WA A
Z M ICIE AT A I A AESRIERYE,  iff o 20 X A
KA o

2.1 BATZ BIHIBRET X R
2,11 mEATEER T Cu Fri s Fe fra 2 [ WLS O
EY&iniis

Cu Ml Fe &t i E2ocEk, K 3 A PRk
it Cu &ty Fe S Z M ML R R K A b. ]
3T, AR 64%~T6% (20 E0)Vu N
wre B8 wey IRISE AN FEAG,  HLR I BRI e oGk,
Xt wee Fl we, BHATEMERLS, LRMEAHSC R KL R 2 0.96,
A3 HIUE R HC R
Wie = 60.61% —0.77w¢, (13)

wre 5 oc, WRGEAFTE MG 8RB H a1
TEFE AR S R Fe 1O RE, BHE S IRIEELT,
HFHAR S A Fe AR A4 23 m E N SR,
SR S A Fe & REAKIFAL, 4405 AL A
Thie AHRAE M SEPRFEA s 5 i R HOC Rk
W2, WE 3@ s, Bl s+
WEN N, HAA R A3) i B 1 #ig 28(10)
HH R A, B T SRR R S A ) S10,. CaO

12 @ <
10}
|
o)
& 6
=
41 e Experiment results
— Linear fitting
2+ —--Theoretical calculation .

62 64 66 68 70 72 74 76 78

w(Cu)/%
2.0

1.0F Max

Min

Data error of Fe in matte/%

0 20 40 60 80
Sample point
3 HiiF Cu & EY Fe & 820 M 5= R Ao i

I AR T we, MRS IHE N T HB R
(10)H we, R BN, 520 TS b i b A 2D
i Fe DL FeO. Fe;0, A AFAE .

T R HOC R A3V wee BEAT T 5347 5
W 3(b) s PE A S B E e, HE A —
o wee HALE 2%~11%FESH) 2 W Wk 3(c)
PR A6 0 25 4E—1%~0.75% 2 WOFE 73 80 BT
IIREART wee B, FEEUIN, BRI RAHX 22200 14%,
HEARAIR R ZE <5%, WK 3(d)Fir. KRR
FRA(13) BB H T wee 55 weu IRIE R
212 mEnACER T Cu i S i AR B OG

EY &iniis

Bl 4 B i Cu St s S i IR (1 i
KRALIN. B 4@FR, EHRAL 64%~76%(Jit
HEHOTEHE N, ws BE we IRIIEINTIT RS, HRIHE
SRIFTERPE RN, X we Tl we, BEATERMESLA, ZRPEARG
AH RN 0.89, (14 WA BRI,
wg =33.5% —0.18w, (14)

wewws [IAAGE AT G HIR IR, BEA M
17, G S AR ALRE NI, AR A LA
Thire SCbrfis 5 B R BOR R WA E IR 2,
Wk 4@ P, BdE s A0 FERL R s, e

12
(b)
10}
8 L
§
=
4 L
*—Predicted wp,
4 —Measured wy,
0L | . . .
0 20 40 60 80
Sample point
20
d m
( ) e _Wge ~Wre
-t M
2 15 ax
5
=
Qo
(2]
2
k=
Q
[
0 Zero error . . .
0 20 40 60 80

Sample point

Fig. 3 Mapping relationship and analysis of wc, and wg, in matte (wf, and wy, are predicted wg, and measured we,, respectively):

(a) Linear fitting of measured data; (b) Comparison of predicted data and measured data; (c) Absolute error; (d) Relative error
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Linear fitting of measured data; (b) Comparison of predicted data and measured data; (c) Absolute error; (d) Relative error
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Mapping relationship between multicomponent matte
formating behavior and content in copper oxygen
bottom blowing bath smelting process

WANG Qin-meng" 2, GUO Xue-yi"? LIAO Li-le"2, TIAN Qing-hua"?, ZHANG Yong-zhu'-?

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. Cleaner Metallurgical Engineering Research Center, Nonferrous Metal Industry of China, Changsha 410083, China)

Abstract: The multicomponent matting behavior and mapping relationship of Cu, Fe, S and SiO, were investigated by
analyzing Cu, S, Fe and SiO, content variation trends of high-grade matte in copper oxygen bottom blowing bath
smelting (BBS) process , combined with metallurgical process principles. The results show that the matting behavior of
Cu, Fe, S and SiO, in matte have certain correlation, and the correlations of Cu, Fe and S are stronger. The correlation
coefficients (Rz) of Cu-Fe, Cu-S and Fe-S are 0.96, 0.89 and 0.79, respectively. But the correlations of SiO, with Cu, Fe
and S are weaker. The composite mapping model of the content of Cu, Fe and S is constructed, and its forecast accuracy
is higher than that of the single factor model, so, it can be applied to the precise control of multicomponent content of
high grade matte and the precise heat distribution between smelting and converting in the practical production process.
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