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Table 2 Actual compositions of mixed concentrates a copper smelting plant (mass fraction)

Cu Fe S Pb Zn As Bi

Si0, MgO CaO AlLO; Au* Ag* Others

25.06 24.44 2822 088 2.17 026 0.081

0.047

1231 1.19 335 122 1.65 140.18 0.76

*: g/t
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Table 3 Operation parameters from a copper smelting plant

Process operation parameters Production data

Process operation parameters Production data

Mixed concentrate rate/(t-h ") 185
Moisture in concentrate/% 6.47
Oxygen flowrate (N-m™h ") 29865

Air flowrate (N'm*-h™") 9824

Concentrations of enriched oxygen/% 80.45
Oxygen/feed ratio/(N-m’t ") 150.77
Oxygen utilization rate/% 99
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Table 4 Calculation results and industrial data of matte and slag composition

Composition/% Cu Fe S Pb Zn Si0,
Calculation matte 70.24 4.76 20.17 1.37 091 0.78
Production matte 70.29 4.84 20.14 1.40 0.91 0.99

Calculation slag 3.36 43.22 0.79 0.54 2.79 22.75

Production slag 3.37 43.38 0.81 0.55 2.84 22.85
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Table 5 Calculation results and industrial data of the distribution of minor elements

Distribution rate of Pb Zn
elements/% Calculation data Production data Calculation data Production data
Matte 51.74 53.03 13.85 13.98
Slag 32.56 31.31 67.78 68.03
Gas 15.70 15.66 18.37 17.99

51.74%. 32.56%. 15.70%. Zn FEHENIPEA,
=T ELIN 13.85% 67.78%. 18.37%.

2 NIRRT X HEE TR D BT
AR

PLER 1. 3 2 R YE I A T 22808
FEUESAE, W% Cus Fe. S WAL S AR 4R
mhr. BRI B LS TS, R4
% Pb. Zn fEHER. &, WK EMHFP L EYIE.
TLER G R LR

21 IRF CuBE

Yk Cu EEM 15.06%TH A 27.26%, AR
WES YRR, MR TR E, R
EEAE T2 38R, 7L Cu &4 4t
i 4 )& Pb. Zn ﬁﬁﬁﬁa’?%ﬁﬁ% )

K 1 B Ak cu S8k, M. b
N ‘Ilﬁﬁlj Pb. Zn 4%%@9@%% LEEEEY/E S
i Cu SEMI, HARST Pb. Zn SBESIH
1.84 t. 4.55t P#{K4 1.58 t. 3.90 t; 4 JIL‘:P[PbS]mt\
[ZnS]mt A F(PbS)g. (Zn)g i BB Wi FEAG, A8
FBFE 73 58 0.29~1.50 t. 0.16~2.98t. 0.11~0.41 t.
0.49~0.89 t; ¥ HH <PbO>sl.<ZnO>sl Jii & 53 7] M\ 0.09
t. 1.93 t HANE 1.16 t. 4.00 t; FHE. PEAES
EPﬂE%M%“%iM& ﬁﬂlj[PbO]mt\ [ZnO]mt.
(PbO)g FiEZIE Tt &, (ZnS)g Jii & 1% i B A%,

[Pblmt. <PbS>sl. <ZnS>sl. <Pb>sl Jii EJeIb N5
WD XARERAYIE Co SRR, fEHH AL
T SR FIE S, PAPbS]mt. (PbS)g SR
TEAAFAER] Pb, #E L A<PbO>sl. (PbO)g S5
Wy e N JPE A S, LR SR AR AL A T

FAELE M) Zn ZnS B K &AM A<ZnO>sl i NEH

—_—
o)}

1.8+ azzzz\u\ﬂ\u\J N (a)*l 5 11.6

— Tl—m .
g 1.5 71) {Pb}lolal.\. o
8 : a‘ 12 r —l—[Pb]ml _1 2 i 1 2
< 1.2 E —@— [PbS]mt . v MY e
fé s —A—[PbOJmt Ne ?%0 ?@

o —Wy—<PbO>s| d <
09} 208/ &y \ 095 Jog
g 1) — P <PbS>s] g 8]
S06l 2 —%—(PbO)g 10.6 o e
E=Raadn=! | —®—(PbS)g V =9 A~
5 bR, 0.4 —w—w—e—9 g 104
& 03~ v e, * 103

I M e
0 =A== = 0 0

0
14 16 18 20 22 24 26 28
Cu in concentrates/%

4
e —— ®] s
gyl = TH=O—g_ J
g 2 31 T 1t o
] —[— {Zn}total R =
53 E A {3 2124 2
2R pacl NN
§ 2l §_ e :;:<Zi"5>5"2 = 1.85
£ AEY s | N {12
s: L =
N G L os
0 = 0o -
14 16 18 20 22 24 26 28 0
Cu in concentrates/%
E1 Ykt Cu & EALMX Py Zn S E M =AHH Pb.
Zn b &Y R

Fig. 1 Content of Cu in concentrates against the content of
minor elements in concentrates and the substances of

contains minor elements in smelting products: (a) Pb; (b) Zn



4 hEA O RYR

2021 FEx A

K 2 s kb cu 824k, %t Pb. Zn
ARG RN, EEET Cu SEA S,
B4 Pb. Zn FEM 2.30%. 3.48%F i [E(EE
0.55%. 0.29%, I Pb. Zn & EBWiIFE, A&
YB3 HIN 0.15%~1.09%. 1.75%~3.24%, S
H Pb. Zn HEEEEEGES, BATEE DR
0.36%~0.16%- 0.89%~0.54%. XK N Cu &&ET+
&, FEH AL S, Pb. Zn BKEH AL,
DL ASTE R N s A

24

i I\.\- (@)
= 20+ \l\-
= —m—In matte \-\.
% 1.6 —e—Inslag S
g —A—In gas
£ 12} a R
&
3]
@ 0.8+ .><
* 04 e~
.—0——.".’. A s
0 Il Il 1 1 Il 1 Il
14 16 18 20 22 24 26 28
Cu in concentrates/%
35t m (b)
\. P
= 30r N o
< | ~
= AN _®
N 25} | _®
5 >./. —m—In matte
g 20F _e— %\ —e—Inslag
s o u —A—In gas
g 15} ™ 5
=]
S 1.0F o A A A A
0.5F \:
14 16 18 20 22 24 26 28

Cu in concentrates/%
2 PRk Cu & =AHF Pby Zn LR TR
Fig. 2 Content of Cu in concentrates against the mass

fraction of minor elements in smelting products: (a) Pb;
(b) Zn

K 3 B AR Cu S &A1k, X Pby Zn
A BC LRI R . BEE YR Cu S ERN,
R AIHE S Po A TC EE B 23 Sl AN 72.63% 19.75%
PR ZE 21.45%49.36%, Zn 43 FL LEAI 43 M\ 44.53%
19.66%4# K % 4.65%- 12.62%, Pb. Zn & [a) 7
B, WEE 69.19%. 82.73%. LiE 2% [R5
%, Pb Ml Zn [ E A E R, EEEHIAFY)
B Cu25~26%.

100

@

Distribution of Pb/%

16 17 18 19 20 21 22 23 24 25 26 27
Cu in concentrates/%

100

b
(Zn)g =

Distribution of Zn/%

16 17 18 19 20 21 22 23 24 25 26 27
Cu in concentrates/%

3 Wkl Cu EEXS = Pb. Zn 73 Mg ELBIR2 M

Fig. 3 Content of Cu in concentrates against distribution

ratio of minor elements in smelting products: (a) Pb; (b) Zn

22 IRl Fe B8

PR EIAE T2 S5, BRI Fe
GBI 14.44%THE 2 34.44%, He B MM AR,
W9t Fe & &R A 24l 42 )8 Py Zn ZAHAM L
1T R R .

Kl 4 B Ak Fe &2, STHER. 4
B MHSH Py Zn AW ERIW . BEAEDE
W Fe &St BEN RS H Pb.Zn i 7l HH 1.84
t. 4.55 t PKE 1.41 t. 3.48 t; 4% $ [PbSImt.
[ZnS]mt J5i &4 M 0.61 t.0.39 t Tt % 0.85 t.0.81
t; S H(PLS)g FELTH R A 0.27 t f5 & H#T KR
0.23 t. (Zn)g M 0.92 t FFEEFEMKE 0.51 t; Ik
FIHHA A <PbO>sl. (PbO)g. <ZnO>sl ZEE AL AE Bk
/D, <PbO>sl. <ZnO>sl Jii EAFLIEH 0.37~0.96 t.
2.93~4.04 t, (PbO)g i EmZ4kTEH] 0.01~0.08 t; 4
B mEMEA R EEY R ERMK, Hf
[Pblmt. [PbOJmt. [ZnO]mt. <Pb>sl. (PbO)g Jii &
ZEASFEAK, <PbS>sl. <ZnS>sl Jii & W T, (ZnS)g



H31 B x ERAR, S H1E FORE I AR A A AR SO R 2 AR O AT VAR 5T 5
1.6
L6f Taa_, @112 |14 ()
S 165 Mo 1.4} —m—E—E—N
4 ] v —0— {Pb}total u\]\u\u 1.0 1.2 X ././- -
= S1.2F O\ -m-[Pbjmt S | "l —m— [n matte
E 121 € —@— [PbS]mt 108=11.0 = 1.2 .
5 7 = —A—[PbO]mt - 2 = —o— Inslag
131 2 —¥—<PbO>sl p—@—O—@—@—¢@ = 10.8 & =10} —A— In gas
g 0.8} 8"0 . /t<P:;S]1 v %02 0.6 = = *
L —Pp— <PbS>s . —=10.0 "~ =
s g TEEE v paglg,E L RN
£ 04f.004r ; ' 2 *
~ o a0t 0-00-e e e 02 () %061 e
=R=R= ’ § \.\o
ol ol ESE=R=R=S=w=b=b=l-k .|, 0.4} ~o—_q__
12 16 20 24 28 32 36 P e |
; 0 02 ; s s " . .
Fe in concentrates/% 12 16 20 24 28 32 36
- 48 ) 5 gl k}:"\u\u ® 14 4 Fe in concentrates/%
A °2.4¢ ~A_, mg -oe 2
% 3.6¢ = —[— {Zn}total 4 A\A\i\i\‘] 13 13 0 \ ( )
£ € 2.0F —m—(znsim —A gl) < © .\
8,4l Bl6f X - 32} EON
524 2197 3o hZ e S *e_
g |3\ = | g s ~,
= L .£0.8F N | S 24r —m— Inmatte e
=12 B I 1 S .-
N N 04l FN"»»-; Q —o— Inslag o
‘ & | —A—Ingas
0 0 L &8-0-09-92 90 9 0o | 0 0 @ 1.6
12 15 18 21 24 27 30 33 36 §
3 0 m—E—E—a—n
Fe in S)ncentrates/ % 08l A_=:‘>-:‘l‘:‘:—A—A_A
4 Pkl Fe 58X =1 Pb. Zn &5 & 52 T : : ' : :

Fig. 4 Content of Fe in concentrates against content of
minor elements in concentrates and substances of contains
minor elements in smelting products: (a) Pb; (b) Zn

JR RGNS T 5 SORW A . X RN Fe ST,
SEERG AL, FASFIES, Pby Zn AL
VI B, R . HTFYRF Pby Zn &
BHiE Fe SEFRMAMNEE, FEUHSHPLS)g
STt Ja B

Kl 5 s Nkl Fe &4 4k, X Pb. Zn =
MICR T EI . FEY R Fe =5, Pb.
Zn fEAERAHH & IR 0.98%. 0.55%F = 2
1.41%- 1.03%, FENEA & &8 EBEFIC, 2iE
0.35%~1.14%- 2.08%~4.06%, <+ Pb. Zn
FRERMAFEAE, KEFNEF Fe SEAS
I, Cu. S B EAHRIFEAE, 5 BB A AL A 57 5
Bk, EETE.

Kl 6 Fim APk Fe &4k, Xt Pby Zn =
BB s . AR Fe SEFE,
Firh Pb ) BCELBI M 35.29% T & 55.91%, IR
SIHC L AN 49.95% £ A 29.01%; Fe & s AR LT
Zn —AHEC LB s AN ., BEE DR Fe
BN, WY Zn ARG RBESAHT, 4
70%Zn AT T IR . SR8 2% RS AA E
PAJe Pb. Zn WEBRZLZE, BB HIYE S Fe
16%~19%.

12 16 20 24 28 32 36
Fe in concentrates/%

5 Wkl Fe &80 =AMt Pb. Zn JTERE B
Fig. 5 Content of Fe in concentrates against the mass
fraction of minor elements in smelting products: (a) Pb;
(b) Zn

—_

00

(Pb)g (2)

[
(=]

<Pb>sl

D
(==}

Disstribution of Pb/%

[Pb]mt

16 18 20 22 24 26 28 30 32 34
Fe in concentrates/%

100

Zn)g ®)

P o) )
(=) (=] (=

Disstribution of Zn/%

N
(=)

0

16 18 20 22 24 26 28 30 32 34
Fe in concentrates/%

6 Wk Fe & X =0 Pb. Zn 73 HC ELB52 R
Fig. 6 Content of Fe in concentrates against distribution
ratio of minor elements in smelting products: (a) Pb; (b) Zn



6 hEA O RYR

2021 E x A

23 YRR SEE

PRI UERE L2258, BRI S &
B TEH 26.52%~40.22%, HE AN AR,
WHIE S S EAEAE R4 )8 Pby Zn ZAHATT
AT R

K7 s Rkl S S s AR ik, SR
JHSH Pb Zn (EWIREMIWM . MG S S8
B, FEANRSH Pb. Zn BEHIH 1.66 t. 4.11 t
FRARZE 1.35 . 3.34 t; 4%i Pb. Zn fib4 i =4
I, AL VE R 4 508 0.39~1.24 t. 0.21~3.10 t; 43
W Pb. Zn EALYF N 1.13 t.4.17 t Ji/b = 0.02 t.
0.66 t, XAZF AN WIRIY S S & &, BHER
R A, TR Pby Zn BEFHE, H Zn
W EIFEN ZnO—Zn—ZnS, LU H (PbS)g-
(Zn)g FEYM 0.13 t. 0.53 t FHE A 0.32t, 0.82t,
NG 0.24 t. 0.68 t; HiBH. HEAES T
Hea?h &%, HH[PbOlmt. [ZnO]mt.
(PbO)g Jii 25 18 [, (ZnS)g Fi &=iZ¥E N, [Pblmt.
<PbS>sl. <Pb>sl. <ZnS>sl Jii & 2519 Tt i X Z T
BEAR.

Kl 8 i AR S &AL, X Pby Zn =
GRS RN, EWEY S &S, HH

% 1.6'< 1.6+ []‘EI\E'\LI\E.\] 1.6 q1.6
- 8 B n
£, S12f /./-4;:,—3:“[ 12<112 o
g | S A o o —l—[{pb]}r::ta = z
g o / —@— [PbS]mt @ en
S 08l £0.8 o -A-ppoolmt 10.8 = 10.8 .5
o ) —W—<PbO>sl =
S Q A A —@—<Pb>sl e ﬁ
o ,504_ —p— <PbS>s 0 4& 10.4
04204 e
'/ \\
0 0 AsE= = 0
26 28 30 32 34 36 38 40 42
S in concentrates/%
4 4
4+ Lliu\[l\tl 14.2
—m—
s 5. M aea, o {36
QL =] 3r —(1— {Zn}total 13
s 3rs — B (ZnS]mt 13.0= 2
E E —@—[ZnO]mt %D %
Q 5 21 —A—<Zn0>s1 A 1243 | 2 e0
S 2l &4 —y-znss = R=
5] & | - 11.8°2 =
S 3 | 4-@se A S| N
= A {19
= 1HE 1 W gy =l
SIS E 0.6
0~ 0 - -0

S in concentrates/%
7 b S S EXF =AM Py Zn (AT R R
Fig. 7 Content of S in concentrates against content of

minor elements in concentrates and substances of contains

minor elements in smelting products: (a) Pb; (b) Zn

L6} _m—m—m_ (@)
/ TRy
ES . "
Z.‘E 1.2+
g L —m— In matte
208t —— In slag
2 = 8 —A— In gas
P N
304+ .
= At /A_‘tng“*A~A~A
.\.\.‘.~.
0 L 1 1 1 1 1 1 1 1
26 28 30 32 34 36 38 40 42
S in concentrates/%
3.5
Y —ml— In matte (b)
= 30F \. —o— In slag
< \. —A— In gas g—N
& ol e T
5] Y
20} [ 7
£ RN
g 15 *<e
= e
21.0r Ak ®
= —ATET A TA—A 4,
0.5} :/ A—a

26 28 30 32 34 36 38 40 42
S in concentrates/%
8 Wkl S RN =AMT Pb. Zn JLERE MM
Fig. 8 Content of S in concentrates against mass fraction

of minor elements in smelting products: (a) Pb; (b) Zn

H1Pb EESEM 0.73% R R 1.57%, X128 EKE]
1.37%, Zn FEM 0.37%FFEF 2 2.61%, HiE
H Pb. Zn S ESHIM 1.02%- 3.21%FFHKZE 0.07%-
1.02%, M+ Pby Zn FESEM 0.19%. 0.59%F
2] 0.29%- 0.82% X IR FEKZE 0.18% 0.58%
KRR S &2 T EN, R & R AR5 ALK
AL S i, AR A S LR AL T A AE
1] Pb. Zn Fti, S SEME—DSH AR, AN
SRS, MR THSRAMES T Pby Zn &
. HWEhnyeE S i, RRmALE Fe 58
HEneR s, P =AHY Py Zn ARTEHI .

Bl 9 B Rkl S &84, Xf Pby Zn =
FHATBCEL I RE . BEE R S & & T, Pb.
Zn B A E R E 81.28%. 62.76%, HiEH
SIEC LI AN 64.51%- 81.87%8/0 5 2.87%+16.94%,
A Po Zn SPTCHGIZAE T m . 2762 RSB
ARS8, BBEEHIAP Rt S &8 27%~
28.5%.



31 B x W

FAnkn, & R ERLE R R AR B U R 2 A BT IR R T IT 7

(2)

(Pb)g

Distribution of Pb/%

27 29 31 33 35 37 39
S in concentrates/%

(Zn)g (®)

Distribution of Zn/%

27 29 31 33 35 37 39
S in concentrates/%

B9 Wykih S SEX =+ Pb. Zn JrBCELGIRZ M

Fig. 9 Content of S in concentrates against distribution

ratio of minor elements in smelting products: (a) Pb; (b) Zn

3 IZ3¥XHETRESEITAN

20

3.1 AL

TE R ME NP PR o 264, 4k R K
80.45%, WHRHSAMTRBNEE, HRITHH AL
AB(57.73~73.92%), WFEAETGE Pby Zn ZAHATTL
1T R

B 10 B s A8k, xR i,
JHAH Pby Zn WAV RIS . B HR B L
THE, HEANFRSGH Pob. Zn BESHIN 1.63 t. 4.01
t QRS IR RS RS, dsA
WS H[PbSImt. (PbS)g. [ZnS]mt. (Zn)g # K4
1k <PbO>sl. (PbO)g <ZnO>sl N JH S F i o,
HiER[PbSImt. [ZnS]mt 5T &= AR5l 0.45~1.38 t.
0.25~2.50 t, S F(PbS)g. (Zn)g JFR BEARALTEH />
BN 0.25~0.16 t. 0.59~0.68 t, I F1<PbO>sl.

<ZnO>sl AL IERIA 0.11~1.00 t. 1.93~3.95 t,
JHSH (PbO)g i 2RI 0.01~0.05 t; %, %
BRSSP HEMEGDRERM, HA[Pblmt.

<Pb>sl. <PbS>sl Jii & 5 iy J5 P MK, [PbOImt.

[ZnO]mt. (PbO)g R EZEE 1, <ZnS>sl. (ZnS)g
JREIZHFEK. BT PbS SR, MEKRIEET
IR E A, A (PLS)g i 2 /NME
Fhm )OR R R . T Zn BTN
ZnS—Zn—Z7Zn0, {EEAREE T, ZnS #iE AN Zn,
8143 Zn S ELREGT G, BEEAHNM, Zn gk
—BEA N ZnO, FELSA T Zn E & IR EK.

16 1.6} 4 a—a—as—a—a—a—a—aa(®]{1.6 1.5
3 3 [
Q b= —a
= o—m- otal P~ B
% 12} § L2[ i *~e__ 1.2 5, 12:
= —@— [PbS]m! 2]
g & | Ahom N =109 &
) 08 L % 08 [ —W¥—<PbO>sl O 8 = .;::
151 s —@—<Pb>s| = 10.6 =
£ o —p—<PbS>s| v e o1U.62
& 0en 04 ToR0F v g™
Ao a? ;’_—'(El_)?gi":',‘ﬁ"'\ ’ 10.3
—y-YY *e
ot 0 0 0
56 60 64 68 72 76
Copper matte grade/%
4.0+ & El—rl—]—u—u—tl—u—u—ui(b) 4 12.8
%350 8 e 12.4
% g 3 /A/—:— {Znj}total | 3= 120
g 3.04 = A/A —M—[ZnS]mt 5o . g
5 5 A | w16 S
o 2 5 & 2 <ZnO>sl
g 2. 8 A —v—<zns>sl 12 5 | g
8 3 —P>—(zng 1.2
o 20} <@ | ] |eq
- S0 e —p, |1 10.8
N L.5F N ]
0.4
1.0t LE—E—E—n—a—a—a-—a—e8 . | 10

57 60 63 66 69 72 75
Copper matte grade/%

E 10 HE 5L = A Pby Zn (L&Y E N
Fig. 10 Copper matte grade against content of minor
elements in concentrates and substances of contains minor

elements in smelting products: (a) Pb; (b) Zn

Bl 11 flos s s hr 224k, X Pby Zn =4t
RE RN . BEE SR AL, H5H Pby Zn
TLER GRS M 1.63%. 2.24%ZH FEIKZE 0.83%-
0.42%, J¥EH Pb. Zn TR EEM 0.18%. 1.92%
THiE 0.94%. 3.13%, TS Pby Zn TGRS RN
W& FEF B, A AYE 5 A 0.20%~0.28%
0.61%~0.85% . 1% A& KN o038 A8 7= 4 5 BUG MR 4
Fio W BERVR G AL T, SRR B AT ) Pb.
Zn KEAMNE.



8 hEA O RYR

2021 FEx A

a
16| g
"
X N
..\D | |
1.2t
h= —m®— In matte
g —e— Inslag \®
£ 08 —A—Ingas om
g /
b @
© =7
12} {
§ 04r A—A A"R/A
:Z.ZOJ? —A—a,
0 . . s s .
56 60 64 68 72 76
Copper matte grade/%
3.0 ®) /0‘.
/Q
X —®
E 2.5+ ./.
N P
py \'<./ —ml— [n matte
=20r o— m_ —o— Inslag
2 B —A— In gas
8150 "~
E=
] \l
< -
S L0 A_A—A—A—A_A\A}l
“SA 4
05} I\.

56 60 64 68 72 76
Copper matte grade/%
B 11 AN = Pby Zn JUER SR
Fig. 11 Copper matte grade against mass fraction of minor

elements in smelting products: (a) Pb; (b) Zn

Bl 12 Fros g A8k, X Pby Zn =AH%
B L s o Bl AR AR AL B T, Py Zn 3T IA)
WP E B, A T Pb. Zn S ECEE BN 77.12%.
42 .83%F#KE 29.34%. 5.98%, M+ Pb. Zn 4y
e EL B AN, 20 15%. 18%. Liar e
A Pb. Zn A E ) E RS, BIEHIE
B 72%~73.5%.

32 EERE

TEFEUENS DRI 264 R, PSR N GE
K, wEIREM 65.45%FEE 81.25%, AT &
AR AL PR T & Py Zn 2 EAT AHIRY
i

Bl 13 PN s QIR AR L, X, Jrid.
JHSH Pb. Zn (LAY RN BEE & FIRSE
wahn, #EANRSiT Pob. Zn BES NN 1.63 t. 4.01
t 4EFEANAS ;. B Py Zn BALYI RN 1.66
t. 4.50 t FEIKE 0.41 t. 023 t; JHS+ Pb BRALYAN
Zn R EEHINE 0.29 t. 0.76 t, SIHGHE PRk

<Pb>sl

D
(=]

N
(=)

Distribution of Pb/%

[\
(=]

58 60 62 64 66 68 70
Copper matte grade/%

72 74

(Zn)g ®

B D [ee]
(e (=] (=]

Distribution of Zn/%

3]
S

0
58 60 62 64 66 68 70 72 74

Copper matte grade/%
12 HASR AL =AH Pby Zn 73T E] 520
Fig. 12 Copper matte grade against distribution ratio of

minor elements in smelting products: (a) Pb; (b) Zn

1.6 L6 ::::g:]>0<u:u—J—J—L‘a)_ 1.6 414
E TQ —[— {Pb}total .\. 11.2
= = [ —E—[Pbjmt
5 12f 8121 QThdm N\, o 1122 d0s
= 3 —A— [PbO]mt y ¥ 2
8 a —W¥—<PbO>sl @ 10.8 &n
S 08 80.8F < 0.8 o o
8 . 8 —p— <PbS>sl 5 -().6‘5
g |E,,l “emee NI
504204 "o o 104 104
a0 A _ee—t U, {02
o—o—0— @ v % :
0 0l s=p—p-—p—-p—N=F—E Bl | 0
64 66 68 70 72 74 76 78 80 82
Concentration of enriched oxygen/%
14
- 4.0F 48l u—m—ufn—u—]—rl—n—ﬂfﬁbl 4
E 3502 / 13
230} B3O Zafom am % | 3
134 8_ —:—[ZnO]ml & = 2 &0
§ 257 824t y-Taon 125 |78
ga20l 2 - S N
E20 g |
g 1.27 11
N 1.5
1.0" 0 0
64 66 68 70 72 74 76 78 80 82
Concentration of enriched oxygen/%
13 EEIREX =AHH Pby Zn (G YT E R

Fig. 13 Concentration of enriched oxygen against content
of minor elements in concentrates and substances of
contains minor elements in smelting products: (a)Pb; (b)Zn



31 B x W

FAnkn, & R ERLE R R AR B U R 2 A BT IR R T IT 9

s PR R EIEETE N 1.05 tv 4.00 t; 4
B, mEMEShHENEY S BRI, Hf
[Pbjmt. [PbOJmt. [ZnO]mt. <Pb>sl. (PbO)g Jii &
18T E, <PbS>sl. <ZnS>sl. (ZnS)g &= Je Tt
PR, R S48 AR ML, FEEAR
A IR TS, ff Pby Zn BEEMNE .

Bl 14 BN s QR BEASL, X Pb. Zn =AHJT
ROENEW., WES S KES R, WHRTE Pb
FTRETEE] 1.63%, SOME FEE 0.77%, 5
o Zn R 2.92%FFEE N R 0.39%, KE T Pb.
Zn & &5 0.06%- 0.92%F E1 2 0.98%- 3.16%,
JHSH Pby Zn SRS 0.18%. 0.65% T 2
0.30%-+ 0.86%, J& XK 0.19%. 0.59%. X
ERI Ay g = 2 B e 280 B T v T R i/, 38 7
Pb TEHSRH (L, FiZE Pb. Zn i KREAMNE,
WHR ) Po S BT TR A Pb AEAE TN
PbO. PbS, FI# B & FIRE T =g, &
WZH AR, RS Ph & &SNS T R SOR
WA P Zn B EREE (Zn)g Setghn 5 s,
B GS T = OB R R B

16l  gm—"—m
X I-”././. \
3 [ ]
&2t \
Iy —m— [n matte
g —e— In slag
S 08+ —A—Ingas
£ /
3 o
S04} d
=

A—-A——A——A—'A“A:::‘;.‘ A
o e—e—e—e—0—¢
64 66 68 70 72 74 76 78 80 82
Concentration of enriched oxygen/%
3.5
() R

30Fr mg—
° | I—.\.\. /
Sa2st ~m .
N < u /
5 —m— In matte ®
=20} —e—Inslag >l
2 —A— In gas P \
215 ./.
fi=} /./ | ]
210F g—0* A
= A—A—A—A—A—A—

0.5 n

64 66 68 70 72 74 76 78 80 82
Concentration of enriched oxygen/%
14 EHIREX =A% Pb. Zn TR & ELW
Fig. 14 Concentration of enriched oxygen against mass
fraction of minor elements in smelting products: (a) Pb;
(b) Zn

Bl 15 B N s Sk EEAR L, X Pb. Zn —AH4)
BC Ll s o B AR EE RS N, Pby Zn 3 EH
LB, BATEHE SN 2.26%~61.81%
13.97%~80.32% , i i H 43 B 6 45 AN 90.73%
75.83%R(KE 26.99%. 5.47%, TMHSH Pb. Zn
B LB B TR 2 16.68%- 18.93%, SURGE T
B3] 11.20% 14.21%. Z5A 5 FEE S M Pby Zn
kR, U E EIRE 80%~81%.

100

(a)
X
> <Pb>sl
(=¥
Gy
o
=
S
]
2
=]
A [Pb]mt
0
66 68 70 72 74 76 78 80
Concentration of enriched oxygen/%
100
(Zn)g 0
© 80
K]
N
S 60
=
2
2 40
2 20
0
66 68 70 72 74 76 78 80
Concentration of enriched oxygen/%
15 B SUREEX ZAH9 P Zn 43 EC LA R
Fig. 15  Concentration of enriched oxygen against

distribution ratio of minor elements in smelting products:
(a) Pb; (b) Zn

33 Stk

TESAE NN RS 56, PRI R
K, AN 136.42 NomP/t THE £ 168.42 N'm'/t,
BR T EW LA A LR Pby Zn ZM AT
NI

B 16 Fias NEN AR L, WS B,
S Pby Zn (AR RN, BEE SR LT
. HEANRGH Pb. Zn BESHIM 1.93 t. 475t
FEARZ 1.56 tv 3.85 t; RREAT R, FULH 5



10 hEA O RYR

S [PbSImt. (PbS)g. [ZnS]mt. (Zn)g # K&
1k H<PbO>sl. (PbO)g<ZnO>sl i# NAHS FFid
4Rt [PbS]mt. [ZnS]mt JFi &3 HIM 1.56 t. 2.56 t
FEAIKZ 0.50 tv 0.30t, M H(PbS)g. (Zn)g Fi&E S
B 032 t. 0.85 t FFAKZE 0.18 t. 0.59 t, JiEH
<PbO>sl. <ZnO>sl Jii & 254k JE Fl 0.17~0.87 t.
2.56~3.70 t, S+ (PbO)g i &AL 0.01~0.05
ts B HEAES R BN EY S 'R, Hip
[Pbjmt. <Pb>sl. PbS>sl Jii & 5t F+ i X FF A%,
[PbO]mt. [ZnO]mt. (PbO)g i T %18 Tt &, <ZnS>sl.
(ZnS)g Jii BB HT AR

2.0r 5

» = 16+ O\U\]\u\"\;n\u (a11.6 {14

% L6-§ ﬂrw%mm\ To—m_g 11.2

5| E12] e e 2s 110
=12t @ —A— [PbOJmt o & ]
E o Bosl 3 S sz
508 8‘0 81 3 Zposea \Q/ “E10.6 ga
o o —%— (PbO)g 7\ o EE
g £ —o- (Pbs)e v e ~104
£04 504r e—e—e—e_g_oF 10.4 ‘

A ~ vy *—e 10.2
ol I = e = === = ) 1o
135140145 150155160 165170
Oxygen/ores ratio/(N+m>3-t™")

5 s
v | L28F Ta—g by, 128
~ — ——
848241 By = 12.4
g g 20} A/A/A/::: {ZZnS}tmal 132 {200
= 3 I o [ZnS]mt 80 B
3 216l —@—[ZnO]mt s e 8
] g . —A—<ZnO>sl 7)) 0 an
=) a —w—<zns>sl {2 = =
: 2r S 1.2+ —>—(Zn)g ; 11.2 ;
= | E08) PP [{ N 08N
N S04} 10.4

0 le=—e—e-—eo-—o=o-0-o0w9e |

0
135140145 150155160 165170
Oxygen/ores ratio/(N+-m3+t™")

& 16 W byt =4 Pb. Zn L&Y =N
Fig. 16
elements in concentrates and substances of contains minor

Oxygen/ores ratio against content of minor

elements in smelting products: (a) Pb; (b) Zn

Kl 17 Fros N0 e Agk, X Pb. Zn =AHITH
SR, FEEEN LRN, 4+ Pb. Zn gt
EEEDIM 1.63%. 2.03%ZFH FEILE 0.94%.
0.48%, P& PbZn LR S &M 0.21%-.2.07%
F =% 0.87%- 3.08%, TMHS+ Pb. Zn & &E/NE
R, BTN 0.21%~0.29%- 0.64%~
0.86%. IXJ& KNI A4 F= ki S EUS G AH . IR
FEFIAR G S AL SR S, AR AE SR Pby Zn K
BRI,

Kl 18 P NN A2k, X Pb. Zn =AHZ T
ELBI R 52 m . BN LR R, Py Zn IR A i

2021 4 x J
Lofam—a—n—g_
~n_
< 14r ~
3 "\
EO: 12 —m— [n matte
= 1.0} —o— In slag \
2 —A— In gas =
208+ /
& ®
2 0.6+ P
< /.
= 0.4} o *
A—A—A—0—0A 4 ,
02 o—8=¢=* Aaa
135 140 145 150 155 160 165 170
Oxygen/ores ratio/(N-m3+t™")
b ®
3.01®) -
S =i
T 257 _o—*
N 5=
5 | a— —Ml— [n matte
g 20 \.\. —e— In slag
‘B sl ~m_ —A— In gas
£ .
@ ~
g10f e
S A—A—A—A—Aa-4a 4, "
QA
0.5F ]

13I5 1210 14I15 15IO 15IS léO 16IS 17I0
Oxygen/ores ratio/(N-m3+t™")
17 S Hst =AH Pby Zn JCER S E I
Fig. 17 Oxygen/ores ratio against mass fraction of minor
elements in smelting products: (a) Pb; (b) Zn

100
(a)
(Pb)g
pd 80
= <Pb>sl
S 60
=]
)
2 40
A Pbmt
8 5 [Pb]
0
140 144 148 152 156 160 164 168
Oxygen/ores ratio/(N-m3-t™!)
100

(Zn)g ®)

Distribution of Zn/%

0
138 144 150 156 162 168
Oxygen/ores ratio/(N-m3-t")

18 N HLX =AH Pb. Zn 43 EE A5 0
Fig. 18 Oxygen/ores ratio against distribution ratio of
minor elements in smelting products: (a) Pb; (b) Zn



31 B x W FAMA, %

i E R T R PR AR BB TO R 2 AR AT IR SR AT 11

HE S, TAEEAN 11.25%~54.10% . 44.89%~
77.66%, G AIHS A Pb 2B ELBI A 73.92%
14.83%B& MK % 33.34%. 12.55%, Zn 4rHc L5 A
37.24%- 17.87%M(KE 6.95% 15.39%. ZiE%)E
B A Py Zn BLERZ, BIEHIER L 166~168
N-m*/to

4 g

1) DU A 3 SR WO R ) Se s A 7= 2504 O 2k 1
Z5At, R T S SR IR 2 AH - R ) AR Y
AT EEE, PRERE T A HIEY & R
U, UEBT AR R AT SR, AT RO E A
JEWAFEE IS AL T Pby Zn SCR AT N

2) NPkl Cu &8, Hs i, & AR E
AER AR, SRR R TIRE T S AR,
FERAESH Pb. Zn R AA)R BT R K AR AL
AN AHRH, SRkt Feo S & &, BT
L A A B, BB A Pby Zn ML
BN, W Pb. Zn EALYIS EIEK.

3) kY Cu B &, MK Fe. STE, Ft
AR AL B IR A ER L, AT Pb.
Zn [ HOE RS0 AC, (SRR RE AN, K23
PEMEFAEZE BRI LREFERE, Eil
PIENIPYIER S Cus Feu S 20514 25%~26%-
16%~19%- 27%~28.5%, ¥&HlHGE A7« & FIA L
EH RN 72%~73.5% 80%~81%+ 166~168
N-m’/t.

REFERENCES

[1]1 AR FEEM]. Kib: gk HiRtL, 2004,
PENG Rong-qiu. Extraction of copper[M]. Changsha:
Central South University of Press, 2004.

21 M &R #EHELTZE RN RS R ESGE BHAR
R[] B ELBEEHT), 2019(8): 1-10.

ZHOU Jun. Advances in copper smelting and converting
process and technical upgrading in Chinese smelters[J].
Nonferrous Metals(Extractive Metallurgy), 2019(8): 1-10.

3] #H4E. RAA VR ESIRME T2 A3 E]. |

[l 4 J@ 84, 2008(17): 33-35.

JIANGIJi-mu. New technology and device for continuous

[4]

[5]

(6]

(7]

(8]

[9]

[10]

copper smelting using oxygen bottom blowing furnace[J].
China Metal Bulletin, 2008(17): 33—-35.

BT, TR R MR R L 2 A R D], BAR
HIERAR 53 %, 2015(6): 109-110.

JIA Wen-qing. Industrial application of new technology of
oxygen bottom blowing smelting[J]. Modern Manufacturing
Technology and Equipment, 2015(6): 109-110.

2019 4F 1~12 A (& & 7 dh 7~ &L 2 2% [EB/OL].
[2020-10-15].
http://www.chinania.org.cn/html/hangyetongji/tong;ji/2020/0
120/37014.html.

Summary table of output of non-ferrous metal products from
January to December 2019[EB/OL]. [2020—10-15].
http://www.chinania.org.cn/html/hangyetongji/tong;ji/2020/0
120/37014.html.

LIU Zhi-hong, XIA Long-gong. The practice of copper matte
converting in China[J]. Mineral processing and extractive
metallurgy-transactions of the institutions of mining and
metallurgy, 2019, 128(1/2): 117-124.

XUFERE, BRI, . A E A WA A I AR T
I EEAD). PEA &R ¥R, 2019, 29(11):
2609-2619.

LIU Yan-ting, YANG Tian-zu, LI Ming-zhou. Phase
equilibrium model for lead oxygen-enriched side-blown
oxidation bath The Chinese Journal of

Nonferrous Metals, 2019, 29(11): 2609-2619.
TASKINEN P, JOKILAAKSO A, LINDBERG D, et al.

smelting[J].

Modelling copper smeltingthe flash smelting plant, process

and equipment[J]. Mineral Processing and Extractive
Metallurgy: Transactions of the Institute of Mining and
Metallurgy, 2020, 129(2): 207-220.

KR, RIZRAL. TR PR SR i A5 i 10 7 ) e =) ],
rEA (A4, 2020, 49(2): 37-40.

YUAN Yong-feng, LIU Su-hong. Distribution and removal
of arsenic in the process of bottom-blowing continuous
copper smelting[J]. China Nonferrous Metallurgy, 2020,
49(2): 37-40.

BHRER, SEvES), BR W B RURWOE AL I A A
WP RFUCKI A SER D). B EA GRS, 2016,
45(3): 22-24.

QU Sheng-li, DONG Zhun-qin, CHEN Tao. Distribution and
trend of impurity elements during refractory copper
concenrate treatment by oxygen-enriched bottom-blowing
smelting process[J]. China Nonferrous Metallurgy, 2016,

45(3): 22-24.



12

hEA O RYR

2021 E x A

(11]

(12]

[13]

(14]

(15]

[16]

[17]

(18]

X P EERE AR EEDOR 5 R D). A esER
S 5THE, 2014, 5(5): 1-12.

LIU Zhi-hong. Current situation and development of energy
saving and waste reduction in Chinese copper smelting
industry[J]. Nonferrous Metals Science and Engineering,
2014, 5(5): 1-12.

W, ERaky, £, 5. SRR AR A
SKSSIM H k5 A[J]. fita&mfleES TR, 2017, 8(4):
1-6.

GUO Xue-yi, WANG Song-song, WANG qin-meng, et al.
Development and application of oxygen bottom blowing
copper smelting simulation software SKSSIM[J]. Nonferrous
Metals Science and Engineering, 2017, 8(4): 1-6.

LI Ming-zhou, ZHOU Jie-min, TONG Chang-ren, et al.
Thermodynamic modeling and optimization of the copper
flash converting process using the equilibrium constant
method[J]. Metallurgical and Materials Transactions B, 2018,
49(4): 1794-1807.

SHISHIN D, HIDAYAT T, DECTEROV S, et al

Thermodynamic modelling of liquid slag-matte-metal
equilibria applied to the simulation of the Peirce-Smith
converter[C]/ 10th International Conference on Molten
Slags, Fluxes and Salts. Springer International Publishing
AG, 2016: 1379-1388.

Br B EIRIE, BROBL E B EURMOGREY R TT
BT IFEI]. A ORBORERITT), 2018(9): 1-6.
CHEN Lin, WANG Zhen-hu, CHEN Wei, et al
Thermodynamic simulation on elements distribution of lead
concentrate oxidative smelting in oxygen-rich bottom-blow
smelting Nonferrous
Metallurgy), 2018(9): 1-6.

XIHEEE, WRE, Y. His EMNRENEEZ T2 M
A NI R EA LR FR, 2020, 30(5): 1110-1118.

LIU Yan-ting, YANG Tian-zu, LI Ming-zhou. Multielement

process[J]. Metals(Extractive

and multiphase equilibrium analysis of lead oxygen-enriched
side-blown oxidation smelting[J]. The Chinese Journal of
Nonferrous Metals, 2020, 30(5): 1110—1118.

LI Si-wei, PAN Jian, ZHU De-qing, et al. A novel process to
upgrade the copper slag by direct reduction-magnetic
separation with the addition of Na,COj; and CaO[J]. Powder
Technology, 2019, 347: 159-169.

X G, BROCsE, TS, S SRR B R [
BREr 2] B 1, 2019(5): 183-187.

LIU Zhan-hua, CHEN Wen-liang, DING Yin-gui, et al.

[19]

[20]

(21]

[22]

(23]

(24]

(25]

[26]

(27]

Study on recovery of iron and zinc from copper slag by
direct reduction process in rotary hearth furnace[J]. Metal
Mine, 2019(5): 183—187.

LS, M, BOLUR, &R SURNOR B IE R
WLEE K Z AT NI B EE&BERES T, 2014, 5(5):
28-34.

GUO Xue-yi, WANG Qin-meng, LIAO Li-le, et al.
Mechanism and multiphase interface behavior of copper
sulfide concentrate smelting in oxygen-enriched bottom
blowing furnace[J]. Nonferrous Metals Science and
Engineering, 2014, 5(5): 28—34.

WANG Qin-meng, GUO Xue-yi, WANG Song-song, et al.
Multiphase equilibrium modeling of oxygen bottom-blown
copper smelting process[J]. Transactions of Nonferrous
Metals Society of China, 2017, 27(11): 2503-2511.

WANG Qin-meng, GUO Xue-yi, TIAN Qing-hua, et al.
Reaction mechanism and distribution behavior of arsenic in
the bottom blown copper smelting process[J]. Metals, 2017,
7(8): 302.

PEEat, AR, BN, & ERMSIUIL E SIS
HMERER AT A0 T EA GERAR, 2020, 30(12):
2951-2962.

GUO Xue-yi, WANG Song-song, WANG Qin-meng, et al.
Mechanism of gold collection in matte and distribution
behavior of precious metals in oxygen-enriched smelting
process[J]. The Chinese Journal of Nonferrous Metals, 2020,
30(12): 2951-2962.

RUSEN A, GEVECI A, TOPKAYA Y A, et al. Effects of
some additives on copper losses to matte smelting slag[J].
JOM, 2016, 68(9): 2323—2331.

CHENG Xiang-feng, CUI Zhi-xiang, CONTRERAS L, et al.
Matte entrainment by SO, bubbles in copper smelting slag[J].
JOM, 2019, 71(5): 1897—1903.

NAGAMORI M, MACKEY P J. Thermodynamics of copper
matte converting: Part [ . Fundamentals of the noranda
Transactions B, 9(3):

process[J]. 1978,

255-265.

Metallurgical

TAN Peng-fu, ZHANG Chuan-fu. Computer model of
copper smelting process and distribution behaviors of
accessory elements[J]. Journal of Central South University of
Technology, 1997, 4(1): 36—41.

BACEDONI Mar I A, MORENO-VENTAS Ignacio, R I OS
flash balance

Guillermo.  Copper

modeling[J]. Metals, 2020, 10(9): 1229.

smelting  process



9531 BH x ERFA, S5 AR FORLE I IR A A SO R 2 AR AT N R S 13

[28] KOMKOV A A, KAMKIN R 1. Mathematical model of bubble processing of copper smelting slags[J]. Russian

behavior of impurities under the conditions of reducing Journal of Non-Ferrous Metals, 2010, 51(1): 26—31.

Study on multiphase distribution behavior regulation of
lead and zinc in oxygen-enriched intensified copper smelting process
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WANG Zhi®, HOU Peng’, PENG Guo-min*
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Abstract: The oxygen-enriched bottom blowing copper smelting is a typical modern intensified copper smelting
process. The established multi-phase equilibrium model of oxygen-enriched bottom blowing copper smelting was
verified with industrial production data. The verified model was used to calculate the influence of the concentrate
composition (Cu, Fe, S) and process parameters (copper matte grade, oxygen-enriched concentration, oxygen-ore
ratio) on the distribution behavior of minor elements. The results show that increasing the content of Cu or
reducing the content of Fe and S in the concentrate, and appropriately increasing the copper matte grade,
oxygen-enriched concentration and oxygen-ore ratio are beneficial to Pb and Zn into the slag; In order to improve
the removal rate of Pb and Zn, it is recommended to adjust the Cu, Fe, and S content in the concentrate to
25%-26%, 16%—19%, 27%—28.5% respectively, and control the copper matte grade, oxygen enrichment
concentration, and oxygen ore ratio to 72%—73.5%, 80%—81%, and 166~168 N-m’/t respectively.
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