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Fig. 1 Flowchart of multi-phase equilibrium calculation
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Table 1 Thermodynamic parameters of components

2, MRS AR REIIN 1o £ 2 H xpeo

Cmatb X 10 T+ X 10°T *+d X 10 °T?

Component State AHS, /(kJ-mol™") ASS/(JK " "mol ™)
a b c d
Cu,S Liquid —68.098 132.458 89.663 0 0 0
Cu,O Liquid —130.221 96.399 99.914 0 0 0
FeS Liquid —64.630 91.206 62.551 0 0 0
FeO Liquid —256.323 52.148 52.148 0 0 0
Fe;0,4 Liquid -993.310 198.380 213.384 0 0 0
SiO, Liquid —927.526 9.309 85.772 0 0 0
CaO Liquid —572.895 40.979 62.760 0 0 0
MgO Liquid —561.018 12.833 66.946 0 0 0
PbO Liquid —202.244 73.377 73.377 0 0 0
ZnO Liquid —309.542 47.920 60.669 0 0 0
Cu Liquid 8.028 34.236 32.845 0 0 0
Fe Liquid 8.006 23.520 40.878 1.674 0 0
Pb Liquid 3.873 70.506 32.490 —3.088 0 0
Zn Liquid 5.727 48.549 31.381 0 0 0
As Liquid 21.568 53.283 28.832 0 0 0
Sb Liquid 17.530 62.710 31.380 0 0 0
Bi Liquid 9.271 71.978 19.016 10.372 20.740 -3.979
Ni Liquid 3.361 20.305 43.095 0 0 0
NiO Liquid —178.628 65.395 54.392 0 0 0
As,04 Liquid —643.424 128.132 152.716 0 0 0
Sb,0; Liquid —675.474 143.624 156.900 0 0 0
Bi,04 Liquid —590.809 94.464 202.000 0 0 0
SO, Gas —296.813 248.220 29.134 37.222 0.058 —2.885
S, Gas 0 0.000 34.671 3.286 —2.816 —0.312
0, Gas 0 0.000 22.060 20.887 1.621 -8.207
N, Gas 0 0.000 23.529 12.116 1.210 -3.076
PbS Gas 127.959 251.416 37.350 0.194 —2.096 0.140
PbO Gas 70.300 240.042 33.413 6.852 —2.395 —2.940
ZnS Gas 204.322 236.404 13.880 51.099 5.183 2.761
Zn Gas 130.403 160.992 20.898 —0.133 —0.067 0.034
AsO Gas 43.806 230.402 24.382 40.531 —1.491 —27.667
AsS Gas 181.400 242.065 32.816 22.727 —2.954 -15.779
As, Gas 190.707 240.882 37.200 0.150 —2.000 0.000
SbO Gas —103.500 238.346 26.257 22.158 —0.268 —8.432
SbS Gas 190.789 249.695 31.845 11.718 -0.382 -3.152
Sb Gas 267.175 180.269 21.278 -1.107 —0.200 0.633
BiO Gas 125.687 246.407 36.507 0.526 —3.663 0.001
BiS Gas 176.552 257.878 37.696 —0.561 —2.050 0.625
Bi Gas 208.742 187.011 21.189 -0.732 —0.203 0.320
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Table 2 Activity factor of components

2 fRBVIGIE

Component Phase Activity factor
FeO Slag 1.42xpe0—0.044 SR FH BT R DR W 22 AT S B A, DU Y
Sio, Slag 2.1 BOCXUR HvREEADY 2015 4E 6~8 RS
FesO, Slag 0.69 +5680xg, o, +5.45x50, ZHE NS, VL) DA o T i 4 A
Cu,0 Slag 57.14xcy,0 Ao
Cu,S Slag exp(2.46 +6.22x¢,,5) TEA&AT: WG 72 th, £ 235 th, £
FeS Slag 70 K Ca0 91%-Si0; 6%, & A 80%, & A i 14415
PbO Slag exp(~3926/T) Nm’/h, WORHRFE 1523 K, 40T 3415 & i L% 3.
ZnO Slag exp(920/7) R PRI ST A, LR 4~6. 522
As,0; Slag 3.838exp(1523/7) - p§!** P IS AR R v R 25 0 2 A BT T E S
Sb,05 Slag exp(1055.66/T) THEAERT L, 2R WK 7.
Bi,0; Slag exp(—1055.66/T) & 7 89 R A, TR E R A e i, e
NiO Slag exp(3050/7-1.30) F4IAH Cu. S, Fe. Pb. Zn. Sb. Bi I Ni je# il
CaO Slag 1 HARZE ) 0.505%. 0.004% 0.062%. 0.359%.
MgO Slag 1 0.004%. 0.068%. 0.003%F1 0.013%: Ry Ni st
Cu Blister copper 1 FA RSN, A e FRARZE 730 2.130%.
Cu,S Blister copper 26 0.144%-+ 2.390%-. 1.858%- 0.059%-. 0.398%- 0.013%
Cu,0 Blister copper 20 H10.019%. AT WL, KE A AH o & 20 5 A0 o SR AT S
Fe Blister copper exp(4430/T-1.41) TEVRZERN, V2 S vh % T 3 T S 22 4
FeS Blister copper 1
FeO Blister copper 1 F3 APHIGFEAEE
Pb Blister copper exp(2670/T—1.064) Table 3 Average component content of initial matte (mass
Zn Blister copper exp(—1230/7) fraction, %)
As Blister copper exp(—4830/T) Cu S Fe CaO MgO Pb
Sb Blister copper exp(—4560/T+1.24) 69.66 20.70 6.83 0.05 0.01 1.21
Bi Blister copper exp(—1900/7-0.885) Zn Sb As Bi H,O
Ni Blister copper exp(—1430/7-0.546) 0.54 0.02 0.12 0.04 0.08

R4 MBI R

Table 4 Calculation results of blister copper

Mass/t

Mass fraction/%

Cu Cu,S

Cu,O Pb Zn

As Sb Bi Fe FeS Ni FeO

48.63

94.19 0.80

3.86 0.59 0.01

0.09 0.01 0.03 0.00 0.00 0.05 0.37

x5BT R

Table 5 Calculation results of slag

Mass/t

Mass fraction/%

Si0,  FeO

Fe304

CUQO ZnO

PbO AS203 Sb203

Bi,0; Cu,S FeS CaO MgO NiO

12.27

1.79  40.99

826 13,51 250 1.86

0.18 002 001 070 0.00 2925 0.80 0.13
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Table 6 Calculation results of gas

Mass/t

Mass fraction/%

SOZ N2 Zn PbO

PbS AsO Bi H,O

88.28 10.750 0.505 0.256

0.007

0.021 0.011 0.172 88.280

=7 HHER S

Table 7 Calculation results and industrial data

Mass fraction/%

Value Phase
Cu S Fe Pb Zn As Sb Bi Ni
Calculated Blister copper ~ 98.251 0.160 0.291 0.587 0.007 0.091 0.012 0.033 0.053
Measured Blister copper ~ 98.756 0.164 0.353 0.228 0.003 0.159 0.015 0.046 0.046
Calculated Slag 19.299 0.239 39.258 4.124 1.744 0.295 0.040 0.046 0.083
Measured Slag 21.428 0.383 36.868 2.266 1.685 0.693 0.027 0.027 -

Ko ARV RE b RS JE MU 2% K S B A
POE IR EANI S IR0, AR 2R AL AT o Aa 3
SEMERIEARW) & o L EHTRY, SR Z M4
PR, fE S U A WCOR R S P O, T Fizad iR
A E W AT

3 ARG EIRANFE ST

BB IO & 72 th, T3 SR AR BB (Cacu)
PR (Reare) s & IR IE (Coxy) WO BE(T S 5%
P, T AU G4 R WO B YA 2R %5 AH P h 2T
FA S AR .

3.1 FHIEESTRAIEN

A ERLE 0.30, & AUKREE 80%, WS 1523 K
ZATR, BAUTH S TR BB Csey £ 0.05%~0.95%70
NI, BN HA Rk T A A 2 RS A2 A 1
L, SRR 8 A 2~3.

K 8 HHERW], BE Cso, THimy, HLA I, bk,
JHA S LA I s R s R B N . i,
FELHR 25 T S TR = i 9D Al B SR SR S A
S HE SO R

Kl 2 45 REW], B Csey Thimr, FLH Cu S R4
PEANIEDR N O B AE Cseu AR 0.20% 2 7 PR
N, TSN, Fe O R UIZEAG G s AR AR
Cu,O b Co, THimy EPHRNEF, 1M CupS 5
T S22 2 PR 8 34, Cu 2043 f: 2 Sl Rt Jon 5 B A1
& A Fe Al FeS 4y & w8/, 1M FeO i
1V 0.42% LK. AT, $m Cseo B, A H Cu,0 &

AR R A AR B AR R, MR 2 Fe 2
IR G LANPATIRTE

[*IJHZ, ﬁ%%— Cscy HTL Bﬁ%uﬁ'ﬁﬁﬂﬁg* Cu,S %l] Cu,O
Hp A H MR FER) R FEFT FeO & BTN, fEHk

KR8 Cscu MPIRHR 52
Table 8 Effect of Csc, on material quantity

Material quantity/(t-h ")

Cscd/%

Copper  Slag Gas Oxy Flux
0.05 48.06 12.94 33.68 20.45 222
0.10 48.46 12.38 33.59 20.20 221
0.15 48.68 12.08 33.52 20.06 2.20
0.20 48.83 11.89 33.44 19.95 2.20
0.25 48.95 11.75 33.37 19.85 2.20
0.30 49.04 11.65 33.29 19.78 2.20
0.35 49.11 11.58 33.22 19.70 2.20
0.40 49.18 11.52 33.15 19.64 2.19
0.45 49.23 11.47 33.08 19.57 2.19
0.50 49.28 11.43 33.01 19.51 2.19
0.55 49.32 11.40 32.94 19.46 2.19
0.60 49.36 11.38 32.87 19.40 2.19
0.65 49.40 11.36 32.80 19.35 2.19
0.70 49.43 11.34 32.73 19.30 2.19
0.75 49.46 11.33 32.66 19.25 2.19
0.80 49.49 11.32 32.59 19.20 2.19
0.85 49.51 11.32 32.52 19.15 2.19
0.90 49.54 11.31 32.45 19.10 2.19
0.95 49.56 11.31 32.38 19.05 2.19
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FHLE P REdE R A [, 08K 3 SORL A T i 1 %

K3 45 RRW], P2 Cseo M, 5 Cu BE(G, ¥
& Fe B, Ca. Mg. Si SEZETH: #h Cu,0
oSk, CupS & RERTER I H, FeO &
BN, Fe;O4 2 i M LMk NEFA, FeS B/,
AL, HE R Ak 2 O 2 DL Cu,0 3, HBE Csey
B, #d Cu0 B B AR Sk e PEAE R,
M R4k E 2L FeO A%, JER21Z4100 & &AL
LT E .

DRI, 157 Cscy 355 T 9800 3 5 4, B 5 FesOus
GG RS . ZR5 T SR A 2 2y I AR
B DL, R E TR T o] Bk N S, I
RIS Cseo BLFEHIAE 0.20% /015

[

3.2 B ERIR N

TEMIA ST 0.25%, & AR EE 80%, WiJE 1523 K
SR, PR LE Regre 75 0.15~0.85 i il N AR LI
TS IR 9 FIE 4~5,

KO HHERW], S Rearer FHHTE IR/, JEA

0 02 04 06 08 1.0
Cacd/%

3 Cscy XPHEAHI R R
Fig. 3 Effect of Csc, on slag phase: (a) Main element; (b)

Main component

% 9 RCaFe Xﬁ%*’l’% : %2”@
Table 9 Effect of Rc,r. on material quantity

Material quantity/(t-h ")

RCa.Fe/ %
Copper  Slag Gas Oxy Flux

0.15 49.54 9.95 33.41 19.83 1.07
0.20 49.32 10.57 33.40 19.84 1.44
0.25 49.11 11.19 33.38 19.85 1.82
0.30 48.91 11.80 33.37 19.86 2.20
0.35 48.71 12.41 33.35 19.88 2.59
0.40 48.52 13.01 33.34 19.89 2.97
0.45 48.33 13.61 33.33 19.90 3.36
0.50 48.14 14.21 33.32 19.91 3.75
0.55 47.96 14.81 33.31 19.93 4.14
0.60 47.78 15.40 33.30 19.94 4.53
0.65 47.61 15.99 33.29 19.95 4.92
0.70 47.43 16.59 33.28 19.97 5.32
0.75 47.26 17.18 33.27 19.98 5.72
0.80 47.08 17.77 33.26 19.99 6.11
0.85 46.91 18.36 33.26 20.01 6.51
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Table 10  Effect of Cp,y on material quantity

Material quantity/(t-h ")

Coxy/”o

Copper  Slag Gas Oxy Flux
65 48.88 12.13 37.50 2449 2.58
70 48.83 12.21 35.93 22.76 2.58
75 48.79 12.29 3456  21.25 2.58
80 48.75 12.36 33.35 19.94 2.58
85 48.71 12.43 32.29 18.78 2.58
90 48.67 12.49 31.35 17.75 2.58
95 48.64 12.55 30.50 16.82 2.58
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Table 11  Effect of 7 on material quantity

Material quantity/(t-h™")

T/K

Copper Slag Gas Oxy Flux
1493 48.22 13.08 33.29 19.99 2.59
1513 48.62 12.54 33.33 19.90 2.58
1533 48.83 12.23 33.38 19.85 2.58
1553 48.99 11.98 33.43 19.80 2.58
1573 49.12 11.75 33.47 19.77 2.57




275 T W

IR, A5 AR RE 2 AR T ) 2 b

1501

0.5 99.0 ) 95.0
(a) (b) "—Cu,S v—FeS
- o e—Cu,0 <«—FeO o
0.4t {o8.5 £ =R ~=Cu g
N S | Te=—— . o
= * “ g 3f e
T ————— ] 3
_g — ° % 94.6 °
s 0.3 T+ 1980 2 S 2
= g B 2+ §
@ & % — . ] 94.4 &
= =—Fe g = + 7
0.2 *—0 1975 S 1y s
+—Cu * ) . . 1942
fer—
0.1 . , s 97.0 0 . s s 94.0
1484 1512 1540 1568 1484 1512 1540 1568
TK TK
8 TOXPRARAR A FE MR
Fig. 8 Effect of Ton blister copper phase: (a) Main element; (b) Main component
50 0.8 50
(@ ®=—Cu 4—Ca +—Si () w—Fe0 v—Cu,S
0 *—Fe <«—Mg 10.7 B *—Fe;0, «—FeS
r e i A—
e e 06 < . Cu20
R I S e
=i S £ 130l
8 30r los & &30
E 53
5= & & \\
7)) L 7 0 4 [72) %) 20 r S Py
— - PP
10r 4/14—’4’——4——4*_02 Loy
0 . : . 0 < * e — E———
1484 1512 1540 1568 1484 1512 1540 1568
TK TK

9 T XA

1=A
ap- Al

Fig. 9 Effect of T on slag phase: (a) Main element; (b) Main component

PEEWOARERE, B FeO 410 & RN, Cu,0
Fe;O, F ik, Hofh & 410 & iR AA I 2. v,
Perm T, BT ORRLA & 4, R AR i A —
SN, O] BRI S, EU R AR A7 B 2 PRI
DRI, A PRI REL R ot A AN T 2, 3 R Ui
FENFSHIE 1526 K Aidq o

4

ik

1) HEF a5/ AT B rh R st B ST T A S
WRIRE (1 22 AP 3 AR, RS R T 3 T et
RO N TR WO T 00, SR SR SR AR ) £
RWIIZA AL ] H 40 N O I R (R AT 2 0 o
2) ZHIPHI TR, i Cseo I S EUHH
e, KA ALIRAC, WEED, W FeyO4 B

~ bk

) He

o AECRUEHUEBUR TS T, & 38 Coey MTIRE
T, SRR

3) ¥ Reare 25 SRR/, P AU R
BRI, #E FeO M FesO4 FRK, ¥EE Cu A&
This, WAL o PGBk L P S DR AT R
UIR7/EE A E{INPS

4) Coy BRI R IAN & S8 T KA 32 S Ah,
SRR AT AT S W AN K WOHR T 3400, B LR &
S MU A B A S WA, 3 AT AR 15 A o
O R UEKEL I it 7 478 S 5 0, 42 3 T P M
M.

REFERENCES

[1] FISCOR S. Outokumpu technology: makes process

improvements possible[J]. Engineering and Mining Journal,



1502

hEA SR R

2017 4F7 A

(2]

(3]

(4]

(3]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

2004, 205(9): 43—45.

KOJO 1V, JOKILAAKSO A, HANNIALA P. Flash smelting and
converting furnaces: A 50 year retrospect[J]. JOM, 2000, 52(2):
57-61.

REUTER M A, KOJO I V. Copper: A key enabler of resource
efficiency[J]. World Metall-Erzmetall, 2014, 67(1): 5—12.
KEY, B s WERAEROTTIM]. dba: B ekl
JiAL, 2012.

SONG Xiu-ming, CHEN Zhuo. Research of copper flash
smelting process[M]. Beijing: Metallurgical Industry Press,
2012.

HANNIALA P, KOJO I V, KYTO M. Kennecott-Outokumpu
flash
[C]/ASTELJOKI J A, STEPJENS R L. Sulfide Smelting '98:
Current and Future Practices. San Antonio: TMS-AIME, 1998:
239-247.

DAVENPORT W G, KING M, SCHLESINGER M, BISWAS A

converting  process-copper by clean technology

K. Extractive metallurgy of copper[M]. 4th ed. New York:
Pergamon Press, 2002: 162—165.

NEWMAN C J, COLLINS D N, WEDDICK A J. Recent
operation and environmental control in the Kennecott
smelter[C]//GEORGE D B, CHEN W J, MACKEY P J,
WEDDICK A J. Proceedings of the COPPER 99—COBRE 99
International Conference, vol. V—Smelting Operations and
Advances. Phoenix: Metallurgical Society of CIM, 1999: 29—45.
FAREL. UK N WO T2 VPR (D], A BB )m GRIRE A,
2014(6): 34-39.

WU lJi-lie. Review of flash converting of copper matte[J].
Nonferrous Metals (Extractive Metallurgy), 2014(6): 34—39.
B, dde, BT, KOO, R, SR, KOs
] FEL PR A PR 0 (K BB D). P A B R AR,
2015, 25(8): 2259-2267.

LI Ming-zhou, HUANG Jin-di, TONG Chang-ren, ZHANG
Wen-hai, ZHOU Jie-min, LI He-song, ZHANG Peng. Numerical
simulation of electrolyte flow in copper electrolytic cell[J]. The
Chinese Journal of Nonferrous Metals, 2015, 25(8): 2259-2267.
LIUJH, GUI W H, XIE Y F, YANG C H. Dynamic modeling
of copper flash smelting process at a smelter in China[J].
Applied Mathematical Modeling, 2014, 38(7): 2206—2213.

TAN P. Modeling and control of copper loss in smelting slag[J].
JOM, 2011, 63(12): 51-57.

FARAT, KER, BRI, REW. FETICRBMZ AT
BRI N [T]. R R4, 2008(S1): 45-48.
TONG Chang-ren, LIU Dao-bin, YANG Feng-li, WU Jin-cai.
Multiphase equilibrium calculation based on element potential
and its application in copper flash smelting[J]. The Chinese
Journal of Process Engineering, 2008(S1): 45—48.

AR, HRAEH, 5K, FesO4 74N AR S N5 (1 T 1k
MO PR R (AAREM), 2013, 44(12):
4788-4792.

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

WANG Jin-liang, ZHANG Chuan-fu, ZHANG Wen-hai.
Formation thermodynamic of Fe;O4 in reaction shaft of flash
smelting furnace[J]. Journal of Central South University of
Technology 2013, 44(12):
4788-4792.

EA R, oKICHE, SRABHE. BRALSETD A Mot e g 2
M. R EA LR ], 2011, 21(11): 2952-2957.

WANG Jin-liang, ZHANG Wen-hai, ZHANG Chuan-fu.

of lead sulfide flash

(Science and Technology),

Thermodynamic analysis smelting
process[J]. The Chinese Journal of Nonferrous Metals, 2011,
21(11): 2952-2957.

TEAR R, oRALAR, SKOCHE. B I EUA MR T 0 2 AP AR A
(7). "hFFREEZEIR(AREIEIR), 2012, 43(2): 429-434.
WANG Jin-liang, ZHANG Chuan-fu, ZHANG Wen-hai.
Multi-phase equilibrium model of lead flash smelting process[J].
Journal of Central South University of Technology (Science and
Technology), 2012, 43(2): 429-434.

AR N RR R A S B [D]. O 4 R R TR A,
2011(2): 12-15.

LIU Wei-dong. The operating practice of flash converting in
copper smelter[J]. Nonferrous Metals (Extractive Metallurgy),
2011(2): 12-15.

BEYE W NIRRT IO [D]. B YL TR,
2011.

HUANG Jin-di. Simulation research of copper flash converting
process[D]. Ganzhou: Jiangxi University of Science and
Technology, 2011.

VKM, SRR, d L. B XU iR 2
SCER[]. A OB R GREHES), 2015(9): 10-14.

SUN Lai-Sheng, CHAI Man-lin, MENG Fan-wei. Plant practice
of "double-flash" copper smelting in tongling nonferrous
metals[J]. Nonferrous Metals(Extractive Metallurgy), 2015(9):
10—-14.

LEAL A M M, BLUNT M J, LAFORCE T C. A robust and
efficient numerical method for multiphase equilibrium
calculations: Application to CO,-brine-rock systems at high
temperatures, pressures and salinities[J]. Advances in Water
Resources, 2013(62): 409—430.

NERON A, LANTAGNE G, MARCOS B. Computation of
complex and constrained equilibria by minimization of the Gibbs
free energy[J]. Chemical Engineering Science, 2012(82):
260-271.

WANG J, CHEN Y, ZHANG W, ZHANG C. Furnace structure
analysis for copper flash continuous smelting based on numerical
simulation[J]. Transactions of Nonferrous Metals Society of
China, 2013, 23(12): 3799-3807.

FAN Y, ZHANG C, WU J, JING Z, PING Y. Composition and
morphology of complicated copper oxalate powder[J].
Transactions of Nonferrous Metals Society of China, 2010, 20(1):

165—170.



F27 A T

IR, A AR R AR T ) 2 0T

1503

(23]

[24]

[25]

[26]

GAUTAM R, SEIDER W D. Computation of phase and
chemical equilibrium: Part I. Local and constrained minima in
Gibbs free energy[J]. AIChE Journal, 1979, 25(6): 991-999.

FREITAS A C, GUIRARDELLO R. Comparison of several
glycerol reforming methods for hydrogen and syngas production
using Gibbs energy minimization[J]. International Journal of

Hydrogen Energy, 2014, 39(31): 17969-17984.

AMLEE, BUEGE. BURENE G2 M]. deat: BEEHARAE, 2003.

ZHU Zu-ze, HE lJia-qi. Modern metallurgy of copper[M].

(27]

il N SE MR- R L 2 A AR ). B SR Gh
W), 2015, 67(9): 20-25.

LI Ming-zhou, TONG Chang-ren, HUANG Jin-di, LI Jun-biao,
WANG Jin-liang. Simulated calculation of overall process flow
of copper flash smelting and converting based on Metcal[J].
Nonferrous Metals (Extractive Metallurgy), 2015, 67(9): 20-25.
NAGAMORI M, CHAUBAL P C. Thermodynamics of copper
matte converting: Part III. Steady-state volatilization of Au, Ag,

Pb, Zn, Ni, Se, Te, Bi, Sb, and As from slag, matte, and metallic

Beijing: Science Press, 2003. copper[J]. Journal of Electronic Materials, 1991, 20(12):
ZEWR, AT, EE, SRR, TR, LT Metcal ) 319-329.

Multiphase equilibrium thermodynamics analysis of
copper flash converting process

LI Ming-zhoul’ 3 ZHOU Jie-min"?, ZHANG Wen-hai', LI He-songz, TONG Chang-ren3

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. School of Energy Science and Engineering, Central South University, Changsha 410083, China;

3. School of Metallurgy and Chemical Engineering, Jangxi University of Science and Technology, Ganzhou 341000, China)

Abstract: Based on the principle of Gibbs free energy minimization, the multi-phase equilibrium mathematical model of
the copper flash converting process was built. Then, the effects of the content of sulfide in blister copper(Csc,), the ratio
of Ca and Fe in slag(Rc,re), the oxygen-rich concentration(Coy,) and the converting temperature(7) on the contents of
main elements and compositions of products were studied. The results show that, for the matte with a certain amount and
a certain composition, the productivity of blister copper can increase with the rise of Csc,, however, the grade of blister
copper and the content of Fe;Oy in slag are lead to reduce, and the mobility of slag shows better. With the rise of Rc;re,
the amount of blister copper reduces and the amount of slag and flux increase, meanwhile, the contents of FeO and Fe;04
in slag decrease, and the copper in slag become larger. Increasing Co,y can definite influence on the content of oxygen in
blister copper and the amount of slag and flux, but less on the other compositions. With the rise of 7, the content of
oxygen in blister copper, the amount of blister copper and slag can be certainly affected, meanwhile, the content of copper
in slag increases.

Key words: copper flash converting; Gibbs free energy minimization; multi-phase equilibrium; thermodynamics
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