5526 4 10 ] rEEREEFIR 2016 4 10 A
Volume 26 Number 10 The Chinese Journal of Nonferrous Metals October 2016

XEHmS: 1004-0609(2016)-10-2222-08

$E0A R K S B R AR A B R i 2R Y
MAFH

REH 2, Gk, ERT, KRl
(1. dEERH R meEESTESRB, JE5 100083;
2. bR R RS it & @ ap PN S SR EIE R T E T s2 %, JbET 100083;
3. kA HIREA R AR, JEEFE 999134, FELLTE)

% FH FactSage SAFXM MR A TAHEAT S 27~ B9, 0 A b S AR 2B s L BE, PR 25 58 17U
I R R R A8 DR NS~ I AR S R R S R, O D BRI AR ) S R 1 T AT IR T & 46
REW: CO X SO,v H,O BAEIEAEM, MMIZER So HoSy Hy S8 UM A b SR & R bfis CO
F1 SO, WA B et 11 T e LA A HoO W4 1 e (¥ AR T T 8 o 385 24482 e MR FEE RS Tk D P PACR 11 A B A R I o 7

TN ) AR AR P S R R s (RN G A A PR ORI E O PR R &

B S M ASF
FEER: KR, BT KIEEET HA
FESES: TFSI11 XERFRERS: A

JHC R BT 5 AR A ) KRR R S Y
L IRDEL,  E K DOR WU R 6 AR AR A
U, SRR FR LU TR AR AR, 2435 7 Sk
Bt TR MR TRE A B R R JE 82 BR 2y lR R 4
RN, R R P R 2 3 B R AR R b A
H, SRR HEIER, R AL T
MIIEFASAT, AN ARG I A7 A2 I 2 BB 05 [
= S Pl A Y ML AT e s et R (D
PRBR i, —REESR AR S RK T 1 g/m’s

ZEARWY, BRI AL R T EOREON RS B
T (CuFeS,). BRI (FeSy) 55 m B A6 1) 43 il )=
PV, RS NS AN fl TR A A g i S
NG, A2 X RS A S IR AT 7 2 R (1 AR
AN R, AR e AR A T AR A TS
B ORI IR I s 5 O S S AR i 2
J, AHIXEEEAE SR 22— T i A R R A B
PR, HABASBEM) R A ok SR AR s 1 ) 7L

- Jri, A ROV HRIN D T YR if N
DN IRPREAR 2 08 B AAIRE 1 5 d i e s ™, LR vl g
F DA (e FER 78 70 AL A ) COY 2 F =
(¥ SO, #53 Huide 5k AR ™, L FHTAR G 0 B B

EEWHE: P REBIEARNY S 2L 19 4 7 B 5l H (FRF-TP-15-068A1)

Wi HER: 2016-03-10; f&ITHHA: 2016-07-26

I (T o == i =1 S R 15 o o S
DALk A= = Hr AR AT LR HE )50 0 4 0 (PR AR Tt
AN RER BT 2 M, T AR R SO,
H,O. CO 54155 2 (R WHaTAH BN JHA& A5 1 2
NS BRI 1) S5 W e 45 e 8 H iAW . PR
I R A A AR R F AT ORI, WA AR
B AR PR A BT B G g R 25 4 93 T ) h
NS

SR, BRI R R o — B AR A5
AR R, Dk, AELE 25 P T i 1
P BL TR VSRR N AE . FactSage #4J)5 HAT
JEH F*A*C*T/FACT-Win F1 ChemSage Pi~#ufb2%
ARG TR, BLE) 2 N TR B OV AR AL
HE IR S TR R AU . A RHRETH AR AR O

FactSage AJ &5 417 A H e e/ MU JRBE,  JfAH
By A ) 2 B e, S 2 2 AR R )
AR iR

VFZ 904 K Factsage BAEN AN 0 &
R IR REAT R 22 T 4. ok e DR A
Factsage X B0 SN RGEFEAT I 2P ok 5, B
GE TR F D L E A S P AL R R T T

BIEEE: kEW, WL, YR fiS: 130410800805 E-mail: jialiangzhang@ustb.edu.cn



326 455 10

SR, S AR P ARG R Y A R K RO 2200 B 2223

Wi PR 22 AT T 431 . WANG 251U i Factsage 4
IR VEACES (SR R IEAT T 15 b, 58]
FAEREIR . sy ISR B LI N H,O/C R IAEUS
FeA, AR P ML SR E S T
BB BT . YAKABOYLU 28U #il Fk <4k
FEH 5 (S P A BT TR0, R
T SERH E AE SCRR P () S 56 £ Hs 4 Factsage TF 8
T PEEAT T 50AE, 45948 Factsage % 700 'C. 27.6
MPa N LRSS IDL R AEE . 24 MPa R =
AR O IR ST A AR AR AR (O TR
ARISCAEH R Factsage AT HTA B 1S AREEA T
PO E PRI, T AUCESSUAIRG AR )
ST SRR S S S A . TR E
s R, S BT P SRR A S LEE, A B o
BRI AR TR R

1 H&EHZ

AT ERABL, SRRIEE, )
SN TUPIRA TR I B A8 S IR,
B4 07 4 e e MU SR, U (1)
pic:

(th)T,p =0 (D)

AW BRI Factsage 6.4 #4228 AE 1K)
Equilib Bk, 1E2F X — )58, L2 2 HE
IO WAE S o a e S

TR E ML . IR JJUL A AT, AR
AT e Q) PR
G=Y NG} 2)

4
X N2 WGy @ (MEER S GY o HBER A i B
HEENS . T ZMIAR, RIS A B TR
i h A 3):

G=Zni(gf+RTlnpi)+2nigf+

ig pep

> n;(g +RTInx; + RT Iny;)+

s—1

Zn[(gf +RTInx; + RTIny;)+--- 3)

s—2
A dgs peps s P AMCRBIAR AL SR AR DL S
WA n WAL BEIRSR S p WAL i A IR
BRI 0.1 MPa)HILLAE; xiv v g 235K
Aoy i REEIR P H 6 BE DR LA S R R 35 A i B

M fE', Factsage 6.4 BAFH 44 R EHE P2 FactPS
PR AL T T TR BT AR AR R I A 5 B RETR)
Bl o BT — s KA EE D fE s Equilib AEERL AT
T SR AT 205 A B e /DN gy pis X {E, R
BRI TR R4 . TR LT
H T AT REAAAE AL O, DAL, O IE A T A
U K 2R R T 2 b B, HARIEey SR Al
J3VEVE L SCHR[ 18]

S22 WIS bR AR A, g TR
WILHA 7y (AP BN 1 mol) AR 4, sk
1 R VHEA AR Bl 5 — 2 43 (A 46 R 7R e DA% 42
FERGMAIST , LA 3 IR 06 B 2R S 15 [ e o eV A6 8

Fz1 USRS =

Fig. 1 Initial amounts of gaseous components

Gas n/mol Volume fraction/%
H,0 0.30 30
N, 0.30 30
SO, 0.27 27
CO,+CO 0.13 13

AW 55 % 8% COL SO, HyO. O, ML
. TSP A AR SO, IR JER ., e
W BE R B, Horh SO, G A, I8 )
B R R A B E A s 4) s )P

nSOZ eq

n=_~1 )%x100% 4

30, in

n; x

S y%100% (5)
130, in ~ 750, eq

itqj n j"j Soz E@j&ﬁ$, nSOZ,in N nSOZ,eq 63\%”%3 Soz
R4 AP 5, mols y; A I J5U ) &5 Bt BE 2R 43 4
n NIRRT S, mols s IR R A iR
TH

yi=(

2 HEER5ITR

2.1 CO ¥IEEERITM

il & CO, 1 CO MH)UH /K B 2 12K 0.13 mol,
TEPHRRLE R 1250 CRIZ&AE T, THEAE CO ¥k
PR R AR S AL R B 1 FoR). P
JES AR 108 BRI, SEh SR A A 2 30 Fh
AWFFE A 20 BE R B K T 1 mmol (/R HE T 20 Hr i



2224 PR R AR

2016 4 10 A

o

ME 1 TR R, CO RN ANAE - A
WS,y Hp HoS &U4K, JfHRE CO SrEMTHaE,
R E AW S, AR S TR AEAE TR SO,
H,O [ B NEH G . HIknT WAE 1250 CrI4&ft
5 CO X} SOy HyO HATIBJFAE T, M A2 BB AT
ES A

AT BEAELE 1) N 7 Rk

4CO+2S0,==4C0,+S, (6)
CO+H,0==CO,+H, (7)
2H,+S,==2H,S 3

SO, M1k Ji 6 J 3 Ji 7= 25 o B JR 4 B b4 2
Re ME 2 FHLIER], SO, IR ERBEE VI CO
TR F AW U CO EEh 0.13 mol B,
SO, [ JF K ik 18.8%. I8 J5US 2 i =4 = A,

300
250

S
E 200
= 150

[0 0—0—0—
é 100£ a0,
5 | 4 S
: 20 2
:_5 I5F co
T 10t H,
&
BosE >H,S

= >

0 0.02 0.04 0.06 0.08 0.10 0.12 0.14
Initial amount of CO/mol

1 CO Iaa & o~ A LR

Fig. 1 Effect of initial amount of CO on equilibrium gaseous

amount

60

N
<

[\
(=)

Reduction rate of SO,/%

Mole fraction of reduction product/%

0.02 0.04 0.06 0.08 0.10 0.12 0.14
Initial amount of CO/mol

2 CO WHAE TN SO, IE I3 S Ji 7= W) & bt B /R 73 4
tp Al
Fig. 2 Effect of initial amount of CO on reduction rate of SO,

O -

and mole fraction of reduction products

5 Sy« HoS. SSO %, Hirt S, (AR IR 43 UAE 80% LA L.

TSR ASAE 1250 CLAKE 1 FinIwIeh&
AN, HAG CO MAIRATR N BUL T 1.07%H,
ST SAH Sy IR BEA BT bR . A, 7ESEBRIT)
FEMR R, N REHD AR IO, A ORIE
IR 5 A R BREAE R CO, HIN—H CO
HENSAH, Wb 5 R SRARGR IR B2 (bR, A Mt 72
TEIEH AT

22 SO, VRS EHIFIT

RS 1250 C L CO M4 &4 0.03 mol 1¥15%
PER, %8 SO, WIh & AP Sk & &, SO, i 5
B TR S ) i SR Ay B s, Lk B gy Sl i 1
3F 4. HIE 3 A4 aLLER], BEE SO, WILHE
HITEE, SO, ML AW NI, T S, 7 g i
Tha, I HIHARE Js S v S it 16 BE R 4 el A7 e Tt

AN

S

(=]
T

—_— N W
=3
(=}

T

Equilibrium amount/mmol
=)

S,
e scesnalier!

0.10 0.15 020 0.25 030 035 0.40
Initial amount of SO,/mol

Bl 3 SO, Wlh & - U s

Fig. 3 Effect of initial amount of SO, on equilibrium gaseous

amount

—
[
S
(9]

S

& N o]
< = =
T T T
1 1 1
¥} w "

[}
S
T

Reduction rate of SO,/%

0 1 1 1 1 L 1 SSIO O
0.10 0.15 0.20 0.25 030 0.35 0.40
Initial amount of SO,/mol
4 SO, WIUATEEXT SO, I J5 A Kl 5™ 45 B B 7K 40 %

oA

Fig. 4 Effect of initial amount of SO, on reduction rate of

Mole fraction of reduction product/%

SO, and mole fraction of reduction products



26 4558 10

SR, S AR P ARG R Y A R K RO 2200 B 2225

e M T RIANE SO MM, TS
TS, 5k 1 g/m’ IS AN CO i, thate—
ZAF N PTRE SV CO HIUG 7 & ) de e {i, Wil 5 fr
e HE S ATLAEH, B SO, WA S ML, I
{HE&EA BT o (BRI SO, M 0.4 mol %4 0.1 mol,
T RE FRVFI CO WA I s AR AU 0.0098 mol
JH420.0148 mol. BIL, Joigse ™ H sk 2 i i <
(RS T 20040 A2 7 R ARG FEE R B R s M
T2, HLAE R HE T CO R & .

20

18 |

16

b N\

10 | TP f—n—o o g

Maximum allowable value of r¢q ;,/mmol
—
[\
T

0.10 0.15 020 0.25 0.30 0.35 0.40
Initial amount of SO,/mol

5 ANIF SO, WIH B T HTRE ALV CO WIS i (nco in)

f14 5z v B

Fig. 5 Maximum allowable value of nco;, at different initial

amounts of SO,

23 H,0 YIRS ENEN

TER 2R 1250 °CL CO #4524 0.03 mol [1)4%
PER, %%¢ H,O WA S AP S R SO, b5
B RGR JG 7 ) F  BE SRK y BR s, HL A Aoy il n P
6 F17 Hiam. tHE 6 F17 nfLLEH, Bi%E H,0 WIiHE
HINTEE, SO, ISR TR, A S, & i g
i, 17 Hyy H,S 55T BTt X2 N H,0 & it Tt
S CO ML SR AE R AR, AN X SO, M 5
YERIWRSS . AN A HoO WG 5 5 R Bre avr i) CO Wik
TR B EWE 8 Fin. i 8 W LLE H, B H,0
WEEM ETE, AR BT FRE R9%K W, H0
T T LA R AR S, 2R A

24 O, MIAEEHIRMN

TESE RIS R, SN On 755 N HEL I N I 4
SRIEAT 3070 IR R I DR Al RO RN 1 23 <
R AET UG AR TR AT BEIEAEAE— €M Oy 7RIS
1250 "C. CO ¥JiH& &M 0.03 mol MM N, #%
O, WIUA T BN PSS B SO, I JRUF JOR R 77 1)

Equilibrium amount/mmol

0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
Initial amount of H,O/mol

6 H,O HIAAE 0 - A 1 52
Fig. 6 Effect of initial amount of H,O on equilibrium gaseous

amount

—_
(=]
(=]
W

(o]
S
T
/
¥
1
N

Reduction rate of SO,/%

(o))
(==}
T
1
W

N
(e}
T
1
\]

Mole fraction of reduction product/%

H,S
20+ 41
SSO
0 1 1 1 1 1 1 1 0
0.10 0.20 0.30 0.40

Initial amount of H,O/mol
7 HO WIG 5 X SO, I 4 Kk Jgt ™) 25 i JEE 7K 734
GR
Fig. 7 Effect of initial amount of H,O on reduction rate of

SO, and mole fraction of reduction products

3

g 20

&

:

N 15 B

Y

© _n
Q o

= ,u/u/

S 10t o

< D/n’n’

z =

= 5

<

£

=

£

é 1 1 1 1
s 0 0.10 0.20 0.30 0.40

Initial amount of H,O/mol
8 A[F H,0 WA S & B SLVFIN CO HI4G & & (s =
H
Fig. 8 Maximum allowable value of ncg;, at different initial

amounts of H,O



2226 R 4 A AR 2016 4F 10 H
T R g, g IR A i 9 AT 10 B 900 CIHIRBEX A, SAHT Sy 11 F s Bl B T = 8

& 9 110 iTLUE H, B O, WIdA S Mg s, F
AT CON Syv Hy S SR PME S M 35 KR R B
L8R O, i 0.0125 mol I, [VJE S, 4 HAY
A 3.4X107° mol. P 11 iR O, ¥I4h 5 5 T
RESCVFI CO WIAA & IR mE . HIE 11 i H, $2
RGO, &, WIEh CO & hu b BRAE v KiE4ET .
S0 BTy T i e Sl O ol =it (A A Wa R R N
s aR.

25 TEIRENEN

1 CO HIUh &5 0.03 mol [H4-AF T, B
WPER TSR i SO, I U238 K I 7= 1) 2t R
IR EU e, g o il 12 F13 Pros. HIE
12 F113 W] LU HY, Bl (0 7, ~PAE <A CO,
H, M8 AW &, HoS 17 & AN R R 7E 500~

300 = 0=g=—0—9—999999—9ooo9oo
200 N2 HO 50,

1002~ Co, p=

Equilibrium amount/mmol

8
6
4t
2

0 0.01 0.02 0.03 0.04 0.05
Initial amount of O,/mol

9 O, WA - A B
Fig. 9 Effect of initial amount of O, on equilibrium gaseous

amount

—
(=3
(=}
(9]

0
[«
T
1
N

(=)
S
1
w

1
[\S}

Reduction rate of SO,/%

S
S

3o}

(==}
1

—

Mole fraction of reduction product/%

"N & 0
0.02 0.03 0.04 0.05
Initial amount of O,/mol
10 O, WA EAS SO, M J5 38 Kk J5t ) 2 Bt B /R 43 4K
E A

Fig. 10 Effect of initial amount of O, on reduction rate of SO,

(=]
=
[}
=

and mole fraction of reduction products

W BT, (H 2RSSR 900 T, S, (S IR R %,
I LI SO, (134 J5 R th B AR . B 14 FTos A )
SR FTREAVFI CO WILA T e il . & 14 1]
LA H, M[RERT 900 CHY, 48 mE n LA K

120

100 | /D/j

80 - /
60 | /
40 /

20.—/3

0 10 20 30 40 50
Initial amount of O,/mmol

11 AN[E O, WA Er & T Pt SRV CO MI4s 7 & 1 i i
Fig. 11 Maximum allowable value of nco;, at different initial

Maximum allowable value of ¢ ;,/mmol

amounts of O,

300
200
100

)
=
£
5 12}
g -
E 8 ’
S
B 4} %
- rs
e .S,
0 R ey 72 1 1
500 700 900 1100 1300 1500
Temperature/C

B 12 O AR S RN

Fig. 12  Effect of temperature on equilibrium gaseous amount

100 5
80 S, 14
o
)
60 3%
X 2
2 5
40 12 .5
3]
=
20 F H,S 1 E
O 1 1 1 1 1 SSO 0
500 700 900 1100 1300 1500
Temperature/‘C

13 R SO, I J 3 S5 I ™ 1) 5 B B 2R 23 HU K 5
Fig. 13  Effect of temperature on reduction ratio of SO, and

molar fraction of reduction products



526 &4 10 0 TR, A HVE A b S A S R R SR ) A O 2227
S 20 0
é 3 1 Initial amount of S,/mol 1400
) E/ £ 102 byonensnans ——0.005 ©
S ) S ——0.01 ]
= Br 5 10 sz 001571330 2
© = o]
z é = 1300 g
S 10t - 8
z ;,, 10 g
L g0 12502
é 5 = \D\D\n\ gD QE) 122 & i §
g O—g—a0—0 ~ 10712 g Lg
= ;
g 10714 L - 2 1200
=z 0 . . L L 0 10 2 30 40
s 500 700 900 1100 1300 1500 o g
= Temperature/C Addition amount of O,/mmol

14 ANRIELEE T Frde Su Vi CO MI4a & 2 1) dx i fE
Fig. 14 Maximum allowable value of ncp;, at different

temperatures

CO YR &M ERRAE . Wi 1400 CHY, 1%{H
4 0.0173 mol, % 900 CH{#&m 3 5L ot T kik
W L 2 AR B — = T 1000 °C, PRl
B e O U Ko el BRI 1) A A A R 1

2.6 BATSIRERERYROEID

W AR Ty 2 o i s BT LRI, 4 O,
(RIATT G F et mT DA Sl 2 T A = B ) B e 8K
br B O iz M A AR e sk, R4
T WO RS 5 TN R FE R AR
() E TR 5 N = R 7, A4 S B 78 4 R
I, SRHCERAEIS, RERI I R GEAR H I A R
PRI G 200, S5 bR U Sk B 2 R s A
T A B REEAR, A R i RO HE N it ity %
BENSHA A, $ R AU B AR A4 1)
AP, A, R A AR R AR R
A BT B AR A B S B U7V, AFE N
AR I IR L LR BRAAER 25 BR AR 5 e
gt — %52,

B S N FE N e Bt AR, Tl A 2 S
TASIMNES A S, & W, Wik
15 fiome B 15 o LA H, fEARRIERL S, T,
W I — s B I AP S S, 1 B KR
N MOTATIR BE AR B T AL, S, AR RO
AN, R, BN S S A
100 C, SNJGHHAHRREEA 2 BT, ARBEE
NS, SRR 1A R SRS, T
5 AR IR BT AR, DR, NG B A0
BT 1 LB B AR o

BT EE RSP S, I iR
FER N 16 F1 17 fros. tHIE 16 F1 17 7T LUE

15 UM AR P S, 05 BRI FSE 1 5 )
Fig. 15 Effect of addition amount of air on equilibrium
amount of S, and temperature (Initial gas: SO, 0.27 mol, H,O
0.30 mol, N, 0.30 mol, CO, 0.13 mol, 6,;,=1250 C; O0,=
100 C)

100 - 1400
3 Volume fraction of O,/% O
£ 1072 faas, —==21 B
& —-—30 | 5
5 10 _——40 1350 2
g 10 N é
% {1300 &
& 10 g
L g B
é e {1250
S 1012 =

’ . \ opaottes 11200

1070 10 20 30 40

Addition amount of O,/mmol
16 & 48U MR BEX T A Sy FR 55 RS2 F) 5 1
Fig. 16 Effect of O, concentration on equilibrium amount of
S, and temperature (Initial gas: S, 0.01 mol, SO, 0.27 mol, H,O
0.30 mol, N, 0.30 mol, CO, 0.13 mol, 6,;,=1250 C; O0,=
100 C)

_ 100 1400
=} o
E 102, 0 ir/C %
v | T e ——50 | =
E 10 ——100 1350 :Eg;
S 107 e —= 150 g
£ {1300
‘'S 10-10 S
5 10 i {1250 =
g B =)
o 10712 &5
" : : “ees 11200
107, 10 20 30
Addition amount of O,/mmol
17 EATSIRERPE AR S, & & iR B A2

Fig. 17 Effect of air temperature on equilibrium amount of S,
and temperature (Initial gas: S, 0.01 mol, SO, 0.27 mol, H,O
0.30 mol, N, 0.30 mol, CO, 0.13 mol, ;,;,=1250 C)



2228 PR R AR

2016 4 10 A

B NSRS IR FE I T &, P S S,
HAANK, AHHR) AR g BT, SRR
B AR B T DA O AR PR R A s N B R BEA T s T
LB SIS0 CHEEE 150 CHE, Tyt
S, B AR EE AR /N, DR, SR TR
IR AR SERT T B I B AR 7 B RO A
Ko

3 #ig

1) CO X} SO« H,O HAEJEAEM, MfiZER% Sy
HoS. H, & UAMJ0T. 192 Br M Mo A vh M W] g
Hu AR N, [ I ORUE AN PRI T 5 4078 50
WBeA R CO,, FN—H. CO HENSAM, W5 ki
PRTRR FE TR R R o

2) PRSI SRR RS SO, WIMA S R
THE s HyO WIUG 5 B (BRI e s 42 O IIWIAG 75
ECIEVRTE S G RN o

3) Y PETE IR 900 CIY, S, K7 b
TR EEW I, 3l 2 5 e MR L R Ty D AR 11
RO AR

4) AN B ATE S, AR
W N B, AFDE NI S R A PR L, 0
PRI 22 S T AN o 4 i TN AR 1 U B T B2 T
JHA) T B, AT TH AR 10 S S T

REFERENCES

[1]1  RMEE, PEH. UG &2 M), dbat: Bl ke, 2003:

37-38.
ZHU Zu-ze, HE Jia-qi. Modern copper metallurgy[M]. Beijing:
Science Press, 2003: 37-38.

2] ZEK. #hnaM] Kb R L, 2004: 12.
PENG Rong-qiu. Copper metallurgy[M]. Changsha: Central
South University Press, 2004: 12.

[3] SCHMITT G. Effect of elemental sulfur on corrosion in sour gas
systems[J]. Corrosion, 1991, 47(4): 285-308.

[4]  E B RS SR bR I SR R SR ).
A (0354, 2015, 44(5): 25-28.
WANG Sen. Causes of over standard of elemental sulfur in ISA
smelting flue gas and its solution[J]. China Nonferrous
Metallurgy, 2015, 45(5): 25-28.

(5] XUV, Mo it ow A B e SR U B AR H 1Y
BA[T). HriEA 4 E, 2014, 37(2): 67-68.
LIU Qing-li. Prevention of the generation of elemental sulfur in

flue gas from the oxygen-enriched side-blown furnace of

Kelatongke Copper-Nickel Mine[J]. Xinjiang Nonferrous Metals,
2014, 37(2): 67-68.

[6]  TRAEIE. MRANES PH SR SRR A SR B BE T (D). =7
142, 1999, 2: 42-45.

ZHANG Jian-ling. Formation of elemental sulfur and its
prevention in hermetic copper blast furnace[J]. Yunnan
Metallurgy, 1999, 2: 42—45.

[71  FMKME. S ERIET Ausmelt HH SRR EFREHT[I]. T
A7 (5365 4, 2007, 36(2): 30-33.

SUN Lai-sheng. Analysis of the cause for free sulfur content
exceed the standard of Ausmelt furnace in Jinchang Smelter[J].
China Nonferrous Metallurgy, 2007, 36(2): 30—-33.

[8]  ANMRANL, A% R SO0 W b A7 A A i ) 24 52 B ],
b EH A 54, 2011, 40(4): 15-18.

SUN Lin-quan, WANG Ju-liang. Production practice of copper
smelting in oxygen-enriched side-blown bath smelting furnace[J].
China Nonferrous Metallurgy, 2011, 40(4): 15—18.

91 R, EI0), BRBEE. BB R AR B 1)L,

HHEIIIR B SER, 1994, 25(4): 530534,
FU Zhi-hua, WANG Li-chuan, CHEN Xiao-yun. Formation
mechanism of elemental sulphur in flue gas of Baiyin furnace
( 1)[J]. Journal of Central & South Institute of Mining and
Metallurgy, 1994, 25(4):530-534.

[10] BALE C W, CHARTRAND P, DEGTEROV S A, ERIKSSON G,
HACK K, BEN MAHFOUD R, MELANCON J, PELTON A D,
PETERSEN S. FactSage thermochemical software and
databases[J]. Calphad, 2002, 26(2): 189-228.

[11] Wkl RBEHs, Fr2H8. AR S8 FactSage ML
N[ Wit 42, 2008, 32(2): 216-219.

CAO  Zhan-min, SONG Xiao-yan, QIAO  Zhi-yu.
Thermodynamic
application[J]. Rare Metals, 2008, 32(2): 216—219.

[12] sk %, FRPCHE, BEEREE, T80 AR S mi &Y
AL R E R FE ], T E RL TSR, 2011, 31(11):
32-39.

ZHANG Ting, GUO Qing-hua, LIANG Qin-feng, YU

modeling software FactSage and its

Guang-suo. The generation properties of sulfur compounds
during coal gasification by thermodynamic equilibrium
simulation[J]. Proceedings of the CSEE, 2011, 31(11): 32-39.

[13] WANG Zhi-hua, ZHOU Jun-hu, WANG Qin-hui, FAN Jian-ren,
CEN Ke-fa. Thermodynamic equilibrium analysis of hydrogen
production by coal based on coal/CaO/H,O gasification
system[J]. International Journal of Hydrogen Energy, 2006,
31(7): 945-952.

[14] YAKABOYLU O, HARINCK J, SMIT K G G, JONG W D.
Supercritical water gasification of manure: A thermodynamic
equilibrium modeling approach[J]. Biomass & Bioenergy, 2013,
59(1): 53-63.

[15] TAYLOR J D, HERDMAN C M, WU B C, WALLY K, RICE S

F. Hydrogen production in a compact supercritical water



%26 G5 10

SR, S AR P ARG R Y A R K RO 2200 B

2229

[16]

[17]

[18]

[19]

reformer[J]. International Journal of Hydrogen Energy, 2003,
28(11): 1171-1178.

BYAD A J, PANT K K, GUPTA R B. Hydrogen production from
glycerol by reforming in supercritical water over Ru/ALO;
catalyst[J]. Fuel, 2008, 87(13/14): 2956—2960.

ABBOOT M M, SMITH J M, NESS H C V. Introduction to
chemical engineering thermodynamics[M]. Boston: McGraw-
Hill, 2001: 619—-626.

ERIKSSON G, HACK K. ChemSage—A computer program for
the calculation of complex chemical equilibria[J]. Metallurgical
& Materials Transactions B, 1990, 21(6): 1013—1023.

FEM, ARV, FEE. FHEAMWORE RO S0E
AP SRER D). A IR, 2014, 30(4): 40-42.

WANG Zhi-chao, LI Dong-ze, LI Guo-jun. Reformation and

(20]

[21]

production practice for secondary air Fubang oxygen-enriched
side blown copper melting furnace[J]. Nonferrous Mining and
Metallurgy, 2014, 30(4): 40—42.

DR, TR, B R N W R A SR ], A
O RQRIRH), 2013, 7: 19-22.

LUO Yin-hua, WANG Zhi-chao. Plant practice of Fubang
oxygen-enriched side-blown bath smelting copper furnace[J].
Nonferrous Metals (Extractive Metallurgy), 2013, 7: 19-22.

7 B0 BRI R A R TR AR AT (0] Th A R4,
2014, 43(5): 13-16.

LI Jing-feng. Discussion on exceeding standard of elemental
sulfur in flue gas from Ausmelt furnace[J]. China Nonferrous

Metallurgy, 2014, 43(5): 13—16.

Thermodynamic analysis for influence factors on
generation of elemental sulfur in copper-smelting flue gas
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Abstract: The thermodynamic equilibrium was investigated for the gaseous system of copper smelting using Factsage

software. The mechanism was analyzed for the generation of elemental sulfur. The effects of initial amounts on gaseous

components and temperature on the equilibrium amount of elemental sulfur were assessed. Obviously, the technical

method for reducing the amount of elemental sulfur was presented. The results show that CO can reduce SO,, H,O to

generate the low-valence gas, such as S, H,S, H,. The equilibrium amount of S, increases with the increase of CO, SO,

and the decrease of H,O. Increasing the temperature properly is beneficial to inhibit the generation of elemental sulfur.

The S, amount sharply decreases by blowing a certain amount of oxygen-enriched air into the flue gas, but excess air will

reduce the temperature of flue gas, which is harmful for the removal of elemental sulfur.
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