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PRI AR T MR 3P
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L1 SERRfRE
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(Jamesonite concentrate, JC)FI/KFE(Antimony blast
furnace slag, ABFS), HEZ A HI TR 1. B 1
P MG AR RER XRD i, B 1 AT, FEmtss
BAEH R EZIGER Pby Sb. Fe. Zn FHULEJEHL
Y E AP AE
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Table 1 Chemical composition of experimental raw materials

Mass fraction/%

Composition

JC ABFS

Pb 21.94 3.02

Sb 17.16 2.88

Ca0O 5.63 13.62

Fe 9.88 24.94
SiO, 11.10 22.90

Zn 3.69 12.11

Cu 0.46 -
S 15.50 0.58

= — FePb,Sb,S,,

*— PbS
+— FeS,
v— 7ZnS
* — SiO,

100 20 30 40 50 60 70 80
20/(°)

B 1 JERRETERRED 1 XRD 3

Fig. 1 XRD pattern of jamesonite concentrate

1.2 ZIE&

ARSZIGAE F AT BEUH R S 2T B 10 F PR o 3
17, RAM-SERAEENE, 2BV R RER,
6% B R E L 2.

@
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Fig. 2 Schematic diagram of experimental apparatus: 1—SiC
heating elements; 2—Al1,0; top blowpipe; 3—Reaction vessel;
4 — Fire-resistant pad; 5— Thermocouple; 6 — Temperature
controller; 7—Elevator controller; 8—Pressure valve; 9—Rotor

flowmeter; 10—Swirling valve

1.3 MRFE*E
1.3.1 I35 W T ik

R 4 M ok B2 v 2 R R, BL FeO-SiO,-
CaO-ZnO # Z AT TR G, KT 15T Factsage
1 Phase Diagram. Equilib. Viscosity HEHHI FToxid
Bl 5T 28] T FeO-Si0,-Ca0-ZnO # R HE,
it T CaO 5 SiO, FiE k. Fe 5 Si0, iz k. ZnO
B i SR R BRI A S R FE A A
1.3.2 BRUFSEE

FRRE 200 g MERETERFEN 5 1500 g /K E 78
RGBS G BN ST, FrriR T B 45w iR,
W IR SR AR TBON il FU AT R W, IS R AR
PR SR 1250 'C, CaO 5 SiO, fis N 0.6, Fe
5 Si0, st 1.1, ERIKEN 70%, SHREITH
0.18 MPa, MAWMEN 0.2 m’/h, [ZBiH[E 40 min,
PEIE IS A] 40 mine RMVZERJG, FAd A AR =R,
S AB IR A G S s AT RRE I . A aE IR
I ()T
Myjioy X W(PHSD) 10y <100%

R, =
A7 mye x W(Pb+Sb)jc + mppps X W(Pb+Sb) s

()

Xt RRABGEEBUE: myc, maprss Manoy 779K

Wy KEBER™HE S0 E; wPb+Sb)ic -

W(Pb+Sb)agrss W(Pb+Sb)aioy 73 A IKER" 7K~
44 Pb A1 Sb Jli =5
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1.3.3 3l

KB EER R AT BT B A E s R &
&P E T Pb. Sb B EMAT N KA H AR
Rigaku-TTR 1% X M2 A7 HAX(Cu K, ¥, WK
0.154056 nm)*} & A B BIE R S E M B AT
A HT(XRD); KA HAS ISM—6360LV 744 fL 5%
(SEM) 2 X B2k g1 (Y (EDS, EDX-GENESIS 60S)%}
B A HEB R RR T A S KB SR AT R
fiE

2 IBigoth

2.1 WELEH

T AR TR I FeO-Si0,-Ca0-ZnO i 2 NI 7T
PG, DR AS MR RV (1) 251 5 ek IR SR AR AR R 45 4
EH AL, ARYE LA EB RIS, gE A AR,
%} FeO-Si0,-Ca0-ZnO ¥ RIFATHF 7, G Rnln R .

1) CaO-SiO, A &2

BB TR F: Ca®', 07, SiOy: HEMUAE:
CaSiO;, Ca,Si0, Fl 3Ca0-28i0, (T<1250 C).

2) FeO-SiO, # &2

BB TR Fe’', 07, SiOy: HEMUE:
Fe,SiO0y.

3) ZnO-SiO, A &2

Bl LB A 4> T2 ZnO, SiO,; H AL &W:
Zn,Si0;.

4) CaO-FeO-SiO, A &1

B B TS T: Ca®', Fe*', 0%, SiOy; H I
b &W): CaSiO;, Ca,Si0,, 3Ca0-2Si0,, Fe,SiO;,
CaFeSiO,, Ca;SiOs.

FRE L3R B 5T 1T 1, FeO-Si0,-Ca0-ZnO # &
TEIRFEACT 1250 CI LR RocaHE: Ca®', Fe',
0%, ZnO, Si0,, CaSiO;, Ca,Si0;, 3Ca0-2Si0,,
Fe,Si04, Zn,Si04, CaFeSiOyo

Tk IR 2 Joi A i ek A A 22 T s e )ik S T 44
SiOy 4 M, VLRE NEMIRANE TR, W
81,05 Si;05 + SigOfg %: XLk A B 1 Ik
T Si0y SRS, AN Si0) MR AR
BEME, MR EE Sio) MEHERNZERES RIS
B, GeHobk s R SRR O,

e a7 B R SR B TN SI0Y , no/ng=4, ILREAR
DU T A A SR R AR, v R SiO, A B £,
Mt — L RE, ERE NE AT, Q.

Si0; +Si0f ==Si,05 + 0% )

Si0;” +Si,05"==s8i,0%, + 0% (3)
103+ 81,0017 =5, 03" @)

Q) ~(4) S BIAT I, 2 S B A [ A 3R AT I
B O, NEGKRM, ATLAABEREHSEHE 07
i, BHRAEREGKN; MAEED O ML, i
BHRTE A S TARE . By TREFSESL, HERRER
IFEHICAERE SMEBE T, 24 MeOIMEAIY)
GINKERR B AET, BT Me—O 2L THH
¥, BRI N E R Si—O BRIt
i Sit AT LU Me—O 4§ b 4805 TR dle F 1 O A B
HH LA A, A R A AL ) (CaO . FeO &) {2 A
B WPREEHE ) A B RS, i R ER P E AL
I Si0,) 235 OF 45 & U A A B B8 7, i s o
B O* A, MM 38R ZhE A & TR A1
FHOCRR[21]PT 50, ek R 3 M ) P B A 2 e o (o A et
FE. R, WEEBER T HR G, UREGHE
ORI, RATISE R RO, WA 2, i s
o BN TR R A AR ) IR A TR S s AR )
nO/nSiﬁ%’ no/nsﬁ@’]‘» MR AR AR ) R &2 P
no/ngi K, TERRERIGARI IR S A2 FEBRIC;  HtbmT 4,
X T FeO-Si0,-Ca0-ZnO R, A4 75 (1) L
XHIZE R I EAL M i B R

2.2 FeO-Si0,-Ca0-ZnO & A E

PRI A R AN B AS B B SA B A I AR v 3
%, KT 2E AT Factsage 115 £ 2] T FeO-SiO,-
Ca0-10%Zn0 ERHIK, 455K 3 fis. HE 3
WL, AP BN DX A I FE TR e ok, R HL
F R FE FeO TS CaO-SiO, AT A, XEHT
T v R PR A5 A 1 K 4 ek R A R T A LT PR A
o EUEEIEN, A AR IR R R A X A YR X T
RN B SR 1 5 1ol B B EERGmA . b4h, Kl 3
AT LLE Y, Fe 5 SiO, it & A & CaO 5 SiO, i &
Fb AR A X s PR SR 205 P LA 35, el 2
FEIT Si0, 1 CaO THAEJT MU WL,  BEI AR ki

3 #ER57He

3.1 KBEZEX FeO-Si0,-Ca0-ZnO & & M RAVSZ

TEEE T Ca0 5 Si0, ikl Fe 5 Si0, i &
Eb. ZnO & 8 KR FERHZ i R IEAL IR B K B R e
T
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Four-Phase Intersection Points with ASlag-liq

1: C28S(s2)/C2S(s3)/ Monoxide 0.9
2: Ca2ZnSi207_Hardystoni(s) / Ca3Fe2Si3012_ it(s) / CaSiO3_Ps i
3: C2S(s2)/Ca3Si207_Rankinite(s) / Monoxide

4: Ca2ZnSi207. Hard)stonl(s)/CaSS|207 Ranklmte(s)/Monoxlde

5: Ca3Fe2Si3012_, )/ CaSiO3_| 2)/CaSio3_

6: CaSiO3_P: i(s2) / CaSiO3_! /S(s4;

7: Ca2ZnSi207_Hardystoni(s) / Ca3Fe2Si3012_, Andradll(s)lMonoide

8: Ca3Fe2Si3012_Ar it(s) / CaSiO3_ i \/S(s4)

9: Ca3Fe2Si3012_, it(s) / Fe203_| ite(s) /

10: Ca3Fe2Si3012_Andradit(s) / Fe203_hematite(s) / S(s4) 0.7
11: Fe203_hematite(s) / Monoxide / S(s4)
12: Fe2SiO4_fayalite(s) / Monoxide / S(s4)

A=Si0,, B=Fe0, C=Ca0,

wA) - w(B)  w(C) gIC
1: 0.17402 0.25474 0.57125 1436.87
20 0.56349 0.13179 0.30472 1132.28
30034653 0.19323 0.46024 1128:86
41 036867 0.19840 0.43293 112841
5:0.61442 0.09447 029112 112531
6 0.69294 0.02711 027995 112531
7: 051352 020638 0.27990 110336
8 0.67601 0.05857 0.26542 1093.52
9: 0.56615 0.20974 0.22411 1071.62
10: 0.63922 0.14661 021417 1036.12
11 0.59660 0.25776 0.14563 1054.56
12: 051771 0.42832 0.05397 1038.93 ().3

orc
A(min)=1038.93 °C, A(max)=2415.5 C y 1300

02 1250
3
&\ 0 1200
1150
o
° 1100
1050

FeO 0.9 08 07 0.6

05 04 03 02 0.1 Ca0O

w(FeO)/%

E 3 FeO-Si0,-CaO-10%ZnO ¥ % &1
Fig.3 Phase diagram of FeO-SiO,-Ca0-10%Zn0O slag system
3.1.1 Fe 5 SiO, i & kb ) CaO 5 SiO, Jifi & Lyt
AR 1) R
[ ZnO &8N 8%, %% Fe 5 SiO, il
(0.9~1.3) % CaO 5 SiO, Jii & [1,(0.6~0.9)%} FeO-SiO,-
Ca0-8%ZnO ¥ ZIEAIR L 52, 255 4 k.
M 4 0TI, 24 CaO 5 SiO, JFE L —E R, FEE A
ZH Fe 5 Si0, Jli S LLAIHE R, 4P (R 4 T R a8
K. X CaO 5 SiO, it N 0.6, Fe 5 SiO, i
FE7E 0.9~1.3 i [l P 386 IE, v ) 06 0I5 FE A
1208.35 ‘CI K2 1233.94 °C, WEHIEILIRE T T
25.59 C. ¥4 Fe 5 SiO, it —E N, BiEAR CaO
55 Si0, Jii & FU AN O, v () A 32 T
H. ¥ Fe 5 Si0, it N 1.1, CaO 5 Si0, &t
£ 0.6~0.9 i [ P9 3G 0 BF, A v 0 0 A0 IR BE N
1221.27 ‘CHEEZE 1233.10 °C, PERIEILIRE T = T
11.83 C. HULATAI, MEESFEYEF Fe 5 Si0, i &
FEERA K CaO 5 SiO, Jit & b i34 R 2> 52 i s ) 4
IR . Bk, g fE sl & H Fe 5 Si0, it
ELPL K CaO 5 SiO, i & L s Mt F2 A T =
AHEER L.
3.1.2  ZnO & BRI FE (1 52 e

& %€ Fe 5 SiO, Jlig kN 1.0, CaO 5 SiO, i &
EbN 0.7. %% ZnO & &5%F FeO-Si0,-Ca0-Zn0 & &

—=— CaO to SiO, mass ratio of 0.6
1250 | —— CaO to SiO, mass ratio of 0.7
—a— CaO to SiO, mass ratio of 0.8
—v— CaO to SiO, mass ratio of 0.9

1240 -

1230 |

Fusing temperature/C

1220 |

1210 -

09 10 LI 12 13
Fe to SiO, mass ratio

El4 Fe 5 Sio, Fimtt & CaO 5 SiO, i & L Xl A ki
B B 5
Fig. 4 Effect of Fe to SiO, mass ratio and CaO to SiO, mass

ratio on fusing temperature of slag (w(ZnO)=8%)

ISCIRE IR, 4550l s Fron. B S i, B
FEEH ZnO £ 8 AW NN, 4 e A IR g
TS, {2 ZnO FRTE 6%~14%6F AR LT,
SR IR AL TR e o 1220.20 °C, HA% N 1219.01 °C,
w%%%ﬁﬁﬁwmﬁ1W@ FH A, A ZnO

TR A AR B R AN, B A
ﬁ&ﬁmmﬁ P, RIEX—E50, AR R
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1221.0

1220.5

122020 C

T

1220.0

1219.5

1219.0
1219.01C

12185+

Fusing temperature/'C

1218.0 : . ' :

6 8 10 12 14
w(Zn0)/%

B 5 ZnO & Exps i Al i 5

Fig. 5 Effect of ZnO content on fusing temperature of slag

(Fe to SiO, mass ratio of 1.0, CaO to SiO, mass ratio of 0.7)

BSIR DS BT, AR B T ) A .
SCHER[ 1210 £ & RIS Bt B2 AN A ZnO # 2 i
ISR EE AT TIE, 458K, 2 ZnO & BAE 6%~
10%0 Fl A AR A I, P i AR B i 1149 °C, i
K9 1141 °C, BT s iR B AN . Htk
AR ATTER TR TR A58 5 AT A — B
3.1.3 R BERT A R R Y s e

[l 7€ ZnO &8N 8% CaO 5 SiO, & LN 0.6.
2SR FE X FeO-Si0,-Ca0-8%2Zn0 ¥ 2 26 FE [ 5400,
ZERWE 6 Fian. I 6 AT L, iR EEXTE IR FE R
WL R, B A A R B R v, R PR R R I T A
2R E N 1100 °C, Fe 5 SiO, i & HLAE 0.9~1.3 i
ARG I B FE KT 0.5 Pars, BRIHA S s 1
B2, AR TGS RT3 1150 'C, Fe

1.6F

S 12t ——1100C

= ——1150C

2 ——1200C

g 08} ——1250C

> 0.5Pa-s

0 1 1 1 1 1

0.9 1.0 1.1 12 1.3

Fe to SiO, mass ratio
Bl 6 AR 5
Fig. 6 Effect of temperature on viscosity of slag (Ww(ZnO)=
8%, CaO to SiO, mass ratio of 0.6)

5 Si0, JFiE LTE 0.9~1.2 ¥ Bl P4 2R AL 43 1 8 2 22
/NT0.5 Pars, A F T M IS FEEAT 1224 Fe 5 Si0,
Ji et — R H] 1.3 W, BeR AR KT 0.5
Pa's. 4IEEEAN 1200 ‘CHI 1250 CHE, I E %G
FEX/NT 0.5 Pass, JAERBIIELT, TRt fR it
17 PRI, o AR ) S OSTR E T 1200 'C N
3.1.4 Fe 5 SiO, ik th K CaO 5 SiO, i & X ik
Eaeain-Al

[ & ZnO &8N 10%, H% 1200 F1 1250 CF
Fe 5 SiO, & (0.9~1.3)% CaO 5 SiO, ikt
(0.6~1.0)%} FeO-Si0,-Ca0-10%ZnO & Z %h FE 1) 50,
SR TE 7. HE 7)WL, 1200 CF, 4 Ca0 5
SiO, JR Bt —E I, BRI RIS AR Fe 5 SiO,
R ISR A K. 2 Fe 5 Si0, gt —
SENF, PEERR CaO 5 SiO, JFi & L i Hh s i &6
FE IR K . 1200 ‘C R, CaO 5 SiO, fii & HL{E 0.6~0.8
YO NI, BRI R E/N T 0.5 Pas, BG4

%@
—=— CaO to SiO, mass ratio of 0.6
4+ —e—CaO to SiO, mass ratio of 0.7
R —— CaO to SiO, mass ratio of 0.8
: 2| —vCaO to SiO, mass ratio of 0.9
& 7 —*CaO to SiO, mass ratio of 1.0 T
> v\_v_,’——v/"\'
& 0.8r
2
o |0sPas ]
04t . - A
* o " 2 —2
0 0.9 1.0 1.1 1.2 1.3
Fe to SiO, mass ratio
0.17 L(®) —=—CaO to SiO, mass ratio of 0.6
—e—CaO to SiO, mass ratio of 0.7
0.16 ——CaO to SiO, mass ratio of 0.8
—v—CaO to SiO, mass ratio of 0.9
2 0.15 —o—CaO to SiO, mass ratio of 1.0
<
o014
2
& 0.131
2
> o012t
0.11
0.10

0..9 IEO 1..1 1I.2 1I.3
Fe to SiO, mass ratio
7 1200 ‘CAH11250 ‘C N Fe 5 SiO, Fi# L & CaO 5 SiO,
5 S BT 7 2R T 5
Fig. 7 Effects of Fe to SiO, mass ratio and CaO to SiO, mass
ratio on viscosity of slag at 1200 C (a) and 1250 C (b)
(W(Zn0)=10%)



1432 hEA O RYR

2020 £ 6 H

MANERT, FITIEGE T . 524 Ca0 5 Si0,
FRE BN A 0.9~1.0 B, BLIR B R bR
HEWEK, YKT 0.5 Pass. HULATHL, 1200 'CF, Fe
5 Si0, s AT 0.9~1.3 Ju N INET, CaO 5 SiO,
Ji  F R P R B s R, HLk 2 TR i
CaO 5 Sio, FiEAE T 0.8, HE 7(b)r I,
1250 C'~, 4 Fe 55 SiO, FifE AL 0.9~1.3 o} A&
b, CaO 5 SiO, i LA 0.6~1.0 JEE N AS1LIE, 4
BHIEES/NT 0.5 Pars, BN HA BT HI7 S)
P, FIT SRR
3.1.5  ZnO & Bt 26 B I

[ %€ Fe 5 SiO, Jfig kN 1.1, CaO 5 SiO, i &
EbN 0.7, %% ZnO & &5%F FeO-Si0,-Ca0-Zn0 & &
BRI, SRR TE 8. K 8 W, MHiREK
F 1200 Ci}, BEERET ZnO SEMMEM, YEEE
Bk, HBES AT 0.5 Pass, BLEHEERSIER:
7%, AR TSI T . SRS T 1200 'C, ZnO
TR 0~16% 0 H AL, & FES /N T 0.5
Pas. HHULTT I, SEAAE T 0 @R =T 1200 C
S I R A A

30F
| —=—1100 C

20 ——1150C

10 ——1200 C |
@ T —v—1250°C T
£
< 4t
>
S 3
> sl

w(ZnO)/%
8  ZnO & &N IR 1R
Fig. 8 Effect of ZnO content on viscosity of slag (Fe to SiO,

mass ratio of 1.1, CaO to SiO, mass ratio of 0.7)

3.2 FESEIS

MR YE AR B VS TS AT 0, L 1250 CHE N ERTEY
ARG & A E A O R 1 R N IR R E AT, SR
IRE IR /NT 0.5 Pass, FI TRt FEkAT o B0AIE 5K
I 2 ORISR 1250 °C, &AIKSE 70%, Sk
JE770.18 MPa, E/S & 0.2 m*h, MBFF(A] 40 min,
SKIGLE R TR 2. BE 2 AT, AR EEEELRE
FEH AN 95.56%, B & BEICRILE] 58.47%,
B EE T EEPD 5 Shy/M T 1%, &&h S SERL
N 0.027%.

F2 MERETEIT S A E RO A R
Table 2  Experimental results of oxygen-enriched direct

smelting of jamesonite concentrate

Project Test result
Metal grade/% 95.56
Metal direct recovery rate/% 58.47
Copper content in metal/% 0.97
Iron content in metal/% 2.57
Sulfur content in metal/% 0.027
Metal content (Pb and Sb) in slag/% 0.65

3.3 IS SR

9 Fian NG 4 K XRD i, I 9 Al i,
G a4 AR 48 Pb. &8 Sb 2 Cu,Sb.
FeSb, &)@ [FALE. Hrids v mT 3 3% (0 25 i AH A 45k
A B R AL B .

= —ISh
*—Pb

. * — CaFeSiO,
Slag ) o— Fe,Si0,
i o— 7ZnO

o— 7ZnS

* ok

100 20 30 40 50 60 70 80
20/(°)

B9 & lrEr XRD i
Fig. 9 XRD patterns of alloy and slag

RT3 BB v 25 46 e X AR LR
FET BUR 564 3G AN F TR At B2 AL B R
F EDS #HTRUX B4 i B 10 Fias N & 41 BSE
HR, 3R 3 MK 4 Frosa e e AN E R A E
S EDS 7345 B A 4 %% S EE A RS A R
ITERKHEEh FEYMNEE Po 4. &J8 Sb
#H. Pb-Sb & 44H. Sb-Fe #H % Sb-Cu M, 5H#{i& XRD
I3 M EE R —EL

11 FioR NI BSE B8 WA [F 4
FERIAL B R (PRI N 1~5)K FH EDS HEAT 3 X 143 43 4T
SiRF TR 5. i d RIS IR A B E
AR, FEASES IR AN PR R RERR A
EREETRACIAE S T EREEBRAL WA P ) YR R SR )
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10 #40 BSE T4
Fig. 10 Backscattered electron images of alloy: (a) General distribution map; (b), (c), (d) Long strip and dendritic phases in Fig. 10(a)

£3 A& EDS 4R
Table 3 Composition of main phase in alloy detected by EDS

Point Mole fraction/%
Phase
No. Pb Sb Cu Fe Zn As Bi S Sn Ti Si

1 1.97 85.27 0.94 0.64 0.84  3.46 1.62 0.42 3.05 0.56 1.23 Sb
2 79.01 3.02 1.02 0.68 1.29  0.69  3.19 11.10 - - - Pb
3 3.46 86.40 0.58 1.02 0.50 - - 0.76 547  0.80 1.00 Sb
4 2.72 33.07 48.94 0.84 6.05 - - 4.44 1.38  0.58 1.98 Sb-Cu
5 9.61 44.33 1.78 41.63 0.33 - 0.27 0.40 0.67 036  0.61 Sb-Fe
6 - 56.34 0.73 27.86 036  6.38 1.16 4.17 0.95 0.50  0.70 Sb-Fe
7 48.32 33.06 1.00 1.17 1.15 122 214 6.74 204 055 263 Pb-Sb
8 4.83 84.44 0.75 0.86 0.70 - 2.54 0.49 436 045  0.59 Sb
9 69.24 9.33 0.95 1.24 - .10 2.69 11.71 - - 3.74 Pb
10 8.35 49.71 1.82 35.74 0.56 - 0.78 0.73 0.81 0.43 1.06 Sb-Fe
11 17.18 30.87 37.68 0.68 597 045 1.05 3.01 1.18 041 1.53 Sb-Cu
12 10.61 72.31 0.38 0.84 - 2.81 1.83 2.52 549  0.62 2.6l Pb-Sb
13 - 32.04 56.00 0.47 6.10 1.83 1.17 0.45 0.82 055 058 Sb-Cu
14 4.88 60.26 0.39 27.91 056 212 1.25 0.42 096 046  0.80 Sb-Fe
15 - 38.91 2.15 45.64 057 977 074 0.47 0.86  0.31 0.57 Sb-Fe
16 3.14 62.54 0.39 29.54 0.41 0.26 1.05 0.37 0.91 056  0.82 Sb-Fe
17 7.96 40.56 1.55 44.97 0.57 1.44  0.72 0.49 0.86 040 049 Sb-Fe
18 19.85 62.09 1.08 0.82 1.03 261 0.79 3.72 519 053 2.29 Pb-Sb
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Table 4 Average composition of main phase in alloy
Mole fraction/% Suggested
Phase
Pb Sb Cu Fe Zn As Bi S Sn Ti Si formula
Sb 3.42 85.37 0.76 0.84 0.68 1.15 139 056 429  0.60 0.94 Sb
Pb 73.65 6.14 0.98 0.95 128 089 292 1133 - - 1.86 PbgsS
Pb-Sb 26.26 55.81 0.82 0.94 0.73 221 1.59 433 424 057 251 Pby 47Sb
Cu-Sb 6.63 31.99 47.54 0.66 6.04 076 074  2.63 1.13 0.51 1.36 Cuy 40Sb
Fe-Sb 6.48 43.38 1.83 42.00 0.51 280  0.63 052 080 038 0.68 Fe; ¢3Sb
Fe-Sb 2.68 59.88 0.50 28.52 0.44 293 1.16 1.66 094 051 0.78 FeSb, 1o
RS AT EEMARS EDS 73 g R
Table 5 Composition of main phase in slag detected by EDS
Point Mole fraction/%
Phase
No. Ca Fe Si o Zn Al Mg Pb Sb S
1 2740  21.03  31.25 12.77 3.18 1.10 3.26 - - - Ca-Fe-Si-O
2 1494 1521 36.87 1275 3.52 15.62 - - - - Ca-Fe-Al-Si-O
3 6.04 29.97 9.20 11.10 1078  30.33  1.43 - - - Fe-Zn-Al-Si-O
4 5.85 36.47 7.25 5.39 12.93 232 - - - 29.80 Fe-Zn-S
5 - 32.55 - 8.61 3.19 5.08 - 17.04  33.52 - Pb-Sb-Fe-O

B 11 HER BSE B 7%

Fig. 11 Backscattered electron images of alloy and slag

A, SETER XRD M4 A —2. (HAERTIA XRD 4
By A R IR BRI, X AT RES i il AR e
B (<1%)iH K 55 XRD 7 RGeS .

4 g

1) KA 254 Factsage 5 H 1T TR
Fe 5 SiO, Jlig . CaO 5 SiO, it & ZnO 7 &%}
FeO-Si0,-Ca0-ZnO ¥ Z Ja 40 il B K 30 FE R 5 o 45 51
R, IEEIE YA F Fe 5 Si0, i i tL A1 CaO 5 SiO,

J B RS e pE m B AR B . 1250 'CF,
Y Fe 5 SiO, RELLE 0.9~1.3 TEE N, CaO 5
SiO, & LAE 0.6~1.0 JEFEIAARMLET, Jrd gk e
/NF 0.5 Pass, FIF AR FEIEAT .

2) XTHERRE ARG S A B T R AT SR
WHIT, Z5REM, ISR EE&MALN 95.56%,
HEBEWFIET 58.47%, ETFEESEPD 5 Sby/h
T 1%, A& S TEEEN 0.027%.

3) WGP TSN WA R R, A dh EEY)
N4 )E Pby & )& Sb LA /D & Cu,Sb. FeSb, 4 )& (7]
B, WEEE R A . B a AR, 5
Kb g ZE DL A S N A o
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Basic research of slag type in
oxygen-enriched direct smelting of jamesonite concentrate

ZHANG Zhong-tang, DAI Xi

(School of Metallurgical and Environment, Central South University, Changsha 410083, China)

Abstract: Basic research of slag type in the oxygen-enriched direct smelting of the jamesonite concentrate was
investigated. The FeO-SiO,-CaO-ZnO slag system was selected as the research object according to the composition
characteristics of the slag. The phase diagram of FeO-SiO,-CaO-ZnO slag system was calculated and established through
the thermodynamic software Factsage. The effects of temperature, Fe to SiO, mass ratio, CaO to SiO, mass ratio and ZnO
content on the viscosity and fusing temperature of the FeO-SiO,-CaO-ZnOslag system were calculated. The results show
that the fusing temperature of slag increases with increasing the Fe to SiO, mass ratio and CaO to SiO, mass ratio. The
viscosity of the slag can be reduced with the increase of temperature. The viscosity of various slag composition is less
than 0.5 Pa-s at 1250 ‘C. According to the thermodynamics analysis results, the verification test is carried out, indicating
that the metal grade is 95.56%, the metal recovery rate is 58.47%, and metal content (Pb and Sb) in slag is lower than 1%
(mass fraction). The technological mineralogy of alloy and slag is studied and it is found that the main phases in the alloy
contain metallic lead, metallic antimony and a small amount of Cu,Sb, FeSb, intermetallic compounds. The slag is
mainly composed of kirschsteinite and fayalite, zinc in the raw material is mainly oxidized into slag phase in the form of
zinc oxide.

Key words: jamesonite concentrate; oxygen-enriched direct smelting; slag type; metal recovery rate
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