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Reductive sulfur-fixation smelting of lead and zinc sulfide mixed
concentrate in soda molten salt at low temperature
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Abstract: In view of serious shortcomings, such as high smelting temperature, large energy consumption and atmospheric
contamination, existed in the imperial smelting process (ISP), a low-temperature molten salt smelting process to directly
produce lead from the lead and zinc mixed sulfide concentrates was proposed. The influencing factors, including the
smelting temperature, reaction time and dosage of ZnO and salt, were investigated in detail using single-factor
experiments. The results show that the optimum conditions are determined as follows: mass ratio of ZnO and concentrate
is 0.36:1, mass ratio of Na,COs and concentrate is 3.2:1; smelting temperature is 880 ‘C and smelting time is 60 min.
Under above-mentioned optimum conditions, some encouraging results are obtained as follows: the direct recovery rate
of lead reaches 97.15%, the grade of crude lead reaches 98.52%, the sulfur-fixing rate for ZnO reaches 95.42%, the mass
fraction of zinc in the leaching slag is 55.80% (mass fraction). The XRD results indicate that sulfur is mainly fixed in the
form of ZnS, whereas, the Na,CO; molten salt does not react with other components, serving only as a reaction medium.
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Table 1 Chemical composition of lead and zinc mixed sulfide

concentrates (mass fraction,%)

Pb /n Fe Cu S SIOZ A1203

25.02 2682 814 0.054 2450 278 1.23

CaO  MgO Sb Au Ag In

144  0.18 0012 25%X10* 33X107° 1x107?

2K ZnO WK T ZAL A Ak
Table 2 Chemical composition of secondary ZnO dusts (mass

fraction,%)

Zn Pb Fe As Cu In

64.06 8.14 0.076 0.84 0.011 0.08
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Fig. 1 XRD pattern of lead and zinc sulfide concentrates
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Fig. 2 Flow diagram of lead extraction from lead and zinc
mixed sulfide concentrate using low-temperature smelting

process

1.3 XWAHZE

R BRI AR 100 g #YEER A B AL RS
W, @ IR R 1 T34 AR A RN
FER SRS, BRI IR N S N Ao Ay HL B A
PR IR BTG S, B AT SN MRH K A S 3 3
T 6 kW IFHIBHA O IR AR v I o 3K B9 08 R RV I
)i, AHLBE A PR G 3, B AR IR
HEARAHL, AR B . R SR e R
NH 2 TR R B KRR R R, )
HURERR R 20T, TSI ELICR (g, )R Z0O [
HK(8), WHARXN

oy = 212 5100% (1)
mwmw

s = 3% 2 100% )
mws

KA my moy Mm s 73 HIARERER” S HLHTAIS 1
T, gz wi AT wy SRR ML BT b B 0 B 2y
B ws B wy 73 SARRE ™RI5 ) S5 A 704

2 IEJFIE

FELL Na,COs WIEERA . ZnO by [l 1) AN £y
NIEFHIEE AR T, YRR G RACKE Y PbS
ol ae R A (3 )~(9) s :

PbS+3Zn0O+3C=Pb+3ZnS+3CO(g) 3)
PbS+ZnO+CO(g)=Pb+ ZnS+3CO,(g) )]
2PbS+2Zn0+C=2Pb+2ZnS+CO,(g) 5)
PbS+Na,CO;+2C=Pb+Na,S+3CO(g) (6)
PbS+Na,CO;+ CO(g)—Pb+Na,S+2C0O,(g) (7
2PbS+2Na,CO;+C=2Pb+2Na,S+3CO,(g) ®)
Na,S+Zn0O+CO,(g)=—Na,CO3+ZnS 9)

Ak, KW R Fe. Cu. Sb 254: @iy
et 0(10)~(15)2 5 MV .

2FeS,+4Na,CO5+C=4Na,S+2Fec0+5CO,(g) (10)
2FeS,+4Zn0+C=2Fe0+4ZnS+CO5(g) (11)
2Sb,S5+6Zn0+3C=4Sb+6ZnS+3CO,(g) (12)

2Sb,8;+6Na,CO5+3C—4Sb+6Na,S+9CO,(g) (13)
2CuS+2Na,CO3+C—2Cu+2Na,S+3COx(g) (14)
2CuS+2Zn0+C=2Cu+2ZnS+CO5(g) (15)

XL RN, SCHR23, 32 T BT T 3R 4
TR, HAGY SIE SR WE 3 Fias.

M 3(a) T LU HY = N (3)~(5)FELE KT 700 K
i, AGYAEII/NT 0, BEWIFEA C Bk CO 77 [ i
KRS R, PbS Ml ZnO Al A8 JE A S N, 77 HY
AR S ZnS; fEHE KT 1080 K B, S MV(6)
Fi ) AGE B /N 0, BEIIIE AR AT, PbS B
AL Na,COs KA R TNV, 7= i A F B AL
Bho T RN (9)AE BN FE X ] (K AGR {1/ T 0,
Kk, NaS X 2Hl ZnO K CO, KAV (9) 4 ik
Na,CO; fl ZnS. HHUL[ %0 £ wlE T, eRs
BRALRE D B R b s 3k mh ] R A 30 D [ 5 I 7 HH
PSRN 25 ZnS, 745 5610 32 15> NayCOs 78 KN 1 J5
FEAAE

HE 3(b)r &, FEIE B RARATES, Bh i, Bk
FIBRAL I AE SN KT 1000 K B34 0] 5 ZnO kA=
RS B Y, B LA ZnS BN e, AN 08 SR
A FHE KA, 1M FeS, T I A FeO.



F25EH 12

WA, S5 YRR OB AURT I AR (A 4 3 i B A 3491

RGBS KT 11 PR W o U Nt 5 VA T
CO B CO, “UMf, XX BBk, dtbtediie i, T
MR R M REAT R ARE AN .

—=— Reaction (3)
—e— Reaction (4)
—— Reaction (5)
—v—Reaction (6)
—<— Reaction (7)
——Reaction (8)
—e— Reaction (9)

o/(kJ-mol ")
(9,
(<]

o' 0 I~
&)
< 5o
-100 |
_150 — 1 1 L 1 1 L
700 800 900 1000 1100 1200 1300
Temperature/K
300 (b) —=—Reaction (10)
—e—Reaction (11)
200 | —A—Reaction (12)
—v—Reaction (13)
= 100F —<4—Reaction (14)
S —»—Reaction (15)
g o}
2
o —100
]
<

~200t
300} \\\

~400 700 800 900 1000 1100 1200 1300
Temperature/K

3 AFRMAGY SRR RE
Fig. 3 AG;9 —T graphs of different reactions

3 HR5WE

R BRI SR BT TIX ZnO K541 H
T MR R I ) S AR A Sk, PR A 52
R N, I Sk T R RT RE S S AN ER, A
SEAE R ARIREG, e D e 24 [ 5 Ak H el

2 fiAig i

31 FHZXR
3.1 AR E )

B3 AT B NayCOs, {EWRIE 860 C F stk
60 min, SR NAKRFIR ZnO PN, SCE4s R
WK 4 iR

HE 4 7T LLE HE, YK ZnO JIn N B0 [ A R 1) 50
B, R U ZnO 70 1 8E i K,

100 100

Nel
W
T
1

95

90

Lead recovery rate/%
e
(=)
Sulfur-fixing rae/%

(o]
W
T

m— Lead recovery rate 7 85
® — Sulfur-fixing rate

80 . L L 80
0.28 0.32 0.36 0.40 0.44
Dosage of ZnO/time

4 R ZnO MRS 7 BT[] 674 (14 5 i
Fig. 4 Effects of secondary ZnO dosage on lead extraction

rate and sulfur-fixing rate

IR ZnO Vs & KSR & 0.29 £5 58 31 0.36 %
I, [N 85.51% S I K2 94.73%, )5, 4%
RNk ZnO I, [EBAIE B 20g, Hois K
AT USR] 95.16%. HEINIX ZnO 5 A 1 [ 6 1)
IE R PTT AT, DRfAA AT R 2 0 8g m, K ZnO
A, T JSORE T (5 0] e 1 NayCOs J WA B
Na,S, I R R MG A R . B2 AR, #i
BECRBAE X ZnO BN EEAL, 4K ZnO
IS E MAETT L 0.29 £ 3G N2 0.43 £, G E I
KM 96.02%Z B T B A 95.16%, 1% TS Tk ZnO
(R s A e s VPRIV T S5 B TR ZnO ¥4 0 #2138
MR, L IAIK ZnO, FHHS R SR (7655 S o
PR A . 25 A H 8, ARSI RS H IR ZnO H
RS M 0.36 15, B ZnO RUKSH™ (& LL
0.36:1,
3.1.2  Na,CO; JH & 1540

I 0.36 555 YK ZnO, 7EIRE 860°C T ks
60 min, B35 SNV AKZR T NayCOs (NG, S 45 5
Wik s s

H & 5 FTRLA H S 24 NayCOs i 2.5 548 n £l
3.0 fEAEA RN, H IR EL SRR R 2R 2 AN 93.07%
A1 92.31% bR 8 K 5] 95.68%F1 94.73%, 2 J&, 4k&:
BN NayCOs HIE, B AL R [ it 246 1D 384 ook B 1)
BoHg, H NayCOs HI B INA 3.2 K5 &I, Y
TS R [ i 2 300 B H b KAE, 230 96.08% A1
94.95%. Na,COs 5t 5K fe 2 L, SEbr AR TRk
BE R I E L, 6 A R S R B .
DRI, 30 6 St 2 S OB LE, SRR R T BRI
PEARIREEE, S m s, Mo o F 4%



3492 PR R AR

20154 12 A

100 100

o 98F 198
= Q
g £
& 9 196 *%-0
S 94r 194 &L
3 &
8 E
= ol = — Lead recovery rate | 7]

® — Sulfur-fixing rate 92

90

90 Il 1 Il 1 1 1 1
24 26 28 3.0 32 34 36 38
Dosage of Na,CO5/time

5 NayCOs I Hnd 7™ H B [F 57 11 5 0
Fig. 5 Effects of dosage of Na,CO; on lead extraction rate
and sulfur-fixing rate

T AR B BUR BRI A B T AL
WIS o BRI SRR IS SRAH S TR T A 1)
W, SPARA R GREHIE, ALK I E M
YEERR N 3.2 5K &, RUBRREN AR 0 b
Hh3.2:1,

313 EHRIRE s

I 036 fERF HAIK ZnO. 3.2 kN R
NayCOs3, JE MR N 60 min i, MUAR S W AR & (146
WL, HSRIG A5 R 6 s .

PE R AR AN AT IR e R, i HL AT AR
RSB ERRIRE L BGSRIS AR R B Ik DA S S M R )
BT AT Isis, BRI 6 nTLUE
S P ML ey B IR HHRT ZnO (1) [T AR R T
LRI N 800 CFHZE 880 CH, H EIACH AN [l i
KR 65.24%H1 56.43% 2RI INZE 97.26%A1
96.27%; ZJa, BT, PSR ZnO [
TSR A, BRI, DTS REFA BRI SR A 3 1

100 100

S 90 r 190 -
g E
<
> 80¢ 180 5
:
3 &
g 70t {70 &
3 E
g 2

= 60t m— Lead recovery rate | 60

® — Sulfur-fixing rate
50

800 840 880 920 960
Smelting temperature/C
B 6 Al 7™ H B A [ 7 ) 5
Fig. 6 Effects of smelting temperature on lead extraction rate

and sulfur-fixing rate

FAFECRE I8, ARSI 5 H R R 5 880 C.
3.1.4 PRI R

I 036 R FEMIK ZnO. 3.2 A5 HIK
Na,COs, fEiltJE 880°C F7ralfakk 30, 45, 60. 80
1100 min, SEH 5 R WA 7 P,

100 100
S % 1% .
Q g ]
= |3}
« =
8 <
o 88r 188 &
2 i
8 E
23 m— Lead recovery rate A

84 ® — Sulfur-fixing rate 184

80

L 1 1 1 1 1 1 1 80

30 40 50 60 70 80 90 100
Smelting time/min

7 HRIN TR 7 LB AR T £ 5

Fig. 7 Effects of smelting time on lead extraction rate and

sulfur-fixing rate

SEA A R T R) P A3 st T oo . 1A T 5 7247
PR IR, T (28 i) 428 B A WS I TR £
WEERTIC R, Wb TP Rk, mE 7 )
H1, IS TR B 60 min I, B 1 0504 0 ] i %
Iy RIIEF] 97.26%H 96.27%, MREIEKMEHEIFIA], 4
(7= AT ZnO [ B R R G B B AR Ak o 2% L8 B
[FBRC, REFEBOR, ARG, DAL, ARSLE i
T8 B RN T8 60 mins

32 ZFEYTAER
32.1 SR

AR E R, e R4k ZnO FILKS
W R 0.36:1, Na,CO; FUREH™ i 5 Eb oAy
3.2:1, MW 2 fFEIR &, MEHREE A 880 CHIMS
FRISFTE A 60 mine fEBALSAE T AT U 400 g it
WEYERHR AR IR LAY KRS, 16 = Prr T
P R S KR 1) IO B A 2 A RS TR 36

HI% 3 W LLE Y, AT A KT 98.50%, A4k
A, HHEA S B EBCE N 97.15%, SEETRRIE
e SHAHE) N 97.64%. KRB SHE 55.8%, 4
BEREHARME, nTHEE . FR, EEhEb e R
S50 A m o LUK, DO AT 18 AR T A
322 &)@ VAl

iy K FEIT R WP R 4
Fr%ile



5525 B 12 3] B, S BRHR S BR AR I A SR S B A 3493
R3 AUAIE T EE P R R Ry
Table 3 Mass of product and its chemical composition in integrated experiments
Product Mass/e Chemical composition, w/%
Pb Zn Fe Cu Sb As S Na Au Ag In
Crude lead 111.06 9852 0.015 0.014 0.19 0.038 0.11 - - 0.0012  0.132 -
Smelting slag  880.32  0.301  22.67 3.820 0.004 0.002 0.015 10.99 46.32 - - 0.017
Leachresidue 35545  0.74 5589 738  0.009 0.002 0.006 26.31 1.47 - - 0.031
F 4 IR E ORI
Table 4 Input-output balance of main elements in the process
Element Input mass/g Output mass/g Error
Concentrate ZnO dust Total Crude lead Leach residue Lixivium  Total Mass/g Percentage/%
Pb 100.08 11.67 111.75 108.57 2.64 - 111.21 —0.54 —0.48
Zn 107.28 91.87 199.15 0.017 198.653 - 198.67 —0.48 —0.24
Fe 32.56 0.11 32.67 0.015 26.232 7.242 33.49 0.82 2.51
Cu 0.216 0.016 0.232 0.21 0.031 - 0.241 0.09 38.79
Sb 0.048 - 0.048 0.042 0.007 0.01 0.059 0.011 22.92
As 0.024 0.23 0.254 0.12 0.02 0.108 0.248 0.06 23.62
S 98 - 98 - 93.51 6.16 99.67 1.67 1.70
Au 0.001 - 0.001 0.0013 - - 0.0013  0.0003 30
Ag 0.132 - 0.132 0.145 - - 0.145 0.013 9.85
In 0.04 0.115 0.155 - 0.111 0.037 0.148 0.007 —4.5
I 4 WA, Fe M R o 2 <5 Ja R 11 1 17 2 @ o ::ﬁﬁo
R RSB R0 O S AL B A A R T LT 4 0 1E N «—7n0
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Fig. 8 XRD patterns of smelting slag(a) and leach residue(b)
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Table 5 Comparisons between new process and ISP process

Process Temperature/ Crude lead grade/ Lead in slag/ Lead recovery rate/  Whereabouts of
C % % % sulfur
Molten salt smelting <900 >98.50 <1.0 >97 ZnS
ISP process >1200 <98 <3.0 <95 SO,
2010, 19(3): 78—80.
. ZHANG Xiang-yang, WANG lJi-kun, JU Jia, XU Jing, YANG
4 g
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W — PR R B A T 2554 ZnO NUREH 1R BTt Lol
0.36:1, Na,CO; MUEH [P LR 3.2:1, Fdkibh A
880 C, &Mk A] 4 60 min.

3) AR, JAF RIFERTEbR: H B
K 97.15%, FHETAL KT 98.50%, SEALBEREGR RN
95.42%.

4) B JUT-AibsA ) ZnS 1k AR I 3
53 IKIZHEE w(Zn)>50%, & — PR UERTRAL BERE

5) B JRE R FE T Na,COs WA, ]k
(1000 P 1 (51 A 7 B B R N S 181 K 762 781 A

REFERENCES

[1] LI Cun-xiong, WEI Chang, DENG Zhi-gan, LI Xing-bin, LI

Min-ting, XU Hong-sheng. Hydrothermal sulfidation and
flotation of oxidized zinc-lead ore[J]. Materials Transactions B,
2014, 45(3): 833-838.

[2] EEZu. LM SR e R EwEI ).

48, 2014, 30(1): 22-25.

AR SREY

HUANG Yan-qiang. Study on smelting separation of complex
copper lead zinc mixed concentrate[J]. Hunan Nonferrous Metals,
2014, 30(1): 22—-25.

B1 & ok, Bh ok, EREEE £V HCHERLR AR

B A RE R T 2D TEAA ARSI, 2011, 214):
901-907.
XU Bin, ZHONG Hong, WANG Kui-ting, JIANG Tao. Two
stage adverse current oxygen pressure acid leaching of complex
Cu-Pb-Zn-Ag bulk concentrate[J].
Nonferrous Metals, 2011, 21(4): 901-907.

[4] sKIBH, B, B O R B R, P00
BRAR A7 G AL BB TR ARG 0 255 AT T2 (0], 94,

The Chinese Journal of

[3]

(6]

(7]

(8]

(9]

[10]

[11]

(12]

Da-jin, HE Shan-ming. Utilization process of a high-iron
low-grade bulk concentration of lead and zinc[J]. Mining and

Metallurgy, 2010, 19(3): 78-80.

TR, HIBE. BEWERYHRE TSR] Atnesk
T 5HF5E, 2009, 30(5): 24-26.

WANG Hua, TIAN Hai-jun. Practice in zinc smelting in
imperial smelting furnace[J]. Nonferrous Metals Engineering
and Research, 2009, 30(5): 24-26.

S, ERE, A 5, 1 ¥ ISP IaHk) S Rk
L ZHAT T[], A ESBEEEST), 2014(7): 60-64.
MA Hong-zhou, WANG Cheng-jun, LIU Yong, FENG Tao.
Analysis of emission technology of lead-bearing pollutants in
ISP melting process[J]. Nonferrous Metals(Metallurgy Section),
2014(7): 60—64.

GUO Xue-yi, XIAO Song-wen, XIAO Xiao, LI Qi-hou,
RYOICHI Y. LCA case study for lead and zinc production by an
imperial smelting process in China—A brief presentation[J].
International Journal of Life Cycle Assessment, 2002, 7(5):
276-276.

YE Long-gang, TANG Chao-bo, CHEN Yong-ming, TANG
Mo-tang, ZHANG Wen-hai. The thermal physical properties an
stability of the eutectic composition in a Na,CO;-NaCl binary
system[J]. Thermochimica Acta, 2014, 596: 14—18.

CHEN Z, FRAY D, FARTHING T. Direct electrochemical
reduction of titanium dioxide to titanium in molten calcium
chloride[J]. Nature, 2000, 407: 361—-364.

ZHOU Dao, ZHAO Chang-ying, TIAN Ye. Review on thermal
energy storage with phase change materials (PCMs) in building
applications[J]. Applied Energy, 2012, 92: 593-605.

LONG Yang-yang, LI Jian-zhi, TIMMER D H, JONES R E,
GONZALEZ M A. Modeling and optimization of the molten salt
cleaning process[J]. Journal of Cleaner Production, 2014, 68:
243-251.

M OIS, BN, B, BRI BRI B A
LW, B3R LR, 2009, 29(5): 82-85.

XIAO Jian-fei, TANG Chao-bo, TANG Mo-tang, CHEN
Yong-ming. Study on a new process for alkaline smelting

bismuth sulfide concentrate at low temperature[J]. Mining and



F25EH 12

WA, S5 YRR OB AURT I AR (A 4 3 i B A

3495

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Metallurgical Engineering, 2009, 29(5): 82—85.
WEedh, XEIK, HRSE, 2 B AT e E R 2 AR

PES RIS S VAT B4Rl S TR, 2013, 4(2): 8-13.

GUO Xue-yi, LIU Jing-xin, TIAN Qing-hua, LI Dong. Principle
and method of low temperature alkaline smelting in non-ferrous
metallurgy complicated resources[J]. Nonferrous Metals Science
and Engineering, 2013, 4(2): 8—13.
FEeah, 3, RS, o M AR BRI AT
FE]. R R AR (E AR EFARR), 2012, 43(3): 809-812.
GUO Xue-yi, LI Fei, TIAN Qing-hua, JI Kun. Recovery of
aluminium  from secondary  aluminum dross  using
low-temperature alkaline smelting[J]. Journal of Central South
University (Science and Technology), 2012, 43(3): 809—812.
P, PR, ZERI, =ik, %45, NaOH-NaS i #h
IR []. PR R AR (AR B AR), 2014, 45(8):
2553-2557.
TIAN Qing-hua, CHEN Li-zhen, YUAN Ting-gang, XIN
Yun-tao, GUO Xue-yi. Processing of silver separated residue by
NaOH-Na,S molten salt method[J]. Journal of Central South
University (Science and Technology), 2014, 45(8): 2553—-2557.
FReEah, KEK, IR PRI AR 2 by AR A e
M I T RAT ], T A A% R, 2013, 23(6):
1757-1762.
GUO Xue-yi, LIU Jing-xin, TIAN Qing-hua. Elemental behavior
of multi-component metal powders from waste printed circuit
board during low-temperature alkaline smelting[J]. The Chinese
Journal of Nonferrous Metals, 2013, 23(6): 1757-1762.
XUFRRK, #oFai, X W PRI AR AR 2 <5 A B
P TR B D) 2 0] A (e AR AR, 2015, 25(2):
545-552.
LIU Jing-xin, GUO Xue-yi, LIU Yang. Fractal leaching kinetics
of alkaline smelting product with metal enrichment from waste
printed circuit boards[J]. The Chinese Journal of Nonferrous
Metals, 2015, 25(2): 545—552.
FEELE, I, MKW, M), wisE, o, K AL
— PR A A AR B VA - T R ARRE S a0, b
15 (135 4, 2010(4): 49-53.
TANG Mo-tang, TANG Chao-bo, CHEN Yong-ming, YANG
Jian-guang, YANG Sheng-hai, HE Jing, OU Zhao. A promising
low carbon clean metallurgical method-low-temperature molten
salt metallurgy of heavy metal[J]. China Nonferrous Metallurgy,
2010(4): 49-53.
FEVE R, WK, G, BT, B, T i, HSEZE
PP R R R @7 P, CN101914693A[P).
2010—-12-15.
TANG Mo-tang, CHEN Yong-ming, TANG Chao-bo, YANG
Jian-guang, YANG Sheng-hai, HE Jing, SHAO Guo-jun. A

process for clean metallurgy of antimony in a molten salt at

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

low-temperature: China, CN101914693A[P]. 2010—12-15.
PR, MR, BRI, BRKWL, M, AT Eh R
A s 3R 3% 3 0R 4x 7 vk P E, CN101956084A[P].
2011-01-26.
TANG Mo-tang, YANG Jian-guang, TANG Chao-bo, CHEN
Yong-ming, YANG Sheng-hai, HE Jing. A process for clean
metallurgy of bismuth in a molten salt at low-temperature: China,
CN101956084A[P]. 2011-01-26.
FEREE, W), WG, AT BRI, b, R
BRI RS R 4 U7 vE: hE, CN102102154A[P].
2011-06—22.
TANG Mo-tang, YANG Jian-guang, TANG Chao-bo, HE Jing,
CHEN Yong-ming, YANG Sheng-hai, YE Long-gang. A Process
for clean metallurgy of stannum in a molten salt at
low-temperature: China, CN102102154A[P]. 2011-06—-22.
YANG lJian-guang, TANG Chao-bo, CHEN Yong-ming, TANG
Mo-tang. Separation of antimony from a stibnite concentrate
through a low-temperature smelting process to eliminate SO,
emission[J]. Metall Mater Trans B, 2011, 42(1): 30-36.
RN, R, RRECE, T, MoK, WS, T E
AL BRI IA M T2 0] PR E AR AR AR,
2012, 43(9): 3338—3342.
YE Long-gang, TANG Chao-bo, TANG Mo-tang, YANG
Jian-guang, CHEN Yong-ming, YANG Sheng-hai, HE Jing.
Seperation antimony from stibnite concentrate through a low
temperature smelting[J]. Journal of Central South University
(Science and Technology), 2012, 43(9): 3338—3342.
YE Long-gang, TANG Chao-bo, CHEN Yong-ming, T ANG
Mo-tang, ZHANG Wen-hai. Reaction behavior of sulfides
associated with stibnite in low temperature molten salt smelting
process without reductant[C]// TMS 5th international symposium
on high-temperature metallurgical process. Sandiego: TMS
Annual Meeting Committee, 2014: 99—103.
KNI, W), ATUKHE, 2 i, R, MOKE, R
P B U I A R IBCREL B [0, b P A (0 4 e 2 3
2012, 22(10): 2896—2901.
LIU Xiao-wen, YANG lJian-guang, WU Yong-tian, LI Jing,
TANG Chao-bo, CHEN Yong-ming, TANG Mong-tang.
Separation of needle antimony from stibnite through low-
temperature sulfur-fixing smelting process[J]. The Chinese
Journal of Nonferrous Metals, 2012, 22(10): 2896—2901.
HE De-wen, YANG Jian-guang, TANG Chao-bo, CHEN
Yong-ming, TANG Mo-tang. Separation of bismuth from a
bismuth glance concentrate through a low-temperature smelting
process[J]. Miner Process Extr M, 2013, (34): 73-77.
YANG Jian-guang, HE De-wen, TANG Chao-bo, CHEN
Yong-ming, SUN Ya-hui, TANG Mo-tang. Thermodynamics

calculation and experimental study on separation of bismuth



3496

PR R AR

20154 12 A

(28]

[29]

[30]

from a bismuth glance concentrate through a low-temperature
molten salt smelting process[J]. Metallurgical and Materials
Transactions B, 2011, 42(4): 730-735.

XANIC, )T, &, BROK W, P, R R AL
Bi,S:-ZnO-Na,CO; R Ry 270 i M HI (7] vh AT ()
244, 2012, 22(1): 310-314.

LIU Xiao-wen, YANG lJian-guang, LI Jing, CHEN Yong-ming,
SUN Ya-hui, TANG Mong-tang. Thermodynamic analysis of
Bi,S;-Zn0-Na,CO5 and its application[J]. The Chinese Journal
of Nonferrous Metals, 2012, 22(1): 310-314.

FELE, I, MKW, BT, AR, T, £ Rk
— P AR SR v e A Ui P E, CN101864522A(P].
2010—10-20.

TANG Mo-tang, TANG Chao-bo, CHEN Yong-ming, YANG
Jian-guang, YANG Sheng-hai, HE Jing, WANG Yi-lin. A Process
for clean metallurgy of lead in a molten salt at low-temperature:
China, CN 101864522A[P]. 2010—10-20.

HU Yu-jie, TANG Chao-bo, TANG Mo-tang, CHEN Yong-ming.

Reductive smelting of spent lead-acid battery colloid sludge in a

[31]

[32]

molten Na,CO; salt[J]. International Journal of Minerals
Metallurgy and Materials, 2015, 22(8): 798—803.

WA, R, R, T, BOKY, WS, T E
R E A R B I S O T AT A O E R R
%), 2013(8): 1-4.

HU Yu-jie, TANG Chao-bo, TANG Mo-tang, YANG Jian-guang,
CHEN Yong-ming, YANG Sheng-hai, HE Jing. A clean and
green process of low temperature for smelting of secondary
lead[J]. Nonferrous Metals(Metallurgy Section), 2013(8): 1-4.
B, R, R, MUKW, W, s, T E
JRASTR E OB BV IR AR ERIE U R T2 0], A
164, 2014(1): 75-78.

HU Yu-jie, TANG Chao-bo, TANG Mo-tang, CHEN Yong-ming,
YANG lJian-guang, YANG Sheng-hai, HE Jing. Reductive
smelting of spent lead-acid battery colloid sludge in molten salt
of sodium at low temperature[J]. China Nonferrous Metallurgy,
2014(1): 75-78.

(4WiE  FHBL)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


