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Thermodynamic analysis of Bi,S;-Zn0-Na,CO; and its application
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Abstract: The thermodynamic analysis of Bi,S;-Zn0O-Na,CO; low temperature molten salt system was carried out. Based
on calculating reactions entropy (AG? ) of this low temperature molten salt system at 700—1 500 K, the relationship
between AG? and reaction temperature (7) within this temperature range was obtained. The results of thermodynamic
analysis show that bismuth in Bi,S; can be reduced by carbon to metal Bi and then get into the metal phase, and sulfur
can be fixed in ZnS and get in solid slag. By using soda and other sodium salt as flux, zinc oxide as sulfur additives, coal
or coke powder as reducing agent, two verification experiments were carried out at 700—1 100 K. The verification test
results show that crude bismuth can be obtained at this low temperature. Bismuth direct yield is greater than 98%, and all
sulfur embraced in raw materials can be fixed as zinc sulfide. The verification test results are in accordance with the
thermodynamic analysis results.
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1.1 {REFRLERL

T AL BT 32 B R A B A B (B Ss), 1 5 A1 A2 AT
BAART . LA 3 U IR R (CaW O, Fl H,WOL) IHTTE
BAAE, MHN FZ LAY MoS) TEEAFEE . T4k,
TR AR RS 3 A /B AR 4 SR AL ) (1 PBS.
Cu,S. FeS, Fll AgyS 55). Ficfa A BEAR 5 4 JE A L)
YSQURLoE

1.2 REPFEEMEBENERN
1.2.1  Bi,Ss A5 v Re R A ) RV

YRR R AL BT T ) A4 BinSs AT RERZEN)
SR/

Bi,S;+3Zn0+3C—2Bi+3ZnS+3CO(g) (1)
2Bi,S;+6Zn0+3C—=4Bi+6ZnS+3C0(g) )
Bi,S;+3Na,CO3+6C—2Bi+3Na,S+9CO(g) 3)

Bi»Sy+3Na,COs+3C0(2)=2Bi+3Na,S+6COx(g)  (4)
4Bizs3+ 1 2N212CO3:8Bi+9N212 S+3Nast4+12C02(g) (5)

1.2.2 29y o vl sk AR Y
I o B AR AL BB AT TR S BT T BE A A S

¥
2MOSz+6N212CO3+902(g):
2Na2MoO4+4NaZSO4+6COz(g) (6)
2Mo0S,+2Na,CO5+4Zn0+0,(g)—
2Na,Mo0O4+4ZnS+2CO,(g) @)
MoS,+2ZnO+C=Mo+2ZnS+CO,(g) (®)
CaWO4+N212CO3:C3CO3+NaQWO4 (9)
CaWO4+ZnO=—ZnWO,+CaO (10)
H2WO4+N212CO3:N32WO4+H20(g)+C02(g) ( 11 )
H, WO, +ZnO—ZnWO,+H,O(g) (12)

1.2.3  HWeE&BIAWA 0 TR R A0 Y
YR AL AT TP 4 2% TR AL A AL AT R 2
HI NG F :

2Ag,S+2Na,CO;+C=4Ag+2Na,S+3CO,(g) (13)
2PbS+2Na,CO5+C=2Pb+2Na,S+3CO,(g) (14)
2Cu,S+2Na,CO5+C=4Cu+2Na,S+3CO,(g) (15)
2FeS,+4Na,CO5+C=4Na,S+2Fe0+5C0,(g) (16)
2Ag,S+2Zn0+C=4Ag+2ZnS+COx(g) (17)
2PbS+2Zn0+C=2Pb+2ZnS+CO,(g) (18)
2Cu,S+2Zn0+C=4Cu+2ZnS+COx(g) (19)
2FeS,+4Zn0+C=2Fe0+4ZnS+CO,(g) (20)

1.2.4  Na,COs FIFFA W

IR R A A NapS 5 [ ) ZnO SV AR Jk
Na,CO;, A Nay,COs i AR 73 B, dkal 7™y
ST H

Na,S+Zn0+CO,(g)=Na,CO5+ZnS (21)
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K @23)MHAK22) 13-
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B, BRI s 2 2 .

=

FT 1 R A K
Table 1
fraction, %)

Chemical composition of raw materials (mass

Composition Bi Mo S Fe Cu
A 17.01 - 21.90  0.76 0.33
B 8.14 5.18 1720  4.13 0.21
Composition Pb As SiO, CaO MgO
A 0.29 - 4.34 1.21 1.95
B 0.13 0.09 2.34 1.45 0.85

A—Bismuthinite; B—Molybdenum and bismuth sulfide concentrate

2 WA A o)

Table 2 Chemical composition of powdered coal (mass
fraction, %)
C S Si0, CaO Al,O4
82.33 3.01 6.66 0.83 4.81

32 REERSHHR
IR PR R MR I 15 B T EH R
15 98%PIRLEL, T 80% 9% £k RENS Tl i Pk vk
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3) 7E 1000 K Ze A7 B N REAT I MmN, B R B
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