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Table 1 Equilibrium reactions and constants for Sb-S-H,O system at 25 ‘C['

Reaction No. Relevant reaction gk Formula
(1) Sb(OH);° +6H" +6¢ =3H,0 + SbH;(g) -13.62 [Sb(OH);°][ H'%[e]*<10'%62
) 2Sb(OH);° =3H,0 +Sb,05(s) 8.48 [Sb(OH),°*<<10734%
3) Sb(OH),° =Sb(OH)4(s) 0.2327 [Sb(OH);°] <107°%27
4) 2Sb(OH);°=3H,0+Sb,0;(cubic,s) 11.44 [Sb(OH);° <1074
) 2Sb(OH);°=3H,0+Sb,05(rhombic,s) 10 [Sb(OH);°*<<107'°
(6) Sb(OH);° =H,0+SbOOH(s) 4371 [Sb(OH);°] <1077
7 Sb(OH);°=2H"+2e+2H,0+Sb,04(s) -1.68 [Sb(OH);°] <10"S8[H"]’[e]?
(®) 4Sb(OH);° =6H,0+Sb,04(s) 18.53 [Sb(OH);°]*< 1071853
) 2Sb(OH);°=4e+4H +H,0+Sb,05(s) -37.26 [Sb(OH);° > <1032 [H']*[e]*
(10 4Sb(OH);°=6H,0+Sb,O4(cubic,s) 18.56 [Sb(OH);°]*<<10718%
(11) 4Sb(OH);°=6H,0+Sb,O4(rhombic,s) 17.71 [Sb(OH);°]*< 107177
(12) Sb(OH);*+3H"+3e=3H,0+Sb(s) 12.26 [Sb(OH):°[H T’[e]3<<10712%
(13) 2Sb(OH);*+38> +6H =6H,0+Sb,S5(s) 91.83 [Sb(OH);°P[S* PP[H1*<1077!83
(14) Sb(OH);° +3H'=3H,0+Sb*" -0.01864 [Sb**1=10"""84[Sh(OH),°] [H']*
(15) Sb(OH);*+2H'=2H,0 +Sb(OH)*" 1.19 [Sb(OH)*"1=10""’[Sb(OH);°|[H'T?
(16) Sb(OH);°+ H'=H,0+Sb(OH)," 1.371 [Sb(OH), 1=10"*""[Sb(OH);°][H"]
(17) 2Sb(OH);*+4H =4H,0+Sb,(OH),*" 3.545 [Sby(OH),* 1=10***[Sb(OH);°[H']*
(18) Sb(OH);°+H,0=H"+Sb(OH)," -11.7 [H'][Sb(OH), ]=10"""7°[Sb(OH);°]
(19) Sb(OH);°+H,0=2¢+H"+Sb(OH)," -24.61 [e T[H'][Sb(OH), 1=10"*¢'[Sb(OH),°]
(20) Sb(OH);°+2H,0=2¢+2H +Sb(OH);° -22.33 [e TPIH'T[Sb(OH)s°]=10 ***[Sb(OH),°]
@21 Sb(OH);°+3H,0=2¢+3H"+Sb(OH)s -25.15 [e P[H'T’[Sb(OH)s 1=10"*15[Sb(OH):°]
(22) 2Sb(OH),’+4S8> +7H =6H,0+Sb,HS,~ 102.4 [Sb,HS, ]=10"4[Sb(OH),°T[S* T [H'T
(23) 2Sb(OH);°+4S> +6H =6H,0+Sb,S,> 90.94 [Sb,S> 1=10°***[Sb(OH);*’[S* T [H 1
(24) 2Sb(OH),°+4S> +8H =6H,0+Sb,H,S,° 105.9 [Sb,H,S,°]= 10'*“[Sb(OH);°T*[S* T [H']®
(25) 2Sb(OH),°+2S> +4H "=4H,0+Sb,(OH),S,° 57.67 [Sby(OH),S,°1=10°"¢"[Sb(OH),°1*[S* [H'T*
(26) Sb(OH);*+3S* +3H'=3H,0+SbS;> 46.80 [SbS;* ]=10*%°[Sb(OH);*|[S* [ H'®
27 Sb(OH);*+2S8* +3H"=3H,0+SbS," 47.92 [SbS, ]=10*7*2[Sb(OH);*|[S* [ H'®
(28) 4Sb(OH):°+78* +12H'=12H,0+Sb,S;* 183.2 [Sb,S,* [=10'82[Sb(OH)"*[S* T H]"?
(29) Sb(OH);°+4S* +3H"=3H,0+2e+SbS,> 68.20 [SbS,* I[e T*=10*°[Sb(OH);*][S* I H'®
(30) Sb(OH);*+S* +H'=H,0+Sb(OH),S" 14.78 [Sb(OH),S 1=10"*"¥[Sb(OH);°][S* ][ H']
(31) H,0(,=OH +H' ~14 [OH [ H']=10""*
(32) HS =S¥ +H" -12.9 [S*[H']=10"*°[HS]
(33) H,S(uq=HS +H" -7.05 [HS J[H']=107"%
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Table 2 Equilibrium reactions and formulas for Sb-S-H,O system at 25 ‘Cl071%

Reaction No. Relevant reaction A% gk Formula

oo SbS, +3e=Sb+28> -0.855 ¢=—0.855-0.01971g([S* T/[SbS; ])
212 2H'+2e=H, ¢=—0.059pH—0.02951gpH,+0.02951gp°
302 SO +9H "+8e=HS +4H,0 33.660  9=0.249-0.066 pH+0.0071g[SO* ]-0.0071g[HS ]
4012l SO,* +8H"+8¢=S*+4H,0 20.669  ¢=0.153-0.059 pH+0.0071g[SO4* ]-0.0071g[S*]
5t SbO,* +28* +6H '=3H,0+SbS,~ 47920  pH=1/3(47.92+lg[SbO;* 1+21g [S* ]- 1g[SbS, )
612 S*+H'=HS~ 12.991 pH=12.991+1g[S* ]-Ig[HS ]

7 8 9 10 11 12 13 14 15 16
pH

B 1 A ALLL R IR Sb-S-H0 & A —pH ]

Fig. 1 ¢—pH diagram of part Sb-S-H,O system below sulfur

oxidation line
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Fig. 2 lgc—gy, curves for different antimony ions
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Fig. 3 lgc—pH curves for different antimony ions at 25 C



275 12

IKOL, S BRI R P BN A 5 0 2601

B EARA /IR BE RGN, ARARARAN AT AR

AN, AN pH SRR & B T B A
FAARIR K255 A THFSURHE pH IIREm, 15 25%
B EERER o) N—0.4 V, BEEIKE S 4 mmol/L,
DAL Bk B 10 A58 at BT URET, 1580 T
BB T AT b pH B A it 2k, Wk 1 R,
M T TRUE AR E AEAE I pH {EYE R 7~10.
TEIXSC AT N BB 10 bl pH AR AL IR0,
AL 3, K 3 aTRUEH, BKIH EZ LR
(1) SbS, B T AL, Bi% pH (EMMHK, SbS, 1)
BT IR AR, (HAKIHEL SbS, b .

L LURT AN AT, B EEEIEALL SbS, 1
BT IERAAE, MR ISR G 2 SbS, &7,
XA A R R T R

TP TE V2 B B 2 7 B 8 A AL B 4544 1
N AR (BRI N0 1 42 5 901 IR s Ay
SN A R, R STTRLAARAL Y SbS, Al
Mo, 45 [ -5 B A Ao 2 T 10 6 J5 7 A 5 4 B A A
FH TR B S E e BR %o 10 MoSy™ &t AN 7,
SR N5 G Rl IR o L AP P 11212
BRUTUE IS 45 & e 1. SbS, B Tt — Bl B,
SUR — N R BBt 7 00 1 B, AT W B e i
(456 RE T MoSs™ 159 . IR IR Bk i e 12
FOR F 2 H 18 N B 24 U - e s AR B
AT, 1g/L 224 i e S*%F SbS, & 1115
W B FH S AR AH N B AS 22 o 3K 1T g AR S PRIk T i
R BREHBCR LG B A 11 it DA o SR e 8 3 o e A
AL SbS, 7] SbS,> IHEAR, WA FI T BRI
PN

Ik, ARSCAE 2 SBRAL T S B
Az, B4 BT AR €[S E K 4 mmol/L, ¢,

100 pr—r—r—r——r————

T v ™

SbS; . \\
80t
< 60  "—[SV[Sb]=10
= v —[S)/[Sb]=30
wnn o — = )
2 Lol [S)/[Sb]=100 \

20r /

3- o]
. SbS3 S

“~

7 8 9 10
pH

4 pH A& BRE AT 2 ([S)/[Sb]=10, 20, 100)

Fig. 4 Influences of pH on distribution of mainly

Sb-containing ions ([S]/[Sb]=10, 20, 100)
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Fig. 6 Effect of [S]/[Sb] on removal rate of Sb
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Fig. 7 Effect of [Cu]/[Sb] on removal rate of Sb
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Sulfidation and separation of antimony in tungsten solution

LI Yong-li, ZHAO Zhong-wei

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

Abstract: Aiming at the behavior of impurity Sb in the process of Mo separation by selective precipitation method, the
distribution of diagram of various antimony-containing ions were drawn according to thermodynamic calculation results.
And the sulfurization of Sb under conditions of different pH, ¢, and [Sb]/[S] was discussed and verified. The
effectiveness of selective precipitation and operating factors on antimony removing were analyzed considering the
competitive coordination of $*~ ions, and a method was proposed for deep removing antimony impurities. The result
show that, under the conditions of pH 7—10 and [S]/[Sb]=2, more than 99% of antimony exists as SbS, . The above idea
is verified by experiment and the results are consistent with theoretical predictions. When the dosage of sulfur and copper
are 3 times, the removal rate of antimony is 97%.
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