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Table 1 Reaction of PbS-H,0 and its p—pH

Reaction equation »—pH equation Equation No.
2H,0+2e=H,+20H" »=—0.0591pH Eq. (1)
2PbSO4+H,0—PbSO, PbO+S0O,* +2H" pH=7.59+0.51g[S0,* ] Eq. (2)
3PbSO,-PbO+H,0=—2PbS0,-2Pb0O+S0,> +2H" pH=11.31+0.51g[SO4* ] Eq. (3)
PbSO,4-2PbO+H,0=3Pb0O+S0,* +2H" pH=13.72+0.5Ig[SO4* ] Eq. (4)
PbO+H,0—=HPbO, +H" pH=15.33+g[HPbO, ] Eq. (5)
H,S(aq)—H'+HS~ pH=6.97+1g[HS J/[H,S] Eq. (6)
HS =H"+S* pH=12.9+lg[S* J/[HS] Eq. (7)
PbS+2H " +2e=Pb+H,S(aq) 9=—0.358-0.0591pH-0.0296 1g[H,S(aq)] Eq. (8)
PbS+2e=Pb+S*" ¢=—0.949-0.0296 1g[S* ] Eq. (9)
PbS+H'+2e—Pb+HS" »=—0.564—0.0296pH—-0.0296 1g[HS] Eq. (10)
PbSO,+8H"+8e—PbS+4H,0 »=0.302-0.0591pH Eq. (11)
HPbO, +S0,> +11H"+8e=PbS+6H,0 ¢=0.567—0.0813pH+ 0.0074 Ig[HPbO, 1+lg[SO* ]  Eq. (12)
PbO+S0,> +10H +8e=PbS+5H,0 0=0.454-0.074pH+0.0074 1g[SO,* ] Eq. (13)
PbSO,-2Pb0+2S0,> +28H"+24e=3PbS+14H,0 0=0.386-0.069pH+0.0049 1g[SO,* ] Eq. (14)
PbSO,-PbO+S0,* +18H +16e=2PbS+9H,0 ¢=0.358-0.0665pH+0.0037 1g[SO,* ] Eq. (15)

PR, g R 1 R,

"0 25 5.0 75 10.0 125 15.0
pH

1 PbS-H,0 AR i 3h—pH K (& F k£ briE SO B 147
75D )

Fig. 1 Potential—pH diagram of PbS-H,O (Region of SO,> is
omitted in diagram)
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Table 2 Reaction of Ca-As-H,0 and equilibrium constant

Reaction lgK  Ref. Equation No.
fg‘;ﬁf&igﬂ%ﬁ -38.04 [19] Eq.(17)
Ca(OH)y(s) =Ca”+20H  -526 [20]  Eq.(18)
H;AsO,—H"+H,As0,  —2249 [21]  Eq.(19)
H,AsO, =H'+HAsO,~  -6.761 [21]  Eq.(20)
HAsO,” =H'+AsO,>”  -11.602 [21]  Eq.(21)
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Fig. 2 Solubility equilibrium—pH diagram Ca-As-H,0
(25 C)
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Table 3  Chemical concentration and leaching rate of

LTAS-leaching solution

Element CherTlical . Leaching rate/%
concentration/(g'L )
Se 2.61 99.95
As 1.94 99.95
Cu 0.38 1.61
Sb 0.08 3.08
Sn 0.28 86.72
Pb 4.46 76.88
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Fig. 3 Process flow of separation program
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Table 4 Optimal experimental conditions and precipitation ratio of sulfide precipitation

Excess ratio 0/C Jmin Precipitation ~ Precipitation ~ Precipitation =~ Precipitation  Solution contraction
of Na,S ratio of Pb/%  ratio of Cu/%  ratio of Se/%  ratio of As/% of lead/107¢
2.5 25 15 99.99 5 8 <5
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Fig. 4 Effect of pH on As precipitation
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Table 5 Experimental conditions and precipitation ratio of calcium precipitation

Ca-As 0/C Jmin Precipitation Precipitation Solution contraction of Solution contraction of
mole ratio ratio of As/% ratio of Se/% As/(gL™) Se/(g'L™h
8 60 90 52 0.84 1.53
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Fig. 5 Effects of n(Ca)/n(As) on As precipitation
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Separation of Pb and As in low-temperature alkaline
smelting-leaching solution of copper anode slime

GUO Xue-yi, XU Run-ze, TIAN Qin-hua, LI Dong

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

Abstract: The leaching solution of low-temperature alkaline smelting-leaching process contains selenium, arsenic and
lead, which exist in forms of SeO,*", Pb(OH),> " and AsO,>", respectively. In order to recover selenium, it is necessary to
fully precipitate the lead and arsenic. After calculating the potential-pH diagram of PbS-H,O system and the
solubility—pH diagram of Ca-As-H,O system, the lead and arsenic were removed by the sulfurized precipitation and
calcified precipitation progress, while ensured the low dispersion of selenium. The results show that the lead can be
effectively separated from other metals under the optimum conditions which are stoichiometric requirement of Na,S of
2.5, reaction temperature of 20 ‘C, reaction time of 15 min. The copper and lead precipitation can reach 99.99% when
the arsenic and selenium precipitation rate is less than 5%. The arsenic precipitation ratio reaches 99% when the reaction
conditions are pH=10, n(Ca)/n(As)=3.5, bath temperature of 90 C and reaction time of 1.5 h.

Key words: copper anode slime; leaching solution; selenium; lead sulfide; calcium arsenate
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