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B TR B R, LU B L ik
XT3 B 73 S HEAT AL 22 AR (XRD) FIOU TE 35 (SEM)
SR, Wl LRI 2 Brone B R 2 T, A
GIBITTREL ISR, fAEREEE, K, #,
fift =2 LA Pbs(AsO4);Cl JEAAAAE, #hFELLZ @
164 PbsSbeS14 TERAFLE, % B2 B EZELL Biy0;.
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ok Tl gle, sk 2 o,

R1 MBI

Table 1 Chemical composition of SSR (mass fraction, %)

Pb Sn Sb As Bi S Cu Ag Au
3373 6.47 6.06 3.57 231 202 097 0.32 18
1) Au: g/t

R2 I
Table 2 Chemical composition of coke powders (mass
fraction, %)

C S Si0, CaO ALO; MgO Cu

84.11  3.01 6.66 0.83 4.81 0.23 0.97

=— SnO,

4 — Pbs(AsO,);Cl
v— Bi,0;

*— PbsSbsS,,
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1 7R XRD
Fig. 1 XRD pattern of SSR
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Fig.2 SEM image of SSR
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SnO, 5 NaOH 1l ik i 3 2 (3) 44 i AE 1l 2 ¥ 1 7K (1)
Na,SnO;!"10; 23 4 v 4 (¥ B0 1k 40 W B 8 A0 2B ik
Sb,03, WIS MN(7)FT7R, SbyO3 5 NaOH Jl i v 3 (8)
PE AN TR NasSbO,! .

Pbs(AsO,4);Cl+12NaOH=
5Na,PbO,+3Na;AsO4+NaCl+10H,0(g) (1)
Bi,0;+6NaOH=2Na;Bi0;+3H,0(g) 2)
SnO,+2NaOH=Na,Sn0;+H,0(g) 3)
2SbyS5+90,==2Sb,0;+6S0, 4
Sb,03;+NaOH=Na;SbO;+3H,0(g) ®)

g o A i B AR IR I — S KR
TERNBR WP S 8, AR R
Na,S-9H,0, B 7E 155 M ik 52 v 28 1 2 5 T B i £
BRSO, P ER AR A NN NapS-9H,0 i, /i
H (1) Pbs(AsOy4);Cl L4l NaOH . Na,S 4% 2 v 3(6)
RN, AR T7K I PbS; BiO; Al NaoS $i M
SN () AERS T 7K I BiySss SbyO5 4 NapS it
N 38V R AL B A 5 17K ) NasSbSsy; 4R /b
LA SnS, £71E I 4% BNV 3R (9) R A [N 5 AR B o ¥y
T7K ) NaySnS,.

Pbs(As0,);Cl+5Na,S=—3Na;AsO,+NaCl+5PbS (6)

Bi,05+3Na,S+3H,0=Bi,S;+6NaOH (7)
2Sb203+6Na28+3H20=2Na3SbS3+6NaOH (8)
SnSz+2NaZS:2Na4SnS4 (9)

h T AR B — P KR 2 S
B I JRRAF R ER S G,  TEIE MR R oI N A
Pbs(AsO4);Cl 7 NaOH 544 H gl Aok i Ji by 554
Bi,0; b 5O BRI, AR N (10) (11 HTER T L
SUETE SR T S e . B TR NN, ke
FER Bt AT A R AE IR IR, R A v 3 (12)~
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2Pbs(AsO4);C1+20NaOH+5C=
10Pb+6Na;AsO,+2NaCl+10H,0+5CO, (10)

2Bi,05+3C=4Bi+3C0,(g) (11)

Sb,05+3C=2Sb+3CO (12)

Sb,0;+CO=2Sb+3CO, (13)

C+C0,=—2C0O (14)

1.3 ZWRERSNAE

PRI 50 g 7384, I \— 7€ ¥ NaOH . NaS-9H,0
S S 5 Bk, TRONAR K FBEL e . T 2 e iR
FER I — BN TR], O ANERARITR, #2530 F KR
AR, fRs AR RIS, BOHES . 7E R
R 80 'C IS TA] 90 min. Y[ LL 7:1 Ffic £k
M 300 r/min 500 NIZKR H, ENR HERTE H
, RHIBEAT AR, A RFRE, BT
SR I R AR A 3 TR

Silver separated
NaOH Na,S-9H,0 residue Coke powder

| I [ [
!

|Low temperature alkaline one-step smelting |

Y
Smelting slag

Smctgsi

Leaching+residue
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Leachate

B3 s GRR I — PR
Fig. 3 Principle flow sheet of silver separated residue low

temperature alkaline one-step smelting
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Fig. 4 Effect of mass ratio of NaOH to SSR on leaching rate

of metals
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Fig. 5 Effect of mass ratio of Na,S to SSR on leaching rate of

metals
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Fig. 6 Effect of mass ratio of NaOH to SSR on leaching rate
of metals (m(Na,S)/m(SSR)=0.4)
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Fig. 7 XRD pattern of white crystals
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Fig. 8 Effect of content of coke powders on leaching rate of
metals
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Fig. 9 Effect of content of coke powders on recovery rate of
metals

2.5 FEERAT(E] B EZ N

MISHRIREE) 600 °C, B LA 0.6, FhiELLh
0.4, BRI 20%0, 808 HRif a3t F—25
FEM— /KRR 8. By it R AR R IR
IR, 254 1035 HH 56 LR Bk 11 R Se 26 4 ol a4
10 F1 11 Fi7ss

EHEE 10 W50, JE RN RDE i, BR . B R
REWAAN K o BE A S I TRD R BG I, s S8 AR e A
98%ULA bo MTHE . BEIR AR A IS ERIN TR 3 h 90
B 4 h IS UEAT B TE, B E R H R 0AE 83% A 92%
B, REFSE: IR 6 h 353 7 h 5,
P RIS AT B BB 10w, B I )
MXGIN, Y. SRR KA BRI B, B
WRIEFT O 6 h B, A, SR IRICR K, 2k
93.17%- 99.99%. Z¢ LRI%N, JEIUE BRI R4 6 h i)
VE Ry B A4 AT

100F = -
/—’_‘\m———a\‘
c\\o 80— /‘v‘\-
2
5
2 60 |
b=
[
e 40 =— As
% *— Sn
8 20} +—Sb
or . . . .
3 4 5 6 7

Smelting time/h
10 WIS TRDX 8- <5 12 L A 1) 52

Fig. 10  Effect of smelting time on leaching rate of metals
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Fig. 12 Effect of smelting temperature on leaching rate of

metals
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Table 3 Chemical composition of precious lead alloy (mass

fraction, %)

Pb Bi Ag Au”
96.68 7.56 0.98 2
1) Au: g/t
+IA
3 ZH1k

1) 30 4 A EA T AT Bk — s M=K
WO, YRR Bb. BRI BB, SRAE Sl
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B BRI S5 A BB AR B B B T B e
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FE G, BRI AR A 2 . B Bl e SRR SRS AT,
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Al T B R S T AR .
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Process of silver separated residue by
low temperature alkaline one-step smelting

ZHANG lJing, LI Dong, TIAN Qing-hua, GUO Xue-yi, YANG Ying

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

Abstract: Processing of silver separated residue(SSR) by low temperature alkaline one-step smelting was adopted to

produce precious lead alloy and obtained a solution of Sn, Sb, As followed by water leaching of alkaline slag. The effects

of the mass ratio of alkali to SSR, the mass ratio of salt to SSR, smelting temperature, smelting time and addition of coke

powder were determined on the leaching efficiencies of As, Sn and Sb, and the recovery rates of Pb and Bi. The results

show that the optimum conditions of the process are determined as follows: the mass ratio of alkali to SSR is 0.6, the

mass ratio of salt to SSR is 0.4, the smelting temperature is 600 C, the smelting time is 6 h and the content of coke

powder is 20%. Under the optimum conditions, the leaching efficiencies of As, Sn and Sb reach 98.62%, 85.95% and

93.06%, respectively, while Pb and Bi are reduced to form precious lead alloy and the recovery rates of Pb and Bi reach

93.17% and 99.99%, respectively.This process provides a simple, highly effective way to seperate and extract precious

metals.

Key words: silver separated residue; smelting; alkaline; leaching rate; recovery rate
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