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Recovery of rare and precious metals from
precipitated gold solution by Na,SO; reduction
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Abstract: By using sodium sulfite as reductant and ClI" and composited halogen ions as catalysts, selenium and tellurium
were recovered and gold, platinum and palladium were captured from precipitated gold solution that was leached by
chlorination and reduction from copper anode slime. The crystalline phase and the morphology of reduction product were
investigated by XRD and SEM, respectively. The results show that the reduction rates of selenium, gold, platinum and
palladium are 100.0% and the reduction rate of tellurium is 97.7% when Cl concentration is 1.1 mol/L, reaction
temperature is 85 ‘C, reaction time is 1 h, H,SO, concentration is 368 g/L and Na,SO; concentration is 100 g/L. The
reaction speed is faster than that of NaCl catalyst when the molar ratio of NaCl to NaBr in the complex catalysts is 1:2.
The mass fractions of tellurium, copper, selenium, gold, palladium, platinum in reduction product are 73.95%, 12.35%,
7.65%, 3.31%, 0.95%, 0.24%, respectively. Tellurium exists in the form of simple substance in the reduction product, the
morphology of the product is columnar body.
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Table 1 Multi-element analysis results of solution after

precipitating gold (mg/L)

Se Te Pt Pd Au Ag Cu Fe

89.2 1100.0 2.27 924 335 035 1951 780
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Solution after precipitating gold
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Fig. 1 Flow diagram of experimental process of recovering

rare and precious metals from precipitated gold solution by

Na,SO; reduction
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Fig.3 Effect of Na,SO; dosage on recovery rates of rare and
precious metals in precipitated gold solution
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Fig. 4 Effect of H,SO, dosage on recovery rates of rare and
precious metals in precipitated gold solution

R R [

PUAJE W Se(IV)AT Te(IV) I A REAEAE LR 5
# SeOs* \HSeO; H,SeO; fl TeOs* \HTeO; H,TeO;
HiTeO; 54, HA2Ek R AAP20)

lek, =S v, G ™
-  RTIn10



2296 A G A R

201548 H

e K R RO 2 PR E G v, e s R AL
G bR e S N #1547 A el g AR E (7)) &
[M(IV)]+=[MO5” +[HMO; [+[H,MO;]+[H;MO5'],
i, IM(IV) ] FRER MY HRIREE, Ml Se BX Te,
A1 25 CIHIT 4 fa W Se(IV)AI Te(IV) AN [ A 40
Y EEIR A EOT pH e R ihek, LA R s fe fr
Ne HE S HIHN, pH<2 i, Se(IV)EZELL H,SeO; JE
BAEAE; I 6 %N, pH<2 I, Te(IV) % LA HyTeO;"
TESAEE . MBRIRIREE N 184g/L I, [H']=3.7 mol/L,
H pH<<0, 118l 5 A1 6 7T 41, LT 4 W SeO5 -
HSeO; . TeO;” . HTeO; Fl H,TeOs & & A LA ZIEAS
iF, P, Se(IV)FEZE LA HySeOs x5 WA R A J v,
Te(IV) = ZELL HyTeOs TE A W AR B EH SV o
PSRRI F AR, KN TeOy +
2H'=H,TeO; fll HTeO; +H'=H,TeOs, Ig K ¥ K T 0,
FERRYESANT F TR A3, TeOs” Al HTeO; 25

100

80+

60 -

401

Molar fraction/%

20

-4 0 4 8 12
pH
5 Y& Se(IV)kEE41 5 —pH ik
Fig. 5 Curves of Se(IV) concentration—pH in precipitated
gold solution
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Fig. 6 Curves of Te(IV) concentration—pH in precipitated

gold solution
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Table 2 Electrode reaction and standard electrode potential

Reaction Electrode reaction p° IV
No.
1 AuCly +3e=—Au+4Cl- 1.002
2 PtCl* +2e=—Pt+4Cl 0.758
3 H,SeO0;+4H +4e=Se+3H,0 0.740
4 TeClg® +4e=—Te+6Cl 0.630
5 PdCl,* +2e=Pd+4Cl 0.620
6 H;TeO; +3H +4e=Te+3H,0 0.558
7 SO, +4H +2e=H, SO,+H,0 0.158
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i (T [ AL 26
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H1, {E 15 min AP, U453 S a4 43
I 24 S SN E] A 15 min 88505 2 h 5, wERT
T Jir 25 5 2 [) PR A T HE I, A PR B e 0 4
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Fig. 7 Effect of reaction time on recovery reduction of rare

and precious metals
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Table 3 Effect of catalyst addition on reduction rates of Se and Te by complex catalyst

15 min reduction rate/%

30 min reduction rate/%

120 min reduction rate/%

NNaCI-FINaBr-/INal

Se Te Se Te Se Te
3:0:0 69.3 47.6 93.2 49.6 100.0 99.2
0:3:0 79.4 55.3 96.8 58.7 100.0 99.9
0:0:3 76.1 56.3 97.1 54.1 100.0 77.2
1:1:1 80.5 62.3 97.7 90.2 100.0 100.0
2:0:1 83.1 61.2 98.1 88.4 100.0 79.4
1:2:0 86.6 63.9 98.5 96.6 100.0 100.0
0:2:1 83.2 60.4 99.0 91.1 100.0 81.0

=4

A AL NaCl A1 NaBr T 6 AT A I 28 ) 52 0

Table 4 Effect of catalyst addition on reduction rates of Se and Te by complex catalyst of NaCl and NaBr

15 min reduction rate/%

30 min reduction rate/%

120 min reduction rate/%

NNaCI-FINaBr

Se Te Se Te Se Te
2:1 80.3 47.7 96.8 49.6 100.0 97.5
1:1 80.7 56.4 97.7 58.7 100.0 97.8
12 82.4 57.8 99.0 99.2 100.0 100.0
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Table 5 Results of scale-up test

Time/ Reduction rate/%

min Te Se Au Pt Pd

15 98.7 100.0 100.0 100.0 100.0
30 99.2 100.0 100.0 100.0 100.0
45 99.3 100.0 100.0 100.0 100.0
60 100.0 100.0 100.0 100.0 100.0

F6 LW XRF GEPES T4 R

Table 6 XRF analysis of reduction product (mass fraction, %)

Te Cu Se Au Pd
73.95 12.35 7.65 3.31 0.95
Mg In Pt Others
0.63 0.35 0.24 0.58
v v— Te

v v
h v v v ¥
1020 30 40 50 60 70 80
20/(°)
B8 JHOKSEEILF M) XRD %
Fig. 8 XRD pattern of scale-up test reduction product

B9 JHASLEILIF P SEM 14
Fig. 9 SEM image of scale-up test reduction product
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N 100 g/L FRIRIKFE A 368 g/L. VR 85 'C4%
PERRMN 2 h J&5, WEHAIEIRER 100%, A
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2) LOBREREATE R Pi4x e e Jsml, 7653 Gk
71 NaCl 5 NaBr 4 i & Le oA 1:2, [l Wil 85 °C,
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3) WJEFE TR . A B AL Bk
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