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Leaching Au, Ag and Pd from Decopperized Anode Slime by Thiosulfate Solutions
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Abstract: The results of DFT (density functional theory) calculation and thermodynamics analysis show
that S,05” is easier to coordinate with Pd(II) than Au(I) and Ag(l), and that the three elements can be
leached by ammoniacal thiosulfate solution. High contents of Sn and Sb in the decopperized anode slime
exerted no evident effect on the thiosulfate leaching of precious metals, but Pb that existed in the form of
PbO could cover the surface of precious metals and thus inhibited their leaching. A low leaching rate of
precious metals was attained by direct thiosulfate leaching of the slime. The leaching rate was improved
after removing part of the Pb by sodium hydroxide pretreatment. After carbonate transformation-acetic
acid pretreatment, 93.8% of Pb was removed, and as much as 88.0% of Au, 93.4% of Ag and 80.7% of Pd
could be extracted by thiosulfate leaching. The results of XRD and XRF indicate that no passivation layer
was observed on the surface of anode slime particles.

Key words: nonferrous metallurgy; decopperized anode slime; precious metals; acetic acid pretreatment;
thiosulfate leaching
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B WA T RSN 46.20%. 10.59%F
7.24% . BH L JE F B4 KN SnO,. PbSO, F
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A SbO; TERAFAE . FHARVE o 2 55 1) IR (A +
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Tab.1 Chemical composition of the decopperized anode slime

JBE  Aulgl) Aglgh) PdAgt) Sn/% Pb/% Sb/%

SR 1124 44175 953 4620 10.59 7.24
JLE  S/% As/% Fe/% Ni/% Cu/% —
S8 175 0.22 232 152 093 —

K2 JRABERYE b 5t &R TR KAWL
Tab.2 The phase constitutions of precious metal elements in the

decopperized anode slime

TOE i TR G4 1%
FREEN4E 99.5 88.52

Ay ANasE 7.6 6.76
e 5.3 4.72

it 112.4 100.00

TR AR 3937.2 89.13

AR 210.9 4.77

Ag i 146.9 3.33
AlasE 82.8 1.87

kR Sh 3 39.7 0.90

it 44175 100.00

FEE I 77.7 81.53
M) 15.6 16.37

Pd A 1.3 1.36
kR Sh 03 0.7 0.74

it 95.3 100.00

R 3 BV o SR TR AR LR

Tab.3 The phase constitutions of base metal elements in the

decopperized anode slime 1%
TCHR Wi e oAt

A 44.17 95.61

o TR R 1.51 3.27
IR #h 0.52 1.12

it 46.20 100.00

TR ER Y 9.14 86.34

L 0.80 7.55

Pb AALEY 0.62 5.87
TRk 0.03 0.24

it 10.59 100.00

BRIR #h 6.04 83.50

S AAuEh 1.07 14.75
TRk Bk 0.13 1.75

it 7.24 100.00

10 20 30 40 50 60 70 80
20/(°)

(a). 4R BH %I (Decopperized anode slime), (b). NaOH TiALFE i (NaOH
pretreatment residue), (c). BiEZTALBE# (CH;COOH pretreatment residue);
1-Sn0y, 2-PbSOy, 3-Fe(SbOs)s
B 1 FRRIEYIRHET XRD & E

Fig.1 XRD patterns of decopperized anode slime materials

2.2 DFT it&E

Zhang®™ R HPIRIL S,0,75 Au'. AgHI
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LB TR DFT 545 5851 T2 4.
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(a). $2057; (b). Au(S:03):”; (0). Ag(S203)s”; (d). Pd(S203)s™

B 2 BRI SRS

K4 =PI TH DFT HHER
Tab.4 The DFT calculation results of three kinds of complex

anion

MeE T Au(SZO3)237 Ag(SZO3)357 Pd(SZO3)467
S-M %
¥ /nm 0.237 0.261 0.243
S-M-S 177,61 115.80, 145.83, 95.17,94.52,
A : 98.37 78.04, 92.46
gt iie/ -367.51 -119.63 -663.70
(kJ/mol) ) ) )

WL 4 2F, AuS,0:),"+ Ag(S,05);” Hl
PA(S,05)," 1 45 4 BE 40 i N -367.51. -119.63 FiI
-663.70 kJ/mol. L& T LA REER T, B 5 E R
&M bl S,057°5 3 Mk & RE 7% s
SN A PA(IT)>Au(Ty>Ag(I).
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4. WAREEE 3)~C)imR). &-2-AHEg
7K1k 2 (9 Eh-pH Kl 3(a)) 5 Chen ")} 77 45
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Fig.2 Optimized structures of thiosulfate complexes
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pH
(c) 20
PdO

(b) 20
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Ags,0); T

Ag,S

Ag

-2.0

pH

pH

(a). Au(0.1 mmol/L)-NH;-S,05> -H,0; (b). Ag(0.1 mmol/L)-NH;-S,05>-H,0; (c). Pd(0.1 mmol/L)-NH;-S,05*-H,0;

(d). Sn(1.0 mol/L)-NH;-S,05> -H,0; (e). Pb(1.0 mol/L)-NH;-S,05% -H,0; (f). Sb(1.0 mol/L)-NH;3-S,05> -H,0
& 3 w4 BEMKEEE Eh-pH E (0.6 mol/L S,05, 1.0 mol/L NH3, 25°C, 101.3 kPa)
Fig.3 Eh-pH diagrams of precious metal elements and base metal in 0.6 mol/L S,05>", 1.0 mol/L NHj, 25°C and 101.3 kPa
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REFE, PRIEAEIR Y e S S SGTE TR RS
2.4 WARRLSEEERH

K HBACIRIR 25 BRI A B AR e, SR miAR
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mol/L). ZI#K 5 (0.6~1.4 mol/L) AN Hi i [8](2~10 h),
5L I NS AT AR R B R, 25 SR 4 B .
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(a). 0.02 mol/L CuSOQy, 1.0 mol/L NH3, 8.0 h; (b). 0.6 mol/L Na,S,03, 1.0 mol/L NHs, 8.0 h;

(¢). 0.6 mol/L Na,S,03, 0.03 mol/L CuSOy4, 8.0 h; (d). 0.6 mol/L Na,S,03, 0.03 mol/L CuSOy4, 1.0 mol/L NH3

B 4 KA XA ER # EHHR R AR

B 4 T, 4. SRR IR H 235 B e B 2%
P E R sE S I E I8N B 4(a) (b)FI(d)R H K BE
P i D51 AT A pl T B A QR R kY s K e B ik
Z R 50, T B 4(c) iR RN R
DR AT i A2 HH T v B 1 205 B0 (LD 3 PR R B
A AP P, BRACHR R £k 1 Y FEERE AL bR T
W—E N, AR E R R IR N (B 4(c)),
TR DR AT A2 ) (X PO 375 T VR A BT P R AR

RIEE 4 (251, BRACERER EhI= 16 B S B
AR BRACERRR EhIKFE N 0.6 mol/L, B BRIk %
4 0.03 mol/L, Z ¥ &~ 1.0 mol/L, 32 Hil 18] 6 ho
FEHEAET, & ARFEER RS 5N 37.3%.
69.2%F1 43.8%, FifXHRELSRIHFEN 33.2 kg/t-FHK
o & BINRHRET R 2 F R 45
R, BOBEARBH B YR A B R TR R A AR
R 7053 A X FTRE S TR AE & B AR REm
M 40)ATE Y, 24 Cu® W T 0.03 mol/L It
SR R R B, AR IR SRV AR B R 1,
15 BA AR YR AR AT AZE SRR QBRI SR v v 5 40 7
Bl BrCL, A e 4, B BEAR Ve AR B
B, SXTARERIR 2R S SR P AR AR .

Fig.4 Effects of reaction conditions on direct thiosulfate leaching rates
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PR (R TAL ) B o
2.5 SEMHTUEE-FARER R H
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TERACHR R £ E R H AN [F) Ak #3272
AEREERL, i S pral. B S WL, HY R
B NaOH ¥ J&(1.0~4.5 mol/L)A1 52 S I} 8] (0.5~2.5 h)
(R HE AT 3G 0, BE S DR EE AR ANAR s B 4 IR 52 (25~90
C)Ftfr, HYRI R BRFRFEEIG ), ik G A
DR 7% RO kb, f s R 7 90°C o [R5
MEFER M, ShERBERBM G SHIEER T
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(a). 90°C, 2 h; (b). 4.5 mol/L NaOH, 2 h; (¢). 4.5 mol/L NaOH, 90°C
&5 NaOH FALER K AN AN B R £ 2 K
Fig.5 Effects of NaOH pretreatment conditions

on the removals of Pb and Sb

Tab.5 Comparison of results of direct thiosulfate leaching after different pretreatment

VISEyrEaY

AR T H Au/(glt)  Ag/(gh) Pd/(g/t) Sn/% Pb/% Sb/%
TRACHR R #h 90,359 N N 78.0 1504.4 59.2 51.04 10.94 8.01
HiEEH R 37.3% 69.2% 43.8% 0.2% 6.7% <0.1%
$7 50% YD N 128.4 5045.0 108.9 52.48 5.22 7.15
NaOH 4t #i- o <0.1% 0.1% <0.1% 0.6% 56.9% 13.6%
AR 12 09 85% Vs % 44.1 992.9 38.0 56.35 5.35 7.70
B 68.1% 81.7% 67.6% 0.3% 4.9% <0.1%
BRER SR 1142 44875 96.8 46.93 10.76 7.35
——— 8321%  BEMRTIALEIE 1372 5391.3 116.3 56.36 0.80 8.83
AR Sk b RS <0.1% <0.1% <0.1% 0.1% 93.8% 0.1%
03.16% iAD % 17.6 383.7 24.1 60.28 0.86 9.47
B 88.0% 93.4% 80.7% 0.4% 0.8% <0.1%

Wt 1(b)Fw, 5B FE AR RN 1) ML,
SnO, Fl Fe(SbOs) [ JL-F-AAE, 1 PbSO4 I
RARGHEATSRTEMT . 1K R WITE A BH AR e, 50
HiReim I AL BERR 25

TE Ji6 8 BE AR e R, AT AR S R BE 23 A R
56.9%F1 13.6%, {HiE4. . WS LA B .

BRIV R R 0T BE 2 KON BRI B Wk b R %L
BHAE TAL BRI R Hh ] DLV A
Sb,05+2NaOH—2NaSbh0,+H,0 3)
NaOH T FH J5 86 1A AR 22.(13.6%) 5 B AL B 7E
FHAR R = B R I Ee 1 (14.75%, 3R 3)FHIT, 1X—45
ST RO
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52T AR AL B 2 A4 25 B R s,
Bl 6 BT BRI A 25+0.5°C).
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(a). 2 h; (b). ¢(CH3;COOH)=1.0 mol/L
B6 BEMTAERNEMGESHEBREMM  Fig.6 Effects of acetic acid pretreatment conditions on Pb removal
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mol/L) 1 J SIS 18] (1.0~3.0 h) I3 b 34 n, [ i £
FEANAS . By AR E ISR AL B R AN e . e
SN S A B BRI FE 1.0 mol/L, [MER[E] 2.0 ho M
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Fig.7 XPS spectra of Pb 4f;), of residues before and after

pretreatment-leaching
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