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Table 1 Chemical composition of gold separating residue

(mass fraction, %)

Ag Pb Ba Sn Sb Te Cu Bi
17.40 18.32 24.67 8.41 .22 098 021 0.30

= —AgCl
A _PbSO4
+—BaSO,
o _PbC12

10 30 50 70 90
20/(°)

1 734 XRD %

Fig. 1 XRD pattern of gold separating residue
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(SPECTROLAB M11), HUERS #5457 8 7 il A BT X
(5100 ICP-OES), X HZATH i (U(XRD, Rigaku,
D/max-RB), #1HiH T BiEIISM-6510). 55684
THR AR B (HH-S1), HBhHFEENLB-90D), L6 %
HEAI(DHG-9023A), FLASTEYE,

1.3 REHE

F 70 C K > St H U BV pH & 500 7,
MR £ HT . B S kg 404, Ol 250 g/L AR
B (pH=8.0), IR Ly 8:1(8 L:1 kg)s Vil
JE5 40 °C, BEFEFGE N 300 r/min (4R XM 2 h,
SN 45 R I i 43 B A 3 S RO oy R, ot Lk

Ao oM, VRSP IR R s IO ARMON Ik
AT W 2B R AV pH DUTE SRR, 182
SRAPA AR UG W X DO S WOBEAT 18053 43 #r s
OHL AL Jao), Pl by eI . 4
AIRIE . SN SN )55 45 P SEAL AR i AL B
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FRIENI L BRI A - R VE L R ARG R
VEL WA AN SRR Ay B R UR I R
B AR R B A R e Al AL
N 99% AT, it EEHLMER R T 2R A, “BRIR AL
R-FRAE" RAERAR T BRI Z T, R iR
FERRIR B Y R R, PRIEAT 2GR 0 AR A R
R, HZTZREK, Rl iTh s
HERANEGE S B E TR, 22 e AR S 5 53 A
AbFR, R HARIE AT 99.99%; B AU IR BAVE A7 1L
WPEPEZE . WA RS RN, A R
T2A RS AR R T 2 BN BAR
MR T, RATRGR I R IEFPELr . S5t
B2 7/ WP & 3T I VA8 o 21 4o S 1 Y A G B
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TFRR AL TR, 300 Ji e VI PR Sk s 0 R PR Hh S AL R
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Wi AR 2Ty )

ARSI “ AR A “PRACTTARL” A
Zits TE, S et b AR R RGR 7 2, Cl
ST S T ANE LR PR A T w2 IR IR BV
RENS 2 UCARIME I . 2 L AR R B pH O 8.0 R
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SRR TN AR IR A A 2% 5 SN, SEILAR A1k 6
Rt OO R, I BRI % 2 AR pH
B, At S WD) AN Q2) I S WA A, i
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JERIMANEIE R pH % 8.0, KAERIN(2)IE X
N, A SRR R A A o

SO,+H,0——=HSO0; +H" (1)
HSO; ==S0," +H" (2)
AgCl==Ag"+Cl" 3)
Ag++SO32'=[Ag(SO3)]" 4)
Ag'+2S05" ==[Ag(S0s),]" (5)
Ag'+380;> ==[Ag(805):]" (6)

22 FTA A BB Ay, AL Ik
Bk 21.4 g/L, MIEDEIBARFIRNE & IR, A
AR AR RN R Rl 98.4%.

F2 HBALSE Y
Table 2 Chemical composition of silver separating solution
(gL)

Ag Pb Sb Te Cu Bi

214 0.044 0.026 0.014 0.051 0.037

B 2 FioR b o B R AR B IR S S Y pH Y
KA, AL pH EHA 8.0, HIEEA 21.4¢g/L.
BV pH (MR RAR 2 1 & i R R,
5.0<PH<7.2 W, #WHPEREFIREREFEMIL: 4
pH<4.0 B, WP E TIRE TREEBINTE: B
pH BURAR B 7 UTTE e 42 o DR o 0050 B A v v Hh A A
SO,+ HSO; A1 SO I 2 MR W (1) AI2)), 24
PH<1.9 W, FZELL SO, MEFae i 4 1.9<
pH<7.2 i, FELL HSO; B REEAETE; Ml
i) PH>7.2 B, FELL SO MRt

25

.—Ag

20¢

15+

10

Concentration of silver ion/(g'L™")

0 e 1 1
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pH

2 B TFIRESHEW pH FIRER

Fig. 2 Relationships between concentration of silver ion and

solution PH

BRI, 4200 pH<<7.2 I, H,0-SO5> & i fa
SE X SO;” B A HSOy X, 445 MR I K (1)
Wesr, Swirhid BN EE T AERERTE,
BB R S BRAIG, Y pH KR 4.0 JE
AR B T REAYTIE TE 4

oM RO BRI 23 478 I 4 A pH 2351k
4.0, 3.5 F13.0 47 3 ARRADTHGALS, XU G
B I REATAR I, FLAE AR WA P AR B Tk
FE#S/NT 10 mg/L, WINTTIERIER] 99.9%LA . 434
W pH AR S A SO, RARIE A i3, T
PRUF W PR B T 58 A DUVE FIR A U SO, Ak, 1R
DTN 2 R pH LB 3.0~4.0 Z[H],
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Fig.3 XRD pattern of silver chloride
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ISy Y ] 202N T2 RO S A A TV b
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AR, AT LR Al ARYE AgCl 1E
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Table 3 Chemical composition of chloride silver powder
Silver ingot Mass fraction/%
Cu Sb Bi Se Te Pb Fe Pd AgCl
1 0.0013 0.0026 0.0018 0.0019 0.0143 0.0343 0.0023 <<0.0005  99.942
2 0.0017 0.0029 0.0015 0.0021 0.0159 0.0357 0.0024  <<0.0005  99.938
3 0.0015 0.0021 0.0023 0.0017 0.0152 0.0361 0.0018 <<0.0005  99.939
Average value 0.0015 0.0025 0.0019 0.0019 0.0151 0.0354 0.0021 <<0.0005  99.939

JiUE 22 Te M1 Pb JG3R, HHLERZR IR Te &AL
)RR A AV A A SR IRV VT 4 B 25, KR %E PBCL,
WA R IRV S5 R e UL T v R B 3G R TR A, 8 e
FEAE— 8 R EFANRLE T, shBe SCIL P VR
Bk, IR ELAl AgCl. BT T8 HA JsURKE ML
AP IR VSRS PRR R ANS G AR )
IR

DURH SN JsOok), HAR 22 in sk 3 o, 98
B LA 521, BFFUARINN L WIURIRE . R VY.
MRS S IR A 45 2] SUA R A BR AR AR 1R 52
ST I AR AR . MR SRSy . B R A3 A

0, J R (7) T Te 1 Pb (13 H R

n= QXIOO% (7
X p ARNE R, AREPITRNEE: V AR
AR p AR BT R REIR S
PRI LG A 5:1. BHIZARREE A 3.0 mol/L. MW
HEH 70 C RNVEFECR 3.0 h B, 581N
N A2J5T Pb F1 Te [ 158 5 20 SRR A 25 1 IR
Ak, HEERME 4 Fros. LRI EXT Pb Al Te

80

jﬂ 601

§ *—Pb
2 °*—Ag
g 40+ +—Te
=]

3

=]

38

g 201

=

25 50 75 10 13 15
Mass concentration of purifying agent/(g-L™")
& 4
Fig. 4

LA 5 Pb. Te 1 Ag BURIKRFENISCR
Relationships between purifying agent and mass

concentration of Pb, Te and Ag

(BRSO R B, A AR S 1, 4k 77
WM 2.5 /L #5410 /L i, % Pb Fl Te (1)
VA4 MM 51 mg/L M1 6 mg/L #2754 65 mg/L 1 28
mg/L, AR EIAR] 10 g/L UG T 128 . MR
R (T, T SR 10 g/L 1, Pb
H1 Te (IBERR 2R 43 A 2] 91.8%H1 92.7%, M4 2111
WREE/ANT 10 mg/L, Ay ARAIE 2% M B3R 11 [ Fep S PARAR:
I R, A TR 10 g/L.

P LR 521 EFIREE R 10 g/l N
FEH 70 °C ISR 3.0 h I, 255801 UA R I X5
R AYE (PO )R B T(AgH 5 & T4
1E— R H %A [ NP5, Pb* +nCI=PbCl,* "(n=1,2,
3, =), AgnCl=AgClL' "(n=1, 2, 3, ), A& T
B, WAL S S TR .
PR3 T CUR HY, M, mk B b i A A
T Pb kR, (HIE ) CU 2 (8 Bl 48 A 3 NV I0E ik
BRS843R 2R, SRR L F] 3.5 mol/L Y,
W E R 67 mg/L, TR & ik ik 5] 23
mg/L. 7EPRIFAR MBI FTEE T, T st e m h i
[ RE, LUIKE] Pb A1 Te ithk H 1. kB blw
MR MIRIE N 3.0 mol/L 4 A 3L, ¥ Hh B AR (1194

80
=—Pb
.—Ag
+—Te

60

40t

201

Mass concentration/(mg-L™")

0 L L . . .
1.5 20 25 3.0 3.5 4.0 4.5

Initial acidity/(mol-L")
5 WIARIRELYE Pb. Te Fl Ag JURIRIEMI X R
Fig. 5

Relationships between initial acidity and mass

concentration of Pb, Te and Ag
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FES3 5914 63 mg/L A1 29.4 mg/L, AR L 2 ik
JE AT 8.5 mg/L, HMHA R,

PEHIAE LE R 5:1. ¥R EE R 10 g/L BIAG IR
FE24 3.0 mol/L SN [A] A 3.0 h, 548 i Wil B 0
HER P B 6 B VM 60 CTZ 70 Tl
Bl T Py Te ¥RFE S Ika, LR 70 C
PUG Te WREFEARTE, MATKEMKARET S H R
80 CAMATHEE, HiIREWIHERNIAE 70 CH, Te
LA FEAYBERR, 10 Pb 75 BHEEIAF] 80 'C A REE
AP WEFR A, TR MR AR, FEH T
AT A 52 V5 0 P IR P 5, E— B TR JE 4%
PER B8 R R o v AR R, S RV R Ik F
70 CHbFEIA 2] T HARSE AN Te 08, EE TS
XF Te MB35 AN X2, i S A A (100 395 i i o UL 1)
AR, W RE R s L A RO, A TR IR
B, A BRI s NAELE R 80 °C
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Fig. 6 Relationships between reaction temperature and mass

concentration of Pb, Te and Ag

PEHIAE LE ok 5:1 ¥R EE R 10 g/L, BIMGIR
JE4 3.0 moVL. ML 80 °C, 5L NI 4]
BRI . & 4 B Sy SO I )6 F A B 445 i
AR, M NIEF] 1.5h LS, Pby Te Fl Ag & 7R
HHETHE, BRI, Pb Al Te B TIKEE 354 65.4 Al
28.1 mg/L, MRAmE HZHE A (7), THHEH Pb #l Te &
HRIN A 92.4%F1 93.0%. K T RIEZR Fic R A E
JERg, AR A A B S LA K 2 he

AR LA IR0l SRl e v A o i i T 24
HALFIREE N 10 g/L WIGRERFE R 3 mol/L R Nl &
80 C. HH VIS TH] 2.0 he

FACRE A R KE I PR, WEHEE)E
SR HE A S AT AR BT e ), i G

BB S SINRITICE, KA A R
SIS RO R AL E AR, W
ST T IR G WERE R, JURRBHLE A 2
(8)F 5%

4AgCIHN,H,+4NaOH—4Ag | +N,1+4NaCl+4H,0  (8)

A A S PG K A T I D S A R B EUAR 11
5, ARSAEE AR IR EAf g KB HE I S R 1) B
HER N4 NaOH [FIRIER 40 g/L, KEMHHEA
BB 1.1~1.2 f5, RNHS[E] 45 min, SAERMIE
JERILF] 99.9% LA I,

80

60_ ./-___,_.-———N———“
*"—Pb
I—Ag

40+ —Te

—

201

Mass concentration/(mg-L™")

>~

0 1 1 1 1 1 1
05 10 15 20 25 30 35 40

Reaction time/h
7 RNHE L Pb. Te Fl Ag FiRIREEIC R
Fig. 7

Relationships between reaction time and mass

concentration of Pb, Te and Ag

2.3 Hiikikig

HURR AT AL S AR SRR, BBy 3R 3
Bz, BRI EE ] 10 g/L WILG R 3 mol/L.
WA LE R 5.1 OV E Ky 80 'C MK 2 h, X
A5 H I 80 C AR TR /K SRR ALY, Yol B &
pH 4 7.0 K1 EACEAE KRS IHRIE R 70 g/L, I
Ebohy 4:1, BRIKREEN 40 g/L, SN INE] N 45 min (14
PEFIEIR. & 4 A maidim b s /g5 8, 6
HARIS L = S AL S AL F] 99.995% LA b, & AR
S EAIE R E S bR vE IC—A99.99(1 S4R4E), 1S4
BEIAARE A 100%. HRYE 6 4125040, TH4TH Pb Al
Te (93 54 97.7%H1 96.7%, HLHIFHH
WIS ] 98.1%.

X A% (0 7 SR AT T B A R R RO S I 2R
e, 8 B MEM A KIE. BT IS4 XRD %
I SEM 4.t 8(a)rl &, HUR =400 FT Ags
B BRI A kAR 5 pm ZeA, T B4 el
BRI 4], kDM T« WA -1k
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Table 4 Chemical composition of high purity silver powder

Mass fraction/%
Silver ingot
Cu Sb Bi Se Te Pb Fe Pd Ag

IC—Ag99.99 0.0030 0.0010 0.0008 0.0005 0.0005 0.0010 0.0010 0.0010  =99.990
1 <0.0005  0.0006  <<0.0005 <<0.0005  0.0005 0.0007  <<0.0005 <<0.0005  99.9957
2 <0.0005  0.0006  <<0.0005 <<0.0005 <<0.0005 0.0006  <<0.0005 <<0.0005 99.9958
3 <0.0005  0.0005  <<0.0005 <<0.0005 <<0.0005  0.0007  <<0.0005 <<0.0005 99.9958
4 <0.0005  0.0005  <<0.0005 <<0.0005 <<0.0005  0.0008  <<0.0005 <<0.0005 99.9957
5 <0.0005 <<0.0005 <<0.0005 <<0.0005 <<0.0005  0.0009  <<0.0005 <<0.0005 99.9956
6 <0.0005  0.0006  <<0.0005 <<0.0005 <<0.0005  0.0009  <<0.0005 <<0.0005 99.9955
Average value  <<0.0005  0.0006  <<0.0005 <<0.0005 <<0.0005  0.0008  <<0.0005 <<0.0005 99.9957

@ JCPDS No.4-738 v—Ag

3 #it

8 HUMIY XRD 1% F1 SEM 4
Fig. 8 XRD pattern (a) and SEM image (b) of silver powder

DU =1 AL B AR I J50 7 1 AV V0 R VRS 24
KB 24T

DA SR 480 T 2RI« A 43 AR —
F I R — R BH Al e — A L AR (AR PRI R Al T2,
AL AT i B AR D AL BE T2, A B R4l A 77
RERZHH 6 d 4% 4 2 d, 4 PHAR Y S A= J 3 4 4 1/3,
AR 12 d 98k 8 d, T LU YR Ha AR W T 24
PR TERERER. PREEVS Y E R ) R, S
NG RS I T 2T R A ANS S i TR A -

1) $EH—Fh WAk SRR TR L B 241
KRR AIRE AR T A % ANS G AR B T
2, W T ERINEE K tE T 2507 TG, 3k
ATk,

2) KM WA M CRRALDUER T Mg AT
2 PRI R 98.4%, FEHI A LR
pH {H7E 3.0~4.0 Z[H], HIUTIERILF] 99.9%, YU
JE R PR B AR T 10 mg/L,  UAR S WO A B
il pH A4 8.0 1] A WA R B G PR

3) EfEF BRI T2 &M N A Rk EE N
10 g/L. WILRERIE M 3 mol/L. [Vl 80 'C. il
SVITE] 2.0 h, FHSGHLH 2% Pb AT Te 1950 bR 2 43
SN 97.7%F 96.7%, FJH/KE WHE Js 65 1 54k
B, BRIl IR B 99.995% A F, HR K E R Ik
F 98.1%, H % % JC % & i #0A F H K Ax v
IC—Ag99.99, 1 SHVEEIAFRE N 100%.

4) FFLLEREEERY AR T 2RI R T 2, AR
AIAT BB AR PR A R T2, AR Al i A 7 R A e
6 d 4k A 2 d, HPHBYE SR 4R 1/3, Rl R
B ARG AL B T2 AR, B i nl S5Ok (10 3 1. 4 R
AT
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Preparation technology of hydrometallurgical process
high purity sliver powder

WANG Qiu-yu"?, HE Qiang', HU Yi-wen', WANG Ri', HUANG Shao-yong?, LU Xi-cong?, SUN Jing-tao®, CAI Hu®

(1. Jiangxi Copper Technology Research Institute Co., Ltd., Jiangxi Copper Corporation, Nanchang 330096, China;

2. Guixi Smelter, Jiangxi Copper Corporation, Guixi 335424, China;

3. College of Chemistry, Nanchang University, Nanchang 330031, China)

Abstract: The copper anode slime intermediate material gold separating residue was used as raw material and a new

hydrometallurgical process of high purity sliver powder preparation was proposed, the process comprising following

steps: sodium sulfite leaching silver, acidification deposit silver, purification and sliver reduction. The reaction

mechanism and optimum conditions of process were investigated. Under the optimum conditions, the leaching rate of

silver reaches 98.4%, the removal rates of impurity element Pb and Te in silver chloride reach 97.2% and 96.7%,

respectively, and the direct recovery rate of Ag reaches 98.1%. The chemical composition, morphology and crystal

structure of product were analyzed by optical emission spectrometry (OES), scanning electron microscopy (SEM) and

X-ray diffractometry (XRD), respectively. The results show that high purity 99.995% silver powder with uniform

morphology and particle is prepared.

Key words: copper anode slime; gold separating residue; full hydrometallurgy; short process; high purity sliver powder
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