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Table 1 Main chemical components of silver anode

slime %
Au Ag Cu Pt Pd Bi Te
9.77 48.69 4,28 0.081 0.189 8.56 0. 38
2
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2—CuO
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i 4—Au
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Fig.1 XRD pattern of silver anode slime
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Fig.2 Process flowchart for recovering Pt and Pd from

silver anode slime
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Fig.3 Effect of nitric acid concentration on leaching

rates of precious metals
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Fig. 4 Effect of leaching temperature on

leaching rates of precious metals
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leaching rates of precious metals
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Fig. 6 Effect of initial pH on precipitation rates of
Pt and Pd

2.2.2 TLIEIREXNE HITUE RIS

T T 0 i A 0 R R SR Y 2. 5
EMRZ P IR pH=0.5 ZE47 5640 F . B 5 UTTE
it B2 08T A T A BT TE B R W, 45 2R A &
7THR

100
80 |-
X
< 60
g
2 40r
—a—Pd
20 —e— Pt
0 1 1 1 1 1 1
20 30 40 50 60 70 80
VIR E/C
B 7 iEREX Pt.PdiliEENENm

Fig. 7 Effect of precipitation temperature on

precipitation rates of Pt and Pd
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Fig. 8 Effect of dimethylglyoxime addition on
precipitation rates of Pt and Pd
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Table 2 Chemical composition of nitric acid leaching

solution from silver anode slime mg/L

Ag Cu Bi Pt Pd Te HNO;

13 097.1 11 586.1 22 123.9 211.1 496.7 1024.6 22 141.0

Hi e 2 AR, B R LA T R B R EE 3 il
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Table 3 Chemical composition of Pt and Pd
precipitation solution mg/L

Ag Cu Bi Pt Pd Te

13 847.2 11 834.4 23223.1 23.12 0.10 1032.6

H 9 AT, BUYE Rl 0 ZE K & 40 min
B WP R R E R 211, 0 mg/L BB E
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B O 4> 9 13 847.2, 11 834.4, 23 223.1 Fi
1 032.6 mg/L,
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Fig. 9 Mass concentration changes of Pt and Pd ions in

solution during precipitation reaction process

ZRTFAA UE T 48 S B b 5 L A0 AR T 6
By 11, 43 % F0 28, 56 %, 1% T. 2 B 48 B R
1K 99. 05 % HAE MR N 78.32% . 1B R H AN IR
B 2% 5 00 1) IO UE % A AR PH AR U8 v s oy
B E S ERR . DU SRR M &8
Ag.Cu,Bi, Te) Al #F — 253 i 43 2 UUTE ¥ i,
TR A i A A U0 A T SR [ R B AR DR R
1o A ST REVRAIE B, DA I 4 T B U R 2R 9 i
15 W HE

3 it

AR H figf B AR 8 A DRk L SR R R R 4%
AR EMPIE T, v @ik a 85 w840,
M, TERSERVE BE R 40 %0 GREE R 90 °C R R
it 4 1 KT R BT R 2R .
B AR RN R 89, 97 % FI 99. 17 % 5 il R 12
WG pH=0.5 B R AT ZEiJi5 F0 2, 4- 18 e
R i R R OYE , AR E R 70 C LT A S A
I BRI 2.5 fE AT B AR TUE R 4
I3k 88. 45 % 99. 78 % . & T2 WA AR EYCR
A3 R 78,32 %11 99. 05 %, AT ARAF A AL B 4
BIA 11,43 % F0 28, 56 X MRS ™, % T2 3 1 il
PR35 245 A UUTE SE 3 T MR BH A U 33 3 i —
B2 a R R, B AR 4 8 2% T . =
B4y B I SRR A 4 T L Dl B BE R U PR A Y
1R T SRR T — SR R AR

SE 3k

(1] Wbk, B8, 5K AR I, 45 UK AL BB 23 25 SR RS
Fha AR 2 RSt B AELT. h A B G R A R 2017, 27
(2):430-438.

Peng Yinglin,Ma Yayun, Zhang Yuanfu, et al. Thermodynamic

and experimental study on selenium and tellurium separation



674 - i

e

%R

g

2026 410 H

2]

[3]

[4]

[5]

(6]

L7]

[8]

9]

[10]

from platinum and palladium concentrate by oxidative alkaline
leaching with hydrogen peroxide[ J]. The Chinese Journal of
Nonferrous Metals,2017,27(2) :430-438.
ZHEMHER AN T Z SR P EA GRS,
2009,38(4) :42-45.
Li Chunxia. Practice of platinum and palladium concentrates treat-
ment[ ] ]. China Nonferrous Metallurgy,2009,38(4) ;42-45,
XU S A, 5k D L AR AR SR i ).
o A (4 2 4. 2017,27(6) 1 1280-1288.
Liu Zhigiang, Zhou Xiangqian, Zhang Kuifang, et al. Chlo-
ride leaching of Pt-Pd concentrates[ J]. The Chinese Journal
of Nonferrous Metals,2017,27(6) :1280-1288.
HOER] VR A8 0 240, 45, 3 4F 42 3R A0 4 I B R 24
BT R BL T[], B 5770k, 2012,14(2) 1 138-142.
Dong Haigang, Wang Yunhua, Fan Xingxiang, et al. Global
supply-demand status of platinum group metals resource
and Pt, Pd and Rh[J]. Resources & Industries, 2012, 14
(2):138-142.
David W R,Donald B 1. Platinum group metals-world supply
and demand[R]. Reston: U. S. Geological Survey,2004.
I 0 L 200 RS vl R M 4 TR B IR 3 A T BRI R Sk e
X BB, & 7 425 FIH . 2007, 28(2) : 27-30.
Chen Xifeng, Peng Runmin. Analysis of platinum metals
resources conditions and strategy for sustainable develop-
ment of platinum metals industry in Chinal J]. Multipurpose
Utilization of Mineral Resources,2007,28(2) :27-30.
2 JE L SR L AE . o A A R A TR Bk
SAT T, Hb B E R . 2017, 36(4) :676-683.
Li Pengyuan, Zhou Ping, Qi Yabin, et al. The supply and
demand prediction and suggestions of platinum-group met-
als in China[ ] ]. Geological Bulletin of China,2017,36(4):
676-683.
XSG 5 SKAR T 5K Al L S5 BNHDRT N UE 4 B BiLFe ® AR
S E T2 A 6 E 2. 2021,31(1) : 141-150.
Deng Yuqing,Zhang Yuanfu,Zhang Jinchi, et al. Enrichment of
precious metals by hydrometallurgical separation of Bi and Fe
from platinum palladium concentrate[ J]. The Chinese Journal of
Nonferrous Metals,2021,31(1) :141-150.
A, Rl BB 40 45 Ja A A0 0 Il e R Bk TR
BHA[I]. K4 ,2011,32(1):76-81.
Wang Yunhua, Wu Xiaofeng, Tong Weifeng. Present
research status and developments on recycling technology of
renewable resources of platinum group metals[ ] ]. Precious
Metals,2011,32(1) :76-81.
HE WO BRZEAR G5 BRI Ak B IR 7 IR
AR & m 1] T EA 6482, 2006, 16
(2):363-369.
Huang Kun,Chen Jing,Chen Yiran.et al. Recovery of pre-
cious metals from spent auto-catalysts by method of pres-
sure alkaline treatment-cyanide leaching[ J]. The Chinese

Journal of Nonferrous Metals,2006,16(2) :363-369.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Esh R R BRSSO NHAER T T R A, Pt
Pd[J]. %A 4 .2012,31(1) : 13-15.

Wang Jingkun, Wang Yunhua,Zhao Jiachun,et al. Recovery of
gold, platinum and palladium from platinum-palladium concen-
trate ] ]. Hydrometallurgy of China,2012,31(1):13-15.
TRIEAR T R F KR A T2 A i R 4 2 W] Y N
JER[J]. #4x,2013,34(11) :58-60.

Zhang Xiaochun, Fan Xiufeng. Application of flocculant
sedimentation of powdered carbon in cyanide leaching[]].
Gold,2013,34(11) :58-60.

Baghalha M,Gh H K,Mortahe H R. Kinetics of platinum
extraction from spent reforming catalysts in aquaregia
solutions[ J]. Hydrometallurgy,2009,95(3/4) :247-253.
BRI E e, Lo, 5 WK T8 ER T A,
Pt.Pd[J]. 348 .2012.22(1) :45-48.

Zhao Jiachun, Wang Jingkun, Wang Yunhua, et al. Chlori-
dizing leaching of Au,Pt and Pd from platinum and palla-
dium concentrate[ J]. Precious Metals,2012,22(1) :45-48.
WAL SZ R 5K B, A5 e T ik R Ak O 0 Ak ) o
MEPEHURL HCI-DCEA f & M T2 ]. b A €Ik 4,
2024,53(3) :37-45.

Cao Yaohua,Peng Dayuan,Zhang Qin, et al. Optimization
of recovery process for insoluble particles from waste plati
num catalyst by HCI-DCEA system using response surface
methodology[ ] ]. China Nonferrous Metallurgy, 2024, 53
(3):37-45.

B R ST S VR R AR A AL R R
o BRI T L], Mk IR 42, 2023,42(3) 1 252-257.
Dai Yutong,Liu Jianpeng, Feng Shaoping,et al. Extraction
of palladium from leaching solution of automobile exhaust
waste catalyst[ ] ].Hydrometallurgy of China,2023,42(3):
252-257.

Tl A E TG A N AR HOR A R A
H e BRI R I W ST [T ). Mk 1R 4, 2018,37(5)
376-383.

Ding Long, Yang Jianguang, Yan Wanpeng, et al. Enrich-
ment of platinum group metals from cordierite-type auto-
motive exhaust catalyst[ ] ]. Hydrometallurgy of China,
2018,37(5) :376-383.

XAk, 275 55, B A L 45 N Pd/ Al Oy AL ) H I 1
I i 48 TR S FR L) )0 1 16 4 . 2023.42(5) :450-457.
Liu Jikai, Li Qiyong, Liao Jinghua,et al. Research progress
on hydrometallurgical recovery process of palladium from
spent Pd/Al;Os catalyst[ ]J]. Hydrometallurgy of China,
2023,42(5) :450-457.

RIGeld VAR AR - KA TR A R AR B AL )
R IR 2 SR B AL ], B4R . 2010,31(4) £ 24-29.
Wu Xiaofeng, Wang Yunhua, Tong Weifeng. A novel
extraction process of PGM from spent automobile catalyst con-
verters by wetfire metallurgical technique combined method

[J]. Precious Metals.2010,31(4) :24-29.



5 45 B 5 M AF YRR M BRI IR 28 5 T VE R MR BB D8 h DI 5 4 .« 675 -

[20] k4. X053, TR, 25, I 1m0 i 2k % A Ak ) v T R AR AR (9 7 1k £ 202010564137, 5[ PJ. 2021-10-12.
AR 7). b BRI LR A R T 2024,42(6) £ 26-28. [24]  EAREE, RV oMk, 5. 4 BH AR U6 A iR 2 W i 4 A
Zhang Jinchi, Liu Guiging, Zhang Fan, et al. Experimental ORI R LT ], 4R .2017.38(3)  1-4.
study on the recovery of platinum from spent reforming cata- Wang Jun’ e, Zhong Shuiping, Zhang Huanran, et al. A
lysts by pyrometallurgical smelting[ J]. China Resources Com- study on the process of recovering platinum-palladium
prehensive Utilization,2024,42(6) :26-28. from the nitric acid leaching solution of silver anode[ ]].
(217 Emk A5, RE e, 55, 770 26 Bk A s 5t & R R Precious Metals,2017,38(3) : 1-4.
P AR L], A A4 R GRIRHRSY) . 2023(2) :82-85. [25] K. E R SR MM A5, MAR FH AR r 1o WO L4 L 4
Bai Xianglin, Yang Quan, Wu Xilong, et al. Recovery of WL A R4 .2017,46(4) 44-47.
platinum and palladium from waste solution containing Zhong Shuiping, Wang june, Wu Jianhui, et al. New process of
trace precious metals by solvent extraction[ ] ]. Nonferrous recovering silver,platinum and palladium from silver anode
Metals (Extractive Metallurgy) .2023(2) ;82-85. slime [ J ]. China Nonferrous Metallurgy, 2017, 46 (4) .
[22] FEERIE, AR TT AR08 55, B4R FABUE H, O, i 80R 4240 44-47,
WH T L0, P EA @48 %R, 2025,35(3) :929-939. [26] JABEHPRE. T BG5S NiclD \PACID (PeCID M E S
Cheng Zhixuan, Zhang Yuanfu, Xu Juan, et al. Novel process R K FT-IR SGig 75 (1. A 0 48 QR R F 4 . 2001
for highly efficient leaching of Au,Pt and Pd from decoppered (1):32-35.
anode slime by acide Hy Oy system[ J]. The Chinese Journal of Zhou Xiaoming,Chen Jing. Chelation reaction of diketone with
Nonferrous Metals, 2025 ,35(3) :929-939. Ni (I, Pd(ID), and Pt (Il) and FT-IR spectral study[]].
(23] XU 2R L 25 B, S5, — bl JAA ¥ 32 0 41 8 R S 28 9 R Nonferrous Metals (Extractive Metallurgy) ,2001(1) : 32-35.

Recovery of Platinum and Palladium from Silver Anode Slime by Nitric Acid Selective

Leaching— Complexation Precipitation Method
YUAN Bin, TENG Niangao, YANG Bo
(Danxia Smelter , Shenzhen Zhongjin Lingnan Non femet Co.,Ltd.,Shaoguan 512325,China)

Abstract: Aiming at the complex process, severe co-precipitation of impurities, and environmental
pollution problems existing in the recovery process of platinum and palladium from silver anode slime,
extracting platinum and palladium from electrolytic silver anode slime by selective nitric acid leaching
—complexation directional precipitation was studied. The test results show that under the optimized
conditions of nitric acid concentration of 40% , temperature of 90 “C, and liquid volume to solid mass
ratio of 4 + 1, almost all impurities such as silver, copper, and bismuth are completely leached, and
the leaching rates of platinum and palladium reach 89.97% and 99. 17 %, respectively. Subsequently,
under conditions of temperature of 70 C, pH=0. 5, and dimethylglyoxime addition amount of 2. 5
times the theoretical addition amount, directional precipitation is carried out, and the precipitation
rates of platinum and palladium are 88. 45% and 99. 78% , respectively, achieving high selectivity
enrichment of platinum and palladium and effectively inhibiting the co-precipitation of impurities such
as silver and copper. The expanded test results show that the direct recovery rates of platinum and
palladium by this process are 78.32% and 99. 05% , respectively, and a concentrate with platinum and
palladium contents of 11.43% and 28.56% can be obtained. This method achieves efficient enrichment
of platinum and palladium through the high selectivity interaction of the complexing agent, and there
is no wastewater discharge, providing a new strategy for the clean and efficient recovery of platinum
and palladium resources from silver anode slime.

Key words: electrolytic silver anode slime; nitric acid; leaching; complex precipitation; platinum;

palladium; recovery



