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Experimental Research on Comprehensive Recovery of Gold and Silver
from Lead-Silver Residue by Hydrothermal Leaching-Floatation

GUO Yanhua, SUN Yunli, GUO Haining, YANG Junlong, LIAO Xuezhen, PENG Jiancheng
(Northwest Institute of Mining and Metallurgy, Baiyin 730900, Gansu, China )

Abstract: In order to improve the efficiency of resource utilization and realize the comprehensive
utilization of secondary resources, the present tests were carried out to recover gold and silver effectively
from lead-silver residue as a secondary resource. The content of gold and silver in the lead-silver residue
was high, with the silver being at 245 g/t in the form of copper blue and silver sulfide minerals, and gold
being at 1.52 g/t. Based on the state of silver, a hydrothermal leaching-flotation process was used. The
involved condition experiments showed that a great enrichment rate of gold and silver in the slag was
achieved when the liquid-solid ratio was 2:1 at 70°C for 2 h in hydrothermal leaching procedure. The
flotation included grinding, one roughing, two cleaning, one scavenging of a closed-circuit process. The
chemicals used in flotation procedure were T19 at a dose of 4000 g/t, copper sulfate at a dose of 600 g/t,
ester-30 at a dose of 500 g/t. After leaching-flotation, silver was concentrated to a content of 3805 g/t with
a recovery rate of 86.82% while gold to a content of 25.8 g/t with the recovery being up to 94.96%.

Key words: nonferrous metallurgy; lead-silver residue; hydrothermal leaching; flotation; T19; copper
sulfate; Ester-30
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Tab.1 Chemical analysis results of multi-elements in the

lead-silver residue 1%
Jt% Ag AU Cu TFe Pb  Zn S  As
& 245 152 037 875 3.56 8.16 10.48 0.001
Jt&% Si0, CaO MgO ALO; Hg Cd Sb  In
& 37.17 8.06 1.15 6.89 0.001 0.014 0.021 0.011
*HA: g/t
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Tab.2 Effect of liquid-solid ratio on the enrichment of gold

and silver
B peg g i i /(g/t A%
WEE P i PEERY% nnDL/(g/t) A
Ag Au Ag Au
BHE 509 4756 29 987 984

1:1 B 491 62 005 1.3 1.6

Ry 100 2450 1.5 100 100

BHE 496 4902 31 993 996

21 B 504 33 001 068  0.39
Ry 100 2450 1.5 100 100

ZHE 485 4932 31 977 983

3:1 BHH 515 1.1 005 23 1.7

S H- 100 2450 1.5 100 100
RHE 483 4963 3.1 978 984

4:1 RBRHW 517 105 0.05 22 1.6
JiH 100 2450 1.5 100 100

2 2 iTRUE H, 9 2:1 B, &L R
1EIR s s SRt s, BLAEIR R ik i,
DA L 3 B PRI A 221
2,12 BHREX 4. REEKEN

S At WE L A 2:1, BHEEN 20, B
HHR S 318 60 70, 80, 90°C, AT /KGR H sk
5, R WEE 3.
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*3 BRHEENE. REfmEmn
Tab.3 Effect of leaching temperature on the enrichment of

gold and silver

. N N WAE/(g/t ATEIL
BEC P e D -
Ag Au Ag Au

B 516 4685 29 987 978

60 RHW 484 6.4 0.07 1.3 2.2
2t 100 245 1.5 100 100
RHE 496 4902 3.1 993 996

70 RHW 504 33 0.01 0.7 0.4
¢ 100 245 1.5 100 100
RHE 489 4933 3.1 986 989

80 RHW 511 69 0.03 1.4 1.1
2t 100 245 1.5 100 100
RHE 482 4964 3.1 977 980

90 RHW 518 11.0 006 23 2.0
¢ 100 245 1.5 100 100

2.1.3 BT, HE LR

S AE: WIE LN 2:1, REIREA 70T,
BB A 1. 24 34 4 h, HEATRIGE H 525,
ZERNE 4,
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Tab.4 Effect of leaching time on the enrichment of gold and

silver
el - R AL IIAT %
A 8] /h 1% Ag  Au  Ag Au
BHVE 512 4737 29 990 984
1 B 488 51 005 1.0 1.6
&y 100 2450 1.5 100 100
R 496 4902 31 993 99.6

2 B 504 33 0.01 0.7 0.4

R 100 2450 1.5 100 100
B 486 4956 3.1 983 98.5

3 B 514 8.0 0.04 1.7 1.5

R 100 2450 1.5 100 100
B 487 4969 3.1 989 98.5

4 w513 54 0.05 1.1 1.5
R 100 2450 1.5 100 100
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Fig.1 Experimental results of grindings fineness
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Fig.3 Experimental results of copper sulfate dosage
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Fig.4 Experimental results of ester-30 dosage
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Fig.5 Flowsheet of the circuit test
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Tab.5 Result of the circuit test

. p— s /(g/t) /%
Ag Au Ag Au
FHREH 5.59 3805 2582 86.82  94.96
= 44.05 69.55 016 1251 471
= 50.36 3.30 0.01  0.68 0.33

JRH 100 245.00 1.52 100 100

7 S LA, SITpicHE. muckik.
— AT R SR B R, ATIRAE AR AL 3805
g/t, IR 86.82% ARG, HUREH 411 i
i 25.8 g/it, &[RRIy 94.96% IR IFFabR, 5E
LT HARE 2RI -

3

2 uER I R a0, SRS 245
gt, IR 1.52 git, & RS ENRE. TR
R R LIOH AR, R RIS #uhiiE
VERIR, BRI R SR R 1k vk AR T
P AT, (HETE L2 ABT 4R, TR,
PR R . T ERE SR A — A H
PR P A, R /KGR V73 T 2030/ 8 T 8L ik
W fahs.

FAF ISR, WE Y 2:1, BHIEE
N T70°C, RHEEN 2 h #ATKBGR I, 4. BT
B E R . LB HE-0.044 mm 1 85%,
T19 579 4000 g/t, BRI &N 600 g/t, ME-30
&9 500 g/t BF, &5t — U . PUOREE . — IR
FURE R A SR IR, ATSRIFAR SO 3805 git,
AR 86.82% I HAUKEH, HUSH & A
25.8 g/t, &[S N 94.96% I BF TR R, SZHL T 4Y
B MR SR

e Z PN

(1] FAEB 5 ta b i U 32 1) 2 ek 7],
HELE: EV 5, 2014(1): 39-42.
Zhou Yulin. The process improvements for improving
sliver flotation recovery from zinc leaching residues[J].
Nonferrous Metal: Mineral Processing, 2014(1): 39-42.

(2] XA, FKEIME, EARA, SRR ERE TR L
S W R[], BTA, 2011, 20(4): 51-55.
Liu Junzhuang, Zhang Mingsheng, Cao Linjie, et al. The



68

pal:

536 &

(3]

(4]

(3]

(6]

(7]

(8]

9]

[10]

mineralogy and recycling of sliver in zinc slag of
hydrometallurgical process[J]. Mineral and Metallurgy,
2011, 20(4): 51-55.

JEE A, 3R PR R ARV MR ) T2 S R
WEFL[D]. Kib: R, 2002.

Zhou Guohua. Technology and theory studies of
upgrading sliver recovery of flotation from zinc leaching
residues[D]. Changsha: Central South University, 2002.
TR, #r thdliE s T2 D] BY: B
BT K22, 2010.

Cheng Yongbiao. Experimental study of silver flotation
from zinc leaching residue[D].

process Kunming:

Kunming University of Science and Technology, 2010.

ISR, Wik-JOERE L2 PR R A 2B ).

WP RP 5, 2001(5): 43-46.

Xia Zhaoquan. Wet-fire joint process recycling valuable
metals in the silver-zinc slag[J]. Protection and Utilization
of Minerals, 2001(5): 43-46.

R AR 5 A 4R BURE YR R IR B A (D).
Wr=gi &R, 2010, 6(3): 15-18.

Li Liting. Experimental research on comprehensive

recovery of lead, zinc, silver from a lead-sliver residue [J].

Multipurpose Utilization of Mineral Resources, 2010,
6(3): 15-18.

ERRE, R, R, 5. NEERR e T R
HREFFE[T]. ¥4, 2008, 29(9): 32-35.

Wang Ruixiang, Tang Motang, Tang Chaobo, et al
Recovery sliver from zinc acid-leaching residue[J]. Gold,
2008, 29(9): 32-35.

XEAT, MkBE, RARE, & BRI IR
FEBE TR HAR[T]. WBIEIR S, 2011, 30(2): 147-148.
Deng Chaoyong, Yang Maolin, Xu Benjun, et al. With
sodium thiosulfate leaching of silver from the wet zinc
smelting slag[J]. Hydrometallurgy, 2011, 30(2): 147-148.
XSEAT, TR, Bk, . FHBRAR MRIE AR R
RHAER[]. YRR 4, 2011, 30(3): 232-233.

Deng Chaoyong, Zhang Yi, Yang Maolin, et al. With
thiourea leaching of silver from wet zinc smelting slag[J].
Hydrometallurgy, 2011, 30(3): 232-233.

W E. BAEAL B R A TR B (D], L
EOCHL TR, 2013,

Yang Zhichao. Study on recovery silver from refractory

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

zinc leaching residue of Baiyin[D]. Wuhan: Wuhan
University of Technology, 2013.

T, W, P, 5. NSRRI L R
ARG 7], PR, 2013, 22(7): 94-96.

Zha Hui, Ge Yingyong, Luo Heng, et al. Experimental
research on recovering sliver from high acid zinc leaching
residue with flotation[J]. China Mining Magazine, 2013,
22(7): 94-96.

P R T VR PR AR L R LB AT
[D]. ®Ml: YLPEHE T K2, 2012.

Zhang Ping. The process and mechanism of flotation
recovery sliver from zinc leaching residues[D]. Ganzhou:
Jiangxi University of Science and Technology, 2012.

Ott L. Leaching flotation joint law from zinc slag
recovery of silver[J]. Metallic Ore Dressing Abroad,
1995(4): 75-77.

BEER. LZW WM. Kb R AL, 2011,
Lv Xianjun. Process Mineralogy[M]. Changsha: Central
South University Press, 2011.

BT R A R R IR IR ST L],
T BT AR BE2AIR, 1993, 2(1): 76-81.

Jin Yunhong. Investigation on occurrence of sliver in
leach residue from hydrometallurgical zinc plant[J].
Journal of Bgrimm, 1993, 2(1): 76-81.

MR, BRAGANAE BRI B AR 1 T AT T[], A
&)@ IEHERAy, 2005(4): 45-46.

Chen Weihua. Sodium sulfide research in zinc leaching
residue silver flotation[J]. Nonferrous Metal: Mineral
Processing, 2005(4): 45-46.

A, PR A P O I R R BR BF FE[D].
BB B TR, 2012,

Shi Meijia. Technology of upgrading silver recovery of
flotation from zinc leaching residues[D]. Wuhan: Wuhan
University of Technology, 2012.

Kim J Y, Stanley R W. Flotation of silver minerals and
precipitates in acidic media[C]. Silver: Exploration,
Mining and Treatment, Mexico City, 1988.

Sk, TR HEEL SR MEN]. hEA G
45,2008, 8(3): 44-49.

Ma Yongtao, Wang Fengchao. Comprehensive utilization
of lead silver[J]. China Nonferrous Metallurgy, 2008, 8(3):
44-49.



