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Fig.1 XRD of desulfurized lead-silver slag
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Table 1 Analysis on Chemical compositions of

desulfurization lead-silver slag wt%
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equipment
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Fig.4 Relationship between saturated vapor

pressure and temperature
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Fig.5 Effect of fuming volatilization temperature

on volatilization rate of Zn, Pb, In and Cd
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Fig.6 Effect of fuming volatilization time on

volatilization rate of Zn, Pb, In and Cd
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Fig.7 Effect of carbon ratio on volatilization

rate of Zn, Pb, In and Cd

3.4 H{LiE SEM WF3E

TE MR AL ¥ A il B 1 250 °C | Ak 4% & B[R]
60 min LRk G 25% Z54F T, JEAL I ) SEM + EDS /)
Bras ROLE 8, Hi &l 8 Al 1, A Ak i v i 2 €8 [X Jk
FEESRY, LT Fe LRI E ;51,0 . Ca Al
JUER FES AT TE TR B A DX, M40 S A 4 LA
HWH N SERERRES (CaAl, (Si0,),) o Z55 AL 1)
AL, AT LR R RS )k 5 IR A Rk R 1
EFRME T AR K e S SRR, B FA A
3.5 iE41HL SEM 5 XRD 44

MR AL ¥ R IR BE 1 250 °C ., 4H 4k 2 & B [A]
60 min | FLHk G 25% 2514 T, M2 SEM + EDS 3 A4
RULE 9 B &9 AT UL, M2k o 2534 Zn (Pb In
Cd.0.S 5§ 6 Fhoc s, W EE 4R F1 8 DL A AL I
KRB P # DL PbS (IR & £ 1M D
Zn .Pb . In Cd 4 FooR M LIE A S5 fMmzEETT
AR

FHAR ) XRD 4347 WL 10, f & 10 7] 0L, 4 28
H E U Zn0 Zn,In, 0, (CdO 3 FAH, JHZE h B
FIVEA 32 LA AR B A A A ) W AT s 4R DA
FALERIE A AE ;s B 25144, Pb 1 PbO M FIZE S
FEERUIN AN Gy 45 %, XRD KA 2],

4 4hig

1) FactSage8. 1 # 1 2HCPE B0 54006 1
FAA A R 3 5 R A0 A4 2
FEAE 1300 C AR A, PbS [ CdS H#:44 K ;Zn [ Cd 1k
BT IR G5 4 5 5 A P 0



.- 88 -

ZeT RS IME

8 JEALIA SEM [ K EDS T4 4]
Fig.8 SEM and EDS scanning of smoke smelting slag

B9 JHk SEM [ 5 EDS [fif4H 4]
Fig.9 SEM and EDS scanning of smoke dust

* 7n0
e ZnIn,0,,

R

B 10 fH4: XRD [&]
Fig.10 XRD of smoke dust

WA In,O J54% % 5 Zn (Pb In Cd Y H AL AL
B PIMELIER o

2) JAA K oo A T2 R Dl A R B
1250 C MHALA% K I 1] 60 min [BLRK HE 25% , L5
T Zn,Pb, In, Cd [ # % 5 5 N 99.69% .
82.26% ,99.09% .99.90% |

3) AR H R R LS B A B R A A
AIRAT s 0 LA AR sUAr o M5 A i 2 Zn
In Cd JUE AL ML A o1k s AL, & LR AL
YrE SeAE A

4) At S B TR TR A A 0k [m i ) R
GEIR AT AR HR BRI JEURL , e 5k i b A 7 Ok T



2023 4E2 A4 1

MRS BT B A AR R A R B

.89 .

SFREFRE

(1]

(5]

[10]

E=2CN

ROSHANFAR M, KHANLARIAN M, RASHCHI F, et al. Phyto-
extraction of zinc, lead, nickel, and cadmium from a zinc leach
residue[ J]. Journal of Cleaner Production, 2020, 266(1) :1 - 9.
TANG L, TANG C, XIAO J, et al. A cleaner process for valuable
metals recovery from hydrometallurgical zinc residue[ J]. Journal
of Cleaner Production, 2018, 201 (1) :764 —773.
SETHURAJAN M, HUGUENOT D, JAIN R, et al. Leaching and
selective zinc recovery from acidic leachates of zinc metallurgical
leach residues [ J ]. Journal of Hazardous Materials, 2017,
324(2) .71 -82.
JIANG G M, PENG B, LIANG Y J, et al. Recovery of valuable
metals from zinc leaching residue by sulfate roasting and water
leaching[ J]. Transactions of Nonferrous Metals Society of China,
2017, 27(5) :1180 - 1187.
EXE, ok . BEE R IE 2E S R S T R HE ) T2
[J]. B IR 4 17HE,2008 (1) :47 —49,22.
WANG Fengchao, MA Yongtao. Comprehensive utilization of zinc
tailings and process exploration for energy saving and emission re-
duction[ J]. Energy Saving of Nonferrous Metallurgy, 2008 (1) ;
47 -49,22.
MA Zhiwei, WANG Sheng, DU Xueyan, et al. Microstructures
and microwave-absorbing properties of ZnO smoke from zinc leach
residue treated by carbothermal reduction[ J]. Archives of metal-
lurgy and materials, 2021, 66(4) :1163 - 1170.
fE e, JEME, TR, S BRR i A R A L
ML), hEA AR4, 2017, 46(3) 49 -54.
HE Qixian, ZHOU Yugao, QIN Yili, et al. Research on oxygen-
enriched fuming process of zinc leaching residue in rotary kiln[ J].
China Nonferrous Metallurgy, 2017, 46(3) .49 - 54.
AT, WRUEE, PEAER], 45, BRI Im G 2 P [m) b 2 55 B
EEHAR R AIT]. T ER4, 2019, 29(10) .71 -74.
DI Jiuhai, PAN Congchao, PANG Jianming, et al. Technology
and application of direct reduction rotary kiln co-treatment of zinc-
containing solid waste [ J]. China Metallurgy, 2019, 29 (10) .
71 -74.
CARRANZA F, ROMERO R, MAZUELOS A, et al. Recovery of
Zn from acid mine water and electric arc furnace dust in an inte-
grated process| J]. Journal of Environmental Management, 2016,
165(6) :175 - 182.

X, A, XEF, F. BOCRER DB RS R )

o)) hEA L E R AR, 2015, 25(7) 11978 - 1986.

LIU Yang, TAN Jun, LIU Changging, et al. Thermodynamic a-

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

nalysis of iron making process from zinc leaching residue of car-
bon reduction [ J ].
2015, 25(7) :1978 —1986.

AT, RIS A, 15 B R BOR B A i b B 19 1o
[J]. BB, 1989, 17(2) :10 - 15.

ZHAO Dezheng, CHEN Bingyan. Immersion smelting technology

The Chinese Journal of Nonferrous Metals,

and its application in zinc slag treatment[ J]. Science & Technol-
ogy of Zhuzhou Smelter, 1989, 17(2) .10 —15.

INZLTE, FRdl, fLBR, 5. FUAS TR 5 AL BLA R P
SEOHT KRBT (V). EAE R SR EM, 2017,
37(3): 327 -331.

SUN Hongyan, SEN Wei, KONG Xin, et al. Thermodynamic a-
nalysis and experimental study on treatment of lead-silver residue
by vacuum carbon thermal reduction[ J]. Journal of Vacuum Sci-
ence and Technology, 2017, 37(3) :327 -331.

MA A, ZHENG X, LIS, et al. Zinc recovery from metallurgical
slag and dust by coordination leaching in NH;-CH; COONH,-H,
O system [ J]. Royal Society Open Science, 2018, 5(7):
180660.

SAHIN M, ERDEM M. Cleaning of high lead-bearing zinc leac-
hing residue by recovery of lead with alkaline leaching [ J]. Hy-
drometallurgy, 2015, 153, 170 - 178.

YANG Z C, GE Y Y, ZHANG Y L, et al. Recovery of silver
from zinc acid-leaching residue by flotation [ J]. Applied Me-
chanics and Materials, 2013, 392,14 -23.

SR, B, FiEdl, &5 AHMRELLE RO BUR (1],
EEIRZEE R, 2015, 33(3) : 37 -41.

ZHANG Fan, CHENG Chu, WANG Haibei, et al. Research sta-
tus of comprehensive utilization of lead-silver slag[ J]. China Re-
sources Comprehensive Utilization, 2015, 33(3) ;37 —41.
PRAZE. MR BB A O 5 20 IR R 5T [ ],
H [E 4 Jmam i, 2020, 7:88 - 89.

CHEN Weijun. Research on comprehensive recovery technology
of valuable metals from zinc, lead and silver residue in hydromet-
allurgy[ J]. China Metal Bulletin, 2020, 7.88 —89.

A, ROTEE, XK, 55, 0 IE MR PR B R TR 8 Ak 3 e 1 o
T2 ] hEA AR, 2019, 48(1):39 -45.

REN Jie, SHEN Kaibang, LIU Le, et al. Advanced treatment
and recovery of zinc lead-silver residue from hydrometallurgy[ J].
China Nonferrous Metallurgy, 2019, 48(1) ;39 —45.

ZHENG Y X, LYU J F, LIU W, et al. An innovative technology
for recovery of zinc, lead and silver from zinc leaching residue
[J]. Physicochemical Problems of Mineral Processing, 2016,
52(2):943 -954.



. 90 - T E A & s A &7 SRR

Study on volatilization of valuable metals from desulfurized lead silver slag
WANG Sheng', ZHANG Ji', LI Delei’, ZHANG Dexiu®, MA Feifei’
WANG Haibo®, BU Xudong', ZHU Xiaofeng' , ZHAO Fujun’
(1. State Key Laboratory of Advanced Processing and Recycling of Non-Ferrous Metals, Lanzhou University of Technology,
Lanzhou 730050, China;
2. Northwest Lead and Zinc Smelter, Baiyin Nonferrous Metals Group Co. , Lid. , Baiyin 730900, China;
3. Baiyin Shijin Mining Co. , Ltd. , Baiyin 730900, China)

Abstract: Lead-silver slag is a kind of hazardous waste produced in the hot acid leaching process of zinc
hydrometallurgy. The clean and efficient enrichment and recovery of valuable metals is of great significance to
promote the green recycling development of zinc hydrometallurgy industry. Valuable metals were recovered from
lead-silver slag after desulfurization by fuming method. The fuming volatilization method is used to recover valuable
metals from lead silver slag after desulfurization. The feasibility of fuming volatilization of Zn, Pb, In and Cd was
studied with FactSage 8. 1 thermodynamic software. The main factors affecting the metal volatilization rate in the
fuming volatilization process were experimentally studied. The results showed that in the process of fuming and
volatilizing, Zn, In and Cd were firstly reduced and then oxidized, and finally enriched in smoke and dust as
oxides; under the optimum conditions of fuming and volatilization temperature 1 250 °C, fuming and volatilization
time 60 min and carbon ratio 25% , the volatilization rates of Zn, Pb, In and Cd were 99.69% , 82.26% ,
99.09% and 99.90% respectively, which realized the efficient enrichment and recovery of metals. SEM images
showed that the fuming slag contained metal Fe, calcium aluminosilicate, etc. , iron resources could be recovered
through magnetic separation with re-utilization value. The study provides theoretical and data support for industrial
application of pyrometallurgical treatment of lead-silver slag.

Key words: lead-silver slag; desulfurized lead-silver slag; fuming volatilization; comprehensive utilization of
resources ; zinc hydrometallurgy ; zinc; lead; indium; cadmium
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