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Abstract : As high-quality zinc sulfide concentrates are gradually depleted, the raw materials for zinc smelting in the

future will shift from high-grade sulfide ores to a variety of low-quality, high-mix lead-zinc ores, including oxide

ores, oxygen-sulfur mixed ores, and zinc-containing secondary resources. In response to the challenges brought
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about by changes in raw materials, a summary of the current status of lead and zinc resources and mainstream zinc
smelting methods were provided, and their technical characteristics and applicability were analyzed. The principles
and limitations of existing complex zinc resource recovery methods under the new challenges such as future changes
in raw materials, environmental protection policies and waste free and low carbon were discussed. In light of
the anticipated advancements in green and low-carbon metallurgy in the future, the opportunities and challenges
associated with the present pyrometallurgical short-process direct zinc smelting technology in treating complex zinc-
containing materials were discussed. Based on the advantages of modern pyrometallurgical molten pool direct zinc
smelting technology and enhanced metallurgical technology, the technical feasibility of direct pyrometallurgical zinc
bath smelting was analyzed. The development prospects and technical bottlenecks to be overcome of molten pool
zinc smelting for complex zinc-containing materials were prospected, so as to provide reference for the development
of zinc smelting industry in the future.

Key words : lead-zinc complex resources; sulfide-oxidized mixed ore; zinc smelting; zinc bath smelting; green

low-carbon metallurgy
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Table 1 Classification of production processes in the secondary lead industry[
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Fig. 1 Lead production and secondary lead

production in China
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Fig. 2 Zinc production and secondary zinc

production in China
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Table 2 National policy on non-ferrous metal recycling
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Fig. 3 Classification of zinc smelting technologies
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Fig. 4 Imperial Smelting Furnace zinc smelting process

HYERR s a0 &8 it 2 SRR A
PRI, TR 2 ) B o o M T A2 T 90, BV A I ST A0 42
J& , G2 IR, SR B IR B OR PR AT RS A SR 1Y
oK,
3.1 BEEKRTIEZ

ERINEIGET W=/ Sk 22y/p SRTA RS L iy 7 e S )
R E R MR Y, X T A C R
e A R LA K 4 R W) A R BEIR A i
WFE R A8 2 R, Ho, B H.SO, B H
T A GETET, EMREZEREA R A&
I, R4k 5 | Rk o = AR R A B
W, Z T RAAAERFE S K | T8 22 FRE e Az 45 (7]
B, S B ZnSOME LN I 43 B . B B K iR
W7 R H,SO,>HCI>HNO,, H HC1 T. 2 K 4 % £
PR A A 1 R S T AR R . A HLAR AR 4
o I B R pH I A O 3 L RT [ f K
AT o B NaOH 8 22 V6 W AT B PR IA BT, Tk |
B BEAE R R B BRI T, B a0 R AR (H PR

BT T AR R T AT S

AR, XL (EAF) By 2R 8858 4 B Armt i
RSN BRI T AW 32 310G, Rl 2 AE I IR
P H 25 R R A B R T . BAR HLSO,
PR FHIE ) (E LB S e I o R R R B
ENC R Y/ o3 R o W/ B S S = | B E S R (19
PRI RS 3, pbabh, S5 L it
TINBRFIH U b 25 T A BB A A 350 12 ROR
3.2 NEEKRTIZ

[ A BRACK 5 A7 75 4 B [ PR 2 R ) I 2
URUR 2GR o T 20 Rk i & 8 S e ik Ik 4
J& R 2R (G B BRI SRR 29 907 °C), P44k A
DIFEARG B . AFREEER 1 100~1 250 °C,
TG AR A O B B R I K, BEOR ER Zn =150,
72 H B AR AR B Zn 50%~60% ", n1§E A% il
JEORHT R RISCR R, ) N T AR R )
TR RS B A T R B U A O,

SR, 24 1 3 R 7 7R 2 e R U B AR B 5 &



2025 4£45 4 1Y) A @48 (R (https://mete.cbpt.cnki.net/) o 11 -

IR FAFAE 2200 o 3l BOR Otk B ke [ml
Wak R, REAE B ) TR 3T A, Bl B IR T Ak
Ji& o B SRR R 22 R AL T2, B DL
R A7 1, BEIEAR L 2R 7 Rl A s ik,
BRI IR E . T ERE TR A AR
MR - Hf T2 AL BRE R, Zn . P Ag & A m]
ik 9250, BEFE LLAE S TR, (H A0 3Z BIHE 2L AE
(R B ], EL R SR v g RSO 7
FERFIRIC T 2, R [R R AR I #5  R RIR R4 A
ANIA] o BE TR FERFE B UL A T X [k i i MR o, AT
b PR HY R 15%0~T70% . & Bt dt 13. 5%0~28% 1Y Ji
BE, HREA S S NIES, BARENFES

Ja IR SEEL T TR A SRR A R, R
I J FEAFIE AR AE — 5 19 JRy B, 4n kel 991 Ak 2 2
KA, TR TR E SRR T 1% R R4 50,
BINT TG A M E DR A S, BRI PR
RO ALIK 90 %6 ~95% F190%~92% . BRI, X 26
D7 TR AFAERRAE 2 S st HL2 7= A K R ki ik
BRI ATAEK, Ausmelt SR B AR T M EEIZ H
R R, BER IR ] 80 9 ~85% . A, i
TR EA P A I 2 R, S ECR AR RN,
P, JF %2 e sk I T5 4% L AR BB AE 19 B 2 i AT i B R
S22 T R A R (14 S ) RO 3R 3O OR ) A
YIRE S e T T2 LA

#3 FRAEPHSEEEERTERE "7
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Fig. 5 Schematic diagram of direct reduction zinc bath smelting

ISP T2 rh i P s XU (ISF ) I HTRHEE 38 J5E
TE 5 SR AE T, R A IE N B 3 28 UEL 3 AR
TV BEAT, SCBL T B Jm BE 0 B ER D, i SR
VS XGE I T35, 45 B R I AL 3, SEBURZ - 4
AR A R B PR B B R A AT AT . Rl AT R
MR FE BC AL BE S A 28 | AR YRSF A R PR BT IR, o =

PR AEAL PR IR B0 L KB 2 7 R R B A A 2
FEOERTRE, 75 G iR B AT Ml A P AR e A R F) 25K

AR A A Al T S R B IR 0 R T 1)
JE A Bl MR AT b ™ 0T Y BROR BEOR R AR AR 1R R
TE R UG 2 0 05 () Ak 2 < Jas R T P B A PR 9o a4
K, BrRER AL L TR b, WAEARTRRGIA



2025 455 4 1)

4 JE QR HH 4 (https://mete.cbpt.cnki.net/)

.13 .

W A S SR R ALK, B ABORAT 4 i il
T ol 00 TP AR T R 4 5 R R B B AR R A5,
AL T2 A | Wl N A | 2 71 [l e 3 5 [ AR g
Feo [IME, 7EYRK ISR T E BRI T, KR
BB A 0 MR A i A Oy ik — 2D BT
T8 7 RS T T A (LB TR A4 7 1k R v i AR
Bl AR S G R e WA, T ILEA ROER St
JE R 23 A TR S T A R SR b IR A B £ A i [+
A SR A

LR UL HEh SR R ROR BE A, TR
A BCIRM IR P v S AR A B R 205 IR
FETHHTHAR B Sk B REAL AT eI A P 5k D
R Y B, JT R R e A TR, A
RE S L M oG 2 25 Y AR | 2R G e 1Y A J 2SR
R TG IR A B A Al A S (0 ) SR A R AR
SEAT S

5 #w

ST, BEA AT I OB A1 | BEIRR, SR AR
(IR A ik T S 2 MRV SR 2 (Y SR IR Ae
AR B BURLST, JC AR AL AL B R g
B EIER R AL BE L, AP TEBOREOARMERS . R, 3%
PR AR SR S A B BT IR AP F 4 T e B 22 TR X

J8 b R B B R D AR BERE L WAL R, HL
JEORIE R 5 A D3, 2 AR SRR IR R EOR Y S TR
oo ME i TREALRER SR, B AL, R B
TN TF S e PR i 2 I 52 B B 2R R
WEETT A J), HESh BRI SR R, BrH A
T %, 1o B L AR R A, i 2 R AR R S 2R BE IR B A
W Sk i R AR A R AL
7 T 75 i, FCIE A B IR BRAT LA R 0B 2R 100
TR

(1] 74, e BRR R, 55 o m B LA A B AL i e
IR T]. 5796, 2024,33(1): 26-33.
LIN, XIE HY, CHEN J L, et al. Experimental study
on beneficiation of a low-grade lead zinc sulfide ore in
Yunnan[ J ]. Mining and Metallurgy, 2024, 33(1): 26-33.
(2] B 2 IH A% 2 v vl 1y [0 s e AHE 5 vk S F 5% 3
JELT]. B, 2022(7): 55-58.
LIN C P. New methods and research progress of
recycling technology of waste lead-acid batteries[ J |.
Resource Recycling, 2022(7): 55-58.

(3]

[4]

[5]

(6]

(7]

[8]

[10]

[11]

ZHAO T, CHAE S, CHOI Y. A review on recycling
of waste lead-acid batteries[J]. Journal of Physics :
Conference Series,2024,2738(1): 012019. DOI :
10.1088/1742-6596/2738/1/012019.

FRE, Bk . P E ARG SR AR L K R
REEALT] . AEmp S TR~ 2017,8(3): 1-6.
WANG C Y, CHEN Y Q. Status and development
trends of China’s lead and zinc metallurgy technology:
energy-saving potential[ J]. Nonferrous Metals
Science and Engineering, 2017, 8(3): 1-6.

FRE, ok . P E YRR SR AR L R R
hall]. AagmpE S TR, 2017,8(1): 1-7.

WANG C Y, CHEN Y Q. Lead and zinc metallurgy
technology situation and development treads of China:
zinc metallurgy[ J ]. Nonferrous Metals Science and
Engineering, 2017, 8(1): 1-7.
SRS, B AR, ZRERT, 55 A B AN 2R 254 mDISCOR) T B
ARLIT. A €648, 2020(21): 208-209, 212.

ZHANG S X, CHEN Y L, LI Y Y, et al. Current
situation of comprehensive recovery and utilization of
dust containing zinc[ J]. World Nonferrous Metals,
2020(21): 208-209, 212.

AL, R, T, L S A TR R R T 5T i
JELT]. At s (R 8 45r), 2024(10): 57-65.

PENG L G, FANG J J,HE H Y, et al. Research
progress in flotation technology of zinc oxide ore[ J ].
Nonferrous Metals (Mineral Processing Section),
2024(10): 57-65.

UM, ICF. WIS B OB T8 Y it sEL ]
W15,2020,29(6): 104-108.

LI G S, ZHANG W P. Study on process mineralogy
of a zinc ore in Inner Mongolial J J. Mining and
Metallurgy, 2020, 29(6): 104-108.

BANE, 4 FAK . i BB L2 A se[ 1] =raih
4:,2024,53(1): 60-65.

ZHAO H, JIN Z Q. Process mineralogy study of one
lead-zin ore in Yunnan[ J ]. Yunnan Metallurgy, 2024,
53(1): 60-65.

AREE U A B T A0 e LT ] A aaif,
2023,39(1): 14-17,10.

DENG P. Study on process mineralogy of a lead-zinc
oxide ore in Sichuan province[ J ]. Non-Ferrous Mining
and Metallurgy, 2023, 39(1): 14-17, 10.

X #E T, W, 2o AR BT AR R IR I B R B 5
JELT]. Atadfm (RERRAY), 2024(5): 19-26.

LIU X Y, GUO B, ZUO W R. Research progress
of oxygen pressure leaching technology of zinc

concentrate[ J ]. Nonferrous Metals (Extractive



e 14 -

4R QR HF 4 (https://mete.cbpt.cnki.net/)

2025 455 4

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(19]

[20]

Metallurgy), 2024(5): 19-26.
B/NVE, 220, B, L EEA SR Y M T2

WY E Sk T AT, Bl ifF 52 5 01 &, 2022,42 (2):

31-38.

ZENG X H, LI B, RAO J S. Process mineralogy and
flotation technology of a lead-zinc ore associating gold
and silver[ J ]. Mining Research and Development,
2022, 42(2): 31-38.

XILLA, b 77 00, 1 e AR 4 BRAEE ™ B8 U5 43 0 B IF & A
MLI]. &= 4 S5 H L, 2017(1): 113-118.

LIU H Z, YANG H P, FENG A S. The distribution
and utilization of global zinc resource[ J ]. Conservation
and Utilization of Mineral Resources, 2017(1): 113-118.
XIONG Y. Recycling of lead pastes from spent

lead-acid batteries : thermodynamic constraints for

desulphurization [J]. Recycling,2022,7 (4): 45. DOI :

10.1016/Recycling 222.6200.

il YL P BT IR DX A A S PR R A M [T ] &k
@§7R,2024,40(1): 71-77.

YANG J B. Analysis of regional distribution and
environmental attributes of lead-based solid waste
resources[ J |. Sustainable Mining and Metallurgy,
2024, 40(1): 71-77.

T TR ARSI S A e B R ] R
@48, 2019(10): 168-169.

GAO Y. Research on current situation and development
trend of recycled lead in Chinal J ]. World Nonferrous
Metals 2019(10): 168-169.

WRIEAN , 3, S #0007, 55 . RN Sh AR BoR B IR Sk
eI mEA RS, 2017,46(3): 17-22.

CHEN Y Z, TANG W, WU Y X, et al. Present
situation and development trend of secondary lead
process at home and abroad[J]. China Nonferrous
Metallurgy, 2017, 46(3): 17-22.

EE, kW, EEG, & RER G R R
W 2 W S S YRR LT ] R AR R 4, 2021,
11(5): 1012-1019.

WANG F,ZHANG M L, WANG X J, et al. Generation

and pollution characteristics of hazardous wastes from

smelting of copper, lead and zinc in Chinal J ]. Journal

of Environmental Engineering Technology,2021,11(5):

1012-1019.

KAYA M, HUSSAINI S, KURSUNOGLU S. Critical
review on secondary zinc resources and their recycling
technologies [ J]. Hydrometallurgy, 2020,195: 105362.
DOI : 10.1016/j.hydromet.2020.105362.

FOHCEE, R S LAY R R T [ o R A S e

A A i PR AR T] . BRI B A 24 4z, 2018,38 (3):

[21]

[22

[23

[24

[28

]

]

[l

[l

1245-1255.

WANG Z P, WEN Z G. Life cycle assessment of
regeneration of lead alloy from waste lead-acid
batteries| J |. Acta Scientiae Circumstantiae, 2018,
38(3): 1245-1255.

XUHE . HYEEIG R 0 B URAL OF Y IR JRLT]. WAL T,
2017,34(2): 11-15.

LIU Q. Research progress on resource of lead-zinc
metallurgical slag[ J]. Henan Chemical Industry,
2017, 34(2): 11-15.

SRBL . AR B AR R LA RI]. R A &R,
2023(18): 7-9.

ZHANG C J. Advantages of lead zinc joint smelting
process[ J ]. World Nonferrous Metals, 2023(18): 7-9.
s/her. SETERE A TARIT] . HEA O 4R, 2015 (18):
44-45.

ZHANG X H. Concerned about the Chinese zinc
industry[ J ]. China Nonferrous Metals, 2015(18):
44-45.

HRATET . b SRS Gevh BB AT . 42 A= i S 0045 2 AR
JECT) [J]. B4R, 2023(12): 26-29.

ZHENG L X. Analysis of China's plastic pollution
control policies: full lifecycle management perspective
(Part 2) [ J]. Resource Recycling, 2023(12): 26-29.
IR, A PRI ZEUE: AL T IR Al A IR
7 [N 3ETh) H, 2024-10-16(1) .

HUA Q Q, YANG S. Circular economy: putting
“misplaced resources” into position to build up a
“mountain of gold” [ N ]. Zhumadian Daily News,
2024-10-16(1).

K, B R, BRSO, 45 AL BRI i BOR AT 5T ik
JELT]. 0 =Ry 5 R, 2023, 43(6): 158-170.

ZHANG G F,SHEN X Y, SHAO H M, et al. Research
progress beneficiation and metallurgy technology of
zinc oxide ore[ J]. Conservation and Utilization of
Mineral Resources, 2023, 43(6): 158-170.

PR, TR, SR, 45 AL Y #3847 ol S AT 2 Tml
ORI HARLT] . TLVE R 42, 2019,39(4): 1-6.

HUANG B C, WANG C R, GUO G Z, et al. A study
on the volatilization behavior and effective recovery and
utilization technology of ZnO[ J ]. Jiangxi Metallurgy,
2019, 39(4): 1-6.

SRR, XV, DA, 45 A 60 465 8 52 A BEIR IR IR i 1
R B S TR A& RA 5 TR, 2013,4 (2):
8-13.

GUO X Y, LIU J X, TIAN Q H, et al. Principle
and method of low temperature alkaline smelting in

non-ferrous metallurgy complicated resources[ J].



2025 455 4 1)

4 JE QR HH 4 (https://mete.cbpt.cnki.net/) .

15 -

[30]

[31]

[32]

[33]

[34]

[36]

Nonferrous Metals Science and Engineering, 2013,4(2):
8-13.

TR, R SO, R R, A BRI i A 4 e Tl B
ST A AW SEE RLT] . TRFRF# 244, 2020, 42 (11):
1400-1410.

WANG Z Y, GAO W C, WEN J K, et al. Research
progress in the recovery of valuable metals from zinc
leaching residue and its total material utilization[ J ].
Chinese Journal of Engineering, 2020, 42(11): 1400-1410.
XVHSE, BT, i, 5 R RR R TR ST ] 4
Ak T, 2020(2): 51-54.

LIU Z L, YANG J P, YAN H, et al. Research on iron
removal process in zinc hydrometallurgical[ J |. Copper
Engineering, 2020(2): 51-54.

AN, EAAL, B, SF L BRI BRI BE N A IR MR
Ht A BT R EELT] . A I QR R 41), 2016 (8):
12-15,42.

7ZOU X P, WANG H B, WEI B, et al.

selection to treat marmatite leaching residue from

Scheme

zinc hydrometallurgy plant[ J ]. Nonferrous Metals
(Extractive Metallurgy), 2016(8): 12-15, 42.
Sesron, B, £, 5. ARSI A R R R
I AERIR TR, 2024,14(7): 1-12.

CHAIL Y, YAN X, WANG Y Y, et al. Development
trend of cleaner production technology in nonferrous
metallurgical industry[J]. Nonferrous Metals
Engineering, 2024, 14(7): 1-12.

TR, RNE, EE . RSB R A ZR AL RS 07 B
JEEIRE T PEA S8R, 2013,23(12):
3440-3447.

XU Z F,ZHU H, WANG C Y. Atmospheric direct
leaching kinetics of zinc sulfide concentrate in oxygen-
rich sulfuric acid system[J]. The Chinese Journal of
Nonferrous Metals, 2013, 23(12): 3440-3447.
SADEGHI N, MOGHADDAM J, OJAGHI ILKHCHI M.
Kinetics of zinc sulfide concentrate direct leaching in
pilot plant scale and development of semi-empirical
model [J]. Transactions of Nonferrous Metals Society
of China,2017,27(10): 2272-2281.

R, TRAR, MR, A AT R IR AR
HoR BRI AT ] A4 s TR, 2022, 12 (11):
67-75.

LIJH, ZHANG C, DENG Z G, et al. Recovery of zinc
oxide dust by oxidation neutral leaching &. pressure acid
leaching combined technology[ J J. Nonferrous Metals
Engineering, 2022, 12(11): 67-75.

XIS, 8 5, A SRR R R AR G T ] TR
A6 4 )8, 2019, 35(3): 38-40,67.

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

LIU P, ZHAO J L, LI H. Improvement of normal
pressure leaching equipment[ J ]. Hunan Nonferrous
Metals, 2019, 35(3): 38-40, 67.

KE, VPR, = TEL BR80T 208OR Koz ] 92
BRLJ]. P @R 42, 2022,51(1): 23-29.

SONG Y, XU L, WU W G. Advanced Industrial
technological innovation and application practice of zinc
smelting[ J J. China Nonferrous Metallurgy,2022,51(1):
23-29.

ST R E . &L 5 8 F P A b B 22000 & Tl
LT A s (RS, 20216): 95-100.

WU W G, SONG Y. Treatment process innovation and
industrial application of lead-zinc polymetallic solid
waste[ J . Nonferrous Metals (Extractive Metallurgy),
2021(6): 95-100.

BPEE L SR RE B A BRI Tl B IR D] . Kb
K%, 2004.

ZHONG Y. Study on the industrial application of
improving the rate of lead and zinc sintered lumps[ D .
Changsha: Central South University, 2004.

A PR IR R S SRR S SRR A S D] K
U PR, 2013.

LI M. Fundamental research on selective reduction
of zinc calcine and separation of zinc and iron[ D ].
Changsha: Central South University, 2013.

YAO L. W, MIN X B, XU H, et al. Physicochemical
and environmental properties of arsenic sulfide sludge
from copper and lead-zinc smelter [J]. Transactions
of Nonferrous Metals Society of China,2020,30 (7):
1943-1955.

XS AR RS I T2 R WS IR S i ST ). R
EA R4, 2021,50(4): 60-63.

ZHAO P F. Status quo and progress of study on
secondary zinc comprehensive recovery process|J].
China Nonferrous Metallurgy, 2021, 50(4): 60-63.
HUYY, LIM, WU W G, et al. Life cycle assessment
for waste acid treatment in zinc smelting [J].
Transactions of Nonferrous Metals Society of China,
2022,32(11): 3822-3834.

LIU J, SHI X, ZOU Q, et al. Recycling of water
quenched slag and silica sand tailing for the synthesis
of an eco-friendly permeable material[ J]. Construction
and Building Materials, 2022, 357 : 129310. https://doi.
org/10.1016/j.conbuildmat.2022.129310.

CHEN Y J, WANG Y Y, PENG N, et al. Isothermal
reduction kinetics of zinc calcine under carbon
monoxide [J]. Transactions of Nonferrous Metals
Society of China, 2020,30(8): 2274-2282.



16 -

4R QR HF 4 (https://mete.cbpt.cnki.net/)

2025 455 4

[46]

[47]

[48]

[49]

[51]

[52]

[53]

LA, A 2, BN, A5 SR P A AL B R ORI
oA EmLEARLT ] &, 2024, 44(11): 34-44.
FENG J L,HE H P, XUE Y, et al. Review on
the source, analysis, and identification of typical
regenerated zinc oxide concentrates[ J ]. Metallurgical
Analysis, 2024, 44(11): 34-44.

KF L Wil ok, ol Pl . 05 A B 6 TR B IR T 1 000 A 0 9% -
B T 2044 5 TR ] . ARk, 2024,
38(5): 53-60.

SONG Y, CHEN X Q, ZHANG G. Engineering design
and core equipment of side-submerged combustion
smelting-continuous fuming process for hazardous
waste lead-silver slag from zinc hydrometallurgy[ J J.
Nonferrous Metallurgical Equipment, 2024, 38(5): 53-60.
RN AE, JoI 2% . B R AR T 3R BRI AR A T P o o T 5
B[ T]. Sk T2, 2015(4): 58-61.

JING X D, ZHOU R. The first application of Kivcet lead
smelting in China[ J ]. Copper Engineering, 2015(4): 58-61.
TR W, B, A B B R U L [T b AT
FElJ] . AR A 4R, 2024(17): 13-15.
LIU N, ZHU C B, LUO L, et al. Research on
comprehensive recovery and disposal of a lead zinc
waste residuel J |. World Nonferrous Metals, 2024(17):
13-15.

FHEUE, HOCHE, A, A5 T AT AR B IR L R
W] Ak, 2024,38(5): 11-16, 23.
YANG J B, MA W J, YANG Y, et al

trend and suggestions of lead-based solid waste

Status,

resources| J ]. Nonferrous Metallurgical Equipment,
2024, 38(5): 11-16, 23.

BT, DB o, 2T, A5 R A K 25 A R IR
fEgEly] . AR A @ e, 2019(13): 7-8.
SHI S Y,MA A Y,LI G J,et al
comprehensive utilization status of zinc metallurgical
solid waste slag[ J ]. World Nonferrous Metals, 2019
(13): 7-8.

WRIS 3%, s R A%, BOCIR, 45 BV RER Mt 255 F T 50 ok
JELI]. &= R4 5 FIAT, 2021, 41(3): 49-55.

CHEN L L, HAN J W, QIN W Q, et al. Advances

in comprehensive utilization of lead-zinc smelting

Research on

slag[ J . Conservation and Utilization of Mineral
Resources, 2021, 41(3): 49-55.

KRR, 2TV B AR M M B AR I WF 5
BR[J]. A A 4R, 2019(23): 7-8.

ZHANG R, LI H J. Research and practice of
reducing silver in zinc tailings of conventional
hydrometallurgyl J . World Nonferrous Metals, 2019(23):

7-8.

[54]

[56]

[57]

[58]

[59]

[60]

[62]

ZENG W Z,HU X Y, YAN Y, et al. Study on the
cavitation and dissociation of sulfur from zinc leaching
residue [J]. JOM, 2024, 76(3): 1394-1407.

XIHERE, KL, W . B e MR LI R 2T 2
oy drly]. PEA G SRR, 2020,30(5): 1110-1118.
LIUY T,YANG T Z,LI M Z. Multielement and
multiphase equilibrium analysis of lead oxygen-enriched
side-blown oxidation smelting[ J]. The Chinese
Journal of Nonferrous Metals, 2020, 30(5): 1110-1118.
WANG X, YANG C C, PAN J, et al. Effective
utilization of dolomitic lead—zinc waste rock by
replacing dolomite as flux in iron ore sintering
process [J]. Journal of Iron and Steel Research
International, 2024, 31(8): 1861-1872.
SRS, TRTE, A% SCEL . A R 4 A B BEA BT 9T 3
RERELT]. SRR, 2020, 28(5): 621-636.
GUO L J, ZHANG L, LI W C. Progress and prospects
of the preparation of cementitious materials based on
nonferrous metallurgical slags[ J]. Gold Science and
Technology, 2020, 28(5): 621-636.

ERARS, AR, TPRAE, 5 o] U SmAL i R aed i P A A
FEOCERE AT BCAT HIEELT] . P EA 4 8 24, 2021,
31(9): 2499-2511.

WANG S S, WANG Q M, TIAN Q H, et al.
Directional distribution behavior regulation of lead and
zinc in oxygen-enriched intensified copper smelting
process[ J ]. The Chinese Journal of Nonferrous
Metals, 2021, 31(9): 2499-2511.

AP0, 22 T Ak b B AR R S Y BE TR B IS D
2] hEAEIR4,2021,50(2): 49-53,63.

LT S G. Combined process of hydrometallurgy and
beneficiation for the refractory oxygen-sulfur mixed
lead-zinc ore in Lanping mine[ J ]. China Nonferrous
Metallurgy, 2021, 50(2): 49-53, 63.

AR, BR Ry 5e . 22 FPAT A YE AL B AU TR A B RET TR A
HLEELT]. mMif4, 2019,48(4): 62-64.

TANG Y Y, CHEN W L. New idea of smelting of
refractory oxygen-sulfur mixed lead-zinc ore with low
grade in Lanpingl J |. Yunnan Metallurgy, 2019, 48(4):
62-64.

IR, K. BRI LA SR ET]. iR,
2020,49(6): 38-41.

TANG Y Y, LIU L. Review and prospect of zinc
smelting process[ J ]. Yunnan Metallurgy, 2020, 49(6):
38-41.

BRI, T2 W, SR, 45 G SR S A BT P R R SR
R J)ET] . TR, 2017, 39(3): 377-382.
JIA'N N, WANG H G, GUO M, et al. Oxidative



2025 455 4 1)

4 JE QR HH 4 (https://mete.cbpt.cnki.net/) .

17 -

[63]

[64]

[65]

[66]

[67]

[68]

ammonia leaching kinetics of zinc extracted from mixed
sulfide-oxide lead and zinc ore[ J ]. Chinese Journal of
Engineering, 2017, 39(3): 377-382.

WRBHI, 3500, B 8% i R Zn0-FeO-SIi0,-CaO-ALO, i 5
FEEOELT]. REA R 45, 2023, 52(6): 125-130.
OUYANG K, DOU Z H. Viscosity of ZnO-FeO-
Si0,-Ca0-AL,O; slag system with high zinc oxide
content[ J |. China Nonferrous Metallurgy, 2023, 52(6):
125-130.

B, BTG, B R, AF PR YRR A S XU R R
REPEAE PSR T ] HOfR 4, 2022, 44(6): 20-22.

YIN Q S, TAO N X, MIAO Y C, et al. Production
practice of improving raw material adaptability of lead-
zinc closed blast furnace[ J ]. Gansu Metallurgy, 2022,
44(6): 20-22.

FEWOE, WS FITE, YR, 45 FER i R A R TR RIS
PEASLT] . AR GREEHT), 2022(11): 134-140.
CHU J L,XI L L, TAN H, et al.

applicability of comprehensive utilization technology for

Evaluation of

zinc leaching residuel J |. Nonferrous Metals (Extractive
Metallurgy), 2022(11): 134-140.

AL ISP L ARANUE A b dh s k[ T]. PEAG
1H42,2020,49(1): 26-29.

ZHAI L. Reforming practice of oxygen-rich sintering of
sintering machine in ISP process[ J . China Nonferrous
Metallurgy, 2020, 49(1): 26-29.

R AINE, 8 TR, XS, A6 OUI W st Jo 7 PN A
FRBERILT ). A EEE GRHEHID), 2024(12): 8-16.
CHEN C H, ZHAO S H, ZHAO M J, et al. Numerical
simulation of gas-liquid two phase flow in a double-
smelter[ J |. Nonferrous Metals
(Extractive Metallurgy), 2024(12): 8-16.
B, /N B, B . M - TRV M AR TR Ak B
PEAFYPRHN A S2 BT ] A @34, 2024, 38(5): 30-36.
YANG H F, SHI X M, TIAN F H, et al. Side-

side-blown bath

[69]

[70]

[71]

[73]

[74]

top blowing smelting technology in the production
practice of processing lead-based solid waste and other
materials[ J ]. Nonferrous Metallurgical Equipment,
2024, 38(5): 30-36.

FEAE, A E T, R, 55 VIR AR BRI R
S8 R N R T B B 2 i AT LT ] A R AR, 2024,
14(6): 53-61.

WANG G H, YANG

Characteristics and kinetic analysis of direct reduction

J J,CUl Y R. Slagging

smelting for treating lead-silver leaching residues
mixed with lead concentrates[ J ]. Nonferrous Metals
Engineering, 2024, 14(6): 53-61.
BT, 2, A, A R YRR T S e i A
WFLE B R SR AL T ). g K2 A i C AR R4 R
2023,54(2): 538-547.

HUANG QY, LIY, LUJ W, et al. Research selection
of slag property of high-zinc materials bath reduction
smelting for co-recovery of zinc, lead and copper[J].
Journal of Central South University ( Science and
Technology), 2023,54(2): 538-547.

KIM B S, JEONG S B, LEE J C, et al. Behaviors of
lead and zinc in top submerged lance ( TSL)plant at
Sukpo zinc refinery [ J]. Materials Transactions, 2012,
53(5): 985-990.

ZHANG 7 T, DAI X. Effect of Fe/SiO, and CaO/SiO,
mass ratios on metal recovery rate and metal content in
slag in oxygen-enriched direct smelting of jamesonite
concentrate [ J]. Transactions of Nonferrous Metals
Society of China,2020,30(2): 501-508.

WOOD J, COVENEY J, HELIN G, et al. The
Outotec direct zinc smelting process [ C]//European
Metallurgical Conference 2015. 2015.

HOANG J, REUTER M A, MATUSEWICZ R, et al.
Top submerged lance direct zinc smelting[J].

Minerals Engineering, 2009, 22(9); 742-751.



