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Abstract: Lead-steel bimetallic composite materials, as critical structural-functional integrated materials, combine
the high strength and toughness of steel with the excellent radiation shielding and corrosion resistance of lead,
demonstrating irreplaceable value in nuclear industry, electrochemical engineering, national defense, and other fields.
This paper systematically reviews the research progress and application status of lead-steel bimetallic composites in
terms of preparation processes, interfacial microstructure, and key performance. In terms of fabrication techniques,
solid-state bonding methods such as explosive welding, roll bonding, and diffusion welding, as well as solid-liquid
processes including casting and additive manufacturing, are comprehensively analyzed. The bonding mechanisms,
process windows, and advantages and limitations of these methods are discussed, emphasizing that achieving
robust metallurgical bonding is the core objective of process development. Regarding interfacial and performance
characteristics, this study elucidates the microstructural features of interfaces formed by different processes and reveals
the decisive role of interfacial structure in macroscopic mechanical properties, radiation shielding effectiveness, and
electrochemical behavior. Although significant achievements have been made in interfacial regulation and performance
optimization, challenges remain in long-term interfacial stability and consistency in forming complex components. This
paper also outlines future development directions, suggesting that breakthroughs can be achieved through multi-process
integration, intelligent manufacturing technologies, and novel interface and structural designs, thereby further promoting
the application of lead-steel bimetallic composite materials in high-end equipment fields.
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Fig. 4 Schematic diagram of the bimetallic roll bonding
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Fig. 10 SEM micrographs of the roll-bonded lead-steel interfaces under different rolling temperatures
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welding
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Fig. 13 Structures of the lead-steel interfaces under TIG arc and droplet deposition composite process
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Fig. 14 Microstructural characteristics of the lead-steel bimetallic structure interfaces
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Fig. 15 SEM and EDS images of the lead-steel interface under electromagnetic forming composite process
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Tab. 4 Mechanical properties of the lead-steel composite materials under different preparation processes
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LA HY/Pb/Snts 43 /5N =19 [15]
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Tab. 5 Electrochemical properties of the lead-steel composite materials under different preparation processes
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Tab. 6 Application fields of the lead-steel composite materials

INAgEEIEC o ERE IIRAEERIE HARNE

Bk LEETEE [T Ul ot e et STSEHESFREZ . RIRORHit fr e

N TS JE5 Pl WL A BRI i, EIE. SRR P
BT i Bl KifEfathem . Bhitl. Zn T (R NRTRE AR Xoug . CTEMPHFS . 13

R M P Sk S RFRE PR L . LA TR

AP R BOOHIRE) . P AR R AR

AT BSR4 IEESHREE RS . ST R




F

Vol.75 No.3 2026

{EL% FouNory L ERZEIAR

e EARRI SFEREYST, SERBTHIERRNRE
KESEMNERTRS, LINXHER. RE/BIE
, EAENTESmAYL,

REH-NEEMRIEEEE . Nt EMNE,
Eizee. BB AFEXRUSEREEENBM
B, BEF—SAREMEIE—RIBPEL . ZHENZ
BEESHFMERERANFLN, RELEERENR
FHRFEERM. I, EREG I ZHEEIAIRIL
R EFERR: HEREELSHESIEAIR
JBESHRHYIME, BYHSNEIRES k. 7
HEARSRMAFDR, SBUSFHREREWRIRH
ES. RE—BEELURIE. HEHB-NNEEE
EVRIH—SEARENEERE, mEINUATHE
B

(1) EHEZTZME . BREREIEMNTEN
RIEM HIE S e R REESHIELFIESHEMNS,
B IRIT . SIS SE REEERIER L
%, ATERIEEEESEZEENENEARERSE,
VI EH S NFa RS, BESHENHSEXNHT
FHEBESHORGZRE T K

(2) RERERAUHEERR, EEEEREIIEAR
MUIZSH, BEIRIXERA, EHEIREPE
BiRE. EHEERESE, FAaATEREEAIHRK
TR0 RAREFXESY, LUDFEELR
3. RERBEER, ZEEREZELTHRE
HEETZ, BB XMEINSHERIUAE T
ZmETHMRRER,; WEEMRIT. FIESKRAY
BeeFs, TMNSH AT RmGENEREHNF
w58, RBeEFENT R8I,

(3) MHUAREEESMRES . BERITEER
H. sIANREZEHXIE. NWEFRFITESSHE,
—S MM RNEGEMRE, ERISENRIESFfbe
DHEM E, BERANFRESHEM®YE, HEE
AR NI . SINERBIRESinEE S WY
WA .

SE:

[1] HEX. GHEESMESHEME D] EaEER, 2007,
24 (1) : 1-12.

[2]1 LZE, BIRED. SeHESMEHEMTSM XML A SR A
. FREEETZE, 2008, 16 (5) : 737-740

3] BELE. MEhEAEARIREEIS 1] fRReSERETE,
2013, 30 (2) : 115-121.

[4] 5KKIE, HE, HEE, & WANEEEDEEIRNES
TIGEIISHHIE SREALNR V). BESEMHE ST,
2023, 52 (3) : 1079-1086

5 55

‘ala

H-NNEEEGMRHEIZESNBIPEBRHLE
SRS EZINEE- S — TR, IEEERER
HEHSEHHS T2 ENE T EEHE. EH&E
FARLE, B-BE&EFREIEEESI T HA-NRM|
MEasEs, REUYREIAZI9 MPa; 4LHIE
S5 EETEREREEESHRE S TS
=, ILHEaELARILFIEESHHE N REMAR
HESRE, HELELEE260 C. FLEIETREHIE
30%~40%AY, REANLIMFTDIAEEE; ¥ EUEEN
BEEHIRZERE. RENBRIBEEDEREEGN
R, HIEEEEN230 C. RERSE3 h, BEES
5 MPafid, #HMERER(E, FHsRERIIA114.5 MPa;
S5 N EEIEEMAOINEMNE, RINHIEL
BESNHB- ISR, AEREEHRET TSN
TIEFELERE. EE-REEGHHE, HEEGSLUTIG
BRI AR RIIBM ISR A, HEZAIEN
- INE S BN TR T 3NER .

EREARSUEARLTE, BYREEENS
BMENTZ2H, MUNEHNEEREEERS
W NEMEEN R IEIERAY10.9 MPaZIELFIEE Y
19 MPaFEEE143ERI28.4 MPa, FESLI “Zimis
&7 HARBH; BRIt A IR RS
M, v EREBRERNSEREHITE’00E, NS
B AR N AZREFISIEHITE62.5 mSvhlA T, HEZ
WEHIPER; BUEEERENEEREEE. SEY
EHEMNE, B-NESIIF IR EZREPb-0.2%Ag
R35.5% BBt . S, EsinB iz
REeRE. KEDSREMEINESE XK.

RERREZE, H-NNEBESVEHIAEIGRE
KEREEABSE R — SRS
K, BUEDZTZME. KESBELHIEHRR.
FEEHV A S %R, BERAXRBIIUERAR
M, H—THRER-NNEEESMRE T —RixgesE
BE5SRBHUZEESWINNERE, HiZgE. B
WERABR A RORFEL SIS E AR S T i2a08E

[5] FEoe, HE, &%, T BHESBRIEN HIER/HEN
ERENRBERFIESEENS T [1/OL]. FEVM IR,
1-11[2025-11-02]. https: //link.cnki.net/urlid/42.1294.
TH.20250702.1734.007.

[6] #tZ&, BEIE, KXIE, . TIGEIINESIEHITIRIEH
B4SINAREESNEBEM T ZMR [1]. ESIR, 2022, 36
(2) : 144-148.

[77 DUJ, ZHANG Y, HE L, et al. Investigating steel/lead

bimetallic structure fabricated by tungsten inert gas welding



2026 H3HA/ET75E

arc-assisted metal droplet deposition [J]. Materials Today
Communications, 2025, 43: 111798.

[8] GUS, LINGH, LIUW, etal. Synchronous extraction of Pb,
Zn, and Fe from Pb-rich slag via a hybrid reductive smelting/
fuming approach [J]. Metallurgical and Materials Transactions
B, 2025, 56 (3) : 3092-3108.

9] %58, =K, FTHE, L. v ERYHRENENENLE
HHFIERERIZNG (1] IBSHR SR T 254k, 2005, 23

(6) : 371-372.

[10] #7358, =BAR, ZRE, & KEMNERDRMETZMLE
EFNTSE 1. MRIRIZEETZ, 2007, 15 (6) : 839-843.

[11] =3, FBE, 76T SRFTHIMESEHITBAIGN [1].
TGN, 2010, 32 (4) : 283-285.

[12] BT, BRE, HFhE, F. % (Pbl) +i0 (Q245R ) JEIF
IEEERICEA [J]. M*#F?ﬁ—'ﬁr\“ﬁﬁ 2012, 27 (4) : 16-20.

[13] =%, g%, BH, £ A-NRVEEERRBERIEZS IS
S5m0 Mﬂﬁ&"—imﬂ 2018, 33 (5) : 44-47.

[14] =%, skipte, =T, & H-NESRIFRIAR )] #%E2,
2023, 54 (5) : 14-19.

[15] #Ki8. FLHLERIERANEIRE SRR SIEREAR D). B
BE: RERIETKZ, 2014

[16] K=, MEFSEHEH-WRIREST RO AR S IERER
5 [D]. B8F: BBFEI A, 2015.

[17] ERE WEEMECRRITRRESELZMSR D] IERE:
M/RE T RS, 2023.

[18] 275. th-NEIREGTHHIE ML EIEEEMAR D] 2. RREE
TK%, 2013,

[19] 275, LB, FAEN, & HNIEHE-NEREE RS
BRENEMERNZN ). PEBE2REFR, 2012, 22
(11) : 3094-3099.

[20] FEIEVERRIREIE T ZM5RH. —FNEEaEN
FEHZARTZ 7505 CN202110033557. 5 [P]. 2021-06-01.

[21] FEIEZYIERFEARENE TZH5HT. — S8 F=A0R
MESEBRHIATLAE: CN202411848940. 6 [P]. 2025-03-14.

[22] FEIEVERREIHEIE L ZHAN —MNNEEES
IREBRERE T2 K5k : CN202510193762.6 [P]. 2025-04-01.

[23] #NHRR, AYET, TR B RETEG L ERRREAIBRRT
1B [7]. TR, 2014, 36 (7) = 6-10.

[24] E50, #VFF, KE, M- RREEEE IR ARIE AR
BEENEE ] 21%—'5;%5@%1%%, 2018, 47 (1) : 226-
232.

[25] THE, 1RFRNS, K& —FhiR-50-RaEmIEr RS ERIIL
5 0. BiEdBahft, 2015, 37 (24) : 85-87.

[26] KUMAR P, GHOSH S K, SARAVANAN S, et al. Significance
of the interlayer in explosive welding of similar and dissimilar
materials [J]. Combustion, Explosion, and Shock Waves,
2023, 59 (3) : 253-278.

271 &R, KT, FZF, L Pbl-QASRIBIERESSREESR
B [1]. MREFFR SR, 2011, 26 (6) : 12-16.

[28] XU Y, HAN Z, ZHU P, et al. Lead-steel layered composite

(%h#f. Hu ]

» [)
%E'Lﬁ_,é"‘%ﬁ FOUNDRY

electrode for adiponitrile production: preparation and
electrochemical properties [J]. Journal of Electronic Materials,
2022, 51 (3) : 1330-1341.

[29] BT A — M- WEIRES
[P]. 2012-12-05.

[30] fBINKZ. —MIP BRI ESENBMEGHE X!
CN202311828362. 5 [P]. 2024-03-22.

[31] BRESE, (RLIR, kR, & WE/E
A [J]. #51&, 2021, 70 (6) : 646-650.

[32] WhsHS, FHEE, B/ RELIERESSEE 2 /ERER
HTWEBAEEGIEEERORAE [J]. #5518, 2024, 73 (12) :
1659-1666.

[33] =, 128, [EEK, & E-REGHSHENEEESTH
RORRRER [V]. ISFPEIERBRaE, 2022, 42 (6) : 681-
687.

[34] 3OKIE, HE, BB, £ AP T4SNSERT4s
SNEREE BRI LI [J].L;T;z, 2022 (6) : 24-32.

[35] FREITASJ C C, NUNES E, PASSAMANIE C, et al. Structure

Fa4%: CN201220187025. 3

B REENE T 245

and melting of Pb nanocrystals produced by mechanical alloying
of Fe/Pb powder mixtures [J]. Acta Materialia, 2006, 54
(19) : 5095-5102.

[36] NUNES E, PASSAMANI E C, LARICA C, et al. Extended
solubility in non-equilibrium Pb/Fe system [J]. Materials Science
and Engineering A, 2005, 390 ( 1-2) : 13-18.

[37] LIANGH, CHENY, LUON, et al. Experimental and numerical
investigation on interface microstructure and phase constitution
of radiation resistant Pb/316L stainless steel explosive welded
composite plate [J]. Journal of Materials Research and
Technology, 2023, 24: 2562-2574.

[38] DU J, WANG D, XU S. Gas tungsten arc welding assisted
droplet deposition manufacturing of steel/lead bimetallic
structures [J]. Journal of Materials Processing Technology,
2021, 292: 117069.

[39] YANGC, JIANGR, WUH, etal. Microstructure and mechanical

properties of steel/lead Bi-metal tubes produced by magnetic

pulse welding [J]. Coatings, 2024, 14 (12) : 1542.

XELO. Friesdtz et S =S SINRIREERIT S NFE DT

[D]. &BH: FILERZE, 2016,

[41] DE AZEVEDO AM, LOPES TJ, DE Medeiros M P C, et al.

[40

[

Calculation of the experimental transmission factor for ionizing
electromagnetic radiation for composite materials composed of
ballistic steel and lead [J]. Radiation Physics and Chemistry,
2025: 112985.

[42] 5, LEE, BER, F FEENSBEENGRNERE
BRRAIMEEE [J]. Mﬂﬁﬁ’“ﬂﬁ 2013, 27 (1) : 60-64.

[43] RERk, B, 8, & NEXPZRINIRIGE 535688
HEERERRE DT [1]. ﬁ??itﬁ%;ﬂz, 2006, 22 (4) :
13-17.

[44] FERL, B WEXFIRIRIDE S3EaessAt etz [1].
HRMETFZ, 2005, 21 (3) : 45-51.

, pjy@foundryworld.com )



	01_2026铸造3期（彩页P19：227-228,242-243,250,261-266,295-296,299,308-309,319-320）
	31 专题综述 P219-231 杨梦婷-P


