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comprehensive mechanical properties of steel, and achieve lightweight structure to make the best use of everything. Thus the ti-
tanium/steel dissimilar composite structure is widely used in various fields. Welding is one of the important methods of manu-
facturing titanium/steel composite structures. However, the physical and chemical properties of titanium and steel are very dif-
ferent, which results in a great challenge in the high-quality welding of titanium/steel. With specific welding advantages,
solid-phase welding (diffusion bonding, friction welding and explosive welding) and brazing are preferred means to weld tita-
nium/steel dissimilar metals, and are significant to its high-reliability application with are proved to be research hotspots. In this
work, the research progress of titanium/steel diffusion bonding is expounded from direct bonding, single interlayer, multiple in-
terlayers and particular techniques. The interfacial microstructure and strength are summarized based on rotary friction welding
and friction stir welding. The titanium/steel explosive welding progresses are summarized from the aspects of process, joint
strength and interfacial microstructure. Focused on Ag- and Ti-based filler metals, the titanium/steel brazing is concluded. Fi-
nally, the bottleneck worse plasticity and toughness of titanium/steel joint is pointed out. This paper prospects the future of tita-

nium/steel joining from improving strength and toughness of titanium/steel joints by the means of interlayer/filler metal regula-

tion, out-field assistance, and configuration on base metals.
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Tab.1 Main physical parameters of titanium and steel

. . Thermal  Linear expansion
Material })erclrsrll'g};; N([)illttl/nég conductivity/  coefficient/
g p (W,m—l,K—l) (10—6,K—1)
Ti 4.5 1677 13.8 8.2
Fe 7.87 1535 66.7 11.76
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Fig.2 Information of titanium/steel direct diffusion bonded joint!”’
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Tab.2 Summary of titanium/steel diffusion bonded joints

Interlayer type Base metals Interlayer materials Joint strength /MPa Fracture location

TC4/316L™ — 43.01 Mixed IMCs

None
TC4/Duplex SS!'% — 194.3 Mixed IMCs

. CP-Ti/304Ss!"% Pure Cu 318 —

iSI:tnegriZyer CP-Ti/304SS!"! Pure Ni 311 —
TC4/1Cr18Ni9Til* LF6 183 —
TA2/1Cr18Ni9Til*® Ni/Nb 261 Ni/Nb interface
TC4/1Cr18Ni9Til'® Ni/Cu 285 Ni/Cu interface

Multi TC4/316L1" HEA/Cu 222.8 TiFe layer

interlayer CP-Ti/UNSS3125421) Ni/Cr/V 480 Ti side
CP-Ti/304SSP" Nb/Cu/Ni 300 —
TA2/20#27 V/Cr 252 V/Cr interface
G33/Ti7Al1Mo00.5V0.1C* Ta/Ni 485.5 —

Other TC4/3048S14 Monel400 216 Monel400/Ti interface
TC4/301SS! Ni 269.8 —
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B A, BUMAR Z S Cr-Fe Al Ti-V 4140, #&3k
o R T2 187 MPa,

position

3

‘

8 304SS/72Ag-28Cu/TA1S FFHR 23k i LA ZUE 5514
Fig.8 Morphology of interfacial microstructure of 304SS/72Ag-28Cu/TA15 brazed joint!*”!
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249,254,200 MPa, & A PP Tizs 3Z067CusoNiy
e mATRIESE TC4/316L, IR AFRAE T 18k FLif 2 v
2, anE 10 pron, Hh e m A Ak 3 AR
MR ZE, 4398 Fe,Ti. FeCr. a-Fe, fE 990 C
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T FeTi/Fe,Ti F T 2L 550
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PIsgait e, SECLEEINEY . W Ag MMM
Ag FEPRIUE 2%, Ti BEPRIMEM T, A,
N SRk, k4 AR S OBk A AT HE A 1 LA
KM FEA . $2PERE . ¥ BB /AN Ak
AR & R S

e S i agraath,

LI o

F9 ARG T 316L/TizsZrysBesgCoy/ TCA AT FL i M 414107

Fig.9 Interfacial microstructure of 316L/Ti35Zr,sBes;gCo,/TC4 brazed joint at various welding temperature
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Residual
filler metal
* 020,
[111]EeTi [112]Fe,Ti . [LOO]F(:Cr . [111]o-Fe,
P 10 TC4/Tiss3Z016.7CusoNi /3161 ST K4k B i 241 107
Fig.10 Interfacial microstructure of TC4/Ti333Z,167Cu39Ni;1/316L brazedjoint[57]
* 3 RAMETIREL MRS
Tab.3 Summary of titanium/steel brazed joints
Filler metal Base metals Filler metals Joint strength/MPa Fracture location
TC4/304SSP! Ag45CuZn3.5Ni 467 Eutectic
Gr.2Ti/UNSS3125418 Ag-28Cu <100 TiFeIMC
CP-Ti/304LP"! Ag-28Cu 112 Welding seam
TC4/31611" Ag-25Cu-25Z 85 —

Ag-based TC4/1Cr18Ni9Til*”] Ag-26.7Cu-4.6Ti 188 Ag-rich zone
AITi/35CrMot®!] AgCuNiLi 158 Ti(Cu Al),
TC4/17-4Ph!*] 63Ag-35.25Cu-1.75Ti 233 —

TA1/304SS!62! Ag-Cu-Ni 148.5 Welding seam interface
Ti/STSPY Ti-Ag/Ag 440 Agg
CP-Ti/ssP¥ Til5Cul5Ni/Ti20Zr20Cu20Ni 222 —
TiAl/42Cr (631 Ti42A5Zr32,5Cu8Ni6C06 110 —

Ti-based TiAl/42CrMol®¥ Ti-15Cu-15Ni 95.1 Welding seam
TC4/316LE7] Ti-Zr-Cu-Ni-V 70 TiFe/TiFe, interface
TC4/316L Ti-Cr-Cu-Ni-Co 310 Middle welding seam

3 HEERE

TR B O, A e AR n] AR B g o A/
Bk o HIE R SRR B A IR 8, SRS
A 245 BAR T ABHLE Ti-Fe METEAHAY A, 1H

T RRAE R R/ 5 Dl S PRAEAL ST e 1 2 e A2 S0 S P A B 0 72, )



F1TE EIW

AR, % BRI B8 TR ) 5 ST AR T I ot g 77

55K TR B PP, ]I s 204 Sk A RE (ol dn
SRR ) KRR . R AT AR IEHEBRAN, TR
FHECSK B 2 YRR S B WL, (ORI E &9
F8 A BCATS SR 265 B/ S5 o 4 A 40 I A o B R PR

B A AT, BR/AN ST Sk 0 C s i T AR
W TER , EJR TGI8 e AT 0T %, Bk
B IBBIE 22 O — AT AL, SN 7R 32 5878 3 Aoy
T B/ S A R T R R R B 1 . AR
JEINAE T, BRANIESL R AR T 2 R S i Nz
TSR S Z A AR AR A2 08, I 1% S WA 5 i
G PR VA A — R 22 5, EZER RO)RE K
FC e 252 B i Ao W By 5 A Sk SRS PR S i A A SR
YT, TR R M Sk B o BT B/ 4
TEFAR S BIE EAFAEAMERST, AT LR JLAS T T
ok

1) PP ]2 AT RS 4R, Y B A
TIUETE A& 90 09 A e B A R T 3, ARG
AR < O I 1 A v 1) S L A, ] IR 2 ) 4] %
P& W il 2RI A 5 78 S Al T 2R A TR HL T AT o X RERE
REJE G A TR ME PR AL B MO AS RIS (5] Ak ml 4] ]
WetE e R ETHLIERT, sifeisk.

2) B, MR ROMRIE A . AR
I3 5 R T 2R AR AR X L) S B SN 2T 25 R R
M #eY ., oM R (LR, W
FHRONE . Ve 2B Be A ) EAT SEmt 3, al ATEDE A B
L JZIE AR BRI, AR I ) A AR 2

3) BpbRMEA R, PRI TRk
B 2R TET 0 TS . SOHAE JLA /O S R, T
JRHETREO G R, MWEAE . AREg S, )
Witk Sk 20 12k, FF R A mE AL, RISk
SRPIVERE AN TARTE K ZBE T o

it B e ke 5 A DROER A, B/ S R S
RO B0 L P 5 SR A, S BB/ S o 4 s i T
SRR g R R AR A T, B R S
JR AR RE 22 2N AN FE 5%, 10 HAt S ST 8 A e Jo s A
ARG N RAT E R S

23k

(1] MW, PR, X, 45 BR/80 5 Fh 4 Ja K He it
FEi RELRIR[T]. MU T R4k, 2024, 60(22): 40-57.
SUN Q J, TAO Y J, LIU Y B, et al. Review on the Re-
search Progress of Titanium/Steel Dissimilar Metal
Welding[J]. Journal of Mechanical Engineering, 2024,
60(22): 40-57.

[2] WRK, BRI, 2k, % bz TC2 %)aE
4/321 ANENES YT HURPEIE[I]. K% B8 TR,
2024, 16(8): 182-189.

ZENG X, LIAO D B, PENG B Y, et al. Research on
Vacuum Diffusion Welding of TC2 Titanium Alloy/321

(5]

(6]

[7]

(8]

[10]

[11]

[12]

[13]

Stainless Steel with Intermediate Layer Addition[J].
Journal of Netshape Forming Engineering, 2024, 16(8):
182-189.

TR R, sk, BT, RS E BRI
GBI T.(GAIINT), 2008(12): 47-49.

LONG W M, ZHANG L, CHENG Y F. Study on Con-
nection Technology of Aluminum and Copper[J]. MW
Metal Forming, 2008(12): 47-49.

AR, LVRFIR, R, . BRERG &% A&
T2 RBEBARD]. sk Tk, 2024, 41(5): 42-48.
LIWD, SHI X N, LI CY, et al. Development Status of
Preparation Process of Titanium and Titanium Alloy
Ingot[J]. 2024, 41(5):
42-48.

NAJAFIZADEH M, YAZDI S, BOZORG M, et al.
Classification and Applications of Titanium and Its Al-

Titanium Industry Progress,

loys: A Review[J]. Journal of Alloys and Compounds
Communications, 2024, 3: 100019.

SUI P, REN B L, WANG J S, et al. Current Situation
and Development Prospects of Metallurgical By-Product
Gas Utilization in China’s Steel Industry[J]. Interna-
tional Journal of Hydrogen Energy, 2023, 48(74):
28945-28969.

UM, XU A 85 A9 8 B e 38 P A0 - 5 9 B S 0
[J]. fL A5 3, 2024(21): 158-160.

LIANG C. Application and Research of Duplex Stain-
less Steel Pipes on Offshore Oil Platforms[J]. Chemical
Enterprise Management, 2024(21): 158-160.

AR, PRRWG, KEEF, 5. PRIRASEXT 3160 AE5
W15 TCA R B BUR L LU S PERERYZ R [T]. APRHA
AbFRAEAR, 2017, 38(5): 79-85

SHAO Z Y, CHEN T C, SONG T F, et al. Effects of
Holding Time on Microstructure and Properties of Weld
Joints of 316L Stainless Steel and TC4 Titanium Alloy
by Diffusion Welding[J]. Transactions of Materials and
Heat Treatment, 2017, 38(5): 79-85.

LI B X, CHEN Z J, HE W ], et al. Effect of Titanium
Grain Orientation on the Growth of Compounds at Dif-
fusion Bonded Titanium/Steel Interfaces[J]. Materials
Characterization, 2019, 148: 243-251.

YANG X Y, GUO K, GAO Y Z, et al. Effect of Carbon
Content on Interfacial Microstructure and Mechanical
Properties of a Vacuum Hot-Compressed Bonding Tita-
nium-Steel Composite[J]. Materials Science and Engi-
neering: A, 2021, 824: 141802.

KUNDU S, SAM S, CHATTERJEE S. Interface Micro-
structure and Strength Properties of Ti-6A1-4V and Mi-
croduplex Stainless Steel Diffusion Bonded Joints[J].
Materials & Design, 2011, 32(5): 2997-3003.
VELMURUGAN C, SENTHILKUMAR V, SARALA S,
et al. Low Temperature Diffusion Bonding of Ti-6Al-4V
and Duplex Stainless Steel[J]. Journal of Materials
Processing Technology, 2016, 234: 272-279.

NOROUZI E, SHAMANIAN M, ATAPOUR M, et al.
Diffusion Brazing of Ti-6Al1-4V and AISI 304: An



78

K

|7

T

202543 A

[14]

[15]

[17]

(18]

[19]

[20]

(21]

(23]

[25]

EBSD Study and Mechanical Properties[J]. Journal of
Materials Science, 2017, 52(20): 12467-12475.

KUNDU S, GHOSH M, LAIK A, et al. Diffusion
Bonding of Commercially Pure Titanium to 304
Stainless Steel Using Copper Interlayer[J]. Materials
Science and Engineering: A, 2005, 407(1/2): 154-160.
KUNDU S, CHATTERIJEE S, OLSON D, et al. Effects
of Intermetallic Phases on the Bond Strength of Diffu-
sion-Bonded Joints between Titanium and 304 Stainless
Steel Using Nickel Interlayer[J]. Metallurgical and Ma-
terials Transactions A, 2007, 38(9): 2053-2060.

ZEf. TC4 BRA 43161 AW e B LY #uE
G e E RO X T AMD]. Kif: KiE
T K%, 2022: 27-32.

LI C. Design and Process Research of High Entropy
Alloy Interlayer for Diffusion Bonding of TC4 Titanium
Alloy/316L Stainless Steel Dissimilar Metal Joint[D].
Dalian: Dalian University of Technology, 2022: 27-32.
KUNDU S, THIRUNAVUKARASU G, CHATTERJEE
S, et al. Effect of Bonding Temperature on Phase
Transformation of Diffusion-Bonded Joints of Duplex
Stainless Steel and Ti-6Al1-4V Using Nickel and Copper
as Composite Intermediate Metals[J]. Metallurgical and
Materials Transactions A, 2015, 46(12): 5756-5771.
BENLME, ZEnte, 200, 4§ NitCu HEJZ X TC4 5
1Cr18Ni9OTi § MU 45 Sk L4V 5 00 FE B2 [J]. M &
B RS THE, 2008(37): 818-821.

HUOLP LIJL, LI WY, et al. Effect of Ni+Cu Inter-
layer on Microstructure and Strength of Diffusion
Welded Joints of TC4 and 1Cr18Ni9Ti[J]. Rare Metal
Materials and Engineering, 2008(37): 818-821.

WANG Y C, LI P, ZHAO C H, et al. A Novel High En-
tropy Composite Interlayer for Diffusion Bonding of
TC4 Titanium Alloy to 316L Stainless Steel[J]. Materi-
als Today Communications, 2024, 41: 110291.

LIP, LIJL, XIONG J T, et al. Diffusion Bonding Titanium
to Stainless Steel Using Nb/Cu/Ni Multi-Interlayer[J].
Materials Characterization, 2012, 68: 82-87.

LEE M K, LEE J G, CHOI Y H, et al. Interlayer Engi-
neering for Dissimilar Bonding of Titanium to Stainless
Steel[J]. Materials Letters, 2010, 64(9): 1105-1108.

LI C W, FAN Q B, YANG L, et al. Hot-Pressing Sinter-
ing Diffusion Bonding of a High-Toughness Titanium
Alloy and an Ultra-High-Strength Steel with Ta/Ni
Dual-Interlayer[J]. Journal of Materials Research and
Technology, 2024, 29: 3543-3553.

MENG Y, GU X Y, CUI M, et al. Laser Assisted Diffu-
sion Bonding of TC4 Titanium Alloy to 301 Stainless
Steel Using a Ni Interlayer[J]. Journal of Materials Re-
search and Technology, 2022, 21: 739-748.

BI Y B, XU Y, LUO Z. Material Characterization and
Mechanical Performance of Laser Diffusion Welded
Joint between Titanium Alloy and Stainless Steel[J].
Materials Letters, 2023, 336: 133927.

HE P, YUE X, ZHANG J H. Hot Pressing Diffusion

[26]

[27]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Bonding of a Titanium Alloy to a Stainless Steel with an
Aluminum Alloy Interlayer[J]. Materials Science and
Engineering A, 2008, 486: 171-176.

W, Fatie, RRILY, % . TA2/Ni+Nb HifE )=/
1CrI8NiOTi " HUEHe Sk (AL U PERE ] MU ikl
2, 2010(30): 25-29.

LI P, LIJL, XIONG J T, et al. Structure and Properties
of Diffusion Bonded TA2 to 1Crl8Ni9Ti Joints with
Ni+Nb Composite Interlayer[J]. Journal of Aeronautical
Materials, 2010(30): 25-29.

ZENG S, YOU G Q, LING X, et al. Diffusion Bonding
of TA2 Titanium and 20# Steel
dium/Chromium Bimetal Interlayers: Microstructure,

with  Vana-

Unexpected Carbides, and Mechanical Properties[J].
Journal of Materials Research and Technology, 2024, 33:
2430-2441.

ZHANG H, KHOSHNAW F. Friction Stir Welding[M].
Amsterdam: Elsevier, 2023: 197-228.

DEY H C, ASHFAQ M, BHADURI A K, et al. Joining
of Titanium to 304L Stainless Steel by Friction Weld-
ing[J]. Journal of Materials Processing Technology,
2009, 209(18/19): 5862-5870.

DONG H G, YU L Z, DENG D W, et al. Direct Friction
Welding of TiAl Alloy to 42CrMo Steel Rods[J]. Mate-
rials and Manufacturing Processes, 2015, 30(9):
1104-1108.

LIP, LIJL, SALMAN M, et al. Effect of Friction Time
on Mechanical and Metallurgical Properties of Con-
tinuous Drive Friction Welded Ti6Al4V/SUS321
Joints[J]. Materials & Design (1980-2015), 2014, 56:
649-656.

LEE W B, KIM M G, KOO J M, et al. Friction Welding
of TiAl and AISI4140[J]. Journal of Materials Science,
2004, 39(3): 1125-1128.

SHEYKHI M M, MOSTAFAEI M. Optimizing Weld
Strength and Microstructure in CP-Titanium and 304
Stainless Steel Friction Welds with Chromium Inter-
layer[J]. Results in Materials, 2024, 24: 100627.
IMPERO F, SCHERILLO F, ASTARITA A, et al. Study
of the Metallurgy of a Dissimilar Ti-6Al-4V Stainless
Steel Linear Fiction Welded Joints[J]. Key Engineering
Materials, 2015, 651/652/653: 1427-1432.

PRASANTHI T N, SUDHA C, RAVIKIRANA, et al.
Friction Welding of Mild Steel and Titanium: Optimiza-
tion of Process Parameters and Evolution of Interface
Microstructure[J]. Materials & Design, 2015, 88: 58-68.
LI P, DONG H G, XIA Y Q, et al. Inhomogeneous In-
terface Structure and Mechanical Properties of Rotary
Friction Welded TC4 Titanium Alloy/316L Stainless
Steel Joints[J].
2018, 33: 54-63.
LIAO J S, YAMAMOTO N, LIU H, et al. Microstruc-
ture at Friction Stir Lap Joint Interface of Pure Titanium
and Steel[J]. Materials Letters, 2010, 64(21): 2317-2320.
WEST P, SHUNMUGASAMY V C, USMAN C A, et al.

Journal of Manufacturing Processes,



17 %

o503 4

AR, % BRI B8 TR ) 5 ST AR T I ot g 79

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

Dissimilar Friction Stir Welding of Nickel Titanium
Shape Memory Alloy to Stainless Steel-Microstructure,
Mechanical and Corrosion Behavior[J]. Journal of Ad-
vanced Joining Processes, 2021, 4: 100072.

DENG H B, CHEN Y H, JIA Y L, et al. Microstructure
and Mechanical Properties of Dissimilar NiTi/Ti6Al4V
Joints via Back-Heating Assisted Friction Stir Weld-
ing[J]. Journal of Manufacturing Processes, 2021, 64:
379-391.

SHERPA B B, RANI R. Advancements in Explosive
Welding Process for Bimetallic Material Joining: A Re-
view[J]. Journal of Alloys and Metallurgical Systems,
2024, 6: 100078.

CHU Q L, ZHANG M, L1 J H, et al. Experimental and
Numerical Investigation of Microstructure and Me-
chanical Behavior of Titanium/Steel Interfaces Prepared
by Explosive Welding[J]. Materials Science and Engi-
neering: A, 2017, 689: 323-331.

XIE M X, ZHANG L J, ZHANG G F, et al. Microstruc-
ture and Mechanical Properties of CP-Ti/X65 Bimetallic
Sheets Fabricated by Explosive Welding and Hot Roll-
ing[J]. Materials & Design, 2015, 87: 181-197.

SONG J, KOSTKA A, VEEHMAYER M, et al. Hierar-
chical Microstructure of Explosive Joints: Example of
Titanium to Steel Cladding[J]. Materials Science and
Engineering: A, 2011, 528(6): 2641-2647.

AKBARI MOUSAVI S A A, FARHADI SARTANGTI P.
Experimental Investigation of Explosive Welding of
Cp-Titanium/AISI 304 Stainless Steel[J]. Materials &
Design, 2009, 30(3): 459-468.

MALIUTINA I N, BATAEV A A, BATAEV I A, et al.
Explosive Welding of Titanium with Stainless Steel Us-
ing Bronze-Tantalum as Interlayer[C]// 2014 9th Inter-
national Forum on Strategic Technology (IFOST). Cox’s
Bazar, Bangladesh. IEEE, 2014: 436-439.

LONG W M, ZHANG G X, ZHANG Q K. In Situ Syn-
thesis of High Strength Ag Brazing Filler Metals during
Induction Brazing Process[J]. Scripta Materialia, 2016,
110: 41-43.

YUE X, HE P, FENG ] C, et al. Microstructure and In-
terfacial Reactions of Vacuum Brazing Titanium Alloy
to Stainless Steel Using an AgCuTi Filler Metal[J]. Ma-
terials Characterization, 2008, 59(12): 1721-1727.

HAN K, WANG T, CHANG S J, et al. Interface Char-
acteristics and Mechanical Property of Titanium/Steel
Joint by Electron Beam Brazing with 72Ag-28Cu Filler
Metal[J]. Journal of Manufacturing Processes, 2020, 59:
58-67.

SHIUE R K, WU S K, SHIUE J Y. Infrared Brazing of
Ti-6A1-4V and 17-4 PH Stainless Steel with (Ni)/Cr
Barrier Layer(s)[J]. Materials Science and Engineering:
A, 2008, 488(1/2): 186-194.

LEE J G, LEE M K. Microstructure and Mechanical
Behavior of a Titanium-to-Stainless Steel Dissimilar
Joint Brazed with Ag-Cu Alloy Filler and an Ag Inter-

[52]

[53]

[56]

[57]

[58]

[60]

[61]

layer[J]. Materials Characterization, 2017, 129: 98-103.
SeMG B, Dub)E, TS B Ni EXPER/ER RSk
JEF Y BAT R R R AL (D). A m AR S TR,
2016, 45(2): 449-453.

ZHANG P X, MACY, YU HY. Influencing Mechanism
of Ni Clad Layer on Atomic Diffusion Behavior of Tita-
nium/Steel Brazing Joints[J]. Rare Metal Materials and
Engineering, 2016, 45(2): 449-453.

LU Q B, LONG W M, ZHONG S J, et al. TZM/Graphite
Interface Behavior in High-Temperature Brazing by
Ti-Based Brazing Filler Materials[J]. Welding in the
World, 2020, 64(11): 1877-1885.

XKk, AiEk K Ti-6A1-4V &4 I 304 RN K
Inconel ¥R & 4 WIERLMIF[D]. HK: KK,
2016: 46-57.

DENG Y Q. Study on Pure Titanium and Ti-6A1-4V Al-
loy and Their Connection with 304 Stainless Steel and
Inconel Nickel-based Alloy[D]. Chongqing: Chongqing
University, 2016: 46-57.

MIYAZAWA'Y, CHANG C S, SATO H, et al. Brazing of
CP-Titanium/CP-Titanium and Titanium Alloy/Stainless
Steel with Laminated Ti-Based Filler Metal[J]. Materials
Science Forum, 2007, 539/540/541/542/543: 4031-4035.
CAO X, DONG K W, ZHU R, et al. A High-Strength
Vacuum Brazed TC4/316L Joint with a Ti-Zr-Based
Amorphous Ribbon as the Filler Metal[J].
2021, 187: 110070.

K. TC4 A3 4-316L ANEEMET AR5 I TS
[D]. Bial: R PR TR, 2021: 11-12.

ZHU R. Study on Brazing and Thermoplastic Joining of
TC4 Titanium Alloy-316L Stainless Steel[D]. Nanjing:
Nanjing University of Science and Technology, 2021:
11-12.

HIK. Ti-Cu FEEFRHBCTT K& S/ R 8 H 25 5T
HLEBFSE (D). KiE: KREH TR, 2020: 44-47.
XIA'Y Q. Design of Ti-Cu Based Solder and Study on
of Titanium Al-
loy/Stainless Steel[D]. Dalian: Dalian University of
Technology, 2020: 44-47.

LEE J G, HONG S J, LEE M K, et al. High Strength
Bonding of Titanium to Stainless Steel Using an Ag In-
2009,

Vacuum,

Vacuum Brazing Mechanism

terlayer[J]. Journal of Nuclear Materials,
395(1/2/3): 145-149.

LAIK A, SHIRZADI A A, SHARMA G, et al. Micro-
structure and Interfacial Reactions during Vacuum
Brazing of Stainless Steel to Titanium Using Ag-28pct
Cu Alloy[J]. Metallurgical and Materials Transactions A,
2015, 46(2): 771-782.

SOLTANI T R, AKBARIM S A A, MAZAR A M. Dif-
fusion Brazing of Ti-6Al1-4V and Austenitic Stainless
Steel Using Silver-Based Interlayer[J]. Materials & De-
sign (1980-2015), 2014, 54: 161-167.

VREL, s, B3 4. TiAl/Ag-Cu-Ni-Li/35CrMo Ji&
IO T AR 4%k B AL SURFAE [D]. R 452l 2005, 26(3):
13-16.



80

K

|7

T

202543 A

[62]

[63]

[64]

XU W, HE J S, FENG J C. Microstructure Characteris-
tics of Induction Brazed TiAl/35CrMo Joint with
Ag-Cu-Ni-Li Filler Metal[J]. Transactions of the China
Welding Institution, 2005, 26(3): 13-16.

YAO Y J, HAN Y, ZHANG K Y, et al. The Dependence
of Fracture Mode on Interfacial Microstructure in TA1
Pure Titanium/AgCuNi/304 Stainless Steel Vacuum
Brazed Joints[J]. Vacuum, 2022, 203: 111318.

X Gel, g, HEEE, % ORFE4FEXT TiAl &4
40Cr ARk 9 HE A2 [T]. J74%, 2004(2): 34-36.
LIU J F, ZHU Y, KANG H, et al. Effect of Filler Metals
on Shear Strength of Ti-Al Based Alloy and 40Cr Steel
Brazing Joint[J]. Welding & Joining, 2004(2): 34-36.
MRk, AEAESE, BME, 45 SR Ti-15Cu-15Ni 4TRHH)

[65]

TiAlI42CrMo 3%k A EL L IRPLBE[)]. TS #4 ko
#, 2006, 26(3): 317-318.

CHEN B, XIONG H P, MAO W, et al. Microstructure
and Bonding Mechanism of TiAl/42CrMo Steel Joints
Using Ti-15Cu-15Ni Filler Metal[J]. Journal of Aero-
nautical Materials, 2006, 26(3): 317-318.

B0, BN, B AW, 5. TisoeZrizsoCuirasx
Nig osCox EARET B ELZS £ 1 TCA 6 42/316L REEH
[7]. JE3E24dR, 2024, 45(1): 47-57.

HAN W Q, DONG H G, MA Y T, et al. Vacuum Brazing
TC4 Titanium Alloy/316L Stainless Steel with
Tig3.76Z112.50CU(37.49-Nis 25Cox  Amorphous Filler Met-
als[J]. Transactions of the China Welding Institution,
2024, 45(1): 47-57.



	3-24---精密成型工程第3期网络版
	8---夏月庆_new_


