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Research advances in the diffusion bonding of dissimilar metals
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Abstract: To meet the dual requirements of structural performance and lightweight design in modern high-end
equipment, high-reliability joining technologies for dissimilar metals have become one of the core challenges in the
field of advanced manufacturing. Diffusion bonding, as an advanced solid-state joining process, enables interfacial
atomic interdiffusion through thermo-mechanical coupling to achieve metallurgical bonding. It is particularly
suitable for joining of dissimilar materials with significantly different physical and chemical properties, and holds
unique value in high-end industrial fields such as aerospace, new energy, and nuclear industry. This paper
systematically reviews the current state of research and progress in diffusion bonding of dissimilar metals. Firstly,
based on the metallurgical compatibility of material combinations, dissimilar metal diffusion bonding systems are
categorized into three types: systems with good compatibility (e. g. , dissimilar steels, steel/nickel, etc. ), systems
with poor compatibility (e. g., copper/iron, tungsten/copper, etc. ), and systems prone to forming brittle
intermetallic compounds (IMCs) (e. g., steel/titanium, titanium/nickel, aluminum/steel, etc. ). The bonding
mechanisms and principal technical challenges for each category are discussed in detail. Secondly, the study
focuses on combinations of key engineering materials such as steel, nickel, titanium, copper, aluminum, and
magnesium alloys, and examines strategies for controlling interfacial reactions, IMC growth, and residual stresses
through optimized process parameters, innovative process methods, interlayer design, and surface pretreatment.
Research shows that selecting appropriate interlayers (e. g., Ni, Cu, Ag, high-entropy alloys, etc. ) can
effectively suppress the formation of harmful IMCs and alleviate thermal stresses caused by differences in thermal
expansion coefficients, thereby significantly improving joint performance. Pretreatment techniques such as surface

nanocrystallization enable high-quality low-temperature bonding while minimizing thermal damage to materials.
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Finally, this paper highlights future key research directions in the field, including multi-scale simulations of

interfacial reaction kinetics, development of low-stress and defect-free new processes, and the application of

artificial intelligence in material design and process optimization, aiming to provide theoretical references and

technical support for promoting the wider application of diffusion bonding technology in high-end industrial fields.
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Challenges in diffusion
bonding of dissimilar
materials:

e Metallurgical
compatibility

e CTE

e Residual stress
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Fig. 1 Diffusion bonding mechanism of dissimilar metal materials and typical application scenarios
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Fig.2 Diffusion bonding interface and element line scanning between P92 steel and 3161 austenitic stainless steel™™
AR R A TR R W Wk )T O TR S S E) S R

JEERRE (et St [ B 9T R, S A R RO Sun 55" R L 25 UL He ] 4 304 NEEH/
IR, PR TEAE S SRRl Fe VRN PRI ZY BOEEAL 20 BRAIAUE Ja H 3k, AT 5T 1 [ Ak BT L S5 9 St I
TR R D IRIRGN, SR R PO ECk Y OAS Y RIZE 593, 304 401 20 RANAE 1 380 °C/
DAL REA AR A D AR ERE A Fe —Cr 60 min &M FIER THRE G &4 A, A REE
AT HUZ IO 2 R A Y BN AL Fe R SFBE, Cr AN JET A 304 H99 HIE 20 Ak H4,
(FE3) , TCMatE 4 s A AE B I EE A 950 C Tt C M 20 BB HLE 304 4, L B Bk X Sk, 7
21100 CHF, Cr 7E4E Fe P BIRZN 1.2 x 20 BRANMDE SO SEREZY 0 20 o YBROGIRIX 8,
107" m’/s I 1.3 x 107" m?/s P HUZEEREZ R FEEHE, BuXIPR R A 22 EE
it Bukovska 7RI Ni hE 2 MDY HOERE T B, ARARYTHCHSK IO S 45 4 SR Bl 485 MPa, £
304 ANEERIAN 316L AW, IFMEE T Ni PRI EVAALBSHEINE] 547 MPa,
PP B RS, BT Arrhenius 7R M T HF X SR HOE He R L T2 HEk i 2 Pk
304 316L AEERIFN Ni wh (]2 [ B i X SERE Ry AT AR AR 1,




o512 NG R SR RAh A B AR HGE ST i -85 -
£
i
i
O 1 lE 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160
FE RS /um
(a) EHEFHSEM (b) Fifi S EREDSL
3 1050 °C/30 min/15 MPa &4 THELAARTEL S
Fig.3 Microstructure and linear distribution of elements at the joint under 1 050 °C/30 min/15 MPa'®’
x1 RWRTBEERAEIE TELNAFERED>H
Tab.1 Mechanical properties of joints under optimal diffusion bonding process for dissimilar steel ['?+*5-%]
s ok TZ S8 IS
1 316L HEEY RO 1 120 °C/120 min/7.0 MPa PP 532 MPa
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Fig.5 Diffusion coefficient of iron atoms in CoCrFeMnNi model simulated by molecular dynamics
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Tab.3 Mechanical properties of joints under optimal diffusion bonding process for steel and copper alloys, zirconium alloys, and high

entropy alloysm’ 18, 20 -26]

75 Zp s TZ 24 Fi4ERE
1 304/Cu By BuEE 650 °C /45 min/30 MPa PP 153 MPa
2 304/Cu Ni Hji] 2 825 °C/30 min/5 MPa $i85 8 MPa
3 316/Cu Ni/Ag i) 2 750 °C/60 min/12 MPa Pehi 158 MPa
4 304/Cu Ni #1[a]JZ/IPADB 825 °C./20 min/5 ~20 MPa i 217 MPa
5 1CrI8Ni9Ti/Cu By i/ Au ] )2/ TLP 850 °C/60 min/3 MPa P 228 MPa
6 42CrMo/ %) 75 4 Ni ]2 850 °C/60 min/4 MPa P8y 221 MPa
7 304/ CoCrFeNiCu HEY HOEE 1 050 °C/120 min/20 MPa ehi 500 MPa
8 316/C10. 8FeMnl. 3Nil. 3 R ASTE AL B 900 °C/60 min/25 MPa Pihi 451 MPa
9 304/ CoCrFeMnNi SMAT Fil b3 850 °C/120 min/20 MPa PiLHi 320 MPa
10 316/CoCrNi SPS b3 1 050 °C/60 min/25 MPa PP 468 MPa
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Fig. 6 Interface morphology of the welded joint"**!
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Tab.4 Mechanical properties of joints under optimal diffusion bonding process for steel and aluminum alloys " ~%"
s Rk Tz SR WAL SR
1 316/6061 HEY HuEE 550 /120 min/9.8 MPa HUH 200 MPa
2 304/6061 Ni F ] 25/ R B 4 /0.2 MPa HBY 5 MPa
3 304L/7075 ELAR O 500 °C/60 min/5.0 MPa HU3Y 67 MPa
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Fig.7 Tensile test of the joints after holding for 1 ~4 h""
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Tab.5 Mechanical properties of joints under optimal diffusion bonding process for steel and titanium alloys

[27-36]

A= M TZ ZH IS
1 14MnMoVN/TA2 B HGERE 900 °C/60 min/5 ~7 MPa i 182 MPa
2 HA /T HIEY e 850 /180 min/5 MPa PLhi 43 MPa
3 14MnMoVN/TA2 Cu Hr[a] )2 900 °C/90 min/5 MPa BiHi 299 MPa
4 17 -4PH/Ti Ag HE])Z 850 °C/20 min/5 MPa PLH 420 MPa
5 G50/TC21 Mo/ Ni Hr[a] 23 930 C/60 min/25 MPa BLAL 631 MPa

6 316L/TC4 AlCoCrCuNi, H[R] Jz

PL5Y 274 MPa

1 010 °C/60 min/1 MPa PLHY 214 MPa
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Fig.8 SEM-BSE images of welded joint interfaces treated at different welding temperatures
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Fig.9  Microstructural evolution of the Nb/Ni interface bonded
at 860 °C under 10 MPa for various bonding times"*"!
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Fig. 10  Diffusion bonding interface of dissimilar titanium alloys
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Tab.6 Diffusion bonding of Cu and refractory alloys: material system, filler, parameters, and tensile strength =%

FHEHAZ hE)z 2R BURIsREE/MPa || APEHA R hE) = 240 P BE/ MPa
Cu -WCulO AgCu28 800 °C /4 MPa /20 min 218 Cu -Mo Ni 800 C /5 MPa /30 min 97
Cu —CoCrFeMnNi 750 C /10 MPa /120 min 224 Cu -Nb Ti 850 °C /10 MPa /40 min 217
Cu -W 980 C /106 MPa /180 min 172
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Fig. 14 HRTEM observation of W/Cu interfaces carried out on the W/Cu joints prepared at 980 °C for 180 min"*"’
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Tab.7  Diffusion bonding of Cu and Al material system, filler,

parameters, and tensile strength/* ="’
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Fig. 15 Microstructure of the Cu/Al and Cu/Ni/Al interface™*!
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Tab.8 Diffusion bonding of Al alloy: material system, filler,

parameters, and tensile strength* ~'""]

Wik Prdoo

WEMEZR  HEE 24 Wt HE/MPa
6061A1/6061A1 Al 540 °C /4.0 MPa /120 min 874] 79
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Fig. 16  Microstructures of joints with different holding times
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S8 Z VIR IE T AA6061 554 4 5 2 Fh 55k
BEVHGEENRETZEN (R, & THT
LBEEES AT AA6061 F54 A HE ek By
IR B 2806 5 2 TE 95% BAG/KFE T, LA %
ARG RTINSk A B L
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Tab.9  Optimal diffusion bonding parameters for Al alloy and
Mg alloy!'®!
s HALRRL/ v PRl v 1A]/
C MPa min
AZ31B Mg/AA6061Al 430.00 13.84 32.50
AZ61A Mg/AA6061 Al 420.31 7.70 29.02
AZ80 Mg/AA6061Al 405.87 7.87 29.02
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Fig. 17 The typical microstructure and element distribution of Al-Mg diffusion bonding joint at 339 °C '’

e, CHE T TG & B a5 T WRETTR M
GIBRR (N TCA BhEE T I -4 B4
PAIKARA 4 o R R e 1w A T DA 4
JEA R T A BB (R G S AR P
ST R R i, DT SEIRAIIR Y HGE
AR R G &40l 8 J s | Y iis:
FEVERE S I A8 Ak Liu 28000 5l b 45 ) 4 i
5E0(0% ~0.5% ) XF Ti -6Al -4V &4 vEA7 %1 &
W LBL NGRS ELIRS v B (AT E /I GUE N a2
FHETREIE, B -H MR EGE LR T, Y
AT EEAF 0. 3% B, FFIRTE L FCC 2541 & £k
A 1 0. 4% VLSBT aE 50, WG A EHIR o B
OIS, X A A B 5 IR AR v T
PR TR R TR AR A I S B B B v TR 4
FIEPELU ST R Y HOHE R, 7E 800 C/3 MPa/
60 minfEFESNE T AR S AR S S A ] 2 AL
117 0. 5% S5 73RO 5 W SEBE P58 i ST 45 A .
BREKG 4 4h, R E A AL PR AT DL SE R Zr -4
G IR Y BUER: . 7E Wang 551 RS,
Himad 700 C AL EE, HAEM B ST A 0.2% &
JoT i B, S S B B W AR T 150 °C



512 1

NG S SRR AR BIOE R T - 99 -

L 18 P 1) ZR A FE R B Y AL e A 4

W 1 i 2 4 AT B DA 600 °C FHZE 700 °C, 45 i i
HBEECIN 15.9% 14 % 84. 1% , L1 A TE i A & 1 i
FEZE R, A, P RGE BR A (o ]
B —ZrAH) A A AR {75 52 3k i SR PR AR TR 3G I, IF F: 3L

Zr-4  Interface Zr-4

(a) 0 %, 700 °C

Voids

(d) 0.2%, 620 °C

ST AR FRIR 1 e 5 BE L o e R 114 1 8 B (o A 2
T S A 0 B RN B A TS A, DA AR
TR B AR 2K, e A 700 °C/15 MPa/60 min
SAF A BRIk 257 MPa (9483, MY TR
WA 1Y) 66%

Interface

50 pm

(c) 0%, 800 °C
tertace

50 pm

() 0.2%, 700 °C

18 AEEZBETAESMESRENH0.2%H Zr -4 A& HELRE LM

Fig. 18

without hydrogen content''?’

6.2 FREBFEWK

BT R R R R Y B R A
AR, I 22 B2 A AL S5 2= ) T2
T 0T AR o) 2R H RS B2, O 1T 42 & A1 B3
TG Ve, KRB FIH VR AR 59 BUE AL &,
AT LASGE MRHA T 80T, SEBUIR TR s 2
R JCHAE T A ST RIE RS, B 5B L

Comparison of diffusion-bonded joints obtained at different temperatures for Zr —4 alloy with 0. 2% hydrogen content and

HoR AL AR W R AR, AR B BESE A
GO {E T ST R 5 A IR R 3
AT 3R TS 5T U0 o R TG 1R 9 56 S e 1 AR
A A B8, DAL 388 e AR AT 19 B 7 1 ] S SRR
SR B 2 Jf A TR AR T TR S
JE PRI HOE B A R AR AN 1 B A A
HS G P AT

=
? HER

— @A

E19 FEETHEE-ASH 8EER%"

Fig. 19 Schematic representation of the ion activated vacuum diffusion bonding furnace
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