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Fig.1 Microstructures of AZ31B base alloy of welded joint at different temperatures for 30 min: (a) 25 C, (b) 510 °C, (c) 530 C, and

(d) 540 C
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Fig.2 Microhardness profile of the AZ31B base alloy after

bonding at different temperatures for 30 min
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Fig.3 Microstructure of AZ31B/304 stainless steel joint bonded at 530 °C/30 min and the EDS line scanning of transition zone along the

interface: (a) microstructure of AZ31B/304 stainless steel interface of joint, (b) enlarged view in layer III, and (c) EDS element

line scanning
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Fig.4 Microstructures of AZ31B/Cu/304 stainless steel interface bonded at 530 ‘C for different time: (a) 10 min, (b) 20 min, and (c) 40 min
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Fig.5 Microstructures of AZ31B/Cu/304 stainless steel interface bonded at different temperatures for 30 min: (a) 510 C, (b) 520 C,

(c) 530 °C, and (d) 540 C

\

IS
o

N
o
T

Shear Strength/MPa
w
o
| ]

=
o
T

10 15 20 25 30 35 40
Bonding Time/min
6 530 C, AN[EIPRIUR I )L 345 Sk 1 BY D) 5 B2
Fig.6 Shear strength of welded joint at 530 C for different

holding time

P FEIK R 31 MPa. X & R SR 8 A S SRR T 1
Mg-Cu-Al =704 J& [ A0 & 03& W Y it 2 0 A, T8 Rk
WatE A&, R L It RE PRI .

7 ORI 30 min, AS[FEAREER E S AZ31B
G a 5 304 AR AR B HOE R L M 8T V) i
. MWEHRTLLEH, 78 510 CHF, Cu/Mg Fififl
CulANFEI T AL S5+ B B 74, WA 7= A 3L
M, IS5 G889 520~530 C, 5k RO MK EE S
WARTE A B AN B A R T IR B R Y R & 45 &, B
VIn&BE Tt . 540 “CHF, B 3L 5 U HP RIS 4T
) B & AR — M AN Bk, 8R4 i R R DL &
& J (R A 0 1) & TR U U A4 B D) e B2 1 e o

N R SR TR A B, X W O
i@ XRD % S B AR AT o b, L4
KWK 8 fin. MWK 8a rLUEH, Wi I U)X

(K8t A i) ROt~ # (X (& 8 1 B i) 4R
TR X G ERAT A AR S = AR S, X LU AR R4
BRI X BFHERATH S (B 8b flan) mILLAIE: &
Bk Uy BUX M E A A . Mge7(Cu, Al)gp.

30} /

20+

Shear Strength/MPa

10+

O 1 1 1 1 1 1 1
510 515 520 525 530 535 540
Bonding Temperature/‘C
Kl 7 DR300 min, AR AR BB K K BT U 0
Fig.7  Shear strength of welded joint at different bonding

temperatures for 30 min

500 : - . m Cu-Mg-Al b
A ® Mgu7(Al,Cu)z2
* Mg

400 A MgzCu
g
s 300
2
2 200
=

100

0

10 20 30 40 50 60 70 80

24()
Kl 8  AZ31B/304 NIz K I I F 350 X AT o P
Fig.8 Fracture surface (a) and XRD pattern (b) of AZ31B/Cu/304

stainless steel diffusion bonding joint



%8

PSS B & 5 AR 0 A I [ VRUAR 3 HCE

* 2069 *

J1is MQ,Cu & JE AL &Y. a-Mg A, i B b i BT 47) iy
MR AZ3IB RS EX WS, AZ31B 3
R IRBIEX

3 &£ g

1) AZ31B 4 4:/304 AEEENAE 510~540 C. fxr
I 30 min &4 T BUR G, AZ31B HR K AR T 45
Fdm ki K, 510 ‘C Rk &R EH K, 530 CHY
SRR AL, 540 C A Sk A AT HE S A
HEFELKR, HAEHITL,

2) 7£ 530 ‘C/30 min &M T, S #X 22K
FRAE, A TR AME O 3 R LXK . & Mg AR X
BEEEMBIEX.

3) 510 “C/30 min. 530 ‘C/10 min i}, $2:3k 51 X
WA ILEHS, FmgE5HE5; 520 'C/30 min.
530 ‘C/20 min i, FXIEMRIL AL, Fiy #ix
SR E N, S 4G R 3 S 530 'C/30 min I,
HET IR F Rk, 4N 52 MPa; 540 ‘C/30 min.
530 “C/40 min B, FUIH X 3L 8RO & A 4 iR g
[, A SRR AL Mg-Cu-Al = &)@ AL EY
BIEZ PR A, Bk B BT 9 PR .

ZE 3k

[1] Zeng Ronglv(® % &), Ke Wei(#7 fF). Acta Metallurgica
Sinica(4: 8 %#R)[J], 2001, 37(7): 672

[2] Ma Li(Z 77), He Dingyong(%% 5 ), Li Xiaoyan(Z=H%4E) et
al. Rare Metal Materials and Engineering(%i & 48 # ¥l 5 1
)[J], 2011, 40(9): 1600

[3] Tong Lihong(f4 T £L). The World Nonferrous Metal (it i 4 {4
4 J@)[J], 2002(8): 16

[4] Sheng Guangmin(/& %), Zhang Gongting(7K T k), Yan
Chun(id] #). Rare Metal Materials and Engineering (A 4
JEA LS TR)[I], 2011, 40(4): 615

[5] Dong Chaofang(Z#875), Xiao Kui(¥ %), Li Jiuging(Z=A
). The Chinese Journal of Nonferrous Metals(+ [E A 44
J& 2£4R)[J], 2005, 15(12): 1938

[6] Yu Gang(£x KI), Liu Yuelong(*I#% %), Li Ying(ZE Ef) et al.
The Chinese Journal of Nonferrous Metals(+ [Ef 4 &2~

References

#)[3], 2002, 12(6): 1087

[7] Xiong Jiangtao(HEYT. ), Zhang Fusheng(7K & 4), Li Jinglong
(Z5T ) et al. Rare Metal Materials and Engineering (% 5 4>
J&#4 KL 5 T FE)[I], 2006, 35(10): 1677

[8] Wu Mingfang, Si Naichao, Chen Jian. Transactions of
Nonferrous Metals Society of China[J], 2011, 21(6): 1035

[9] Liu Peng, Li Yajiang, Geng Haoran et al. Materials Letters[J],
2005, 59(16): 2001

[10] Zhao Xu(i& Ji), Song Gang(Z# Ri), Liu Liming(XIZZH7).
Transactions of the China Welding( /% 4% 2% % )[J], 2008,
27(12): 53

[11] Elthalabawy W M, Khan T I. J Mater Sci Technol[J], 2011,
27(1): 22

[12] Chen Rushu(Bf & #t), Zhang Fenggang( 7k ¥ NI), Liu
Shicheng(XI/1t:#£) et al. Transactions of Materials and Heat
Treatment(#4 &} # Ak 28 224 ) [J], 2010, 31(1): 126

[13] Liang Shujin(ZH45), Wang Xin(E k), Liu Zuyan(XIH:4)
et al. Rare Metal Materials and Engineering(%if5 4 J& # &}
5T HE)[J], 2009, 38(7): 1276

[14] Xia Cuigin(X 3% ), Liu Ping(xl “¥), Ren Fengzhang({£ X
#) et al. Development and Application of Materials (#1f}
&5 R[], 2007, 22(1): 1

[15] Wu Mingfang(2 44 77). Thesis for Master(fii £ & 32)[D].
Zhenjiang: Jiangsu University, 2011: 35

[16] Elthalabawy W M, Khan T I. Int J Adv Manuf Technol[J],
2011, 55: 235

[17] Patil R V, Kale G B, Gawde P S. Journal of Nuclear
Materials[J], 2001, 297(2): 153

[18] Zhou Fei, Li Zhigang. Transactions of Nonferrous Metals
Metals Society of China[J], 2001, 11(2): 237

[19] Wu Mingfang(&4477), Si Naichao(®) J3#), Chen Jian([%
{#). The Chinese Journal of Nonferrous Metals(+ [ f 4>
J& 2£3R)[J], 2010, 20(6): 1209

[20] Du Shuangming(#L XX #3), Liu Gang(X KWI), Wang Mingjing
(E #i#). Rare Metal Materials and Engineering(#:f & &
MRS T[], 2014, 43(2): 475

[21] Dong Zhangui, Qian Yiyu, Shi Sugin et al. Welding
Journal[J], 2001, 23(1): 34



« 2070 - WA SRR TR 45 %

Transient Liquid Phase Bonding of Magnesium Alloy AZ31B and 304 Stainless Steel

Du Shuangming, Gao Yang, Hu Jie
(Xi’an University of Science and Technology, Xi’an 710054, China)

Abstract: Transient liquid-phase bonding of magnesium alloy (AZ31B) to stainless steel (304) was performed using a copper interlayer.
The microstructure and bonding strength of the bonded joint were studied. The results show that when the welding condition is 510 <C/30
min or 530 <C/10 min, no eutectic phase is observed in the welded joint and the metallurgical bond is weak. When the welding condition is
520 <C/30 min or 530 <C/20 min, the joint interface forms Mg-Cu eutectic. The weld width increases significantly and interfacial bonding
strength improves. At 530 <C/30 min, a laminar diffusion region with a width of about 350 um forms at the magnesium side in the welded
joint. Microstructures are Mg-Cu eutectic layer, followed by Mg-rich solid solution layer, Mgi7(Cu,Al)., dispersed in magnesium alloy
matrix and permeability zones of Mg-Cu-Al ternary compounds distributed in grain boundaries of magnesium alloy. The shear strength
of the joint reaches the highest value of 52 MPa. Under the welding condition of 540 <C/30 min or 530 <C/40 min, isothermal
solidification occurs in eutectic liquid on the interfacial diffusion zone and the joint shear strength decreases, which is attributed to
continuous network distribution of Mg-Cu-Al compound along the magnesium grain boundary. Recrystallization happens and grains grow
in the AZ31B matrix.

Key words: AZ31B magnesium alloy; 304 stainless steel; transient liquid phase bonding; microstructure; bonding strength
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