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Abstract; Electromagnetic pulse welding (EMPW) technology was used to weld 5052 aluminum alloy and AZ31 magnesium alloy tubes.
The effects of post-weld heat treatment temperature on microstructure and mechanical properties of EMPW joints of the Al/Mg tubes were
studied using scanning electron microscopy (SEM) , energy dispersive spectroscopy (EDS) analysis, and universal testing machine. The
results show that the post-weld heat treatment leads to the formation of intermetallic compounds (IMCs) at the interface of the joints.
When the post-weld heat treatment temperature is 200 °C , only the Al,Mg,, IMC layer is formed at the Al/Mg interface. When the post-
weld heat treatment temperature reaches 250 °C and 300 °C, Al,Mg,, and Al;Mg, IMC layers are formed at the interface, with the
Al ,Mg,, layer near the Mg alloy side and the Al;Mg, layer near the Al alloy side. The formation of intermetallic compounds (IMCs) can
seriously affect the mechanical properties of the joints. With the increase of post-weld heat treatment temperature, the failure model of the
welded joints changes from the failure of the Al tube base metal to the failure of the weld in the tensile-shear test. When the post-weld heat

treatment temperature exceeds 150 °C, the Al/’Mg EMPW joints fail at the weld, but the location of cracking is not the same. It can be
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divided into three types: ductile fracture mode along the weld near the Al alloy side, brittle fracture mode along the Al ,Mg,, layer, and

brittle fracture mode along the Al;Mg, layer.

Keywords : Al’Mg dissimilar metals; electromagnetic pulse welding; post-weld heat treatment; microstructure ; failure mode
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Table 1 Chemical compositions of the 5052 aluminum

7,

alloy and AZ31 magnesium alloy ( mass fraction, %)

Mg Al Zn Mn Si  Cu Cr
5052 2.2-2.8 Bal. 0.1 0.1 0.250.1 0.15-0.3
AZ31  Bal. 2.5-3.5 0.5-1.5 0.5-1.5 0.1 - -
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Fig. 1 The lap welding schematic diagram of Al alloy and Mg alloy tubes
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Fig.2 Schematic diagram of EMPW for the Al/Mg tube joints

WY, SMELE R RE S i T R RGN AE AR TR TR,
AL B RS v = B R IE AR 2% 00, HESh NS ik
B L P AR A%, DAAIE i I B 5 A R AR ik
L EE KRBy s IR HTE , PSR R 1T A B S
i, S S B bR A R SR T 0 AR N AR, AR AR
RS LA S B MR E & 456 . At
FEAEMEERE TR N 35 kI SRR 1.5 mm M T2 5
BOR AR/ BB R Rk AR Sk T IS 22y
S P BE T 85T,

X AL/ Mg B8 HE Rk vp e e Sk iE A 7 AR S #AAd
F 43 7E 100,150,200 ,250 F1 300 C FA#HE 2 h, 45
Ja AR FR R FH B A IR B I AT s R RS Roh

A, ULEE I AN [ 305 B P A B 0 A 1 H i ok
AR S L T OUL ZH 8L ) 2A R B Y AR A R
SRR VIR 7k 2 BT AR AN T ARAS K 4 J5 Ak
b3S BRSO A SO R | BURE 7R B R
B3 i o B0 T A ialee 2R 4 TR S A , R
A RERE PRI ES (EDS) A9 PREE 4415 FLBE (SEM) X 45
FE S AL TE SR T R O B HEAT UG R 43 AT
F T REIRIGHL (INSTRON 5985 ) Xif 454432 J il pu kb B
Je PR/ B4 Sk AT AR5 13, B Ad-57 U i 5
2 mm/min, B 3 I 45 R 00 HEE R A4
3 IR SEM A EDS X423k R -5y U1 11 4647
SEERGTHT, AT R L

Microstructure
observation zone

K3 GR/BEE 1 EMPW 23k S GO MUE UM (o7 7 78 K

Fig.3 Schematic diagram of sampling location for microscopic observation of EMPW joint interface of the Al/Mg tubes
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Fig. 4 The interface microstructure of the Al/Mg EMPW joints after heat treatment at different temperatures
(a) without heat treatment; (b) 100 C; (¢) 150 °C; (d) 200 °C; (e) 250 °C; (f) 300 C
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Fig. 5 Element distribution at interface of the Al/Mg EMPW joints after heat treatment at different temperatures
(a) 100 C; (b) 200 °C; (c¢) 300 C
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Fig. 6 Line scanning results of interface elements of the Al’Mg EMPW joints after heat treatment at different temperatures
(a) without heat treatment; (b) 100 °C; (c¢) 150 °C; (d) 200 C; (e) 250 °C; (f) 300 C
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Table 2 EDS component analysis results of each point marked in Fig. 4 (at%)

Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7
Al 97.28 39.13 3.45 58. 83 41.72 61.43 43.59
Mg 2.72 60. 87 96. 55 41.17 58.28 38.57 56. 41
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Fig. 9 Failure fracture surface morphology of the Al/Mg joints after heat treatment at different temperatures
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(a,e) 150 C; (b,f) 200 C; (c,g) 250 C; (d,h) 300 C
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Table 3 EDS component analysis results of each point marked in Fig. 9(at%)
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Fig. 10 Schematic diagram of multiple failure modes of Al/Mg joints at welds
(a) failure along the Al side; (b) failure along the Al,,Mg,, layer; (c¢) failure along the Al;Mg, layer
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