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Relationship between mechanical properties and microstructure of
Al-Mg-Si and Al-Zn-Mg dissimilar welded joint

ZHU Dong-hui, CHEN Jiang-hua, LIU Chun-hui, HUANG Chang-jun, WANG Shi-hao, CHEN Jing, GU Yuan

(College of Materials Science and Engineering, Hunan University, Changsha 410082, China)

Abstract: The mechanical properties of an Al-Mg-Si-T5 and Al-Zn-Mg-T4 dissimilar weld joint were tested through
hardness test, tensile test and fatigue test, and the microstructure was investigated by scanning electron microcopy (SEM),
backscattered-electron diffraction (EBSD), energy dispersive spectrometer (EDS) and transmission electron microscopy
(TEM). The results show that a softened zone, which seems to experience an over-aged treatment because of the weld
heat, appears in the dissimilar weld joint. And the tensile test specimen fails in the softened zone, where coarse f’ phase
and U2 phase exist. It is found that the fatigue testing specimen fractures approximately at the fusion line, which is near
the heat affected zone of Al-Mg-Si base metal. The combined effect of the brittle Si-rich particles and the low strength
leads to the fatigue crack initiation at this place.
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Fig. 1 Schematic diagram of welding process (Unit: mm)
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Table 1 Chemical composition of Al-Mg-Si, Al-Zn-Mg and ER5356 alloy

Mass fraction/%

Alloy
Si Mg Fe Cu Mn Cr Zn Ti Zr Al
Al-Mg-Si 0.51 0.57 0.12 0.038 0.008 7 0.0013 0.030 0.034 0.000 9 Bal.
Al-Zn-Mg 0.14 0.9 0.086 0.007 4 0.16 0.19 4.6 0.052 0.19 Bal.
ER5356 0.13 4.98 0.13 0.011 0.057 0.056 <0.13 0.11 - Bal.
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Fig. 2 Hardness distribution of top and bottom surfaces of
Al-Mg-Si and Al-Zn-Mg welded joints
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Table 2 Tensile properties of welded joint and base materials

Material E/GPa 0y,/MPa oy/MPa 6/%
Al-Mg-Si base metal 70.7 270.7 300.2 10.5
Al-Zn-Mg base metal ~ 71.6 276.8 412.1 251

Dissimilar joint 66.8 133.8 204.6 7.7
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Fig. 3 Stress—strain curves of weld specimen and parental
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Fig. 4 Fractured position of welded specimen employed for

tensile test
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Fig. 6 Location of fatigue fracture(a), fracture surface(b) of fatigue sample showing crack initiation and propagation, and enlarged

fatigue striations(c) in box shown in (b)
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Fig. 7 EBSD images of fusion zone between weld seam and Al-Mg-Si base material: (a) Inverse pole figure of fusion zone; (b)

Magnified inverse pole figure; (c) Image quality map of (b)
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Fig. 8 EBSD images of fusion zone between Al-Zn-Mg base material and weld seam: (a) Inverse pole figure of fusion zone;

(b) Magnified inverse pole figure; (c) IQ map with grain boundaries of (b)
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Fig. 9 EDS line analysis of fusion between Al-Mg-Si base material and weld seam: (a) Distribution of element intensity;

(b) Backscattered electron image of fusion zone
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Fig. 10 EDS line analysis of fusion between Al-Zn-Mg base material and weld seam: (a) Distribution of element intensity;

(b) Backscattered electron image of fusion zone
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Fig. 11 TEM and HRTEM images of softened zone in Al-Mg-Si base material side: (a) TEM image; (b) HRTEM image of 5’ phase;

(c) HRTEM image of U2 phase
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Fig. 12 Second-phase particles near fusion line between Al-Mg-Si base material and weld seam and EDS composition analysis: (a)

Second-phase particles; (b) EDS analysis
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