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Abstract: Hot cracking and joint softening are the two main factors restricting the achievement of high-performance fusion welding
joints of 7075 aluminum alloy. This paper utilized low heat input laser-melt inert gas welding (MIG) hybrid welding to butt weld
7075 aluminum alloy. The crack-free joint was obtained with the assistance of nano-treating. The weld microstructure was
composed of fine equiaxed grains with an average size of 12. 1 pm + 5.9 pm, and there was a 20 pm columnar grain near the fusion
line, indicating that the addition of nanoparticles promoted the transition from columnar grains to equiaxed grains and refined grain

size. Additionally, the eutectic phase was also refined by nanoparticles. The fine equiaxed grains and the refined eutectic phase
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contributed simultaneously to the formation of the crack-free weld. The tensile strength, yield strength, and percentage elongation

after fracture of the as-welded joint were 404 MPa + 2. 8 MPa, 360.5 MPa + 0.7 MPa, and 1. 5% + 0. 14% respectively. Post-weld

heat treatment further enhanced the mechanical properties. The tensile strength, yield strength, and percentage elongation after

fracture after solution treatment and aging treatment were improved to 529. 5 MPa+20. 5 MPa,462. SMPa+3. 5 MPa,and 5. 1%+2. 5%.

Highlights: (1) Crack-free laser-MIG hybrid welding of 7075 aluminum alloy is realized with the assistance of nano-treating, and

the weld is composed of fine equiaxed dendrites.

(2) Strength and toughness of the as-welded joint is significantly improved by post-weld heat treatment. Mechanical

performance of the heat treated joint is comparable to that of the joint fabricated by friction stir welding.

Key words: 7075 aluminum alloy; nanoparticle; laser-melt inert gas welding hybrid welding; equiaxed grain; post-weld heat

treatment
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Table 1 Chemical compositions of welding wire
Zn Mg Ti Cu Al
8.6 3.2 1.8 1.8 EN

HWOL-MIG & AR R B AFEHOLET  MIG L
6 FHLas A BOGE R TR 10 kW, Ot
25 12 400 pm, FOGOLBE H A2 N 0.6 mm.
MIG JEAILH I R H—Je Ak i, 326 22 o B4 ]
SRR ARSI R 485 SO A B i S 5
YEH, 8 1 i/ K B R X SO Y B ST, T
S G R T AR IR 750, W 1 Fs. g i
RO DI R R 4 kW, SRR EE R 0.1 mys, 35 2258
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Fig. 3 Microhardness curve of 7075-T6 aluminum alloy
laser-MIG composite welded joint. (a) macro-
scopic morphology; (b) microhardness curve
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Fig. 4 Microstructure morphology of as-welded joint. (a) microstructure morphology of weld metal; (b) local magnified
of A, region; (c) high magnification microstructure morphology of A, region; (d) local magnified of A, region; (e)
high magnification microstructure morphology of A, region
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Fig. 6 Pole figures of different regions of welded joints. (a) base metal; (b) heat-affected zone; (c) weld metal
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Fig. 7 Grain size distribution of different regions of the
as-welded joint. (a) base metal; (b) heat-affected
zone; (c) weld metal
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Fig. 12 Pole figures of different regions of T6-treated joint. (a) base metal; (b) heat-affected zone; (c) weld metal
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Fig. 13 Grain size distribution of the T6-treated joint. (a)
base metal; (b) heat-affected zone; (c) weld
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