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Effect of post-weld heat treatment on microstructure and properties
of laser-welded joints of dissimilar 6063/A356 aluminum alloys

HUANG Wengiang, 1.1 Xiaogiang, CHEN Haipeng,JIANG Qi,ZHU Dezhi’

(Guangdong Provincial Key Laboratory for Processing and Forming of Advanced Metallic Materials,
South China University of Technology , Guangzhou 510640, China)

Abstract: Laser welding is performed on 3 mm thick dissimilar 6063/A356 aluminum alloys, and the
welded joints are subjected to two different post-weld heat treatments: direct aging (DA) and solution
aging (T6). The microstructure and mechanical properties of the welded joints are analyzed using optical
microscopy, scanning electron microscopy, and transmission electron microscopy, combined with
microhardness testing and tensile testing. The results indicate that under appropriate welding parameters,
the weld exhibits excellent formation, and the tensile strength of the as-welded joint reaches 192.5 MPa,
which is 73.7% of that of the 6063-T6 base metal. After DA treatment, the tensile strength of the welded
joint increases to 233.8 MPa, representing a 21.5% enhancement compared to the as-welded joint.
Transmission electron microscopy analysis further reveals that after DA treatment, a large number of
acicular B" phases precipitate in the heat-affected zone on the 6063 aluminum alloy side. These nano-sized
precipitates exhibit a good coherent or semi-coherent relationship with the Al matrix, effectively hindering
dislocation slip and significantly enhancing the joint strength. After T6 treatment, the Si-rich eutectic
network in the weld seam is fragmented and spheroidized, transforming into a spherical or polygonal
morphology. Consequently, although the tensile strength of the joint decreases, its elongation is
significantly improved compared to that of the as-welded and DA -treated joints.

Key words: dissimilar aluminum alloy; laser welding; post-welding heat treatment; microstructure;

mechanical property
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1 SERMBETTE

1.1 Zerel

STUSHE R S 6063 I A356 854 4, P AL BR
¥k T6, R H18 100 mm X 50 mm X 3 mm. FFP
BERF B A2 B 0 ) 2R B A S N 5R 1 RN R 2 R o

®1 BASSMHLERS (RESE/ %)
Table 1 Chemical compositions of aluminum alloy base metals

(mass fraction/ % )

Material Si Fe Mn Mg Zn Cr Ti Al
6063 040 0.27 002 0.38 0.01 0.01 0.03 Bal
A356 7.53 017 0.01 0.39 0.01 0.01 0.12 Bal

R2 SRAESEHMHAIFMERE

Table 2 Mechanical properties of aluminum alloy base metals

Tensile Yield strength/ Microhardness

Material

strength/MPa ~ MPa (HV)
6063-T6 261 230 87
A356-T6 287 239 108

6063-T6" ' Fl A356-T6" 4 & 4 k% Cosi AL LI
Y ohar A, 8 i [ AL BRAE Mg St nREA Al
FLAR KOG 2 N T RO 9K 9% 37 H (MgsSis) , 3X
SEHT AR 5 ALEIRAAAE HAR 5 A8 OC R ARG
P74l az g, H T B2 3k G0 ik B Ak A B B AR N B AR 55 4k i
TR, Wi 25 AE T :6063-T6 N4 & 4, I 4%
TR s AR AR DL R R 3 Al DA i [ R A 5
A356-T6 A 4, I ROR BERAE, B g M4, i
R AL e i ST A5 40 A1 X0F 3 B85 ) 55 T [ A 5
1.2 XWHE

F DG BOGRR X R G ST BOC IR R 2
SO MR R TS W T RE NS ST K A AR 4k
WIE W) T 2280, el TS 5T 7ot .
BRI SH00S OB # R 2300 W, SR 423 2
60 mm/s, B AEE N —1 mm, RN RHLE KT
99 Y6 RSN SR, IE AR SR 12 L/min,
AR PSR 15 L/ming MR FH 4R T 8
4 e FLWIN 25 mm D3RP ) AP R B 2 R A O
VPR X R AR BB A TG BRAR IS LT AR A R
FHR TR AL B T 200 R R R A7 A B, EL R #h kb
BT S50 F . DAL175°C X8 h; T6,525 °CX0.5 h+
175°CX8h,
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Fig.1 Schematic diagram of microhardness test points
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Fig.2 Tensile specimen size
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Fig.3 Macroscopic appearance of weld surface and back
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Fig.4 Cross-sectional appearance of weld
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Fig.5 Microstructures in different areas of welded joint

(a)near the fusion line on A356 side; (b)the center area of the weld ; (¢ )near the fusion line on 6063 side
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Fig.6 SEM images and alloy element distribution in different areas of the welded joint

(a)near the fusion line on A356 side; (b)the center area of the weld ; (¢)near the fusion line on 6063 side
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Fig.7 Microstructures of welded joint under different heat treatment conditions
(a)DA; (b)T6;(1)near the fusion line on A356 side; (2)the center area of the weld; (3)near the fusion line on 6063 side
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Fig.8 Si-rich eutectic cell network in weld center under different heat treatment conditions
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Fig.9 Microhardness(a) and tensile properties(b) of welded joints under different heat treatment conditions
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Fig.10  Fracture positions of tensile specimens under different heat treatment conditions
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Fig.11 Tensile fracture morphologies of welded specimens under different heat treatment conditions
(a)AW;(b)DA;(c)T6
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Fig.12 TEM images of HAZ on the 6063 aluminum alloy side of the AW joint

(a)microstructure ; (b)diffraction spots
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Fig.13  TEM images of HAZ on the 6063 aluminum alloy side of the DA joint

(a)microstructure ; (b)precipitate morphology
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