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Effect of post-weld heat treatment on microstructure and properties of pulse

MIG welded joints of 2A12 aluminum alloy
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(1. School of Materials Science and Engineering, Liaoning University of Technology, Jinzhou 121001, China;
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Abstract: Effect of solution treatment, aging treatment, and solution+aging treatment on the microhardness, tensile strength, fracture
morphology, corrosion resistance, and element distribution of 2A12 aluminum alloy pulse MIG welded joints was studied using
metallographic microscope, scanning electron microscopy (SEM) , energy dispersive spectrometer (EDS) , electron backscatter diffraction
(EBSD) technique, electronic universal testing machine, and electrochemical workstation. The results show that after heat treatment, the
grain size of the joints increases, while the grain morphology in the weld zone remains unchanged with equiaxed grains. The segregation of
Cu element is basically eliminated, and the strengthening phases S ( Al,CuMg) and 6 ( Al,Cu) are redispersed and reprecipitated. On the
fracture surface of the joints, the dimples become smaller with increased density and depth, while the tear edges and cleavage planes
decrease. Consequently, the hardness, the tensile strength and elongation of the joints increase, along with improved corrosion resistance.
Compared with the joints treated with solution treatment or aging treatment alone, the solution+aging treated joints exhibit a larger number
of precipitated phase particles with more uniform distribution. The overall hardness of the joints achieves the highest value, with the
average hardness of the weld zone up to 121 HVO. 1. The tensile strength and elongation reach peak values of 445.7 MPa and 9. 6%,
respectively, which account for 98.4% and 73.8% of those of the base metal, respectively. Moreover, the weld shows the highest
corrosion potential and largest radius of current impedance curve, indicating the best corrosion resistance.
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Table 1 Chemical compositions of base metal and welding wire ( mass fraction, %)

Experimental materials Si Fe Cu Mg 7Zn Ti Ni Al
2A12-T4 0.24 0.31 4.51 1.52 0.11 0.03 0.02 Bal.
ER5356 0.11 0.03 0.12 5.1 0.07 0. 06 0.02 Bal.
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Table 2 Heat treatment process parameters

Heat treatment Heat treatment  Holding Cooling

method temperature/°C time/h method
Solution treatment 495 1 Water cooling
Aging treatment 180 12 Air cooling

Solution+aging treatment 495+180 1+12  Water and air cooling
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Fig. 1 Dimensional diagram of the tensile sample
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Fig.2 DSC curve of the 2A12-T4 aluminum alloy welded joint
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Table 3 Average grain size of weld zone and heat

affected zone in different states ( pm)

Heat treatment Weld zone Heart affect zone
Weld 41.82 12.37
ST 42.51 14.55
AT 42.01 12.59
STA 42.88 14.73
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Fig.3 Microstructure of the 2A12-T4 aluminum alloy welded joints before and after heat treatment

(a, b) without heat treatment (Weld) ; (¢, d) solution treatment (ST); (e, f) aging treatment ( AT) ;

(g, h) solution+aging treatment (STA)
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Fig.4 Grain morphology of the base metal
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Table 4 The element content of each point marked in
Fig. 7 (mass fraction, %)

Point Al Cu Mg
A 84.39 13.07 2.54
B 96. 35 1.28 2.37
C 87.54 8.76 3.70
D 79.74 17.35 2.91
B AT A
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Fig. 5 IPFs of the welded joints under different heat treatment conditions (a) without heat treatment( Weld) ;
(b) solution treatment( ST) ; (c¢) aging treatment( AT) ; (d) solution+aging treatment( STA)
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Fig. 6 SEM morphology and corresponding elemental mapping scanning analysis of weld zone of the welded
joints under different heat treatment conditions (a) without heat treatment (Weld) ; (b) solution treatment( ST) ;

(c¢) aging treatment (AT); (d) solution + aging treatment ( STA)
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Fig.7 EDS analysis of weld zone of the welded joints under different heat treatment conditions

(a) without heat treatment (Weld) ; (b) solution treatment(ST) ; (c¢) aging treatment ( AT); (d) solution+aging treatment ( STA)
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Fig. 8 Microhardness of the welded joints under

different heat treatment conditions

Ja Bk AR BE A — 2 BT, LR D R a2 —AH
KL FE AR T - AL AR Pk ) ARG B [ AL
I HAERRGE 1 S R AR AT R T 20N B
S AT S AT AR AL B T AL s gl

T8 1 e ARG g X A A B 28 s A BE Y
G DX RS B AR A AN T AN TG M) DX P 20 17 150 7
PV, 2 0 + IR B 3 3k B A 25 I A
P JREE DRI T I BE B SR B T 121.2 HVO. 1,
PR Ry A T3 + B 20 b B Rl - AL FE AR B 1 I D
FHEFHHTER T KA/ R o A S A
P35 ) b oA A i PRRIL S LA 32 B 1 BEL A DR R 3
T, DA 2 T 43k (R A AT
2.4 fMEEESETORER

9 SRy AN TRl B Ak B A5 A T 1 Sk PR 5 A
KR 9w nZe i s Ik A + I A B
B3k BT B AR SRR B BT, R & vk
PR 32 3k P hr o BE AR 292.7 MPa, i BE A Y
62. 4% ,SEXHRK RN 2. 2% , Ho 8 A 2 N R0
G IXAFEAR Z M KB HT A, 5 B0% A7 B 98 HE AR
1K, IF HLARGEmm X 22 3] TR B IR VR, S 80
AR SR NI AR T BRI Jy 2k e 22 [T
Jb R S 14 [ S A sk AR AT B i, MAT 7= AR T g
AR, AREE AT B AH/N S A SRR A S
FEAR— A oA ml AR G R | W 2L AR 3 3L



242 P = S S

547

THERP M RE Y T P sER B AR R IA ] T
371.2 MPa Fil 4. 3% 3R 28 A0 PR 4223k 4 i) 2 7
T 26.8%F195. 4%, PR 23 i 35040 B0 423k 1R BT
L K 43 5910 4 300. 4 MPa il 2. 8% % [t R
PAL TR RE AR T T 2. 6% H1 27. 3% , PEREIR T IT:
AN, 20 [ + A HE i 33k 00 2 BT sk
JE RIS KR GA B T 445.7 MPa F19. 6% , 53 53k
B TR 98. 4% F11 73. 8%

500

Tensile strength

Elongation 7
400+ Z §— 12
Z 410
300} §
7 Z 18

2001 16

o § § § :2

STA BM

Tensile strength/MPa
Elongation/%

Weld ST AT
K9 ARFIFAEBRZPE T Hek R Pk fg

Fig. 9 Tensile properties of the welded joints under

different heat treatment conditions
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Fig. 10 SEM images of tensile fracture surface of the welded joints under different heat treatment conditions

(a, b) without heat treatment (Weld) ; (c, d) solution treatment (ST); (e, f) aging treatment (AT) ;

(g, h) solution+aging treatment (STA)
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