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Table 1 Heat treatment process of Al-Zn-Mg alloy welded

joint

Technology Aging process

Natural aging Natural aging(2 d, 4 d, 5 d, 30 d, 150d)

Natural aging 4 d-+artificial aging((130 °C, 6
h), (130 °C, 10 h), (130 °C, 24 h), (150 °C, 2
h), (155 °C, 2 h), (160 °C, 2 h), (165°C, 2 h));
Artificial aging Natural aging 150 d+artificial aging((120 °C,
0.5h), (120 °C, 1 h), (120 °C, 2 h), (150 °C,
0.5h), (150 °C, 1 h), (150 °C, 2 h), (180 °C,
0.5 h))
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mL HyO il ) 6 15 045 S AH A, 8 5 (s A
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Fig. 1 Microstructures of Al-Zn-Mg

alloy welded joint: (a) Fusion zone;
(b) Heat affected zone; (c) Base

material
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Fig. 2 Hardness distribution of welded joint of Al-Zn-Mg alloy after various post-welded heat treatment (NA: Natural aging):
(a) Different natural aging time; (b) Different artificial aging time at 130 ‘C after natural aging for 4 d; (c) Different artificial aging
temperature at 2 h after natural aging for 4 d; (d) Different artificial aging after natural aging for 150 d
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Fig. 3 Conductivity distribution of welded joint of Al-Zn-Mg alloy after different post-welded heat treatments (NA: Natural aging):
(2) Different natural aging time; (b) Different artificial aging time at 130 C after natural aging for 4 d; (c) Different artificial aging
temperature at 2 h after natural aging for 4 d; (d) Different artificial aging after natural aging for 150 d
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PEEERY S0

Bl 4 il Al-Zn-Mg & Mgk & AN A #hd
SR 48 h MRITE R RIS . Kl 4(a)~(c)
AL A A I PTRIVE e R B AT IS H AR AL 4 d+
130 °C N LN 25 Ak S BN T PR SE T iy o 1 SR IR 2K
4 d+(130 C, 6 hyF HARIN L 4 d+(130 C, 10 h)/F &
S 1 b2 P (R 2/ W QT B =53 e S S S R e e e
JRWE . LI ARIR DR B B 6, B X H B

Bl 4 Al-Zn-Mg & SR AN R FAAE B R (4 15 h 2 1 T35

Fig. 4 Exfoliation corrosion entity morphologies of welded joint of Al-Zn-Mg alloy after various post-welded heat treatment:
(a) (NA, 4 d)+(130 ‘C, 6 h); (b) (NA, 4 d)+(130 C, 10 h); (c) (NA, 4 d)+(130 C, 24 h); (d) (NA, 4 d)+(150 C, 2 h); (e) (NA, 4 d)+
(155 °C, 2 h); (f) (NA, 4 d)+(160 C, 2 h); (g) (NA, 4 d)+(165 C, 2 h); (h) (NA, 4 d)+(150 C, 1 h); (i) (NA, 150 d)+(150 C, 2 h)
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F AR 2% 4 d+AS )il B2 I 25 PR 2 h 5 19 & G g X
HH LA™ ) F IS, Ry BRI 48 A
o IR R S B A XOR
PG . T RIS S, HAT 150 C A
A B P A B AL 1A e SR R A DAORFE, WO T ke
S BRI RIS 2 150 d+150 “C I 25CAN [ B[]
IR T2 . 2R, HARIN AL 150 d+(150 °C, 2 h)
Ab PRI G SRR K U AR 5, SRy R
B AT, AERPiRITE s Bt m . I
B G HAL B Al-Zn-Mg & 45 Sk 1 ) ol 2%
JyIT 2 e Hrr, FBPFHARS: NIRRT
PP R ok, AR BEA R RI RIS POl AT
i, AESRIE MR, 7E SIS e R B ;
Ex AR /D E SR, AEMIR)Z: Es A EM

R2 G AAE B R v e

ST R E RN Ec ARy R SRR 4 )8
WHEBs Ep Ay EEIEL Ec EFRMEIENER, FHiE
HREMERZRTE. HE 4 FIE 2 w5, RN
150 d+(150 °C, 2 h)AbBR (1) & G AR Sk B 3 6 b
Redsclit, JLUCH AR 4 d+(130 °C, 24 h)AbHE (1)
4,

oy

2.5 EEAIEN Al-Zn-Mg & £ IRIEIE LB L FIE

:uEA

ORIV B s B v A, B e SR S ok
PR 22 1A DA T DX, A0 P A 2 S ot I 560 3 AR [
PG P A A 0 R X TR . B 5 BioR AN
FEJ5 PA B ) B 4 R X AE 3.5%NaCl(T 40 30 %
PRI e Sae IR, BIIA B AR 14
LR R akEzm, LT RS I, RS
T P 4 I X0 S s s AU T, Sl CHI660C
HLAL 22 T AR SRR G IR AL 1 2 EA TR K 20 T nT 3k A5
Wk 3 PR SH. HE SRR 3 A, R

Table 2 Exfoliation corrosion resistance of welded joint at quenching zone after various post-welded heat treatment

post-welded heat treatment process

Solid solution zone

Overaging zone Base material

(NA, 4 d)+(130 C, 6 h) Ep N P
(NA, 4 d)+(130 C, 10 h) Ec N P
(NA, 4 d)+(130 C, 24 h) Ea N N

(NA, 4 d)+(150 °C, 2 h) Ep N N

(NA, 4 d)+(155 °C, 2 h) Ep N N

(NA, 4 d)+(160 °C, 2 h) Ep N N

(NA, 4 d)+(165 °C, 2 h) Ep N N
(NA, 150 d)+(150 °C, 1 h) Ep Ea N
(NA, 150 d)+(150 °C, 2 h) P N N

= @ — MNAISOD
- == (NAAd)+(130 C, 6 h)
Y (NA.4d)+(130 'C, 10 h)

== (NA4d)+(130 C,24h)

Ig[J(A+cm™)]

_7 1 1 1
-1.0 -0.9 -0.8 -0.7 -0.6
@ (vs SCE)/V

5 ANIFIAR A AR BRI £ < i DX RO AR A F £

£
>
i
=3 vouy i ---(NA,I50d)
-6t i f H S— (NA,4d)+(150 C, 2 h)
' —-=- (NA,4d)+(155 °C, 2 h)
e (NA,4 d)+(160 C, 2 h)
—— (NA,4d)+(165 C, 2 h)
25 -0.9 -0.8 0.7 0.6

o (vs SCE)/V

Fig. 5 Cyclic polarization curves of welded joint at solid solution zone in 3.5%NaCl solution after different post-welded heat
treatments (NA: Natural aging): (a) Different artificial aging time at 130 °C after 4 d natural aging; (b) Different artificial aging
temperature at 2 h after 4 d natural aging
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F3 AFSEEHAEEE Al-Zn-Mg #K7E 3.5% NaCl R KA Hh 22 5

Table 3 Parameters of cyclic polarization curves of quenching zone in 3.5%NaCl solution after different post-welded heat

treatments
Sample Ocor! Jeor! Reon/ Prep/ Jrep/ R/ (@cor™Prep)/
No. \Y% (Acm ) (Q-cm?) \Y% (Accm ) (Q-cm?) \Y%

(NA, 150 d) -0.830  1.52X107° 41 -0.873 1.59X 107 45 0.043

(NA 4 d)+(130 °C, 6 h) -0.820  4.23x10°* 82 —0.886 1.30%X107 51 0.066
(NA 4 d)+(130 °C, 10 h) -0.813  3.40x10°* 83 —0.873 1.81x107 44 0.060
(NA 4 dyH(130 °C, 24 h) -0.835  1.73x10°* 163 —0.858 1.41X1073 50 0.023
(NA 4 dyH(150 °C, 2 h) -0.900  1.35%10° 47 —0.905 3.25%X107° 813 0.005
(NA 4 d)yH(155 °C, 2 h) -0.897  1.36X10° 48 —0.940 3.99x 107 821 0.043
(NA 4 d)+(160 °C, 2 h) -0.864  1.17X10°* 187 -0.903 1.48X 1072 50 0.039
(NA 4 d)y+H(165 °C, 2 h) -0.897  4.44X107 645 —0.898 1.14X 1073 53 0.001
(NA 150 d) +(150 'C, 2 h) —0.794  437X10° 535 -0.814 1.52X1073 51 0.020

FARIS 2 4 d+130 °C S 230AN [ s T) A 2 T 25500 i 1)
B < Tl R YA B R (Jore) B A AL B I T ) S 1K 11 9
/Ny BT AR B PR PR A L BEL (R corr) B A A0 SN 1] 1)
SER T RGO, 2 A A 3 A ) 788 4 1D 5 ol e
U o H, I F AT R ERAP AT 2 2 (@ con Prep) i VT
M S Fo b R R R R LA, A SR I TR
W, R, R R R ORIk, fE
AR AL 4 d+130 CARFA[EIN I T ZHIE T, &
Lo T T Xy 0 ol 2 st ot Ak 8RB i) P9 S K 1T 9k
/No B S(b)FISE 3 BT, 75 FARI L 4 d+AN IRl
IR 2 h AR T 2R, R R T (Jeor) B
6 b R RE R s g ), Ze AR AR, FBEL(Roor) B A2
LR 0 T s T 36K, 9 MR A [ B I) I Ak 0t 1
T} Jg e R e o RN 2% 4 d+H(165 °C, 2 h) T E AL Bl S
(1) e 5 DX 0 JE b A SR AR PR e /DN o

Bl 6 T Ry JURI A LR IS FA i BRI 1 G 4 [T
XA AR AL e . sl 6 AN 3 T %, EARAT
2150 d+(150 °C, 2 h) L ZACHE 5 1044 6 il e oAt
B (Jeom) R/, A A IRV FEF DR B e o AN W) i FA
) 6T B 4 813 DX TS 3 e P DR/ IN I AK  hy F AR
#4150 d+(150 °C, 2 h)s F4RERL 4 d+(165 °C,2h). [
BRI 4 d+(130 °C, 24 h). AR 150 do

3 it

T AR KA DX ] 32 AR AN [ 3 B30 (X 3
(RIE BE AN AT R o by A T 14 5 6 0 AR R i [X ([
i DML IN 24 DO A URME R B de K, S DOx BRIk
HEVMPEREHAT A AN I8

lg[J(A-cm™2)]

Y (NAI50d)
¢ (NA4d)+(130 'C, 24 h)

-6} ! - --(NA/4 d)+(165 C,2 h)
—-—=-(NA,150 d)+(150 °C, 2 h)
i -0.9 -0.8 -0.7 0.6

@ (vs SCE)/V
Bl 6 s I Sk [V DX OB AR AL i 2k

Fig. 6 Cyclic polarization curves of welded joint at solid
solution zone in 3.5%NaCl solution after different preferable
post-welded heat treatments (NA: Natural aging)
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Fig. 7 TEM images of alloys welded joint at solid solution

zone after post-welded heat treatment: (a) Natural aging for 150

d; (b) Natural aging for 4 d+(130 “C, 24 h); (c) Natural aging
for 150 d+(130 C, 24 h)
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Effect of post-welding heat treatment on microstructure and
properties of Al-Zn-Mg alloy welded joint

DU Chun-ping', WANG Pei-ji**

(1. Practical Teaching Department, Guilin University of Aerospace Technology, Guilin 541004, China;
2. Institute of Powder Metallurgy, Central South University, Changsha 410083, China;
3. Chengdu Beijing Oriental Electronics Optoelectronics Technology Co., Ltd., Chengdu 611731, China)

Abstract: The effects of post-welding heat treatment on microstructure and properties of Al-Zn-Mg alloy welded joint
were studied by optical microstructure, hardness, conductivity, exfoliation corrosion testing, electrochemical corrosion
testing and transmission electron microscopy (TEM) testing. The results show that the hardness and corrosion resistance
of welded joint at solid solution zone of Al-Zn-Mg alloy increase with post-welding aging time and temperature
increasing. Two kinds of optimum post-welding heat treatment to Al-Zn-Mg alloy are natural aging for 4 d+artificial
aging at (130 ‘C, 24 h) and natural aging for 150 d+artificial aging at (150 “C, 2 h). The maximum hardness of welded
joint at solid solution zone of Al-Zn-Mg alloy increases from 82.5HV to 123HYV, the maximum conductivity increases
from 34%IACS to 35.8%IACS and the denudation level reaches to E, after natural aging 4 d+artificial aging at (130 C,
24 h) treatment. The maximum hardness of welded joint at solid solution zone of Al-Zn-Mg alloy increases from 82.5HV
to 110HV, the maximum conductivity increase from 34%IACS to 34.7%IACS and the denudation level reaches up to N
after natural aging for 150 d+artificial aging at (150 “C, 2 h) treatment. The reason why aging treatment can improve the
hardness and corrosion resistance of welded joint at solid solution zone of Al-Zn-Mg alloy is that the
intragranular precipitate phase are coarsening and dispersion distribution, also the grain boundary precipitate phase
distribution are discontinuous.
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