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& 5 B 33T Al-6.7Zn-1 .8|v|g-o.2Cu T%‘%E%E.éﬁ

T, Bk, KKRE
(FERHL TR, B R BRI TREE ARBG L, T, 510640)

HE . RHBEREEEEIE (friction stir welding, FSW) X 3.2 mm JEE 1) Al-6. 7Zn-1. 8Mg-0. 2Cu 35 4 FEMM HEAT 4842, FExT
JR e Sk AT RS B RO B, BN T B %% (artificial ageing, AA) 120 °C x 24 h. % H i i T B.1f4%5% (scanning electron
microscopy, SEM). i 5} B, T i fi{#% (transmission electron microscopy, TEM) ., fiff & 156 ARz (a0 06 46 b JL 5 2 Sk At 3 43k
HEATRFSY. S5 3K, Al-6.7Zn-1. 8Mg-0. 2Cu (&R 4 4 FSW L HUHITR I Jy 470 MPa, 142 250N 80. 0%, W5 %
N 10.1%. RIHEE AA REA RCHE i H Sk A3 B2, HLHTRIsR B 525 MPa, A HUAR A5 45k 42 =5 11.8%, SR B BEHF ( base
material, BM) [ 89.6%, Wi /5 fili 1< %0 8.5%. FSW i #2 i 57 JBE 2 $45%  #4 S 52 i X (thermo-mechanically affected zone,
TMAZ) FRIZIX (nugget zone, NZ) BT H AV i Bt 5 12 HIFEAT b H A SR n'AH, FEHGE I X (heat-affected zone,
HAZ) F£# & E GP X (Guinier-Preston zone) IRV AR AN nHH HALAL, TEAS [RIBAH AT M L AH 2 8 e 8 A e A2 Sl Ak A5 I
BH AR GP XM A & A GP X ) n'HH W54 AE, 76 HAZ Ab B A7 09 WAHSE A R R B n A #ESk R dh 28 2 0 B W B,
FSW HSk W RTE NZ, 185 N80k W AUE HAZ.

BIFTA: (1) % BM $ihiE KT 580 MPa B Al-6. 7Zn-1. 8Mg-0. 2C 354t 4T T FSW 5T
(2) WG AA AFREES SR A2, BB S T HESLPIRBRE IR T 525 MPa, HUARSIEELIES T 11, 8%.

LR BEPEEEEIE,; AL-6. 7Zn-1. 8Mg-0. 2Cu FB G4 s M b 30 oM AR 415 Jr24bfE
FESEKS: TG 453.9 ERFRIZAD: A doi: 10. 12073/j. hjxb. 20231029001

Effect of post-welding aging on the microstructure and mechanical
properties of high-strength Al-6. 7Zn-1. 8Mg-0. 2Cu aluminum
alloy joints prepared by friction stir welding

HU Shasha, QIU Cheng, ZHANG Datong

(National Engineering Research Center of Near-Net-Shape Forming for Metallic Materials,
South China University of Technology, Guangzhou 510641, China)

Abstract: Friction stir welding (FSW) is used to weld Al-6.7Zn-1.8Mg-0.2Cu aluminum alloy sheet with 3.2 mm thickness, and
the welded joint is subjected to post-welding aging heat treatment, and that is artificial ageing (AA) 120 °C x 24 h. The welded and
aged joints are studied by scanning electron microscopy (SEM), transmission electron microscopy (TEM), hardness test and tensile
test. The results show that the tensile strength of the joint is 470 MPa, the welding coefficient is 80.0%, and the elongation is
10.1%. AA could effectively improve the tensile strength of the joint, which is 525 MPa, 89.6% of the base material (BM).
Compared to as-welded joint increases 11. 8%. And the elongation is 8.5%. In the FSW process, the precipitated phases in thermo-
mechanically affected zone (TMAZ) and nugget zone (NZ) are dissolved and then precipitated after cooling, in which the
precipitated phase is mainly n' phase, and the dissolution of GP zone (Guinier-Preston zone) and coarsening of n' phase mainly
occurred in the heat-affected zone (HAZ) , and the precipitated phase gradually changed from dissolution to coarsening under

different heat input. After welding ageing, GP zone precipitates and GP zone transforms to n' phase, and the existing n' phase at
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HAZ transforms into coarse 1 phase. The hardness curve of the joint is obviously W-shaped, the fracture of the FSW joint is in the

NZ, and the fracture of the post-welding aging joint is in the HAZ.

Highlights: (1) The FSW of Al-6.8Zn-1.7Mg-0.2Cu aluminum alloy sheet with tensile strength of BM more than 580 MPa is

studied.

(2) By adjusting the structure of the joint through AA treatment after welding, the joint strength is significantly

improved to 525 MPa, and compared to as-welded joint increases 11. 8%.

Key words: friction stir welding; Al-6.7Zn-1.8Mg-0.2Cu aluminum alloy; post-welding heat treatment; microstructure;

mechanical property
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R 1 Al-6.7Zn-1.8Mg-0.2Cu $B AW ERS REHE, %)

Table 1 Chemical compositions of Al-6.7Zn-1.8Mg-0.2Cu aluminum alloy
Si Fe Cu Mn Mg Zn Ti Zr \% Al
0.07 0.11 0.24 0.28 1.77 6.72 0.03 0.15 0.01 g

(120 °C x 24 h).

e B TR ) UV HR A AR R, T FHAS [R) R
W ARXT G AR HEA TR T T, SR AT 250
it 30s, 7E DM15000M, Leica Y627 i85 N #E174
AHNRZERNFA 4. UL 4 A 5 X Pk A7 4T B
S, AR CCAE B A 500 6, MK ZR A 1.96 N,
PRIERFE] R 15 s, A R S I Bl R PR B AR & rhols
—10 ~ 10 mm, EEBE 0.5 mm Ay A B & 145, B5
JRAE 0 10 mm AR A DL 1 mm 4[] B 4
BM IR TAT 3 /7 B T s O S E AR A
g SR EZARME GB/T228. 1—2010 { &)@k}
AP 55 1 355 SR 7k ) VIO Ik
705, DA 1.5 mm/min B9 3 BE EAT R A, SR A
ZeissGemini300 37 & 5t SEM #E47 W7 11 55 49 4 11
B, T 35 #0857 8% (electron backscatter diffraction,
EBSD). fifi i JEM-2100F, JEOL TEM #4711 & #H
FRIEFN GG 5307, TR S AR 2 25 A XA T 1)
BCEAR R 3 mm, BN 1 mm BE F, 1 FHEPAEET
JESJRHE R 0.1 mm AT, {6 FH R L A T ik 74

2 REERE M

2.1 EIAHER
2.1.1 ZWMAHA
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EE B SR HE R R EAE N, 48 R Ak
FEFEANFH RSN, 220 F R — 2 — 207
RINTEH.

(b) AA 23k

B 1 ELEHEEUER

Macroscopic appearance of cross section of
joints. (a) FSW joint; (b) AA joint
2.1.2 oW

Rk NZ ORAZL, W 2 Bis. E 2(a)
9 FSW 4% Sk NZ 4 A 4 21, >R T A2k ik I 15
FSW 3B AL R ST 5,34 um, 181 2(b) HIFRL
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Fig. 1
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B2 AE#ELNZBRER
Microstructure of NZ of different joints. (a) FSW
joint; (b) AA joint; (C) EBSD of FSW joint; (d)
EBSD of AA joint

Br 347, dioRL N R A K 4/ N R IR A AR, 322
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HHHARS L B 2
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BNSECT I F R X b, W3k 2 R
FSW 423k 1) WG B2 43 A, GniEL 5 s, S HRSHE
SKAHLE, AA $23L AR B2 I 4R, 3R R O AR R

Fig. 2

(b) E PR
3 BMIiRiEER TEM

Fig. 3 TEM of precipitated phases in BM. (a) TEM; (b)

high-resolution image
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fii 7. Al-6.7Zn-1.8Mg-0. 2Cu 45 & 4> By L Hi 58 JiF
h 587 MPa, Wif5 (K F K 13.1%. &L
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N 80%. 5 IR S50 B Ol 525 MPa, #54%
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11.7%, WG RIS FEAT Y 8.5%. MBS T
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DU R A IORTRL AL, 28 224/ T BML.

ANTRV Sk LA 20 B, IR 7 TR, FSW
23k W 2407 & A7 F NZ, W&l 7(a) Fr 7~ . Tao 55
A" BESE T 2198-T8 Al-Li FSW %3k (W 2447,
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(d) AA $3k HAZ

| (e) A 3k TMAZ

4 FEIAEXEH TEM
Fig. 4 TEM of different regions of joints. (a) HAZ of FSW joints; (b) TMAZ of FSW joints; (c) NZ of FSW joints; (d) HAZ

of AA joints; (e) TMAZ of AA joints; (f) NZ of AA joints

R 2 TREZESHERLNFERE

Table 2 Mechanical properties of joints with different welding parameters

et R PUhi g i e R R AL W e %
n/(r-min ") v/(mm-min ') R,/MPa Ry/MPa (%) A(%)
2000 25 438 294 74.6 8.8
2000 50 462 323 78.7 11.6
2000 100 470 334 80.0 10.1
1800 100 457 316 77.8 13.0
2200 100 455 296 7.5 8.5
180 , 600
I
| 500 | i
160 : o e
! E 400 [ |f o7 i
> I = ,/ ]
e ! 5
= o : 5300
o ' ! o
= . = 200 -
R ! ! | —e— 2R
120 | i ! 100 = BM
: : : : - - RE
o [ 0 L L L L
100 L AAHk L o : 0 5 10 15 20 25
—— MRk o L ! TRRDAE € (%)
1 1 1 1 1 1l 1 1 1
20 -16 -12 -8 -4 0 4 8 12 16 20 .
B RS BB d/mm E6 TRI-MZH%

B 5 ELEEEmNEMEESS
Fig. 5 Microhardness distributions of cross-sectional of
joints

Fig. 6 Engineering stress-strain curves
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