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Table 1 Chemical composition of 7075 aluminum alloy (/%)
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Table 2 Temperature and time of aging treatment for 7075 aluminum alloy
Solid solution Aging treatment . .

treatment temperature/'C Aging treatment time/h
Heating temperature 100 05,1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32
270 g 120 05,1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32
holdin tim’elh 140 05, 1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32
g 160 05,1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32
180 05, 1, 2, 4, 6, 8 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32
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Fig.1 Microstructure of laser welding joint of 7075 aluminum
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Fig.2 Microstructures (a, b) and EDS spectra (c, d) of base metal (a, ¢) and weld zone (b, d)
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Fig.3 Microstructures of laser weld zone in 7075 aluminum alloy after aging treatment at 120 “C for 6 h (a), 14 h (b), 24 h (c) and 32 h (d)
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Table 3 EDS analysis results of the interior grain of weld

zone at 120 °C for different aging time (at%)

Element Al Zn Mg Cu
Weld 84.64 8.07 3.69 3.61
120 C>6 h 88.48 4.38 4.91 2.23
120 Cx14 h 85.28 5.08 6.93 2.64
120 ‘C>x4 h 93.49 2.95 3.02 0.55
120 ‘C>32 h 90.74 3.41 4.31 1.54

KI5 7075 FA45 G WO AR G AN TR I 2000 2 O UL 24 h 1R B AL 21
Fig.5 Microstructures of 7075 aluminum alloy laser weld zone at different aging temperature for 24 h: (a) without aging, (b) 100 C,
(c) 120 °C, (d) 140 C, (e) 160 C, and (f) 180 C
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Fig.6 EDS spectra of 7075 aluminum alloy laser weld zone after aging treatment at different temperatures for 24 h: (a) without aging,
(b) 100 °C, (c) 120 C, (d) 140 °C, (e) 160 C, and (f) 180 ‘C
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Table 4 EDS analysis results of the interior grain of welds

zone at different aging temperatures for 24 h (at%)

Element Al Zn Mg Cu
Weld 84.64 8.07 3.69 3.61
100 ‘C>=4 h 92.66 2.28 2.90 2.16
120 C>x4 h 93.49 2.95 3.02 0.55
140 ‘C>x4 h 92.73 2.38 1.45 3.44
160 C>4 h 92.93 2.60 0.32 4.16
180 ‘C>4 h 93.83 2.33 2.40 1.44

TAMk, B 8d AN RURE 120 C{#IE 32 h K[001]s
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SHEUR KN ) R BE < PR
2.3 BIALIEX 7075 BEEHOLRELN HFEEE
B 52 M
X PR Sk (1) AR B (HV) AT I &, BEMF B A
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J 4 o 1) TR B Dl R A S AE B 1Y 80.3%, AT
R, B REZN Te MBI, MiEEX 2%
BIARGT M, HATH KEMEEFR TH, Xt
B AR RER, JRAE X TR T R B AC. E i
B 2350 4k B 2503 7075 48 A 0 IR 2 Sk BT B, WA
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Fig.7 SEM images of 7075 aluminum alloy laser weld zone after aging treatment at 120 ‘C for 24 h (a), 32 h (b)
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Fig.8 SAED patterns of 7075 aluminum alloy weld zone after aging treatment at 120 ‘C for 24 h (a~c), and 32 h (d)
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Fig.9 Microhardness of 7075 aluminum alloy laser weld zone

after aging treatment
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Table 5 Tensile strength of 7075 aluminum alloy laser weld

zone after aging treatment (MPa)

Temperature 100 °C 120 °C 140C 160°C 180 °C

Weld - 325 - - -
6h - 360 - - -
14 h - 380 - - -
24 h 360 406.5 340 370 360
32h - 356
3 % it

1) 7075 FEA WO IR 42 ME FE 1A ] 1170 MPa, A
REF ) 80.3%, HidisifE A 325 MPa, NEEH () 58%,
I 24 A HE 120 °C AR 24 h i S ARORE R RN BT 47 5 PR
B KA, B A £ 1590 MPa, HE R 2 A 5 iR i
T 28%, PiPiomfEAT] 406.5 MPa, LLIREDIH
HREESEE T 24.9%.
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FRIZ i NFEARAR BB, ST FIBE #7835
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S Hb B v A R B
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43.279 nm. “FHEEA 0.985 nm; B RULEE 120 C
R 32 h J5, MR- EAE 3.998 nm, LRI 24 h
(RIAT AR ) BLAR 1K T 0.719 nm, P2 )R 1.62 nm,
Lt 24 h B 2504k BEAT HAH 9 B4R 3 K T 0.635 nm, i JE
Mt E Al A K, BN, BTN g AR

S 3k

[1] Liu Yuan, Liang Shuai, Jiang Daming. Journal of Alloys and
Compounds[J], 2016, 689: 632

[2] Yang Guanglin(# ] #k). Thesis for Master(fii % ¢ 3)[D].
Zhenjiang: Jiangsu University, 2019

References

[3] Zhang Jingyu(ik 5t E), Xu Xiaojing(¥# &), Ruan Hongyan
(BT JfE) et al. Rare Metal Materials and Engineering(#f 4
J&#4 K5 TFE)[J], 2017, 46(10): 3033
[4] Chu Qiaoling, Bai Ruixiang, Jian Haigen et al. Materials
Characterization[J], 2018, 137: 269
[5] Li Fuquan(Z=4@ 5i¢), Feng Shi(#% i), Li Mingwei(Z=HiH) et
al. Chinese Journal of Lasers(+ [E#%)[J], 2018, 45(11): 77
[6] Shi Kangning(47 B#7), Cao Yi(# 2%), Liang Zhimin(32 & 80).
Hot Working Technology (F i . T-Z)[J], 2017, 46(21): 185
[7] Li Xiaoning(Z=/h45%), Wang Xiaopeng(E /M), Lei Zhen(&
%) et al. Transactions of the China Welding Institution (2%
2£41)[J], 2015, 36(6): 95
[8] Rometsch Paul A, Zhang Yong, Knight Steven. Transactions
of Nonferrous Metals Society of China[J], 2014, 24(7): 2003
[9] Wen Kai, Fan Yungiang, Wang Guojun et al. Materials &
Design[J], 2016, 101: 16

[10] Ren Jianping({E#F), Song Renguo(#{~[E). Rare Metal
Materials and Engineering(#:i#5 4 J&# L 5 T#8)[J], 2020,
49(4): 1159

[11] Feng Chun, Shou Wenbin, Liu Huiqun et al. Transactions of
Nonferrous Metals Society of China[J], 2015, 25(11): 3515

[12] Zhang Miao, Liu Tao, He Chunnian et al. Journal of Alloys
and Compounds[J], 2016, 658: 946

[13] Maisonnette D, Bardel D, Robin V et al. International
Journal of Pressure Vessels and Piping[J], 2017, 149: 55

[14] Dong Chunlin(¥& % #k), Zhang Kun(3k %), Lan Guohong(Z&

[E4T) et al. Transactions of the China Welding Institution (J&
$E2290)[J], 2014, 35(4): 15

[15] Wang Xu(ZE JBE). Thesis for Master( fii 4+ & 3 )[D].
Changsha: Central South University of Forestry and
Technology, 2017

[16] Li Guowei(Z=[E ), Chen Furong([%J:%%), Han Yongquan
(#i7k 4) et al. Transactions of the China Welding Institution
(324 4R)[J], 2018, 39(2): 57

[17] Chen Chao([% ##), Chen Furong([%: % %), Zhang Huijing(7k
# {#). Transactions of the China Welding Institution (/& % %
%)[3], 2017, 38(11): 66

[18] Hou Xiachu(f /> j€), Bai Pucun(E #M4%), Zhang Xiuyun(3k
75 zx) et al. Rare Metal Materials and Engineering (¥ 6 4 /&
FHELS T[], 2010, 39(S1): 332


https://schlr.cnki.net/Detail/index/SJES_02/SJES378FB6464C7DF6B5218D6528F007B06C
https://schlr.cnki.net/Detail/index/SJES_02/SJES378FB6464C7DF6B5218D6528F007B06C
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CMFD&dbname=CMFD202001&filename=1019882844.nh&v=fQkPg3LYBbw0LNbAmQpaG9D6C%25mmd2FrQ5mZLSzyPV4OMGaFPfRB5lVbk8MmHBsBR%25mmd2F9%25mmd2FW
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CMFD&dbname=CMFD202001&filename=1019882844.nh&v=fQkPg3LYBbw0LNbAmQpaG9D6C%25mmd2FrQ5mZLSzyPV4OMGaFPfRB5lVbk8MmHBsBR%25mmd2F9%25mmd2FW
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?file_no=20150640&flag=1
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?file_no=20150640&flag=1
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?file_no=20150640&flag=1
https://schlr.cnki.net/Detail/index/SJES_01/SJESC111A83A4451FA3AEF633AE68A29D42C
https://schlr.cnki.net/Detail/index/SJES_01/SJESC111A83A4451FA3AEF633AE68A29D42C
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2019&filename=JJZZ201811011&v=hRsnP0DUzgl4wcOoO%25mmd2BbdNVrOIbTasCFOwgUH%25mmd2F7Bmrjs7KDHTIJNL%25mmd2B05DvASvAJVN
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2019&filename=JJZZ201811011&v=hRsnP0DUzgl4wcOoO%25mmd2BbdNVrOIbTasCFOwgUH%25mmd2F7Bmrjs7KDHTIJNL%25mmd2B05DvASvAJVN
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2018&filename=SJGY201721053&v=l9NiBvIpjzxnVfp55Ndnf14rI%25mmd2Bjc7%25mmd2FEph%25mmd2F4jGA75Ybh9cCs03f2lRY0DgpNhdwYI
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2018&filename=SJGY201721053&v=l9NiBvIpjzxnVfp55Ndnf14rI%25mmd2Bjc7%25mmd2FEph%25mmd2F4jGA75Ybh9cCs03f2lRY0DgpNhdwYI
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2015&filename=HJXB201506023&v=6RXT1366j0llvGsOhicf%25mmd2FgP2vZhx1K97vPsjgwGfiIwy6rUJIEe3yr4Iy6%25mmd2FaKLIQ
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2015&filename=HJXB201506023&v=6RXT1366j0llvGsOhicf%25mmd2FgP2vZhx1K97vPsjgwGfiIwy6rUJIEe3yr4Iy6%25mmd2FaKLIQ
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2015&filename=HJXB201506023&v=6RXT1366j0llvGsOhicf%25mmd2FgP2vZhx1K97vPsjgwGfiIwy6rUJIEe3yr4Iy6%25mmd2FaKLIQ
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2014&filename=ZYSY201407003&v=MNdSHVbIN3djTXtGUHXDRiD1Kuo8tpK%25mmd2FPUnTdvDcCbCD0m93lTuO3qTcUjB%25mmd2B6C0f
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2014&filename=ZYSY201407003&v=MNdSHVbIN3djTXtGUHXDRiD1Kuo8tpK%25mmd2FPUnTdvDcCbCD0m93lTuO3qTcUjB%25mmd2B6C0f
https://schlr.cnki.net/Detail/index/SJES_02/SJES3CB097E16944EB451E57F877EDEF5581
https://schlr.cnki.net/Detail/index/SJES_02/SJES3CB097E16944EB451E57F877EDEF5581
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?file_no=20181230&flag=1
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?file_no=20181230&flag=1
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?file_no=20181230&flag=1
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2016&filename=ZYSY201511002&v=Xmz%25mmd2BZvwQ0R4cPehQXfE7kemkI1Y7axy2ZQ%25mmd2BQxuOZEcg%25mmd2B6LyjuBtfThjj4dg%25mmd2FZy5L
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2016&filename=ZYSY201511002&v=Xmz%25mmd2BZvwQ0R4cPehQXfE7kemkI1Y7axy2ZQ%25mmd2BQxuOZEcg%25mmd2B6LyjuBtfThjj4dg%25mmd2FZy5L
https://schlr.cnki.net/Detail/index/SJES_02/SJESE999592D92BE8B7B92A4B0ECA50FD79E
https://schlr.cnki.net/Detail/index/SJES_02/SJESE999592D92BE8B7B92A4B0ECA50FD79E
https://schlr.cnki.net/Detail/index/SJES_01/SJESAEC1617D074BA09F2B25DFAEFBD4F99F
https://schlr.cnki.net/Detail/index/SJES_01/SJESAEC1617D074BA09F2B25DFAEFBD4F99F
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2014&filename=HJXB201404004&v=s0ScClJhWz8rE54cKetSLYn8pAp60T3uGLm6bkVmh4me9tZVXl%25mmd2B0xGVnubvwrnZR
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2014&filename=HJXB201404004&v=s0ScClJhWz8rE54cKetSLYn8pAp60T3uGLm6bkVmh4me9tZVXl%25mmd2B0xGVnubvwrnZR
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2014&filename=HJXB201404004&v=s0ScClJhWz8rE54cKetSLYn8pAp60T3uGLm6bkVmh4me9tZVXl%25mmd2B0xGVnubvwrnZR
https://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFDLAST2018&filename=HJXB201802013&uid=WEEvREcwSlJHSldRa1FhcEFLUmVZRzV5aDZpTkQ0QmZnbEh6Y0tVRTBhbz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!&v=Mjk0NzBuTXJZOUVaNFI4ZVgxTHV4WVM3
https://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFDLAST2018&filename=HJXB201802013&uid=WEEvREcwSlJHSldRa1FhcEFLUmVZRzV5aDZpTkQ0QmZnbEh6Y0tVRTBhbz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!&v=Mjk0NzBuTXJZOUVaNFI4ZVgxTHV4WVM3
https://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFDLAST2018&filename=HJXB201802013&uid=WEEvREcwSlJHSldRa1FhcEFLUmVZRzV5aDZpTkQ0QmZnbEh6Y0tVRTBhbz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!&v=Mjk0NzBuTXJZOUVaNFI4ZVgxTHV4WVM3
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2018&filename=HJXB201711015&v=iHRQypCIuFtjKP4ET883i%25mmd2FB%25mmd2B6UKgUpnnptQLCZV2fFRaDs3luwKCf90STccY5nai
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2018&filename=HJXB201711015&v=iHRQypCIuFtjKP4ET883i%25mmd2FB%25mmd2B6UKgUpnnptQLCZV2fFRaDs3luwKCf90STccY5nai
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2018&filename=HJXB201711015&v=iHRQypCIuFtjKP4ET883i%25mmd2FB%25mmd2B6UKgUpnnptQLCZV2fFRaDs3luwKCf90STccY5nai
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2010&filename=COSE2010S1080&v=S7jauo73YNfwfMc2EHmfZFK%25mmd2FSxd0p%25mmd2BRsLCRt7jKa%25mmd2Fs9ZmW86tvt1UHGU6tYu8GS1
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2010&filename=COSE2010S1080&v=S7jauo73YNfwfMc2EHmfZFK%25mmd2FSxd0p%25mmd2BRsLCRt7jKa%25mmd2Fs9ZmW86tvt1UHGU6tYu8GS1
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2010&filename=COSE2010S1080&v=S7jauo73YNfwfMc2EHmfZFK%25mmd2FSxd0p%25mmd2BRsLCRt7jKa%25mmd2Fs9ZmW86tvt1UHGU6tYu8GS1

« 4058 * WA &SRR TR 250 %

Microstructure and Properties of Aluminum Alloy Welded Joints
After Aging Treatment

Ding Yaru®?, Chen Furong®
(1. School of Materials Science and Engineering, Inner Mongolia University of Technology, Hohhot 010051, China)
(2. Inner Mongolia Technical College of Electrical and Mechanical, Hohhot 010051, China)

Abstract: Effect of aging temperature and aging time on the microstructure and performance of 7075 aluminum alloy laser weld were
studied. Scanning electron microscopy (SEM) was used to observe the formed chain T phase during welding. With the extension of heat
preservation time, the T phase melts into the substrate gradually. After aging treatment at 120 ‘C for 24 h, the T phase is uniformly
distributed in a spherical shape, which reduces its cleavage effect on the matrix. TEM and SAED pattern show that the nanoscale #' phase
is precipitated on the crystal axis of [011]al, [112]A|, [001] a1, which prevents dislocation movement to improve the mechanical properties of
welds. With the extension of time, the size and distribution density of #' change and #' phase gradually become # phase. By comparing the
microhardness and tensile strength, 7075 aluminum alloy laser welded joint has the best mechanical properties after aging treatment at
120 °C for 24 h.
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