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B, WItE g prn. FhRICYEERT T st ot
Al-Zn-Mg-Cu &&MEREM T, KL T AHET T6
W 2%, T616 5 NPT 7 JEg T 1 e 0 S 25 42 i o
BEEE T T T6I6 IR0 7050 4544 1t
REMIREM, RILE Te &AHLL, HE&MMKAR, HWizd
5 AN AL TEAZ D3 A HR =y, LT 11 2828 F i
fife 4= M 2R 0 /R o S ) S VR A TR T 1 R A A
U R R A T S )
Al-Zn-Mg-Cu £ 498 BRI ) M ) e ma, R 3T
BRI SRR S B A N B AT Y, IR R /N T
HAEX B AR = A T RSN RAIE R, A1 S RS
AR L T6 755, 1M ah FHbT AR AL BANES:
O3, UEE BT S RS A I L Te &5
gE LRTR, Wigtmt RO AR A & 1 R
IRKHIE, (HUEXT 8 23 A R S A HLEE DA
Je J1EVERE AN B . AR ST LS 2 5 A R}
TBS2 SR EE NN R, TR E T6 1 Tel6 A
[FI AL EE X TB52 & 2486 &1 TAS2 2 TA62
ZAESMMALFERNLE, L3Em 7B52 &4
EEE A VAE ST

1 SSEMREEE

ASEE R MR R KES TBS2 BEEE
4%, ZE4ETEH TA52. TA01. TA62 ¥LHIE &M
BT, Frid s 7A01 22 99.9% 1452 B, 7A52
M IA62 EFES SRS EMBEEME 1. £ 2
Fros o B SE5FE B B E T 200 mmX 100
mmX40 mm AR A . FH 28 U0 #1880 ke 4T
470 ‘C/2 h [EEALER, BEEKERER. KRS
N2, SRR T6 A T616 W5 Hib B4 B 34T
ANE IR EE . Hor T6 SR R A& 120 °C, T616
RIS 20k B 9 120 °C/2 b, 2% 30k )9 65 °C/20
d, BJETE 120 CHEAT =2 5.

FIH 200HV-5 B/ A7 gar 4 PR FETH X R i i

+F1 TB52 BEHEAEWIES

ATHEREIEE, 75T BRI AL B AT IR
REM, 0 I AE A —Hetiobt HH 7A52. 7TA62 DLA
ZEFES, B RERWE 1 AR, FIA 4XC-MS
EHEMBEMNESESMERMAL . FIH FEI
Sirion200 Y BT S A & MW ESR, DL
Talos F200X 7435 i FAR X & 4 4 44T W82
2 FR5VNE

2.1 HEFMEE

Kl 2 FinoA TAS52-T6 TA52-T616 A 7TA62-T6.
7TA62-T616 &atlifb e . HIE 2(a)nf LLA Hi[H
RS TAS2 R E R4 90.2HV, fE T6 IS NhE
S A 2050 [0 (1 B G B RT3 I, EL 2 24 ho iA 3
VEAERE R 157.5HV;  Fifi f5 B A 250 8] F 2 K Al T
BHRRRAR, X2 BT BE A I (R e, &k
NIEERCIRAS s B Hh AR AR Ak 5 35088 5 AR 7E T6l16
RET, B =S [ B3, 7R Rl [a] 4
TAS2 HEREERAE TR, 4 h JaBEE I R0t 8]
KA P 2218 K, 18 h B A OA B i KA
174.6HV , B J5 6 BEF la 2218 N B¢, fR¥F1E
171HV-174HV; MEHT 7AS52-T6 & XA I AE &
B, $#&m 7 17.1HV. HE 20)TLAEH: 7E T6 IR
BN, TA62 G &R BRI N, 20h AR5 K
8 215.3HV, B 5 & a0 B AR88 B N iy
A, 1824 h BAEETIAR] 213.4HV; 1E T6l6 IRES
T, B =BT RRET RN, TA62 H b A
AT, 8 haA&MEEFGSEE LS, 18 hiF
FE A 3k B e KAl 220.9HV, 18 h J 3#E I I 24 B
B EEIFIE N AT 7A62-T6 IR RS
WA, $2m 7 7.5HV.

MR 4 A B M 25 SR T i, 7TAS2 2B EH
TA62 JZ45 4 T6 VAT A5 FE AL 1K 1) e AR I [ AR —
FE, B2 TA62 JZG @A E S 24 h I EEAH 2=
BN, FrRAseie kBl To(IEI %5)120 C/24 h,

Table 1 Composition of 7B52 laminated aluminum alloy (mass fraction, %)

Alloy Zn Mg Cu Fe Mn Cr Ti Zr Si Al
7A62 7.34 3.6 0.36 0.20 0.48 0.18 0.04 0.06 - Bal.
TAS52 4.4 2.35 0.18 0.19 0.47 0.21 0.06 0.08 <0.1 Bal.
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Table 2 Hardness of quenching 7B52 laminated aluminum

alloy
Alloy Hardness, HV
Quenching 7A62 layer aluminum alloy 117
Quenching 7A52 layer aluminum alloy 88
/\x,,__ e

1 7B52 R e SO R
Fig. 1 Schematic diagram of 7B52 aluminum alloy plate
and corresponding samples
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Fig. 2 Hardness curves of 7B52 alloy experiencing

different aging treatments: (a) Hardness curves of 7AS52
alloy; (b) Hardness curves of 7A62 alloy
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Fig. 3 Tensile stress—strain curves of after T6, T616 aging
treatments: (a) 7A52; (b) 7A62; (c) 7B52
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Z&4 . TA62 EE4 A TB52 B2 & & hifi i 2k
AR, M2 KM A =N B AR Y
BrEe. SEAGBY Be s e b B, 4 M 2R 7E SR T By
Bt N LB AR R ERPER N, B EIAE R,
N AR A, R NI AR B, N
JMEkS: EFF, KA EEELEIS, k5N
fif, BRI EIRTLUE Y, 7AS52-T6l6 4864
SR FIE M T TAS2-T6, WK 3(a), 5T T616
Wr i b B 5, TA62 A S TE PR B M I I ik
by RORHES TEREE, LK 3(b), 7B52-Tel6 &)z
B 4 M FE M Frie s, WK 3(c).

Kl 4 P AR AL E S TAS2 2. TA62
JEUL K TB52 SEMA SN IR IRE . WA
RETTLLE H, 7A52 E48E 4. T6l6 tb T6 & JH
Pt B RN hs 5 L 43 il 32+ 7 20.8 MPa. 27 MPa,
KRN 11.84%3R 5 E] 13.22%. TA62 25 A 4
T6l6 Lt T6 2 (1) i Ak FE AP b 5 FE 7l #2717
39.2 MPa. 33.5 MPa, fHEKFANA K, HT T6l6
Wik R T T 7AS52 JZEAE S TA62 EHE 54
SEEE, [FIBTHEFE T 7TAS2 BRI, 7B52 BEH
HEMERSASERISE, M Te &, JEIRIRE
AP sR 4> AR T T 22.5 MPa. 20.5 MPa, i
F 7.56%3% 5% 9.92%. PENG!' 45 R Il 4 @ & )2
R (7 A A i T DA SE sk VR B v DU 3R AT T -
X=fX,+ X, +[X,

e AR GB]; X NAH B 20 12 1 1 BE 5
THE a, b 1 RERFRIHBA B R H A
BIAE Ry 7] LR BRI 2T 0, A4 B A AR E 451
S AT U FAH Rk ) JE B LUARES o A SR 1
ZEMERI 5 ERe, 2B 1 FoREORE, Rk
FEIT g 3. WRAEE 4 1) 7A52 e &Ll
Je TA62 H5f 4 B R PR A DA K i AR i B S
RAENTHETT/S: 7B52-T6 JEARIEEE . Hifusm/
35N 416.6 MPa. 456.5 MPa; 7B52-T616 $idi i
FE. JEARGREE /> )N 441.1 MPa. 481 MPa, F|f A

®3I ZRBEEEZEITEHLY

Table 3 Proportion of each layer of multilayer aluminum alloy

AP E SRS B R g RIEAR . SLBRM R
%2 I ILER 3, BEAVENHE S TBS2
JEHR T6 AT MJEMRGRE . Frhist il 511.3
MPa. 551.8 MPa, T616 25 FHJEARGEEE . Fidiim
FE53 519 544.3 MPa. 582.6 MPa. &4 J12¢ 1tk BEAR
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Fig. 4 Histogram of mechanical properties of 7A52 layer,
7A62 layer and 7B52 laminated aluminum alloy after

different aging treatments
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5 B NAFIR AL EE R 7A52 21 7A62
E&EdN TEM JESE . K 5(a)M(b)7al N
TA52-T6. TAS2-T616 BT HIAHE S, 5(c)
()7 5N TA62-T6. TA62-T616 WA AR SR
K. @it Image-ProPlus AR HAH 7A52-T6
EEE AT A /NG 10 nm, AR AT BE S AT
ST AR A ML 5(a)). T6I6 MR RCIRE TR, '
FHIRSTZ) 5 nm, HAT HARSE FERL T6 &5 T R
5(b)). XtF 7A62 M E, 4 T6l6 W&k fE, &
SHT MRS 3 0m, 5 Te &ML, Hr AT N
/N ZEHELE 5(e)Md). ME 5d)REBBORIX
SERYRIIY 3 IR 57 a5 ) E Ve ot A N N2 A

ey 7A52 layer aluminum alloy ~ 7A01 layer aluminum alloy ~ 7A62 layer aluminum alloy
BrARFE S AN FJZ B 40.9% 18.2% 40.9%
TB52 AR AN JZ o L 28.2% 2.7% 69.1%
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B 5 AR T &8N TEM B3

Fig. 5 TEM bright field micrographs within grain of 7A52 layer alloy and 7A62 layer alloy at different aging treatments:

(a) TA52-T6; (b) TA52-T616; (c) 7A62-T6; (d) 7A62-T616
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Mg. Zn JCEAH RIS /44, 07—k
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R, TR 5 S5 ) o i DA BT s 4 RO T 5 Dk
b, EE MR PR RERED  BTeAZ T Tel6

B AU G, TAS2 EA SR KR Te &
1o Zid TOI6 I RALFE 5, TA62 24 4 5RfZ E T6
A, HEMKERELME, BT Tole B2
AEEE, ST OKEANANG A, A N R R
B, FECTH IR A T6 K, WA
SR ZE AR, KRN T6 B R HLE
Mr i A IS AT 2L T6l6 I AL B i & AT
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KU H T 58 (0110 55 15 F AR H AR A2 4 P AR
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558 P55 I ¢ ST A D T AR 40 0P A R 3R S ) e e
THMKEK,
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Fig. 6 TEM bright field micrographs of area around grain boundary of 7A52 layer alloy and 7A62 layer alloy at different
aging treatments: (a) 7A52-T6; (b) 7AS52-T616; (c) TA62-T6; (d) 7TA62-T616
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Bl 7 AFE 7B52 & EMGhr i i SEM 4
Fig. 7 Fracture surfaces of 7B52 laminated aluminum alloy at different aging treatments: (a) 7B52-T6; (b) 7B52-T6I6;
(c) 7A52-T6; (d) 7A52-T616; (e) 7TA62-T6, 10000 X ; (g) 7TA62-T6, 50000 X ; (f) 7TA62-T616, 10000 X ; (h) 7A62-T616, 50000 X
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(¥ 7B52 B 24 A & 2 0 SR . L1 2R LIu
SRR et SRR FLI A T KOG KT 15)
AR ZS TR TR RE s[RI, AL T 8 0 A e e P 25
K, ZFIPKITE T BT HEEME 7A01
N, REELHMMEZRSE 2, T 7A62 JZ5
FEf o, oRPEZEF R TA62/TA01 FHiH %5 5 Wi
M, H—J5M, 1£ 7B52 BEMEEEALREF,

oS 72 S OK AT RE A SR 45 S o i DRI, 4L
s TA62/7A01 1Y &, M 7(a). (b)T LAF H,
TA62/TAO01 FLTHIE T, Wi~ H. MHXmE,

TA01/7A52 FHH R ARG G R, [FI S
KL 2 (8 A E) AR TE AR e/, LI 244 B AN
W, WimmA-FE. WK 7). Gb)FTLLEH, 78
TA01/7A52 FHH A BIAFAE RS . REUA ST 7]
TA01 JZ, i TA01 25 WiEY, 755t bz &
T 7(a). O)FTRRIMGT. Fik 7A01/7A52 FH
WrE BB AR T S o 0 LT AT ORI S, i
T(e)~(W)Fs. TA52 JR8E < T6 M T6l6 UE s
A 2 ) e R TR A R Te AW E K
AN, RIERAAR S, WA 7(c), 1 T6l6 A7) & 5
KEIE, W 7(d). AT LA T6I6 B RS KR K,
TAG2 EE0E4 T6 A5 T6I6 AW 1 3= B f ik
AL B IR % BT o 7 22 1) 32 22 I R ot 9 i
SRIEZE R K), WAFLET > 7 iR . AL 7(e) (D)
H] UG HI TR AR 20 m R L. ME
TR BEAT R O Ean E 7(g) B 7(h) s, T616 75
5 T6 &WE nAidy s H E#A &AL . LI
SRS ZARFI AR S I A AR, Wt 5
THIN IR R R R, FECE AHRE 7(g)
A 7(h)FTEHE), [R5 RS0 i R 45 A i B 3 55 1R
FEE S RPN 7(0)75 T SERHE AL
H). MBICIES ERE TA62-T6 Al 7A62-T616 FF
BARKMZER, Bk, HKFERIAIEARME.

3 #ZEig

1) BEE S = R g m, 7BS2 BEEE
(RS B S 3 K S kN, T AR TR 2] 18 he B
TA52 JZA TA62 JZE Sk BIEEAERE, 5A
174.6HV H1220.9HV . #5fE 2L 2 T2 A Filit 2%
120 C/2 h+ - i (65 C/20 dy+ = 2% i 2%
(120 °C/18 h).

2) 1 T6l6 =i Rud#erh, 7A52 BB&&mW
BT HORET . 40/ /A8 T T Mg Zn
TR, 7A62 BEEMNIERKAE T IR, X
SEAH /)N (RIAT AR AR 2 A T AR AR s A
MAE 7A62-T6l6 JZ5aG M IRGEAE . LRt
7TAS52-T616 )24 7 155 MPa. 120.2 MPa. 7E T616
R RGOSR, TAS2 JE A AT A RN E
BRoyAns 1M TA62 JZ 6 & AT A 280 1,
b0 N 1 B A 1 e T | A N R S e
TA52-T6I6 JZ 1K .

3) JEILTRAE N T 40 mm E 1) 7B52 HrA4
49 Je AR 55 FEE AN bz 58 FE - T6 7% R 40514 511.3 MPa.
551.8 MPa, T616 #& 73 7l 4 544.3 MPa. 582.6 MPa.

4)TA62 545 T1A0l EEEmEER K, F
45 A BRE RN, [H13 TA62/7A01 ST 75 5 Wi,
B A miEm, Wri-rE, XS, 7A52/7A01 B
R AL A, [FB SR B A 54
TEABRIEL /N, 518 o] Bl A A B R SR PR AR T . T A
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Effect of interrupted-aging on microstructure and
mechanical properties of 7B52 laminated aluminum alloy

LIU Wen-hui', XIAO Ming-yue"?, SONG Yu-feng', LIU Yang', CHEN Yu-giang', HUANG Hao’

(1. School of Materials Science and Engineering, Hunan University of Science and Technology,
Xiangtan 411201, China;
2. Jiang Lu Electromechanical Group Co, Ltd, Hunan Xiangtan 411101, China)

Abstract: The microstructure and mechanical properties of 7B52 (7A62/7A01/7A52) laminated aluminum alloy
after T6I6 interrupted-aging were investigated by hardness test, tensile test, SEM and TEM. The results show that
large amount of fine #' were precipitated in 7B52 after T616 peak-aging, and yield and tensile strength have
increased by 22.5 and 20.5 MPa in comparison with T6 aging, respectively. Due to high-content of Mg and Zn, the
secondary precipitation of #" occurred in 7A62. This leaded to extra reinforcement, and yield and tensile strength of
7A62 were 155.0 and 120.2 MPa higher than those of 7A52. The remarkable difference of tensile strength between
7A62 and 7A01 resulted in weak interface bonding between them. By contrast, the bonding strength of 7A52/7A01
was relatively high, significant plastic deformation was observed near interface, and fracture section was irregular
after tensile test. The best interrupted-aging process was pre-aging (120 ‘C/2 h)+two-stage aging (65 ‘C/20
d)+three-stage aging (120 ‘C/18 h).

Key words: 7B52 laminated aluminum alloy; interrupted aging; microstructure; mechanical properties; secondary
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