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Table 2 Tensile properties of investigated 7020 aluminum alloy

F 1 SLKIPT 7020 BHG G AL 2 Y
Table 1 Chemical composition of investigated 7020

aluminum alloy (mass fraction, %)

Zn Mg Cu Mn Cr Ti Zr Fe Si Al

45 125 0.12 034 021 0.04 0.16 0.11 0.05 Bal.

2.1 EiRBIE%EEE

%2 gk 7020 455 a e T HARIN 2 0 hy 168
h Ml 65 CHiZ 72 h. 168 h 541t ©0 C. 8
h)+(160 °C, 14 h)XUZ A TR 1 il f A 0 2
PERE. MR 2 WTLLEH, 705 SRAH RO TR Rk
AR, H424 65 TR 168 h 5 )24 MRy
AE, Ras Ry %390 397.4 MPa. 338.8 MPa, fifif
HK Ny 15.8%; 65 CHIHFRL 72 h 5 i 124 PERELL 65 C
T2 168 h [FAK, e Ryv Ry 27914 387.6 MPa,
320.2 MPa, ffKEN 15.7%. 1M EHNH N T 2405
(W12 PERERAR, iKY 65 CHI 4% 72 hy 168 h
MEER S AH Y A A2 AR 2K 168 h JG 1 R Ryo
435k 392.2 MPa, 333.3 MPa, KN 16.0%.

W0 EE R 2 W AT AR 2% 0 h 168 h, 65 C
THAS L 72 hy 168 h FFZ5(90 ‘C. 8 h)+(160 ‘C. 14 h)
MBN TG I ZEA P RE T A0, 7K 2R M I 1
LR AT 65 “C PN 24 nT DASRASAHRT B 4 R bz it o
LIRSS, 3t 65 CTH ZhT [H ZE K %2 168 h i,
FLom S T 400 MPa. JUILE XS 65 CTIE 2 72 ht
LG N T RIS 168 ht XU Z N T 25k A 7%
Poja, PR i o0 F el LR 65 C Tl 4
72 h N I R AL FEOR IR AR 168 h JE AT [F XL
PN TG AH M (R

22 [EMNETERERHIEEE
23 Fin B R Z 65 CHI L 72 h 168 h
AN TRLRT H AR RL 0 hy 168 h JE FFZE(90 'C. 8 hy+

Aging treatment

Tensile strength, R,,/MPa

Yield strength, R,y ,/MPa Elongation, 4/%

(25 C, 0 h)+(90 C, 8 hy+(160 C, 14 h) 368.9
(25 °C, 168 h)+(90 C, 8 h)+(160 C, 14 h) 392.0
(65 °C, 72 h)+(90 C, 8 h)+(160 C, 14 h) 387.6

(65 °C, 168 h)+(90 C, 8 h)+(160 C, 14 h) 397.4

289.9 15.9
3333 16.0
320.2 15.7
338.8 15.8
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Yy Fssrr A2 RE M I AR S M (K45 100 2 AR P RE AR
FREEAT TR AL, e L — 18 WA R f ) 27
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Table 3 Slow strain rate tensile properties of investigated 7020 aluminum alloy

Aging treatment Medium Sample No. Rn/MPa AP

Measured Average Measured Average

1 3153 13.9
Air 2 313.1 313.6+1.5 14.1 14.1£0.2

(25 °C, 0 h)+(90 ‘C, 8 h)+ 3 312.4 14.3

(160 C, 14 h) 1 2973 153
3.5%NaCl 2 298.7 298.8+1.6 15.2 15.2+0.1

3 300.4 15.1

1 346.5 16.7
Air 2 3447 346.4+1.6 17.4 16.8+0.6

(25 °C, 168 h)+(90 ‘C, 8 hy+ 3 347.9 16.3

(160 C, 14 h) 1 3355 15.9
3.5%NaCl 2 334.5 335.0+0.5 17.1 16.5+0.6

3 335.0 16.5

1 370.2 14.4
Air 2 369.5 369.440.8 15.1 15.0+0.5

(65 °C, 72 h)+(90 ‘C, 8 h)+ 3 368.5 15.5

(160 C, 14 h) 1 3513 16.8
3.5%NaCl 2 353.1 352.3%+0.9 16.2 16.5+0.3

3 3525 16.5

1 325.0 14.1
Air 2 322.8 324.00+1.1 15.7 14.9£0.7

(65 C, 168 h)+(90 C, 8 h)+ 3 3242 14.8

(160 C, 14 h) 1 321.1 16.3
3.5%NaCl 2 3223 32230+1.2 15.8 15.8%0.5

3 323.5 15.3
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Issgr=0.036, /N2y 5.56%, HUILPTLLEH, 65 CTilf
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RKHIFIE, 65 CHRIN L 72 h RN T2 1)
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Table 4 Stress corrosion index of 7020 aluminum alloy at

different aging treatments

Aging treatment Sa;l:)ple IssrT Average Issrr
(25°C,0h)+ 1 0.045
(90 'C, 8 h)+ 2 0.037  0.038%0.007
(160 C, 14 h) 3 0.032

(25 C, 168 h)+ 1 0.038
(90 C, 8 h)+ 2 0.032  0.036%0.003
(160 C, 14 h) 3 0.037

(65 C, 72 h)+ 1 0.031
(90 °C, 8 h)+ 2 0.035  0.034£0.002
(160 C, 14 h) 3 0.035

(65 °C, 168 hy+ 1 0,008
(90 C, 8 h)+ 2 0.001  —0.003+0.004
(160 C, 14 h) 3 —-0.002
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65 CTll 2% 72 hy 168 h J5 FH£:(90 'C. 8 h)y+(160 C.
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NKIES oSBT EE I 1 (a)~(h), "TLARILE 1(a)- (b)
AT 1(c)~(h) B B BARX 41/ e WL 1(h)s (g)
ATLLR I, (EZS M 3.5%NaCl J& A J5 o e v A8
RPN AR 220, ATEL L5, B 1(h)H
P HRR 235K
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Kl 2 BioRly 7020 556 42 AN [ 250 B )i d
W el AT A TS . A 2 FTLAE 76 R 4L
PN TN 290 'C. 8 h)y+(160 ‘C. 14 hyki[RI 44t
N, Wi 65 CHRL 72 hy 168 h BAA FIARIS % 0 he
168 h (SE56 = S R 25 C) KNS B S AL I 24
REFE A AT AR AT BRI ARRE R S R
IR o

AR ] 2 WP 110]AL AT BE AL & TEM 40R] 41,
MrH A g’ MgZnp)MH, [FIRH /D& n(MgZn,)
A, 1/2{2001 1 1/2{0 2 2} BE A% AlZr ki §o Zo0d
65 CTHI AL 72 ho 168 h Fl AR IS 2L 168 h J& 71455 4L
PN TI%(90 “C. 8 h)+H(160 ‘C. 14 h)AbFi 5, MK
2 DU HH T 2N (ARG, 28 5 SR XU 280 s
Bt AR AN N R A . STEEEL 2(b)s (d)~ (D~ (h)
) s AT AR A L, B 2(h) AT AR S A ek
AM/NTREC . B 2(DFT7R R 65 CTUINAL 72 hXUZk
N LIS 2805 ) b AT AR A i 0, e & AT AR
RERE A TS T 2(h) . B 2(d) BTk FLAR I 2%
168 h J&i 28 XN T 350 & AT A A 15 O, 1R B
2 FCORHORE 99 T 2(HF(h) . T 2(b) 4 [l K
Joi HAR N T b AT AR A At oL, iz
Bl o] DUE BT B A — e R KR, R
2(d)~ (D~ ()HEIKR. Eb PIHT HAH X R R o A0 FE
JE EMO_FAROR T A &L R RN T2 AR, H
SRIEAAE MR RN. B 20h) W BRI AR B
A NGREC A, U LR AR LA I8 B 2
BUF ), IXSERNAE 65 CTHT L 168 h ik FE 41l /s
BE1K) GP X A1 NI v ok s LA AR v i 0 ] B2 11
FEARPNTEARZATHY, O i SO0 B i a5 P R I 2 Ak LA
YL FAETHES, JUILAE 160 CHLE FIG SRR
GP X FBi I, o' AH DUG i B RO R A% KK 2 —
JERGE GP XAEANZ OB, KK, T 65 CHil
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Fig. 1 Slow strain rate tensile fractural SEM images of 7020 aluminum alloy through (470 C, 1 h) solution heat-treated, and
different pre-aging process followed by two-step aging ((90 C, 8 h)+(160 C, 14 h)): (a) 25 C, 0 h, in air; (b) 25 C, 0 h, in
3.5%NaCl; (c) 25 C, 168 h, in air; (d) 25 ‘C, 168 h, in 3.5%NaCl; (e) 65 ‘C, 72 h, in air; (f) 65 'C, 72 h, in 3.5%NaCl; (g) 65 C, 168
h, in air; (h) 65 C, 168 h, in 3.5%NaCl
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B2 7020 834544 470 C. 1 h [FW G S AR TR T 2 AP FFZ(90 'Cy 8 hy+(160 C. 14 h) WK I 35 1K) TEM 14
Fig. 2 TEM images of 7020 aluminum alloy through (470 ‘C, 1 h) solution heat-treated, and different pre-aging process followed
by two-step aging ((90 C, 8 h)+(160 ‘C, 14 h)): (a), (b) 25 'C, 0 h; (¢), (d) 25 C, 168 h; (e), (f) 65 'C, 72 h; (g), (h) 65 'C, 168 h
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SRS 20T ] PRV R TR S O, By HR ) R X R o3 A i A
FIFE P2 M E . B 2(e). (@)FTn
HZE 65 CHINAL 72 he 168 h ALFH I (¥ & S Al 47>
it it, L PFZ 988 AR A AR AR IN 355 I BE A
G AHRALE S AR R o AT R AR R S AR I
RUF AR TS 2R F], 78 65 °C R Bl U it 7]
MRERS, BT HHAR TR o AR BE I K. 28 65 "C T2
A FE 1) ST A (R BT S o AT R B s, AR
B SARRAFAR T (BTN P RE o

RS> M85 A% Image Pro Plus X & & RHZE AN
[ o 2550 b B 1) T AT B AREA T A G, RIS
RGBT E, A RnER s pivl. g s af
CUE %5 BN TS f A BT AR T
IR B, N 9.7%: 65 “C. 72 h T &kt
HLS , ST AR IR T 2 808 5 A SRIS AL 168 h
JEMAIZEARKR, 050 12.1%. 13.6%; 65 ‘C. 168 h
TR RAREL IS, AT H AR P34 TH AR FT 40207 4 Fh
WORIEE iR s, h 15.2%. X 53 2 R b )
pERe gt A2

RS ORI AT PR £
Table 5 Average area fraction of intragranular precipitates of

investigated alloy under different aging treatments

) Average area
Aging treatment

fraction/%
(25 'C, 0 h)+(90 C, 8 h)+(160 C, 14 h) 9.7
(25 C, 168 h)+(90 C, 8 h)+(160 C, 14 h) 13.6
(65 'C, 72 h)+(90 C, 8 h)+(160 C, 14 h) 12.1
(65 C, 168 h)+(90 C, 8 h)+(160 C, 14 h) 15.2
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b N T R ) GP X o A AR T ISf R0 ]k
K, GP XEIEZ , 75 i SLAHR B el i 1R R
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XL I A0 m IS 28T EE A AR 3 AT 300 T 240 A
1) GP X Eb i A TEAZAZ L IERAT Y, T XN I
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%, AL, AT H AT R 43 A A RN g 68 ik o 24
IR TBO, HUN ) g e RE AL, AT HRORE A it 3%
B3 AT W S ISEAE Y ) T A AF R AT AR,
SN S5 TR0 G5k B UG A RN g 6 i
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W7 22 3 A R — 3 [0 S JC DT AT HA A 5 P AT R IR
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HIENEIVE R o Dk, B 7020 556 S RHOPUN.
FIJE b PERE, AT DUR I P R EE T 2 S H AR A
it AT HH AF R i S JE DL T H 5 (PRZ) 14 23 A e AiE
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B AR AV S T BB LI 3N 4
ik BRI 168 h 5 R EAT AU AN LI (O &
2(a)s (), HHIMHT AN RES AR, 7EME N AR
PSRRI S 1 il ST HAE AR A
JERUN, Fy SE[RVE R 78 2 6 ik v (S BH 2], Ay JE ol FL
PRALT R, MBS SRR RS FIRE
5 5% BN 3 T el LS T BN g S8 ik T I
M 2(e)« (T~ A& B EHE 65 TN AL 72 h 168
h AbFE S, HA ST A S E 2(a). (g) T sz
WK, BEWE AR, RN AR R,
XA PR RSB HEAH AN 843 A1 RE O J65 bl s LA 3
e e MR TN ) e RE .

76 H AR A5CRT 65 “CHLI 24Kk 168 h [k Firfr,
i 2SI AT H ORI GP X, WS SRR I U 1
S TEM T LAA3%0, 65 CHII % 168 h ik B b
) GP X%, LR W RLHIZE—2% 90 'C. 8 h i
I 1) 3 B i e /N T S R GP IR 7 B, PR
Friiisr GP X, G ST Bt S LB B i i
Ko BENEHE 160 Cha, FrAlmFRHLUT GP Xk
A Bl LA R AR S 2 1Y) Zny Mg TG R BN A0S
FRh T p A A K, SR Uil S RS Bk
JILRL TR GP DA Ay I 28T H A o AH I TEAZ A%
I 5 RF BB GP X, 7R8I 2% 160°C I 280 75
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TERRN AN NIRE AT, FEA AT AR AR A2 1)
Ak, M RIES W S A, A SRS
A 1o (1) SR R N — 5 TP, ) JEg e 2 o

Zeid AR RN 65 C I 280AS [l s 0] )5 4247
RPN TG, 5K 20 &2 %K 3 a4, KA
TEALGE N T INOHTHEAT 65 °C IR R TR 250, {45454
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1) JG4:(90 'C. 8 h)+(160 C. 14 h)X LRI %A [+
AR, 2465 CHIlRL 168 h AbFE 5, &4 Szt
BE LU BT VA KT LB R M RELEE, Rins Rpoas
A5y 5)°h 397.4 MPa. 338.8 MPa. 15.8%7/1 368.9 MPa.
289.9 MPa. 15.9%; £ 65 CHIZ 72 h kb3, &4
(15 A VERE S FIARIS 2L 168 h JE AT, Ry Rpoas 4
4350k 387.6 MPa. 320.2 MPa. 15.7%4#1 392.0 MPa.
333.3 MPa. 16.0%.

2) 465 CHIlEL 168 h AF )5 & 4 AT B 1K)
POV I F BRI RE, Tssrr A—0.003; 65 CTHIH AL 72 h &5
FIARI 2% 168 h ALBR 5 (BTN ) B MEREAH ™, Isswr
53520 0.034 F10.036; FLHERUZ I 24 b H1 5 FRI4H ot
FERIBTN g J65 i g5 22, Isspr A 0.038

3) HIXWLIN A G A4 STy n AHIE
BeoyAn, e BT HIAR RS SOR S i AT AR P34 T AR
I8 9.7% L8 FIARIS R 168 h Ji fib FAT ) S AN IE
LeorAn, d N AT AT TR S0 £ 13.6%: 65 C Tl
(72 hy 168 h)J& IR ST HAH ST 7 A BN
3 AT R P RO 250 IR TR S T O, il A BT H AR o7 AT
W U 280 ST T (1 A T Tl /N R i I BT R T
TR B0 0N 12.1%F1 15.2%.
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Effect of pre-aging on microstructure and
stress corrosion resistance of 7020 aluminum alloy

YANG Tao"?, YE Ling-ying®*, SHAN Zhao-jun®*, WANG Shao-ling®*, DENG Yun-lai**, ZHANG Xin-ming" >

(1. Light Alloy Research Institute, Central South University, Changsha 410083, China;
2. School of Material Science and Engineering, Central South University, Changsha 410083, China;
3. Key Laboratory of Nonferrous Materials Science and Engineering,

Ministry of Education, Central South University, Changsha 410083, China)

Abstract: After solution heat treatment at 470°C for 1h, the alloys were natural aged for 0 h or 168 h and pre-aged at
65 °C for 72 h or 168 h, respectively. And then, the two-step aging ((90 C, 8 h)+(160 ‘C, 14 h)) was conducted on these
alloys. The effect of pre-ageing treatment on the tensile properties, resistances to stress corrosion and microstructures of
7020 aluminum alloy was investigated by tensile test, slow strain rate tensile (SSRT) test, scanning electron microscopy
(SEM) and transmission electron microscopy (TEM). 7020 aluminum alloy aged at 65 ‘C for 168 h pre-ageing treatment
has the highest tensile property R, of 397.4 MPa as well as the best stress corrosion resistance /ssgr of —0.003. The
tensile property and stress corrosion resistance of alloy pre-ageing treatment at 65 ‘C for 72 h are 387.6 MPa and 0.034.
And it is comparable of that of natural aging 168h, with R, of 392.0 MPa and /gt of 0.036. While the tensile property
and stress corrosion resistance of alloy by direct two-step aging are the worst, with R, of 368.9 MPa and Issgr of 0.038.
With the increase of the pre-aging time, the size of intragranular precipitates #'(MgZn,) inside grains decreases, the
intermittent distribution degree of precipitates intragranular precipitates #'(MgZn,) inside grains decreases and the
intermittent distribution degree of precipitates #7(MgZn,) at the grain boundaries increases.

Key words: 7020 aluminum alloy; pre-aging; tensile property; slow strain rate tensile; microstructure
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