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U, {5 T6y T74. T77. RRA %5, {HA T
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T LB, ASXEHLL Al-Zn-Mg & 4800
PG, WFFNTERA B BN TR 1) SR R
[ G @ P RE S AL P m) . A SC/EH — Ty i
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JENT AR AR R, S —Tr i, i B AR S I
N, 8T BRI SO S I il ik g
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1.1 XEMRIRALETZE

IR Al-Zn-Mg S8 FF MM, 6 Rsr W
# 1, Hp Fe Ml Si HEEIMFUTER. BHIEEM
Al-Zn-Mg &M & T =il MERAF 3 7.
11, 28 d)Ja FaE T N T8, N TG 4(90 °C,
12 h)+(169 ‘C, 11 h).

F1 Al-Zn-Mg 585 1)
Table 1 Chemical composition of Al-Zn-Mg alloy(mass

fraction, %)

Zn Mg Cu Mn Cr
4.49 1.22 0.11 0.30 0.19
Zr Ti Si Fe Al
0.14 0.051 0.059 0.08 Bal.
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Fig.1 Sampling position of conductivity
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Fig. 2 Schematic diagram of slow rate tension testing

specimens (Unit: mm)
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Fig.3 Conductivity of alloy after different natural aging time

x2 HARNATHEBRTE
Table 2 Conductivity of alloy after different natural aging

time

Conductivity/%(IACS)

Time/d
Sample 1 Sample 2

0 33.40 32.70
3 33.40 32.60
4 33.20 32.50
5 33.00 32.50
6 33.00 32.40
7 33.10 32.50
8 33.10 32.50
9 33.00 32.40
10 32.60 32.00
13 32.50 31.80
14 32.30 31.70
19 32.30 31.70
21 32.30 31.60

28-140 32.20 31.50

B8RV ST i SR e R e R T By N WEERS e
T 9%, HAEFER 28 d A ERIRE, MR 2 "]
LA HBFE 1 2 1 H S ERYIAE S 5 33.40
(IACS)%- 32.70(IACS)%, +LHARIF#L 28~140 d [¥1°F
Byea S5 2050k 32.20(TACS)%- 31.50(JACS)%, 5
IR S 2 AH L R T 3.59%FH 3.67%.
Al-Zn-Mg G4 M H PR F RNk T E5E AN
RES, BT IR & R G S A S T AR 2 TR
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MRFR, D, 3R n] AfE— e R R b S BRI 280
AEARIHT LR o Al-Zn-Mg & 478 IR0 R b by R AR
ARG Ky : GP X (1, 11— a2 n'—n-MgZn,,
FH U 5 [ Al A% IR AR RE IR FEAIK, IEB  ) RRE, 1
BB Y, MmEa 4 SR EF, K
304N, AR ROE R Al-Zn-Mg & 4k L 5o
B IR B X R AE B AR O R,
Al-Zn-Mg & 4123 ] R JE R b A% Wi A2 REHCK (AT
HHAH,  IXRPAT HUAH ] RN S5 ARSI GP X B4t
B 10 A B P AR [N A el SR it — 20 bt
fFhghie.

P 4 firor i F RIS 20140 d )5 Al-Zn-Mg & 4806
(1) SEM 5. tHIE 4 nr%, RIS Al-Zn-Mg 56
S WA AR TEAS E A PO /N ERES S5 500K,
XFHET EDS BRI, e Rk 3 pral. 45
FE 7R KPR ) B 6 1) 285 —AH =220 % AlFeMnSi AH,
[ N Zn, Mg 0%, SRRMEA RN —
FFEZ R AlFeMn M, FIFERIEADE Zn, Mg
TCE KT FARIN 2L 140 d J5 1) Al-Zn-Mg & &8I AT
TEM M5, 45Kl s fim. ARG, G4
W AR A, BT R AR SRS AT, AR %2
FITCYUIENT A (PFZ), JLIEX i AT &5 R A W
BB AL g AHRTHCEE, dhtt o] £ 3087 A ) GP
X,

AR I 2850 AR B 2880 IR PR 5 il 8 i Je 1% 1 N I
B P, E AR SR IR0 R IR T H A
FEh GP X BT H W3 ) RUE T e RE
IRRAR, I 2%l B B Ak 2= 5 DR B e o r, (H
JEF TG AR, I R TR 14 O A, A

B 5 HAREZL 140 d Al-Zn-Mg & 484 (1) TEM 83515

U, AR BRI A REIE S R AR g e 306 1 GP 1
Xo BEAh, T GP I IX LR A 3R AR, [
VAR S R AR R SE I, 320 i A AL 1 b PR i

B4 HARNZ 140 d Al-Zn-Mg 545464 (1 SEM 14
Fig. 4 SEM image of Al-Zn-Mg aluminum alloy after 140 d

natural aging

F3 B 405 AR b 4 R
Table 3 EDX analysis results of second phase particles in
Fig. 4

Mass fraction/%

Position Matrix

Mg Al Si Cr Mn Fe Zn

a 224 95.63 — 0.18 0.15 0.11 1.68 Correction
b 1.08 86.11 4.18 0.73 1.50 5.33 1.08 Correction
c 1.11 85.40 0.34 — 1.13 10.67 1.35 Correction

d 0.83 86.87 — 0.30 1.36 8.68 1.96 Correction

Fig. 5 TEM bright field images of Al-Zn-Mg aluminum alloy after 140 d parking: (a) Intragranular; (b) Grain boundary
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K 6 Fionh Al-Zn-Mg & &R 4R [ FAMEBRR
SRR S+ N TE ), 7 57T 5 s S M
3.5%NaCl(Ji 73 550 v 4% I AR Tl e A il T 3k
RN S -NAR ik, 2 4 Fros ok HoAR AR 5y
R HE . (R IAEE R Al-Zn-Mg & &M K
IR R B, AN R B SRR OO Al-Zn-Mg
B M IR 5 S AP KR A A IR KR o FHER 4 T I,
2 AR AU N I3 Al-Zn-Mg & & 298 76 T8
% 3.5%NaCl(TT i 7 HOW R 1 G S by s i
W KR B LR PR A £ 3 d 51 Al-Zn-Mg
B AR TR 3.5%NaCl(F &= 5 B0 & 4
PUhrsRE 735k 354.85 MPa 5 350.33 MPa, {51 28 d
Ja B S PR T ORI M T R, AT A&
3.5%NaCl(Jit & 7> B0 % W 1 & S prhr om 8 U f
308.82 MPa 1 307.88 MPa, Lj FI4RIF% 3 d AfltL, I
TR 12.97%5 12.12%. HAETEBESIKL
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3.5%NaC1(Jit 5 73 H0O) W 1 1R 7 4 WA 4243 3l e
16.71%%5 13.66% I [£4 15.21%5 12.76%.

ANEEBOREL Al-Zn-Mg &4 B84 3.5%NaCl
T TR S I TR s B S R AR R LU R
5 FiA. 3 5 ATA0ALE 3.5%NaCl 3 11 & 4 W 5d o
FE RAFR R IMC TR, R Al-Zn-Mg
G A 3.5%NaCl i TR AT SCC #ukbE.
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i H5OAH LU B8 B b S WL ) JE ik AR, AR
Ny J by T, Ry

Tssrr=1—[Run s9nact* (1443 svonac) V [Rmeain X (1+A4 ain) ]
(1)
K R sunacy A TE 3.5%NaCl i Pt hr i,
MPa; Rm(Air)j?Tf:F‘E‘%/E/EL R Pihr R, MPa;
A svunacy HAE 3.5%NaCl T W 2K, %5 Aain
HAEFEA P W R K E, %; Lsspr A 01 £
N g F o T AR R 18
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Fig. 6 Stress—strain curves of Al-Zn-Mg aluminum alloy after different natural aging time: (a) 3 d; (b) 7 d; (c) 11 d; (d) 28 d
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x4 AR BHRNEREE N Al-Zn-Mg £ 84010 )%
PERE
Table 4 Mechanical properties of Al-Zn-Mg aluminum alloy

after different natural aging time

Natural parking  Elongation/ Tensile .
. Med
time/d % strength/MPa edium
; 16.71 354.85 Dry air
13.66 350.33 3.5% NaCl
; 16.01 345.34 Dry air
12.59 343.72 3.5% NaCl
. 14.78 341.66 Dry air
12.94 336.90 3.5% NaCl
- 15.21 308.82 Dry air
12.76 307.88 3.5% NaCl

£S5 Al-Zn-Mg 54 MHHE 3.5%NaCl -5 T2 I
W 24 50 5 R LU AE
Table 5 Ratios of elongation and tensile strength of

Al-Zn-Mg alloy in dry air and 3.5%NaCl water solution

Natural agin,
B8 U somacy/Aniel% (R svanacy Renain) %

time/d
3 81.75 98.73
7 78.64 99.53
11 87.55 98.61
28 83.89 99.70

R 6 Al-Zn-Mg & & 1IN 77 )5 i o SR
Table 6 Stress corrosion results of Al-Zn-Mg alloy

Natural parking time/d Isspt/%
3 3.85
7 3.41
11 2.79
28 2.42

(KIN D kR B O e a sy, EIL R BRI A
o XEYEARNBGE Al-Zn-Mg &M BTN
JI ek REA P o

23 HHETOREBES

AN AR ROR B UG N TR Al-Zn-Mg &4
RPN AR 3 8 57 o 7 413 LB I R T 7 s
Bl 7(a)~ (c)~ ()~ ()T b T a4 T hrfdib 1
HEg, B 7(b)s (d) (O (WHTRA 3.5%NaCl /K
SAF N R IAES . HIE 7(a)s (o) (e)TTLAE !,

TR T EHARRZ 3 dv 7 ds 11 d [fAdig
FM 3 A A RRANVNRB)E, Wik B AR S 28
mal, ABERAEL, BT AR, BB
HARI ORI N, Wi res ek, RWIaan
PEREAIG; fE2ad 28 d HARI S (WK 7(g)), Bz ik
FUEE S BUMG P WT2L RRe A, Br i ) 53 Kb,
BN G B RAERE T BRI B o), W B30T AR 1
Wil FEBRHIE, AR SR T KR
TR . P 7(b)~ (d)~ (D)~ (W) AT LAE H, 7E 3.5%NaCl
IR ACATE ™ N JE5 et DX Py o e BT 10 52 S P o e 2
TSR B Sk BTz, T 1 1T HH I3 v 7 1) b b,
IR AR AW, KA RPN, [
I 30 S A7 7 R ), RIEEAE 3.5%NaCl 7K
WL ) 44 T R IR AE IR, HAT SCC i
EYE BRI 28 d Ik (LB T(hy) R ik A R
NGB LI SRS, AB AL ER R =i b,
LTy i B AT AN, ) JE ek e dee e

24 BEHBRIESH

Kl 8 T I AN AR I ROREUG N LI 8s &
&) TEM W%, i 8 v, HARNSIGEM
Al-Zn-Mg & &M 10 i SATT HEAH S AN E SRR S
fi, 1IR3 d G, Gemr AT HARNI RN, B
SO IBE TN, A 40 il FUBT HA (] 2R BE S K,
[, A AT AR RS A By 0 G G b ot
B AR RST B b S TeHT X (PFZ) B8 FE AT R A St
iR 7 fion. R 7 A0, & RIS T
N LI Al-Zn-Mg 46 R0 & 0T HOAH R AR R,
P28 d I, ST A RS He 11.16 nm 15K 21 24.40
nm, A ATEHT H DR BEAAR R OR, 1 80.37 nm
14K %) 114.25 nmo

B A P RE E BT R AR R/ B AR s
YT, TG A TN ) J P R I T i AT H AR
(RS]S90 A i o Al-Zn-Mg &2 I RA L] A BT L
A B E ARSI R ZE K, A4 rh AT HAH L
SRR, R RRAIG, AT iR RO S, &4
(RIS S R B . 4 N T RS A 4 2R it A T HE AT
TR A5 A, TR g AH(MgZng) K CUTE
M P (PFZ) 4L R . AR B AR e B e S A Ma B8, 7
JE3 Pl A AN — 5 BRI AR R F S AR IR s AT
AHSAE N BIARAR SE AR, AR5 JEU T AT s th T Bk
A BRI T it AT R AR TR 2 14 8 DK mT A 1 S g
WHIFERBE ) ETY, G fRBHRA R . TRl RO
mi ST A G A AR T 5 TR R A s T iR
H, BRREE, AIfTEE s PN R ek g AR
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RO R AT GP ITIX, 3% GP I IXARSEER
RS, AEZ RTINS AT K GP ITRORE RR
A MRS AL X, i 2 AHAERE S (I
VIO RE b o A B RA s ST AR, M AT
B RS I s, JEDTBE AT A SE AL RN 5

B 7 AFE BRI PR B M 3.5%NaCl 54T Al-Zn-Mg 75 4 TR W AR 802 by /7 11 TE 55

B AR TRNEEAZ s LB & S AT HE AR ORI et A
AT B R AR T e (5 2, (H ]I i i
TGN )y, GRS, & B
ZMEIE, BTN IR Bt . 18NAR
AR 4 R R T 3K

ot -

Fig. 7 Fracture surface morphologies of Al-Zn-Mg alloy by SSRT testing in dry air and 3.5%NaCl water solution: (a) 3 d, dry air;

(b)3 d, 3.5%NaCl water solution; (c) 7 d, dry air; (d) 7 d, 3.5%NaCl water solution; (e) 11 d, dry air; (f) 11 d, 3.5%NaCl water

solution; (g) 28 d, dry air; (h) 28 d, 3.5%NaCl water solution



1548 ATt m AR

2017 4E 8

B8 AR H RIS EL R Al-Zn-Mg 4240 TEM B351%

Fig. 8 TEM bright filed images of Al-Zn-Mg alloy after different natural aging time: (a) 3 d; (b) 7 d; (¢c) 11 d; (d) 28 d

F 7 AFEERNEIN R Al-Zn-Mg & S AU T AR RS
L PFZ e L EEvt o3 A

Table 7 Size of grain boundary precipitates and PFZ in
Al-Zn-Mg alloy after different natural aging time

Natural aging Grain boundary PFZ/
time/d precipitates/nm nm
3 11.16 80.37
7 14.78 84.23
11 14.87 86.90
28 24.40 114.25
3 i

1) ARG, Al-Zn-Mg &4 SR
B, 150 28 d JEikBIRRE, e aENIIRER S

FKIACS)Z 54 32.20%- 31.50%.

2) & ARG N TR Al-Zn-Mg & 488
PrhromBERMR R N, S50 3 d AHLL, (#7528 d (1)
Al-Zn-Mg &4 B Hihros fE e iR ik 46 MPa, {HILHT
I 3 J P e AT TR

3) 7E AR B, Al-Zn-Mg &4k v i
BT AR RS ARRR, AHIERIE 0, JCPTEEHT Hi71i (PFZ)
it AU W TR, HG SN R
BHO#& i, A PN ) S vk R A1 b s o
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Effect of natural aging time on stress corrosion cracking of
aluminum alloy

QIAN Peng-wei'*, DENG Yun-lai"*?, ZHANG Zhen"*, ZHAO Long**, TANG Hong-yuan>*, YE Ling-ying*?

(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. Nonferrous Metal Oriented Advanced Structural Materials and Manufacturing Cooperative Innovation Center,

Central South University, Changsha 410083, China)

Abstract: The effect of natural aging time on stress corrosion cracking of aluminum alloy was investigated by means of
electrical conductivity and slow rate tension testing (SSRT). The changing mechanism was analyzed by scanning electron
microcopy (SEM) and transmission electron microcopy (TEM). The results show that the electrical conductivity of alloy
decreases during natural aging time at room temperature and reaches a stable value after natural aging about 28 d. The
electrical conductivities of different surfaces of alloy are 32.2(IACS)% and 31.5(IACS)%, respectively. The stress
corrosion cracking resistance can be improved after natural aging time at room temperature. The strength decreases
sharply. The grain boundary precipitates distribute coarsely and sparsely after natural aging time about 28 d. The
precipitate free zone (PFZ) width becomes broaden, and the alloy possesses the best resistance to SCC.
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