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Abstract

The stress corrosion behavior of Al-Zn-Mg alloy in 3.5 wt% NacCl solution was investigated by elec-
trochemical measurements, stress corrosion testing and scanning electron microscopy (SEM). The
influence of strain rate on stress corrosion properties of Al-Zn-Mg alloy was revealed. The results
showed that the Al-Zn-Mg alloy is sensitive to stress corrosion in 3.5 wt% NaCl solution. There was
the highest stress corrosion sensitivity at the strain rate of 10-¢ s-1. However, corrosion and me-
chanical factors have different effects during stress corrosion sensitivity index of Al-Zn-Mg alloy at
the different rates (10-4 s-1, 10-6 s-1 and 10-7 s-1). When the strain rates were lower than 10-¢ s-1,
enough long corrosion time caused corrosion crack in this strain rate range. The stress corrosion
crack propagation is limited. So, slight decrease of the stress corrosion sensitivity occurs. As the
strain rates were higher than 10-¢ s-1, the stress corrosion susceptibility of Al-Zn-Mg alloy was low
clearly. In this strain rate, the influence of mechanical factors on stress corrosion is greater than
that of corrosion factors, which mainly leads to mechanical fracture of the Al-Zn-Mg alloy.
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1. 518

Al-Zn-Mg &4 )8 TR SR EARL, EPUEASE M0, TR LRIk i 55 3806 5
Iz IR (1] [2] [3] [4]. (EAERFEREE N, Al-Zn-Mg &4 5 kAW EEr . FIEE . B8
TEERF IR, I FRAK T & n Ak Re, B4k T IR A . Fo R R o 2L R A BE AL
PESR S5 H DL IR ) N BRI 51 7 AATTEI5GES] [6] [7] [8] [9]. HAT, [ P A2 Xt 5 i
Al-Zn-Mg Z G 41 57 85 Ve B It 9 2 B HRE & S I RS I TE[3] [6] L 2% [7] [8]- &A% £E[10]
AR [10 )25 5 T, 10 9% T N AR Z [11]-[16] %5 48 & 4 N 7 88 AT it 7 e A 3 o

Nk, AEFLL Al-Zn-Mg & EFEMAE IR R, {ER 3.5 wt% NaCl i#F iR & & b2 fe
S AN A RAS R 2 R AR 22 ik, RGHAR TR TH Z X Al-Zn-Mg A 4R R ik RE R s, I
SESTARE T BB (SEM) T T &4 7E 3.5 wt% NaCl ¥V T AW 2445 4E, T 3 — 25 583% Al-Zn-Mg &
SHILFEVERREIRE, I B BT SR ARV (0o A A SR

2. fAEMBFGE
2.1 SEEMR

WFFUARLR 3R A R R BER E A 3 mm (¥ Al-Zn-Mg & &M, HUEERE AN Te &, %1
NI FERPEHIAL 22 53 Y
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Table 1. The chemical composition of the studied aluminum alloy (wt%)
= 1. iR\ E SLER T (W%)

Si Fe Cu Zn Mg Cr Mn Zr Ti Al

<0.35 <0.30 <0.20 4.0~5.0 1.0~2.0 <0.30 0.20~0.70 <0.25 <0.20 Bal.

2.2. MRAFFE

221 BEFRE

Al-Zn-Mg &4 I B 2R 56 2 1] GBIT 24196-2009 #rifEiE4T, KA Multi Autolab M204 %Y Fi A2 T,
PESE ML Ak 25k, FAb 2RI R = AR R, MR A 7 B FRAR RN 2 LE Ha A 43 iR Al-Zn-Mg
A4z PR RN H 2R Fa A o FAb 25t R P ) SIZB0 2380 R = MR TET AN 1 om?, WRIATEA 3.5 witde NaCl
B P EAIEEN-1.5 V~—0.5 V, WEGEE N 1L mV/s, MRREE RN 25C £3°C,

2.2.2. MAB AT

Al-Zn-Mg 410 8 78 R 5 2 18 GBIT 15970.7 A1 HB 7235 ArvtEiEAT, FESEHEE J5 73R4T BURE,
BRI WL 1o IS AT R ST IE AT, ARG TRt & . SR 8 s g AL X v A%
ROHIN 107 st 100 s 1077 s R RO AR A . RGO IR B A 3.5 wide NaCl 5, T TEIRES
NEEMVE R, RIS IR I 25°C £2°C.

N FE AR R e EEfE e Nk 100 N AT TR, HE T SRR FAS 1R N AR S 2 AT 1R 58 R F o
SRR S PR . Al-Zn-Mg & 4 (1 8 7 T8 i B R 2538 B ) 8 ik U F R B (R Issrr) R
Issrr fH ATARHE A (1) 345

Ruesss (1 Astseorng))
R

M

lssrr =1-
m(f 5 15) (1+ ﬁﬁ"*“"fﬁ))

T Ringtsessnys  Rengistesnsny 73 A TN it AE ARG A SE A PR PR B W58 L, MPas Agasesnsnys Agseesian 73 1 R
IRFERAE IO A TS PRI BE I AE M2, %o lssrr A 0—100%7 7 N ) & P BEURME R I A S T2 f5
SERIE G, BB SRA ZEISS M10A B4 B 1 S A B AT I L L2

35 CRZO 40 35
sl O T T O

133

135

Figure 1. Dimensions of slow strain rate tensile specimens (unit:
mm)
1 BNTERFRFAAERTEERAA: ZK)
3. ZiRGITR
3.1 BHFEREER
2 N Al-Zn-Mg 5 47E 3.5 wit% NaCl iR HIRAG 418, X B 2 b 8ds siAT & 43 2 AR
WS, W5k 2 B, R 2 1A, Al-Zn-Mg & 47E 3.5 wt% NaCl i3 1 B & s 47883 mV,
55 1k FLI A 33.02 pA/em?,
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Figure 2. Polarization curve of Al-Zn-Mg alloy in 3.5
wt% NacCl solution
2. Al-Zn-Mg & £ 7 3.5 wt% NaCli&i% P aIiR L rhk

Table 2. Electrochemical data of Al-Zn-Mg alloy
& 2. Al-Zn-Mg & &R L FHIE

JE§ A 5 EEHAL, mv S AL, pA-om™?
3.5 wt% NaCl -883 33.02

3.2. MAOBMIRIEER

NARE RN Al-Zn-Mg & 4 fEREH AT 3.5 wt% NaCl i hi i RE s an 22 3 . B3 3 al 4,
TEF— VAR R, B 4 BIPTHL 0 L il N AR S 5 A3 2 00 bR, T e 2RI 5 B o B A I
(AR A A o FEAR TR SIAS R, Sk i 16 77 Ve RE AR AR (T o BE R ZE M) A LL, & 4 7E 3.5 wi%
NaClIE ¥ 1) ) 5 VEREFR AR 39 I FeA . IR SR & 47 3.5 wt% NaCl ik H B A B ) 8 i Uk
BeAh, MF 3IERTLAE H, 2 RARE S 1070 s, B 5 R AR A SR AE BRI AR 8 o 1 2 (E K
WEFEZE N 13 MPa, JEFFR 2N 3%, Kk, & 4R I8 77 8 ek BB v i

Table 3. Effect of strain rate on tensile properties of Al-Zn-Mg alloy in silicon oil and 3.5 wt% NaCl solution
2 3. MTERZERT Al-Zn-Mg & & 7EfEMFN 3.5 wt% NaCl jARATR R RERI 2T

RASTHA, s & R, MPa IERRER, %
74 fikah 395.72 1557
10 3.5 wt% NaCl 388.65 14.65
. fikah 385.21 16.18
10 3.5 wt% NaCl 372.85 13.97
. fikah 381.62 16.89
10 3.5 wt% NaCl 371.54 14.46

WRAE 3 T Al-Zn-Mg & & R R LA (L), TSR MASE AT T 0 sorr B, Z52R A0
R APTR WL ATTEL BB Vsspr (ELFEH B ARTH A (AN A TR A AE R fE . REARIH 2y 10°° 574,
PR lssrr LI, HAEN 5.1%. HRASHEE >10°s i), T RIGn R4, SFEPud bz,
FEARAN I A LT e 2 D R P R PR ARG T2 B AR T AR < 10°° ST, A A S o ) A
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[AIFTE AL, ST I AT & AR PRI (8022 R B AR AT J S 8 o A A o TR G R Ml e, AR 5
FERXF Al-Zn-Mg 44 R B U R R e BB 10°s 7> 107 s> 10s

Table 4. Issrr values of the samples at various strain rates

4 BENTRRFZFMH TR lssrr B

MNASH A, st 10 10 107
lssrr, % 26 5.1 46
3.3. BrO49 4

3 FIEL 4 Fros AR RAZ IR Z AT Al-Zn-Mg & <70 AAEREHIVA R 3.5 wt% NaCl i 14z
AT RS P 3 RO, BRI R A R A AR R IR T L AR A KA — K08, T
T AT LR SRR AT, RIS EIMERT RURFAE . USRI 4 AR, RIARTESE 1077 s T, A i
BT R BT E WSS 1 3(0) BT R B SRARHIE R A TE 5. A AR H 10°° s I, &4 1o i i B T 0
SR ) & X5 R FHX, SICPE NSRS HRES, R TRGWRIEIRAE, &P
W], FERLZEAE T B 7E 3.5 wt% NaCl ¥ F BA 5 s (N ) S Tk U, 25 2R 5 Nsopr HMI 150 BEE N
ARHA ARSI, BB 107 s I, BRI B P 4 () BT s /N ASL ¥ TV 900 8 e A R T R P A T ¢
WE, SR )W AL .

Figure 3. Tensile fracture morphology of the samples with silicon oil: (a) 10 s?; (b) 10®
sh(c)107s?
3. MM REHIA P RORIFET OMSR: (a) 10°s™; (b)) 10°s™h; (c)107s™

Figure 4. Tensile fracture morphology of the samples with 3.5 wt% NaCl solution: (a) 10~
st (b)10°sh (c)107 st
4. RFEFE 3.5 W% NaCl 5& &P BRI BT O %R () 10 s 5 (b)) 10 s (c) 10 st
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3.4. Hr5iTe

ERIEHIN T 2 T2 R 5 R A SR BE G5 R o NI T R AR IR ELY g, 4
IRAEZR SIS VAR, (RN <62 Ja B B R ™ A B B S A D e g AR B 0T, i DR e X AN
BELIE. PRIL, NLJRAIE (AN ASE A L o B 45 IO/ P AR B B AR BAE AT T, — R RRE e X
SR A R LB PSR B, TR A W0 s RN PRIR SR I AT, T BRI SR T IR, T S B T O 2 4k
B A R .

KT BJEARH R 8 MRS g el A5 mT LA it AN 5] 5 Ak, BT 3 MR R () B
JE AT AR BT s (b) JEPhIA RS BT O IAE PR, 8 PR B ke Bk SR SUR B ALV 8 TR 770
RS IK, R T RRMPLERIR SRR, BRI T8 DL R SOHTE 1108; (c) AT R,
TEJR A SR N ISR AAE ], AN PR R BB AL . I, & RAZE AR Al-Zn-Mg &4
Issrr L )IZ R 515 5 st 3 N REMIE R AT 5%

Exchange of species between
solution and crack

¥,
Crack Crack dissolution

€<— 0 —> €—0 —>

(b) Combined effect of

(a) Initiation of crack . .
corrosion and mechanics

Initial crack

i
f = Crack after propagating
: > Corrosion

<«<—0—

(c) Crack propagation

Figure 5. Schematic diagram of stress corrosion crack propagation in metallic materials

E 5 €RMBNNBEMRINT RTEE

AR TR AL T RSN 107 s i, SN 6 O RE. WEEFA A RIE N R EUE, B
gLy AL P I 1) 3.5 wt% NaCl ¥l 78 2 I R ATIR A 28 3, B/ R it FERERr it 4T, IntREgIn
Uit R ASE PRV AR s (EL O N AR S 28 7 A g 7 gV P RO B0 T3 J T T L i ) 24 S 2 o i & SR ke T . el
TR UL B I o B RS, fE— e fRE L& T NI ERLY R, [EAESNIIE
PRURME A TR . S RARE RN 107° s IZME T lssrr (B ARLL, MR 107 s Al-Zn-Mg &
& lssrr 16 % 9.8%, HAH N 4.6%. YA E%E > 10° s, A3 104 stif, Rady gidfimE 6 h@
Frne BTSRRI KIE 38, BIGE N ) pE S 7E N VE T AW R AE Y Tk 8% W B8 2 (1R i 4
JEWIH . BTN AR R, A uRALTE 3.5 wt% NaCl I Hh KA M JE il , 23R C &R T HLBR 2
5t Ry, R i PRk W R 15 SR S i (1) N A1 AN IS G IE R B R IR A S ¥, — e R FFHG T
ROy AR, R, TE S RIS, R 2R 00 1 RIS A g 2% R 2% R R R —
WICRATAR Al-Zn-Mg &4 108 ) J5E UV 2 35 PR ARG, 7E 3.5 wit% NaCl ¥V I Isspr (HUA 2.6%, %
1070 st BRI Isspr (5 235 FRAK T 49.0%.

4, 45ig
1) Al-Zn-Mg & &:1E 3.5 wt% NaCl & [ 8 e A7 h—883 mV, [ JE i FLiA v 33.02 pA/em?.
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Initial crack

Figure 6. Schematic diagram of stress corrosion crack propagation in metallic materials at
different strain rates

6. ERMBEFTRINTERETHN NIRRT RREE
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