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The Effect of Aging Conditions on the Relationship between Stress
Corrosion Cracking and Intergranular Corrosion in 7NQ1 Alloy

— Studies on Stress Corrosion Cracking in Al-Zn-Mg Alloy——
(1st Report)

Shuhei Osaki

Abstract

The influence of aging conditions on the relationship between stress corrosion cracking (SCC),
intergranular corrosion and electrochemical behaviors in a commercial Al-Zn-Mg 7NQ1 alloy was.
investigated metallurgically by means of optical and electron microscopy, and SCC mechanisms were
discussed.

Intergranular corrosion of different morphologies was observed respectively in cold aged (ie. low
temperature- or short time-aged) alloys and in warm aged (ie. high temperature- or long time-aged)
alloys. In the former alloys, intergranular corrosion occurred due to selective attack of anodic zone
along grain margin, and in the latter alloys, due to selective dissolution of precipitate particles along
grain boundaries, thus produced pit-type intergranular corrosion. The susceptibilities to SCC and
intergranular corrosion were in a good correlation for cold aged alloys, but for warm aged alloys not
so always. Observed actiavtion energy of SCC for a cold aged alloy was undoubtedly lower than a
warm aegd alloy. The energy value of alloys, naturally aged for 4 months and aged at 120°C for 5
days, was 11.2kcal/mole and 22. 6kcal/mole respectively.

The results support that in cold aged alloys, SCC occurs by a stress-assisted intergranular corrosion
and in warm aged alloys, it takes place by two-step mechanism combining an electrochemical and

mechanical process.
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alloy (wt%)
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Fig.1 Notched specimen for SCC test
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Fig.2 Hardness vs aging time curves and time to failure (¢r) vs aging time curves

in 7NO1 alloy.
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Fig.3 Change of intergranular corrosion morphologies with aging time (immersed 24hrs in

3% NaCl (pH=2.0, 20°C) solution)
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Fig.4 Aging conditions giving maximum suscept-
ibilities to intergranular corrosion. The broken
line is a transition curve from cold aging to
warm aging.
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Fig.5 Changes of corrosion potential (Ecorr) with
aging time. (Ecorr: measured after 30min
immersion in 3% NaCl, pH=2. 0 solution)
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Table.2 Observed activation energy (Q) and acti-
vation volume (V) for stress corrosion cra-
cking* of 7NO1 alloy with various aging

treatments
. Hardness Q
Aging treatment | *pyoy (kcal{n ole) (cm3<n ole)
4 momths o 110 1.2 | 342
Aged 10 hr at % | 156 -
Aged Lmonth | 149 | 223 | 19.0
Aged 5daysat | 130 | 226 | 188

* Soluton ; 5. 3% NaCl+0.3% H,0, aqueous sol-
ution, Applied stress ; 20kg/mm?.
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Fig.6 Temperature dependence on SCC of 7NO1 alloys at applied stress of 20kg/mm?

LB ks T BT s o



120 (274)

X DfRERAY R, IEHEALAERE Helfrich'? & 7 U
IRIZHE~ o—logts IR DEHBOAR L W RE L #-.
it 4 » ARG M O IEEL = % 4 # — (3 11. 2keal/
mole, 120°C - 5day B%htid 22. 6keal/mole D{EA 5
7z. 85°C D%, 10hr Bphbt (381 & O 1, 30daykf
ML BREOMBT TN F T EE R L 7. Al-Zn
-Mg ZE&S1ZBIL T NaCl iz 13 % SCC o &
fb= 2L F - DR O EE XN TE D, R
KOFIRPLRBRE L EXHIC e B0 & 4, Gruhl?
(% Al-4. 9Zn-3Mg &4 90°C - 5day Bs%h#tic o
12. 6kcal/mole(1), Gerberich %121 70754 4:® 88°C

13 Al-4Zn-2. 8Mg &£\~ T SCC RaSFHD K e 5
BB & RSO/ D X B C T ERFh 14
(3) % X T 19kcal/mole(), # ?- Helfrich'® (1 Al-4.2
Zn-2. 5Mg#; & D T64HH =D\~ T16. 9—20. 4kcal /mole
BIDERH T D, AR ERT BIE & T 5 &,
SIRFERhA (B 4 » A% X 0885°C - 10hr B§%h) @
fEi2(1), (2), Q)DFEIUTITITIT—FKL, i E )
# (85°C - 30day ¥s £ U8 120°C - 5dayR§%h) 12d), (5)
WAWETH B 2 & 05bns, Tib b SCC RS
DR Z WER LI L E R < S NTEMRE b= 2L
F= I DXL, FREELERIC G B
BHbNI. D EnD, WL T SCC iz B4

(b)

Fig. 7 Intergranular corrosion morphologies, immersed 24hrs in 3% NaCl (pH=2.0, 20°C) solution.
(@) aged 4months at room temp., (b) aged 10hrs at 85°C, (C) aged 30 days at 85°C, (d) aged 5

days at 120°C
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Fig.8 Fractographies of SCC specimens tested at 50°C
(a) aged 4 months at room temp., (b) aged 10hrs at 85°C,

(c) aged 30 days at 85°C,
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