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Stress Corrosion Cracking of Aluminum Alloys from the Viewpoint of
Intergranular Corrosion Sensitivity and Hydrogen Embrittlement*

Tadashi Minoda **
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Fig. 1 Estimated number of stress corrosion service
failures of aerospace products in western )
Europe and North America from 1960 to 1970

Table 1 Comparison of cogosion resistance of various
aluminum alloys®?.

Ultimate | Resistant Resistant to
Alloy Temper tetnsile to general sce

strength corrosion
2017 T4 427MPa D C
2024 T4 470MPa D C
5052 H38 290MPa A A
5056 H38 414MPa A C
6063 T5 186MPa A A
6061 T4 241MPa B B
6061 T6 310MPa B A
7075 T6 572MPa C C
7075 T73 503MPa C B

A: Excellent «— D: Poor
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Fig. 2 Appearance and cross section of SCC occurred in
a 7204-T6, (a) appearance, (b) cross section (before
etching), (c) cross section (after etching).
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Fig. 3 Schematic representations of the posltulated
theories of SCC for aluminum alloys .
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Fig. 4 Effects of principal alloying elements on the
electrolytic-solution potential of aluminum.
Potentials are for solution-treated and
quenched high-purity binary alloys in a solution
of 53 g/L NaCl plus 3 g/L H;0, at 25°C”.

Table 2 Electrolytic potentials of aluminum solid
solutions and micro-constituents .

solid solutions / Potential, solid solutions / Potential,
micro-constituents 4 micro-constituents \

Mg,Al -124 [99.95%Al -085

Al+4%1\/l‘an2 (solid solution)| -1.07 | Al+1%Mg,Si (solid solution)| -0.83
Al+4%Zn (solid solution)| -1.05 |Al+1%Si (solid solution)| -0.81

MgZn, -1.05 |Al+2%Cu (solid solution)| -0.75
CuMgAl, -1.00 |CuAl, -0.73
Al+1%Zn (solid solution)| -0.96 |Al+4%Cu (solid solution)| -0.69
Al+7%Mg (solid solution)| -0.89 |FeAl; -0.56
Al+5%Mg (solid solution)| -0.88 |NiAl, -0.52
Al+3%Mg (solid solution)| -0.87 |Si -0.26
MnAl; -0.85

0.IN calomel scale, measured in an aqueous solution of 53 g per liter
NaCl + 3 g per liter H,0, at 25 C.
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Fig. 5 TEM micrographs and EDX profiles around grain boundaries of the Al-Cu alloy aged at 160 C for 7.2 ks (under-aged)
(a), 90ks (peak-aged) (b) and 1728ks (over-aged) (c). ghe average widths of precipitate free zone (PFZ) and solute

depletion zone (SDZ) are also indicated by arrows .

Fig. 6 Example of intergranullar corrosion which was
occurred in 2017 alloy 9,

Fig. 7 Scanning electron micrographs of Al-Mg alloy
surface after anodic dissolution test in deaerated
1IN AICI; solution. (a) water quenched, 100 nA/
cm? for 20 h, (b) furnace cooled, 100 nA/cm? for
200",

(BH) ODBALIIHD THCTH B, DT L5 iENRE
FUZ BT B &, BHIOEESIEEIZ & YR E
BEPEL 5. Al-Tmass%MgE4&I122WwT, 420C -2h
DBEMALRILE, K EIT- 2B H LG 247> 728
£ O IN-AICL; #H C O b i % i Bkl R % Fig. 712
AR W, KEMTIE B ORI A IZEALE LR
Wz OR TS IR TH 575, B H e
BERILZ BHIORLFAT DA U % 7250, Wik 19 2 kL SIS

Fig. 8 Surface observation on an Al-Zn-Mg alloy after
(a) anodic dissolution for 1 h in 1/3M AlCI;
solution at 40 C (i=1 mA/cm?), and (b)
potentiostatic dissolution for 20 h in 1/3M AICl3
solution at 40 C (E=-1050 mV vs SCE) .
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Fig. 9 Schematic illustration of aluminum surface
situation during Slow Strain Rate Test (SSRT)
in controlled humidity environment 19
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Fig. 10 SSRT properties of 7075-T6 material, (a) humid
air environment, (b) 70MPa high-pressure
hydrogen environment "’
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Fig. 11 Stress-displacement curves for SSRT tests
of the 2xxx-T6 materials under controlled
exp%l)‘imental humidity, (a) Al-Cu, (b) Al-Cu-
Mg ™.
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Fig. 12 Stress-displacement curves of 5xxx alloys in
O temper based on the SSRT tests under
controlled experimental humidity,

(a) Al-5.0mass%Mg, (b) Al-5.0mass%Mg-
04mass%Cu .
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Fig. 13 Changes of stress-displacement curves of
20% cold rolled Al-5.0mass%Mg alloy
based on the SSRT tests under controlled
experimental humidity, (a) with sensitization
treatment at 150 C for 64 h, (b) with
stabilization treatment at 230 C for 7 h and

sensitization treatment at 150 C for 64 h'?.
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Fig. 14 Stress-displacement curves for SSRT tests
of the Al-Zn-Mg alloys in T6 temper under
controlled experimental humidity ',
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Table 3 Sensitivity to intergranular corrosion and hydrogen embrittlement, and estimated mechanisms of
SCC occurrence.

Sensitivity to intergranular corrosion Sensitivity to
Alloy . hydrogen Presumed SCC mechanism
Exist or not Cause embrittlement
Copper precipitates on the grain boundaries Intergranular corrosion at copper depleted
9 and the copper depleted zone is formed. zones is accelerated by tensile stress.
XXX O . . X
Preferential corrosion occurs at copper
depleted zones because they are less noble.
B phases precipitate on the grain boundaries. Intergranular corrosion by /2 phases which
/3 phases are preferentially corroded because consecutively precipitated on the grain
5xxx A they are less noble, and it becomes into A boundaries is accelerated by tensile stress.
intergranular corrosion when the £ phases Cracking is accelerated by hydrogen
consecutively precipitate. embrittlement depending on the /2 phase
condition.
Zinc depleted zones along grain boundaries Brittle fracture of grain boundaries by
form by the precipitation of » phases on the hydrogen which are introducted by
7xXX X grain boundaries. O corrosion.
Intergranular corrosion does not occur because
the zinc depleted zones are noble.

O; Exist, & ; Slightly exist, X ; Do not exist

AI 4.5%Cu

Al-4.3%Cu-1.25%Mg
< SCC

SC
Intergranular Corrosion // Pitting

>

Intergranular Corrosion

Al-4.5%Cu-1.5%Mg-0.6%Mn (2024 alloy)
< SCC

7
//A Pitting

Intergranular Corrosion

Pitting

5 10

50 100 500 1000

Average cooling rate / C-s-

Fig. 15 Effect of cooling rate during quenching between
400 to 315 C on susceptibility to intergranular
corrosion and stress corrosion cracking of
2xxx alloys. Darkened area is susceptible to

intergranular

corrosion in NaCl-H,O, solution.

SCC tests in 35% NaCl alternative immersion
(10/50 min cycle)
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Fig. 16 Surfaces after galvanostatic anodic dissolution,
(a) aged for 0 h, (b) aged for 0.3 h, (c) aged for
1h, (d) aged for 4 h, (e) aged for 10 h, (f) aged

for 30 h %,
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Fig. 17 Effect of aging time at 180 C on the time to
failure in 1 M NaCl+0.3mass%H0, (30 C)*.
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Fig. 19 Schematic model of the change in the intergranular corrosion properties by artificial aging in 2000 series alloy.
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the Al-8Mg alloy. The sensitizing treatment
was 30% cold rolling and heating at 80-120 C
for 200 h. SCC test was performed at the stress
of 147 MPa by 3-point bending and 5%NaCl
spraying.
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