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BSTRACT The stress corrosion cracking (SCC) behaviors of a 8090 Al-Li alloy in the two
nderaging conditions UAl and UA2 are investigated and compared with that of the
onventional 7075-T6 alloy. A notched plate specimen was used for the SCC test in 3.5% sodium
nloride solution, subjected to a bending load in the S-L orientation. The stress distribution and

«xiated development of plastic zone at the notch root were determined by elasto-plastic FEM
nalysis, Based on experiments of SCC response with to the applied load, stress analysis and
“ctographic observations, a potential SCC mechanism in the 8090 alloy is discussed. It is
roposed that both hydrogen embrittlement(HE) and local anodic dissolution(AD) mechanisms

crate: under the early stage of aging UA1, HE plays a major role as with 7075-T6, while under
r= stage of near peak-aging UA2 ; AD plays an important role.
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INTRODUCTION
Aluminum-lithium alloys are stronger than conventional aluminum alloys with higher
“stic moduli and lower density. Thus they are promising structural materials for aerospace
‘phications which require an ultimate weight-saving. For any structural materials, a balance
“ong strength, toughness and environmental strength should always be taken into
“sideration to be optimized. Age-hardened Al-Li alloys unfortunately exhibit a reduced fracture
“izhness[1] and a comparable susceptibility to stress corrosion cracking(SCC) with conventional
minum alloys[2].
Although SCC characteristics of Al-Li alloys have been studied fairly in detail concerning
" the influence of microstructural[2,3] and environmental factors[4,5], there have been limited
1 reported from mechanistic aspects. The results of such factors on SCC response appear to
“ften discrepant depending on alloy conditions and testing methods. SCC mechanism of Al-Li
“vs has not been fully understood, even though two models have been proposed as possible
“chanisms, namely hydrogen embrittlement (HE) [6,7]and local anodic dissolution(AD)[4,8].
With the above-mentioned background, the objective of this work is to examine SCC
vonse on a notched specimen of Al-Li alloy 8090 and a conventional alloy 7075-T6 for
“tparison, together with analyzing stress-strain distribution by FEM, and to discuss a potential
' mechanism of the 8090 alloy.
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Table 1 Chemical composition of alloys tested(mass%).

Proceedings of ICAA-6 (1998)

Alloy Li  C Mg Fe Si Zr Ti Al
8090 2.61 1.25 0.87 0.05 0.03 0.12 0.02 bal.
Alloy Si Fe Cu Mn Mg C Zn Ti Al

7075 0.08 0.17 1.55 0.03 2.49 0.21 5.53 0.04 bal.

Table 2 Mechanical properties in the S direction of

alloys tested.
Yield Tensile ) Young' s
Elongation
Alloy | strength | strength 5 (%) modulus
(v)
o,.MPa) | o,(WPa) E (GPa)
8090-UA1 303 437 9.0 78.9
8090-UA2 368 476 5.1 78.9
7075-T6 486 560 5.0 71.4

2. EXPERIMENTAL PROCEDURE

The materials used are hot-rolled plates of Al-Li alloy 8090 and a conventional alloy 7077
The chemical compositions of these alloys are shown in Table 1. Alloy 8090 is melted
vacuum furnace and cast into ingots with a section of 300x1000mm. The ingot are homogenize
In two stages, followed by hot-rolling to plates with thickness of 22mm. The alloy plate is soluti
treated, cold water quenched and cold worked by 2%. Subsequently the plate is subjected to th.
aging treatment in underaging conditions at 433K for 28.8ks(UA1) and 345.6ks(UA2). The allon
1075 is subjected to a T6 temper of 393K-86.4ks.

For SCC tests, notched plate specimens shown in Fig.1(a) are machined from the plates i
the S-L orientation. A horizontal load is applied as shown in Fig1(b), with the lower part of th
specimen being fixed, which leads to a bending stress at the notched section, generating tension
at the upper notch root and compression at the lower one. Before testing, specimens are cleanc:
by dipping in 10%NaOH solution for 2 min. at 303K, followed by rinsing and drying. For supph
of test solution into the upper notch a small rubber pipes are attached to the specimen usin:
insulating tape and adhesive. SCC tests are carried out under constant load conditions at roon
temperature. The test environment is total immersion in 3.5%NaCl solution with a supply rate
2.3ml/ks. By measuring the change of displacement at the loading point of the specimen during
tests, progress of SCC and thus time to rupture are determined.

Fig.1(a)A notched plate specimen an:
(b)mesh used in stress analysis
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The stress state and associated development of plastic zone at the notch root of the specimen
. analyzed by elasto-plastic FEM . The analysis is performed using the mesh shown in Fig.1(b)
14 based on the true stress-strain relations simulating tensile properties in the S direction listed

171 Table 2.

“. RESULTS AND DISCUSSION
© 1 Analysis of stress-strain distribution Table 3 Elastic limit load PO and applied load
The load-displacement relation was Pi under which stress analysis and
~iegsured by a  mechanical testing, and SCC tests are carried out.
‘mpared with elasto-plastic FEM results. A
rly good agreement was confirmed to be Load(N) | 8090-UA1 | 8090-UA2 | 7075-T6
‘- und. The elastic limit load (P0) was defined as PO 23.8 28.9 51.5
fo load when the maximum value of Mises P1 8.0 | 430 63.3
‘quivalent stress (o ) at the notch root comes 27 54.8 54.8 79.0
b 1o the yield stress (0 ). Thus defined PO for P3 62.6 62.6 90.8
“050-UA1, -UA2 and 7075-T6 were computed to P4 70.5 70.5 102.5
dve 238, 289 and 51.5N respectively. The P5 82.2 82.2 110.4
ress state was computationally determined in P6 = 94.0 122 2

milar manner under a load level Pi (1=1,2 --+)

1ted in Table 3. For example, Fig.2 is a result

1 8090-UA2 specimen, showing development of plastic zone at the notch root, where the line
“rawings present elasto-plastic boundaries under various loads. The plastic zone is found to
~1end initially in the horizontal (X) direction, and then in the lower left direction of around 45°

i'h increase in the load. Fig.3 exhibits development of hydrostatic stress field on 8090-UA1

Jecimen.
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Fig.2 Development of plastic zone at the Fig.3 Development of hydrostatic stress at

notch root of 8090-UA2 specimen. the notch root of 8090-UA1 specimen.
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3.2 SCC response

The relation between load and SCC rupture time for the reference alloy 7075-T6 is present:
in Fig.4. The 7075-T6 in the S-L orientation was so susceptible to SCC as commonly known th -
the theshold load Pg; , defined as SCC rupture occurs in 30days, was found to be in a low I
around 51.5N. This value is in close agreement with the analyzed elastic limit load, PO, bel
which no plastic yielding takes place at the notch root, suggesting that SCC of this alloy resu!--
from hydrogen embrittlement induced by plastic deformation[9,10].
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Fig.4 The relation between load and SCC rupture time for alloy 7075-Té6.

Fig.5 (@) and (b) show SCC test results for alloy 8090 aged to UA1 and UA2 condition-
respectively. Pyof the alloy under the UA1 condition appears to be in the neighborhood of 23.8N
which can be regarded as PO of its alloy specimen. For the alloy under UA2 condition, on th
other hand, Py is around 62.6N, a significantly higher level than PO. Thus the Al-Li alloy 80
UA2 under near peak-aged condition will have a higher SCC resistance than the convention:|
alloy 7075-T6, though the yield strength is practically lower.
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Fig.5 The relation between load and SCC rupture time for alloy 8090 aged to
(@)UA1 and (b)UA2.
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3.3 Fractography

According to microscopic observations of the SCC ruptured 7075-T6 specimen, there is no
indication of pitting or intergranular corrosion attack on the notch bottom face. SEM
xaminations of SCC fracture surface revealed a typical intergranular brittle feature with little
races of corrosion attack. These fractographic observations together with the above-mentioned
SCC occurrence concurrent with the development of plastic zone at notch root indicate that the
SCC of 7075-T6 is caused by HE due to hydrogen transported to the grain boundaries by means
of mobile dislocations[9].

The metallographic examination of the SCC
ruptured 8090-UA1 specimen under the load P4
revealed  several  intergranular  microcracks
senerated just behind the fracture surface, as shown
n Fig.6. The site of microcracks initiation appeared
o correspond with the front of zone of elevated
nvdrostatic  stress below the notch root, as
demonstrated in Fig.3. And the UA1l specimen is
characterized by the absence of development of
localized  corrosion attack. Thus, it would be
nggested that HE plays a major role in the SCC of
“he 8090-UAL.

The 8090-UA2 specimens, on the other hand,
revealed different features from the UA1 specimen.
Fig.7(a)is an example of metallographic examination
howing the notch bottom face of the UA2 specimen Fig.6 Intergranular microcracks generated
ruptured under the load P6. According to the result just behind fracture surface of SCC
of stress analysis shown in Fig.2, the plastic zone at ruptured 8090-UA1 specimen.

e notch bottom face under the present loading

“ndition has been estimated to spread over the width of approximately 0.9mm in the X direction.
\/ithin the plastic zone, stimulated generation of intergranular corrosion was observed(Fig.7(c)) ,
‘hile in the surrounding elastic area a reduced corrosion attack took place(Fig.7(b)). The
ntergranular SCC fracture surface, as shown in SEM micrograhps, was accompanied by traces
“f pitting attack, so that the evidence of anodic dissolution along the grain boundaries was
spparent. Originally the alloy 8090 showed susceptibility to intergranular corrosion, which
creased with aging time and became highest under the peak-aging condition. The
ergranular corrosion would be caused by Cu-bearing S(AL,CuMg) precipitates at grain
“oundaries, leaving a Cu-depleted anodic zone there as a pathway for preferential attack[4].
These results then show that a strain-assisted AD process along the grain boundaries play an
rnportant role in the SCC of the 8090-UA2.

Thus, based on the present experiments it is proposed that in the 8090 Al-Li alloy both HE
21 AD mechanisms operate: in the early stage of aging UA1, HE plays a major role, and in the
“ige of near peak-aging UA2 , a mechanisms cross-over takes place, AD playing a more

mportant role.
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Fig.7 Micrographs showing (a)the notch bottom face of 8090-UA2 specimen SCC
ruptured under load P6. (b) A reduced corrosion attack within the elastic area
and (c) intergranular corrosion within the plastic zone.

4.. CONCLUSIONS

Based on experiments of SCC response using a notched plate specimen, stress analysis v
fractographic observations, it is supported that SCC of the reference alloy 7075-T6 is causcd |
hydrogen embrittlement(HE) induced by plastic deformation. As for the 8090 alloy, on the o:F
hand, it is proposed that both HE and local anodic dissolution(AD) mechanisms operate: un !
the early stage of aging UA1, HE plays a major role as with 7075-T6, while under the stag
near peak-aging UA2 , AD plays an important role.
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