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Abstract

8090 and 1441 Al-Li—-Cu—-Mg—Zr alloys of peak aged T8 tempers were subjected to retrogression treatment followed
by reageing to peak aged (RRA) T77 tempers. Electrochemical polarization studies were carried out on the alloys
of T8, T77 and over aged T7 tempers, in 3.5% NaCl, 3.5% NaCl + 0.IM LiCl + 0.3% H,O, and 3.5%
NaCl + 0.1M LiCl + 0.7% H,O, solutions. The shape of the polarization curves is similar for all the tempers of
both alloys in all environments. The corrosion rates are more or less the same irrespective of the tempers. However,
the open circuit potentials (OCP) shift towards more negative potential with the RRA treatment and ageing time.
The OCP values of the T7 tempers were found to be the most negative; for the T77 tempers it lies between that of the
T7 and T8. Further, the OCP values for all tempers of both alloys shifted anodically with addition of LiCl and H,O,
in 3.5% NaCl solution. TEM, XRD and DSC studies of microstructural features of the alloys in the T8, RRA and

T7 tempers have been used to explain the observed electrochemical behaviour.

1. Introduction

The attractive combination of Al-Li alloys of 5-10%
lower density, 15-25% increase in elastic modulus and
10-15% increase in specific strength over the most
widely used aluminum alloys 2xxx and 7xxx series, has
rendered them as candidate materials for aerospace
applications [1-3]. In addition to being fuel efficient,
aircraft structures are also required to exhibit an ability
to resist environmental degradation caused by general or
localized corrosion, stress corrosion cracking, hydrogen
embrittlement and corrosion fatigue, for long service
life. The presence of active element Li in Al-Li 8xxx
series alloys gives different corrosion behaviour from
conventional Al alloys. Most of the high strength
aluminium alloys are susceptible to general and local-
ized corrosion in NaCl solution. Further, the Al-Li
alloys are also susceptible to environment induced
cracking (EIC) [4-8].

Corrosion behaviour and electrochemical investiga-
tion have been carried out on Al-Li alloys by several
investigators [9—13]. There are considerable differences
in opinion between workers about the corrosion behav-
iour of these alloys. Ricker and Duquette [14] carried
out potentiodynamic polarization studies with an

Al-4.2Mg-2.1Li alloy and found an increased corrosion
susceptibility compared with the 7050 (Al-6.5Zn—
2.4Mg-2.2Cu) alloy. De Jong and Martens [15], who
measured the pitting potential of rapidly solidified Al-
Cu—Mg (—Li) alloys, reported the pitting potential to be
slightly more negative with lithium additions. They
observed no change of pitting potential with artificial
ageing, but there was an increase in corrosion rate.
Colvin et al. [13] demonstrated that lithium concentra-
tion up to 2.4 wt. % does not significantly affect the
electrochemical behaviour of Al-Li(—Ge) alloys. Studies
of different forms of corrosion of 8090 Al-Li—-Cu-Mg-
Zr alloys indicated somewhat superior pitting resistance
and stress corrosion cracking (SCC) resistance at least
equal to that of the conventional precipitation hardened
alloy, although susceptible to exfoliation corrosion [16,
17]. The addition of copper to Al-Li alloys caused
corrosion resistance to decrease with ageing and copper
addition controlled the SCC resistance [4]. This behavior
has been related to the precipitation of the T; (Al,CuLi)
phase at the grain boundaries, which is electrochemi-
cally very active relative to the grain bodies [18-20].
Thus, although the electrochemical behaviour of
the aluminum base alloys has been studied, knowledge
of the electrochemical behaviour of Al-Li alloys of
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retrogressed and reaged (RRA) temper is scanty. In fact,
RRA treatment was initially devised for improving SCC
resistance of 7xxx series alloy by Cina [21], but work on
RRA characterization and its influence on SCC behav-
iour of 2xxx and 8xxx series aluminium base alloys have
also been carried out by Komisarov et al. and Ghosh
et al. [22-24], and it has been found that RRA treatment
causes improvement in SCC resistance. This paper deals
with the effect of retrogression and reageing (RRA)
treatment on the electrochemical behaviour of 8090 and
1441 Al-Li-Cu-Mg—Zr alloys.

2. Experimental details

The 8090 and 1441 Al-Li—-Cu—Mg—Zr alloys used in the
present study were obtained from the Defence Metal-
lurgical Research Laboratory (DMRL), Hyderabad,
India, in sheet form having thickness of 2.8 and
2.0 mm respectively. The sheets of the 8090 alloy were
solutionized at 530-535 °C, water quenched, stretched
by 1.5-2.5%, followed by artificial ageing at 170 °C for
24 h to the peak aged (T8) temper, whereas the sheets of
the 1441 alloy were solutionized at 530-535 °C, water
quenched, stretched by 1.5-2.5%, followed by artificial
ageing at 150 °C for 4 h and then 170 °C for 24 h to the
peak aged (T8) temper. These alloy sheets were aged
170 °C for 96 h to obtain over aged T7 temper. The
chemical compositions (wt. %) of the 8090 and 1441
alloys are given in Table 1.

The 8090 and 1441 alloys in the peak aged T8 temper,
were subjected to retrogression and reageing (RRA)
treatments. Retrogressions were carried out in a small
vertical tube furnace in air and the furnace temperatures
were maintained within =+ 2 °C of the set value. The
retrogression and reaging (RRA) schedule applied to the
alloys, discussed elsewhere [22, 23], yielded four RRA
tempers of each of the alloys. Electrochemical poten-
tiodynamic polarizations were carried out on
10 mm x 10 mm coupons of peak aged T8, four
RRA T77 and over aged T7 tempers on both alloys
using a computer controlled MEINSBERGER poten-
tiostat/galvanostat with inbuilt PS6 software. Experi-
ments were carried out using the standard three
electrode configuration: saturated calomel as a reference
with a platinum electrode as counter and the sample as
the working electrode. Polarisation scans were carried
out towards more noble values at a scan rate of 0.5 mV
s!, after allowing a steady state potential to develop.
The eclectrolytes used for the polarization studies
were 3.5% NaCl solution, 3.5% NaCl + 0.1M

LiCl + 0.3% H>O, solution and 3.5% NaCl
LiCl + 0.7% H»>O, solutions.

Transmission electron microscopy (TEM), X-ray
diffraction (XRD) and differential scanning calorimetry
(DSC) studies were carried out to assess the microstruc-
tural features and phases of the alloys to explain the
electrochemical behaviour. The details of specimen
preparation have been discussed elsewhere [22, 23]. A
PHILIPS CM12 TEM was used for observation of the
microstructures.

X-ray diffraction was carried out for the T8, T7 and
T77 RRA tempers of the alloys, using a Philips PW 1710
diffractometer unit with a cobalt as well as a copper
target. Differential scanning calorimetry (DSC) runs
were initiated from room temperature to 540 °C at a
heating rate of 10 °C min~' in an argon atmosphere,
using a Stanton Redcroft Model STA 625 (heat flux
type) simultaneous thermal analyzer. Specimens of
approximately 30 mg were cut from coupons of various
tempers and the sides of the specimens were made
absolutely flat and smooth for good contact with the
crucible during the DSC runs. The output viz. the neat
heat flow to the reference (high purity annealed alumi-
num) relative to the samples was recorded as a function
of temperature.

+ 0.1M

3. Results and discussion
3.1. Microstructural features

3.1.1. TEM observation

Figures 1(a—c) and 2(a—c) show a few representative
TEM photomicrographs of the 8090 and 1441 alloys of
different tempers, respectively. TEM microstructural
features of the 8090 and 1441 alloys and the influence of
RRA treatment on these phases have been discussed in
detail by Ghosh et al. and Komisarov et al. [23, 24]. The
TEM photomicrographs exhibiting the anodic phases of
the alloys that are mostly associated with the observed
electrochemical behaviour have been shown in the
present paper. Figure la, a TEM photomicrograph of
the 8090R280DA RRA temper of the 8090 alloy shows
uniform distribution of T and S’ precipitates within the
matrix and Figure 1(b—) of the 8090R280IA RRA
temper exhibits equilibrium J phase along the grain and
subgrain boundaries. Figure 2a, a TEM image of 1441-
T8 temper, exhibits grains containing a uniform distri-
bution of fine T; and S’ phases. The micrograph also
shows the preferential heterogeneous precipitations of
these phases along dislocations within a grain. Equilib-

Table 1. Chemical compositions (in wt. %) of the Al-Li-Cu—-Mg—Zr alloys

Alloy Li Cu Mg Zr Fe Si Al
8090 2.29 1.24 0.82 0.12 0.09 0.044 Balance
1441 1.9 2.0 0.90 0.09 0.11 0.05 Balance
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Fig. 1 (a—). TEM photomicrographs of the 8090 alloy of (a) 8090R280DA temper show uniform distribution of T; and S’ precipitates, (b—)
8090R280IA temper exhibits equilibrium ¢ phase along the grain and subgrain boundaries.

rium ¢ phase is also visible at the grain boundaries.
Figure 2b, an image of 1441R230DA RRA temper
shows equilibrium ¢ phase along the grain and subgrain
boundaries and Figure 2c for the 1441-T7 temper
exhibits dense distribution of T; and S’ precipitates
within the matrix. The occurrence of ¢" (AlsLi) — ¢
(AIL1) phase transformation with the ageing process and
RRA treatment results in the enhanced precipitation of
0 phase mostly along the grain and subgrain boundaries.
The total ageing time of the RRA temper is more than
twice to that of the T8 tempers [12-23]. Hence, the
observation of enhanced precipitation of ¢ phase along
grain and subgrain boundaries in Figures 1b, ¢ and
Figure 2b in the RRA tempers is obvious. With the few
TEM micrographs shown here and the detailed TEM
studies on these alloys by the authors [22, 23] and others
[25, 26] revealed that RRA and over ageing treatment
resulted in widespread precipitation of T; and S’ phases
(Figures 1a and 2c), formation of more and larger
equilibrium ¢ precipitate along grain and as well as on
the subgrain boundaries (Figures 1b, 1c and Figure 2b),
decrease of dislocation density, generation of more
dislocation loops and helices, no alteration of size and
distribution of ¢’ and 5" phases, compared to that in the
T8 temper of the alloys.

3.1.2. X-Ray diffractograms

Figure 3a shows X-ray diffractograms of T8 and RRA
tempers of the 8090 alloy using CuK, radiation.
Figure 3b shows X-ray diffractograms of T8, RRA
and T7 tempers of the 1441 alloy using CoK,, radiation.
The diffractograms of all the tempers show peaks of all
the probable phases, 6" (Alz;Li), ¢ (AlLi), S" (Al,CuMg),
T, (AlLCuLi) and B’ (AlsZr) phases that would be
present in the alloy system. The diffractograms of
the samples of the RRA tempers exhibit the additional
Ti(102) peak and other intensified peaks of the T, and o
phases. During retrogression ¢’ (AlsLi) phase dissolves
into solution resulting in an increase in lithium content.
This increased lithium content causes nucleation and
growth of lithium-bearing phases such as T, and ¢
phases and upon reageing the retrogressed state causes
reprecipitation of ¢ (Al;Li) phase within the matrix,
nucleation of ¢ phase and growth of the existing T; and
0 phases.

3.1.3. DSC thermograms

Figures 4a and b show the DSC thermograms of the
8090 and 1441 alloys in their T8 and T7 tempers. The
exothermic and endothermic peaks in the DSC thermo-
grams representing the sequence of precipitation and
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Fig. 2 (a—c). TEM photomicrographs of the 1441-T8 temper (a) show uniform distribution of T; and S” precipitates within the matrix as well
as preferentially precipitated along dislocation and also equilibrium ¢ phase along the grain boundaries, (b) 1441R230DA temper shows equi-
librium ¢ phase along the grain and subgrain boundaries and (c) 1441-T7 temper exhibits dense distribution of T; and S’ precipitates within

the matrix.

dissolution reactions are well established [27, 28] and are
not discussed here. The exothermic peak region D (in
Figures 4a and 4b) represents the precipitation of S’ (S),
T, and ¢ phases and it should be noted that the higher
temperature peak i.e. D, is associated with the forma-
tion of Ty and § phases [28, 29]. For the thermograms of
the 8090 alloy (Figure 4a), in the peak region D, the
clear appearance of the D, peak of the T7 temper as
compared to that of the T8 temper indicates that the T7
temper contains a higher proportion of T; and J phases
compared to that in the T8 temper. A comparison of
Figures 4a and 4b for the T8 tempers of the 8090 and
1441 alloys shows an appearance of two distinct peaks
D, and D, in the peak region D for the 1441 alloy
(Figure 4b) which indicates that the precipitation of S,
Ty, and 6 phases in these alloys do occur at different
temperatures. This is because the 1441 alloy has higher
amounts of copper and also the total solute content of
the alloys is not the same. Further, for the 1441 alloy,
the DSC thermogram of the T7 temper shows that the
peak D, is of greater intensity (increased magnitude)
compared to that of T8 temper. The area under the peak
represents the change in enthalpy of formation (AH,) of
the precipitates, which is proportional to the volume
fractions of the precipitates undergoing reaction. It is

apparent from the area under the peak region D,
especially of Figure 4b, that the enthalpy of formation
(AH,) for the exothermic reaction of the T7 temper is
more than that of the T8 temper. This confirms that the
T7 temper has higher amounts of T;, and 6 phases
compared to that of the T8 temper. This is also
confirmed by TEM (Figure 2¢) and XRD (Figure 3b).

3.2. Electrochemical polarization and Alloy tempers

Potentiodynamic polarization studies were carried out
to assess the effect of ageing time and RRA treatment
on the electrochemical behaviour of the 8090 and 1441
alloys of various tempers in different environments.
Figure 5(a—c) shows the potentiodynamic polarization
curves of the 8090 alloy of various (i.e. T8, RRA T77
and T7) tempers in 3.5% NaCl, in 3.5% NaCl + 0.1M
LiCl + 0.3% H,0, and in 3.5% NaCl + 0.1M LiCl
+ 0.7% H,0, solutions. Figure 6(a—c) shows the
potentiodynamic polarization curves of the 1441 alloy
of various (i.e. T8, RRA T77 and T7) tempers in 3.5%
NaCl, in 3.5% NaCl + 0.1M LiCl + 0.3% H,0O, and
in 3.5% NaCl + 0.IM LiCl + 0.7% H,O, solutions.
Tables 2 and 3 give the electrochemical parameters such
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Fig. 3. (a) XRD of the 8090 alloy of various tempers using CuKo radiation. (b) XRD of the 1441 alloy of various tempers using CoKa

radiation.

as open circuit potential (OCP), corrosion potential
E...+ and corrosion rate /.., of the 8090 and 1441 alloys
of various tempers, respectively. The corrosion rates and
the corrosion potentials were determined by the Tafel
extrapolation technique. The corrosion of a heteroge-
neous alloy depends on the relative areas of exposed
phases, the electrode kinetics of each phase and the
development and behaviour of local cells. Further, the

effects of surface films, grain boundaries, segregation
and precipitation and the nature of the electrolyte also
come into consideration. Furthermore, each electro-
chemical reaction may vary with time. Therefore, the
prediction and analysis of the electrochemical behaviour
of these complex 8090 or 1441 alloys (containing a large
number of phases) are extremely difficult [3, 24, 25, 30].
The complexity, in terms of number of phases present in
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Fig. 4. DSC thermograms of the T8 and T7 tempers of (a) 8090 and (b) 1441 alloys at a heating rate of 10 °C min™".

the alloy system and the problem of judicious selection
of anodic and cathodic Tafel regions impose limitations
and therefore the reported E.., and I., values in
Tables 2 and 3 may vary by =+ 5%. However, the
reported 7., and E.,,, values in these test environments
give an idea of the electrochemical behaviour. The

trends of variation in electrochemical parameters with
ageing time are consistent with results of other investi-
gators [7, 10-13].

The shape of the polarization curves in Figures 5 and
6 are similar for all tempers of both alloys in all
environments. All the polarization curves show only an

Table 2. Electrochemical Data of the 8090 alloy of various tempers in different media

Alloy temper Environment OCP vs SCE/mV Iom/mA cm ™2 E.or vs SCE / mV
8090-T8 3.5% NaCl -725 0.005 —741
3.5% NaCl + 0.1M LiCl + 0.3% H,0, - 688 0.152 -725
3.5% NaCl + 0.1M LiCl + 0.7% H,0, -670 0.28 -711
8090R280IA 3.5% NaCl —-740 0.012 -79%
3.5% NaCl + 0.1M LiCl + 0.3% H,O, -732 - -
3.5% NaCl + 0.IM LiCl + 0.7% H,0, - 694 0.358 =717
8090R280DA 3.5% NaCl -1731 0.004 -763
3.5% NaCl + 0.1M LiCl + 0.3% H,0, -710 - -
3.5% NaCl + 0.1M LiCl + 0.7% H,0, - 667 0.243 —-706
8090R250IA 3.5% NaCl -734 0.008 —789
3.5% NaCl + 0.1M LiCl + 0.3% H,0, -715 - -
3.5% NaCl + 0.IM LiCl + 0.7% H,0, —-690 0.389 —-703
8090R250DA 3.5% NaCl —-736 0.006 - 786
3.5% NaCl + 0.1M LiCl + 0.3% H,0, =717 0.122 —743
3.5% NaCl + 0.1M LiCl + 0.7% H,0, - 680 0.201 -710
8090-T7 3.5% NaCl -752 0.016 —-833
3.5% NaCl + 0.1M LiCl + 0.3% H,0, -732 0.167 -769
3.5% NaCl + 0.1M LiCl + 0.7% H,0, -693 0.328 —-705

Open circuit potential (OCP) is the potential at the zero current from the potentiodynamic curves. I is the current density (mA cm™2) and Ecor

is the potential (mV, SCE) at /..
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Table 3. Electrochemical Data of the 1441 alloy of various tempers in different media

Alloy temper Environment OCP vs SCE /| mV Ioorr/mA cm ™2 E.owvs SCE | mV
1441-T8 3.5% NaCl -697 0.07 —-760
3.5% NaCl + 0.IM LiCl + 0.3% H,0, - 660 0.298 -674
3.5% NaCl + 0.IM LiCl + 0.7% H,0, -615 0.340 -639
1441R270IA 3.5% NaCl —-732 0.006 =750
3.5% NaCl + 0.IM LiCl + 0.3% H,O, —-709 0.088 -722
3.5% NaCl + 0.IM LiCl + 0.7% H,0, -651 0.545 - 664
1441R270DA 3.5% NaCl =718 0.013 =770
3.5% NaCl + 0.IM LiCl + 0.3% H,O, - 649 0.189 - 678
3.5% NaCl + 0.IM LiCl + 0.7% H,0, -627 - -
14412301A 3.5% NaCl =727 0.005 -751
3.5% NaCl + 0.IM LiCl + 0.3% H,0, =707 0.23 -727
3.5% NaCl + 0.IM LiCl + 0.7% H,0, - 641 0.37 - 660
1441R230DA 3.5% NaCl —-728 0.0025 —-732
3.5% NaCl + 0.IM LiCl + 0.3% H,0, -712 0.140 —-756
3.5% NaCl + 0.IM LiCl + 0.7% H,0, —-635 0.330 —-653
1441-T7 3.5% NaCl —743 0.019 —-786
3.5% NaCl + 0.IM LiCl + 0.3% H,0, -723 0.105 —-737
3.5% NaCl + 0.IM LiCl + 0.7% H,0, —646 0.622 -676

Open circuit potential (OCP) is the potential at the zero current from the potentiodynamic curves. Lo, is the current density (mA cm™2). Egopr is

the potential (mV, SCE) at I ;.

active region with no distinct passive region. The
absence of passive regions is because OCP values are
around or beyond the pitting potential. The pitting
potentials (£,) of these alloys have been found to be
around —725.7 mV (SCE) and -730.0 mV (SCE) in
3.5% NaCl solution and in 3.5% NaCl + 0.1M LiCl
solution, respectively. The pit generation potential (£,)
for the alloy system is calculated according to the
following empirical relation given by [31];

E,(mV/SCE) = —740 — 64log[Cl"] (1)

The calculated pitting potentials are in close agree-
ment with reported values [11]. The polarization curves
of 8xxx series alloys exhibited a passive region in the
potential range — 1100 to —700 mV (SCE) in alkali
solutions and the OCP is around — 1200 mV [32]. The
absence of a passive region in our observation (Fig-
ures 5 and 6) suggests that the associated oxide films are
not stable. The main factors controlling the stability of
the oxide film are the potential of the alloy and the
concentrations of metallic and hydroxyl ions. Aqueous
solutions of halides are known to be aggressive and to
retard film repair and they are known to cause pitting in
these alloys. Ambat et al. [33] state that the effect of
chloride ion concentration on corrosion rate is found to
be greater at neutral pH, compared with that in highly
acidic and alkaline solutions. The dissolution of alu-
minium in neutral environments may be described by
the following reactions.

AP* + H,0 = AIOH*" + H' (2)
AP* +2H,0 = AI(OH)] + 2H" (3)

AP 4+ 3H,0 = AI(OH); + 3H* (4)

At neutral pH the concentration of OH™ ions is
comparatively low at ~1077 mol 1" and solutions con-
taining chloride ions can accelerate corrosion by attack-
ing the oxide film. The presence of oxygen in the
solution facilitates other cathodic reactions and also
plays an important role in the rate of corrosion, which is
discussed in the subsequent section.

Further, the polarization curves (Figures 5 and 6) and
Tables 2 and 3 show that the OCP values have shifted
negatively (anodically) with RRA treatment and ageing
time and this has been observed in all the test environ-
ments. The OCP values of the T7 tempers of both alloys
are the most negative, whereas the OCP values of the
RRA tempers lie in between that of the T7 and T8
tempers. In general, in a given electrolyte, the OCP value
depends on the microstructure and the constituent alloy
phase [9, 10, 34].

The greater negative shift of OCP for the RRA and
over aged T7 tempers compared to the peak aged temper
is due to the presence of higher amounts of J, T| and
S’(S) phases which are anodic in nature [20, 35], as
confirmed by our TEM, XRD and DSC studies (Fig-
ures 1-4). The negative shift in potential in all electro-
lytes for all tempers can also be attributed to a gradual
establishment of microscopic galvanic local cell forma-
tion. The greater the ageing time, the greater is the
precipitation of T; and ¢ phase within the grains, along
the grain boundaries and on the subgrain boundaries,
giving sites for local cell formation.

Tables 2 and 3 indicate that the corrosion rate is
more or less the same for all the tempers in 3.5% NaCl
solution, but the corrosion potential (E..,,) shifts in the
negative direction with aging time and RRA treatment.
Similar observations have also been reported [7, 10, 11,
32]. Further, a comparison of Figures 5 and 6 and
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Fig. 5 (a—c). Potentiodynamic polarisation curves of the 8090 alloy of various tempers in (a) 3.5% NaCl, (b) 3.5% NaCl+0.1M
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LiCl + 0.3% H,0, and (c) 3.5% NaCl+0.1M LiCl + 0.7% H,O, solutions at a scan rate of 0.5 mVs™".

Tables 2 and 3 also indicates that the OCP values of corresponding tempers. This is attributable to the
the 1441 alloy of T8 and other tempers are more presence of a higher amount of copper in the 1441
positive (noble) to that of the 8090 alloy for the alloy with respect to 8090, as copper is one of the
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Fig. 6 (a—c). Potentiodynamic polarisation curves of the 1441 alloy of various tempers in (a) 3.5% NaCl, (b) 3.5% NaCl+0.IM
LiCl + 0.3% H,0- and (c) 3.5% NaCl+0.1M LiCl + 0.7% H,O, solutions at a scan rate of 0.5 mVs~".

elements that shift the potential in the noble direction
when added to aluminum [36]. In general, the effect of
multiple elements in solid solution on OCP is approx-
imately additive. Further, in the case of Al-Li alloys,

the electrochemical potential is independent of lithium
additions up to 3% and there is no difference in
corrosion potential between alloys containing lithium
and those not containing lithium [37].
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Fig. 7 (a—d). Potentiodynamic polarisation curves of (a) 8090-T8 (b) 8090R2801A, (c) 8090R250DA, and (d) 8090-T7 in different environ-

ments at a scan rate of 0.5 mVs™'.

3.3. Electrochemical polarization and Environments

Figure 7(a—d) shows the potentiodynamic polarization
curves in 3.5% NaCl, 3.5% NaCl + 0.IM LiCl +
0.3% H,0, and 3.5% NaC + 0.1M LiCl + 0.7%
H,0, solutions of the 8090 alloy of T8, RRA
8090R2801A, 8090R250DA and T7 tempers, respec-
tively. Similarly, Figure 8(a—d) shows the potentiody-
namic polarization curves in 3.5% NaCl, 3.5%
NaCl + 0.1M LiCl + 0.3% H,0; and 3.5% NaCl +
0.1M LiCl + 0.7% H,0O, solutions of the 1441 alloy of
T8, RRA 1441R2701A, 1441R230DA and T7 tempers,
respectively.

There is a cathodic shift of OCP values with the
addition of LiCl and H,0O, in 3.5% NaCl solution. The
greater the H,O, addition the greater is the shift of
OCP. The aggressive depassivating nature of the 3.5%
Nacl solution makes the alloy bare, but the addition of
H,0, maintains the passive oxide layer or heals the
destroyed oxide layer, which shifts the OCP in the
cathodic direction. In the cathodic region there is an
increase of current density in 3.5% NaCl + 0.IM
LiCl + 0.3% H»0, and in 3.5% NaCl + 0.1M LiCl
+ 0.7% H,0O, solution compared to that in 3.5% NaCl.

Thus, in all the tempers for both alloys, the position of
the cathodic curves in solution containing LiCl and
H>O, have shifted to higher current density values,
although the slopes remain the same. This may be due to
the fact that the presence of oxidizing agent i.e. H,O, in
NaCl solution, facilitates cathodic reactions that en-
hance the corrosion rate. In the anodic region for all
alloy tempers, although the current density is initially
higher in environments containing LiCl and H,O,
compared to that in 3.5% NaCl, the curves tend to
converge at higher potential corresponding to the high
value of current density. The difference in E, (pitting
potential) and OCP values of the environments con-
taining LiCl and H,0O, is more than that in 3.5% NaCl.
Thus, environments containing LiCl and H,O, are more
aggressive for localized attack than 3.5% NaCl solution
alone.

4. Conclusions
Microstructural evaluation of both 8090 and 1441 alloys

by TEM, XRD and DSC studies have revealed all
the probable phases, such as 6" (Als;Li), 6 (AlLi), S’
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Fig. 8 (a—d). Potentiodynamic polarisation curves of (a) 1441-T8 (b) 1441R2701A, (c) 1441R230DA, and (d) 1441-T7 in different environ-

ments at a scan rate of 0.5 mVs™.

(Al,CuMg), T, (Al,CuLi) and 8’ (AlsZr), to be present
in the alloy system. Diffractograms of the RRA tempers
exhibited an additional peak and intense peaks of T
and ¢ phases for the RRA tempers. TEM photomicro-
graphs show that RRA and over aged tempers contain
enhanced precipitation S’ and T, precipitates in the
matrix and equilibrium 6 phase precipitation on the
grain and sub-grain boundaries. DSC thermograms of
the T7 tempers of both alloys exhibit enhanced D, peak
of T and ¢ phases and also indicate higher amounts of ¢
phase as compared to T8 tempers.

Electrochemical polarization studies indicated that
the OCP values of the RRA tempers for both alloys lie
between the OCP values of the T8 and T7 tempers, but
the corrosion rate in a given environment is more or less
the same irrespective of the temper. The OCP values
shifted negatively (anodically) with ageing time and
RRA treatment. This is consistent with the precipitation
of higher amounts of anodic phases such as §, S” and Ty,
which has been confirmed by TEM, XRD and DSC
studies. Therefore, based on the microstructural features
and the observed electrochemical behaviour, it is to be
concluded that the microstructures of the RRA tempers
approach those of the T7 temper.
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