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Retrogression, reaging, and mechanical
behaviour of a 1441 Al-Li-Cu-Mg-Zr alloy

A 1441 Al-Li—Cu—Mg-Zr alloy was subjected to retro-
gression treatment and the retrogressed states were immedi-
ately reaged to various tempers. Hardness measurement,
tensile testing, and SEM fractography have been carried
out to conventional peak-aged, retrogressed, retrogressed
and reaged (RRA), and over-aged tempers of the alloy.
Retrogression ireatment applied to peak-aged tempered al-
loys resulted in a decrease in hardness and tensile strength,
an increase of ductility, and a serration phenomenon in the
plastic region. These are primarily due to the dissolution of
matrix strengthening &' precipitates into solid solution upon
retrogression treatment. Retrogressed states have been re-
aged to varicus under-, peak-, and over-aged tempers. Reag-
ing the retrogressed state to peak-aged temper has resulted
in attaining the original peak-aged strength and ductility
value. SEM fractography study has been carried out and
fracture surfaces exhibited predominantly intergranular
fracture in presence of few dimples. TEM and DSC studies
have been carried out to observe the microstructural
changes upon RRA treatment and to explain the mechanical
behaviour of the alloy.

Keywords: Retrogression and reaging (RRA); 1441 Al—
Li—Cu-Mg—Zr alloy; DSC; Tensile properties; SEM frac-
tographs

1. Introduction

Al-Li alloys are candidate materials for aerospace indus-
tries because of their reduction in density, increase in elastic
modulus and increase in specific strength over the most
widely used conventional aluminum base alloys. Al—Li al-
loys have unattractive fracture behaviour, especially poor
ductility and high anisotropy of non-recrystallized pro-
ducts, and are also susceptible to siress corrosion cracking
(8CC) in the peak-aged temper [1-6].

The low ductility and toughness of Al-Li alloys are due
to many concwrrent and many mutaally competitive factors
involving (i) inhomogeneous nature of slip resulting from
coherent ordered &' precipitates, (ii) presence of coarse
equilibrium & precipitates at the grain boundaries inducing
further strain localization and promoting intergranular fail-
ure, (iii) segregation of tramp elements such as sodium, po-
tassium, and sulphur to the grain boundaries. However, for
commercial alloys, slip can be homogenized by introducing
(i) dispersoids (Al,Zr), with the addition of zirconium,
(ii) semicoherent/incoherent precipitates, such as T,
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(Al,Culi), and S (Al,CuMg), through copper and magne-
sium additions. Addition of copper and magnesium also
reduces the precipitate-free zone (pfz) near the grain bound-
aries. Thermomechanical processing, duplex aging tem-
pers, retrogression, and reaging (RRA) treatments also opti-
mize the best combinations of tensile properties and
toughness [1-7].

A non-conventional two-stage heat treatment process,
called retrogression and reaging (RRA) was initially de-
vised by Cina et al. [8, 9] for improving the stress corrosion
cracking (SCC) behaviour of 2X2X series alurninium base
alloys. It has been found that RRA treatment improves the
SCC resistance to 2XXX series as well as for 7XXX and
8XXX series alloys [10-12]. RRA treatment is applied to
the alloy of peak-aged temper and involves heating for a
short time at a temperature above the artificial aging tem-
perature but around the solvus line of the matrix strength-
ening precipitates, followed by reaging to the condition
similar to that of the original peak-aged temper. Whereas
the mechanical behaviour of the Al-Li—Cu-Mg alloys
of conventional tempers are studied in detail [13—15], the
knowledge about the influence of RRA treatment on the
mechanical properties of the alloy is scanty. This paper
deals with the investigations on the influence of aging
tempers, retrogression, and RRA treatment on hardness,
tensile properties and fracture characteristics of a 1441
Al-Li-Cu-Mg-Zr alloy. TEM and DSC studies have
been carried out to observe the microstructural changes
upon RRA treatment and to explain the observed mechan-
ical behaviour of the alloy.

2. Experimental

A 1441 (Russian grade) Al-Li-Cu-Mg-Zr alloy was
used in sheet form having thickness 2.0 mm. The alloy
sheet was solutionised at 530-535°C, water quenched,
stretched by 1.5-2.5%, followed by artificial aging at
150°C for 4 h and at 170 °C for 24 h corresponding to the
peak-aged, T8 temper. The as-received T8 temper sheet
was aged at 170 °C for 96 hours to produce over-aged T7
temper. The chemical composition (weight %) of the alloy
is given in Table 1. Figure 1 shows the optical micrograph

Table 1. Chemical compositions of the 1441 alloy (wt.5%).

Alloy Al Li Co | Mg | Zr Fe 5i
1441

Balance | 19 | 2.0 | 090 | 0.09 | 0.11 | 0.05
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of the as-received 1441-T§ temper alloy. The triplanar mi-
crographs, Fig. I, show that the grains are more or less
equiaxed in all the three longitudinal (L), long transverse
(LT), and short transverse (ST) directions of the sheet. The
grain size of the alloy was found to be of the order of 15—
20 um, on average,

RRA treatments applied to the as-received alloy sheet
were carried out in a vertical tube furnace in air. The retro-
gression temperatures were chosen above and below the &
solvus line of the Al-Li phase diagram. After a precise
time of holding the samples in the furnace, specimens were
released and quenched into ice-cold water followed by
reaging to various tempers. Retrogression and reaging
(RRA) schedule adopted are given in Table 2.

For transmission electron microscopy (TEM) studies, the
specimens were mechanically thinned to a thickness of ap-
proximately 100 pum, punched to get a 3 mm disc and final-
ly thinned down to perforation using a Fischione twin-jet
electropolisher, operating at 25 volts and 2.5 amps current,
in an electrolyte of composition 30% HNO; and 70 %
CH,COOH at a temperature of approximately —20°C. A
Philips CM12 was used for the observation of the micro-
structures. For differential scanning calorimetry (DSC)
studies, specimens of approximately 30 mg were cut from
the coupons of various tempers of the alloy and the sides

Fig. 1. Triplanar {a) Optical and (b) SEM mi-
crographs of the 1441-T8 temper.

of the specimens were made absolutely flat and smooth for
a good contact with the crucible. DSC runs were initiated
from room temperature to approximately 500 °C at a heat-
ing rate of 10 K/min in an argon atmosphers, using a Stan-
ton Rederoft Model STA 625 simultaneous thermal ana-
lyzer. The output, viz. the net heat flow to the reference
(high-purity annealed aluminum) relative to the samples,
was recorded as a function of temperature.

AVickers hardness machine was used for hardness meas-
urement. For tensile testing (tensile axis transverse to roll-
ing direction; unless otherwise specified) with dimensions
of 20 mm extended gange length, 4 mm width and 1.8 mm
thickness were obtained from the sheet. The surfaces of
the specimens were ground to 100 pm minimum so as to re-
move the lithium- and magnesium-depleted zones and sub-
surface porosity zenes developed during solutionising at
temperature 535 °C and subsequent treatment carried out
in air [16]. The gauge portions of the specimen surfaces
were polished in emery papers lubricated with kerosene
oil up to 600 grits and finally cleaned and de-oiled by
rinsing in acetone. Tensile testing was at a strain rate of
133%x107%s~! using INSTRON universal testing ma-
chine. Tests are repeated to confirm results. Fracture sur-
faces of broken tensile specimens were observed using
SEM (JEOL., JSM-5800), Japan.

Table 2. Retrogression and Reaging (RRA) schedule applied to the as-received 1441-T8 temper alloy.

Samples for studies Retrogression temperaturs Reaging schedule RRA temper
and time designation
Hardness At 215, 230, 250 and 270°C Isothermal reaging (TA) at 170 °C for 2, 26 and 96 h -
for 1 to 40 min comesponding to under-, peak-, and over-aged tempers
TEM and DSC and At 230°C for 15 min Isothermal reaging (IA) at 170 °C for 26 h 1441R2301A
tensile testing Duplex reaging (DA) at 150 °C for 36 h, followed by 1441R230DA
heating to 190 °C at a rate of 5—7 K/min and
holding for 1 h at the temperature
At 270°C for 5 min Isothermal reaging (1A) at 170°C for 26 h 1441R2701A
Duplex aging (DA) at 150 °C for 36 h, followed by 1441R270DA
heating to 190°C at rate of 5—7 K/min and
holding for 1 h at the temperature
1405
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3. Results and discussion
3.1. TEM microstructure

Figures 2a—d, show a few representative TEM bright-field
images of the peak aged T8, RRA, and T7 tempers of the al-
loy, exhibiting T, &', &', and & phases that are present in the
alloy system. Diffraction patterns of the phases have not
been taken and also the precipitation mechanisms of these
phases are not discussed here as these are well established
for the alloy system [17-20]. In fact, attention has been fo-
cused to observe the changes in microstructural features,
i.e. the size, distribution, and morphology of the phases
upon retrogression and RRA treatment. Figure 2a (T8
temper) exhibits uniforrly distributed grains of fine T,
and §' phases. The micrograph also shows that in one of
the grains preferential heterogeneous precipitation of these
phases along dislocations has taken place. Equilibrivm &
phase is also visible at the grain boundaries. Figure 2b
(1441R270DA, RRA temper) shows uniform distribution
of matrix-strengthening & precipitates. TEM studies have
been carried out to retrogressed (1441R230) temper also,
but neither in bright-field nor in dark-field images of the &’
precipitates (as there were no superlattice spots) could be
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seen. This confirms that retrogression treatment dissolves
the &' precipitates into solid solution. DSC studies have also
confirmed the dissolution of &' precipitates into solid solu-
tion upon retrogression treatment which will be discussed
in the next section. Further, retrogression treatment results
in a decrease of dislocation density as observed by the
authors in the 8090 Al-Li-Cu--Mg-2r system and also
reported in literature [21]. Figure 2¢ exhibits uniformly dis-
tributed precipitation of T, and §' phases within the matrix
for the 1441R230DA RRA temper. Figure 2d (over-aged
T7 temper) exhibits uniform distribution of fine T, and &
phases within a grain and preferential heterogeneous
precipitation of these phases at dislocations. Equilibrium &
phase is also visible along the high-angle grain boundaries.
The & phase is larger in size as compared to that of the T8
temper (Fig. 2a), which is obvious because it is an estab-
lished phenomenon that the relative amounts and size of
the equilibrium & phase increase with aging time because
the transformation &' (Al;Li) - § (AIL) occurs during the
aging process. From the photomicrographs in Figs. 2a, 2c,
and 2d, it can be concluded that the distribution and mor-
phology of the T, and §' phases do not change much upon
RRA treatment as also stated in the literature and found in
the 8090 Al-Li—Cu~Mg-Zr alloy [22).

Fig. 2. TEM micrographs for (a) T8 temper
exhibiting grain containing T, and §’ phases
uniformly distributed and in one of the grains
heterogeneously precipitated along the disle-
cations, Equilibrium § phase is seen along the
grain boundaries, (b) 1441R270DA temper
shows §' phase uniformly distributed within
thq matrix, {¢) 1441R230DA temper displays
unjform and widespread disteibution of T
and §' phases, and (d) T7 temper shows T)
and §' phases uniformly distributed within a
grain and heterogeneously precipitated along
dislocations and equilibrium § phase along
the high-angle grain boundaries.

Z. Metallkd. 96 (2005) 12
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3.2. DSC thermograms

Figures 3a—d show the DSC thermograms of the 1441 alloy
of various tempers. Figure 3a (solution-treated and water-
quenched state) exhibits many exothermic and endothermic
peaks {marked with letters A to F) indicating the sequence
of precipitation and dissolution reactions. The precipitation
reactions are (A): formation of GPB zones and precipitation
of the &' phase, (B): precipitation of §' phase, (C): dissolu-
tion of GPB zones and &' precipitates, (D): precipitation of
S (S), T}, and 8 phases, (E): dissolution of § (8), T;, and &
phases, and (F): dissolution of Li-bearing zone. The results
are in close agreement with the literature [23-26]. The
peak region B corresponding to the precipitation of 8' phase
for this Al-Li alloy, is not clearly resolved with a sharp
peak, as the precipitation of the 3’ phase has occurred at
lower temperature resulting in overlapping with the peak
A region. The possible reasons of precipitation of the §
phase at lower temperature has been discussed elsewhere
[27]. Figure 3b (T8 temper) displays two clear endothermic
peak regions C {dissolution of GPB zone and & phase) and
E (dissolution of §' (8), T, and 3 phases) and exothermic
peak region D (precipitation of §' (S), T), and & phases).
The absence of peaks A and B in the thermogram of T8
temper is obvious as the solid solution is not supersaturated

with solute atoms or, in other words, the matrix contains
equilibrium amounts of §' precipitates. In the peak region
D, two distinct peaks, D, and D,, indicate that the precipita-
tion of §', Ty, and & phases do occur at different tempera-
tures in the T8 state as compared to that occurred in the
as-quenched condition because of the difference of level
of supersaturation of solutes. Figure 3c (retrogressed
1441R230 state) shows the appearance of low-temperature
exothermic peaks A (i.e. formation of GPB zones) and B
(i.e. & precipitation) which is obvious because the solid so-
lution is supersaturated with Li atoms. Hence, it can be con-
cluded that retrogression causes dissolution of 8 phase.
Figure 3d (1414R230DA RRA temper) also exhibits two
endothermic peak regions C and E and an exothermic peak
region D, similar to that of the T8 temper (Fig. 3b), indicat-
ing that the microstructural features, i. e. the type of phases
and precipitates, are similar to that of the T8 temper.

3.3. Retrogression and hardness

Figure 4 shows the variation of hardness with retrogression
time at the retrogression temperatures 215, 230, 250, and
270 °C. The graphs exhibit the characteristic shape of retro-
gression phenomenon of the T8 temper of the alloy. The
hardness vs. retrogression time curves have two distinct re-

Fig 3. DSC thermogram of (a) solution-treat-
ed and water-quenched, {b) T8, (c) 1441R230,

and (d) 1441R230DA tempers of the 1441 al-
loy at a heating rate of 10 E/min.
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—M— Retrogression at 270°C
—8— Retrogression at 250 °C
—h— Retrogression af 235°C
—&— Refrogression at 215°C

Hardness, HV10

T T 1 1T 1T T 1
0 3 10 15 20 25 30 35 40 45

Time (min)

Fig. 4. Variation of hardness with retrogression time of the 1441-T8
alloy.

gions: (i) an initial sharp decrease in hardness, (if) attain-
ment of a minimum followed by a slight increase in hard-
ness after which there is no further change in hardness val-
ues for the retrogression time studied. The trends of the
results are in accordance with the results of 7XXX and
8XXX alloy series reported by various researchers [28-
32]. However, the observed refrogression time correspond-
ing to minimum hardness is different from that reported in
literature [33] as this depends on many variables such as
sheet thickness, heating medium, etc. [34}. The decrease of
hardness with retrogression time is due to the preferential
dissolution of the coherent matrix strengthening & precipi-
tates which are no longer stable at the retrogression tem-
perature. TEM and DSC studies have confirmed the disso-
lution of & precipitates into solid solution. During retro-
gression, other precipitates like T, §', S remain mostly un-
dissolved, but the growth of the Li-bearing phases, particu-
larly 8 and T, occurs. Further, the decrease of hardness
upon retrogression treatment is also attributed to the de-
crease of dislocation densities [22, 32). With the increase
of retrogression temperature, the rate of hardness drop in-
creases, the minimum hardness value decreases, and the ret-
rogression time to reach the minimom hardness decreases
as well. This is consistent with the concept of higher disso-
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F:ig. 5. Variation of hardness with retrogres-
sion time: and reaging to different tempers of
the 1441 alloy,
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R

lution rate with increasing temperature of retrogression,
The minima in the retrogression curves are indicative of
the maximum dissolution of the § precipitates. Complete
dissolution of & is not possible. Initially, the rate of dissoly-
tion is higher than the precipitation. But at the minima of
the curves for all the temperatures, the rate of dissolution
is equal to the rate of precipitation. The slight increase of
hardness after the minima is due to the onset of a structural
age-hardening effect.

34. RRA and hardness

Figures 5a-d show the variation of hardness with retrogres-
sion time at a given retrogression temperature and also the
change in hardness on subsequent reaging the retrogressed
state to under-, peak-, and over-aged tempers, Reaging the
retrogressed tempers leads to a regain of hardness which is
attributed to the reprecipitation of 8 within the matrix that
has been shown by TEM and DSC studies. Reaging the
retrogressed state to peak-aged temper has caused regaining
the initial T8 temper hardness. However, retrogression for
longer time compared to the time of the minimum hardness
and reaging to peak aged tempers fajled to achieve the T8
hardness. This is due to the fact that longer retrogression
time and higher retrogression temperatures led to over-aged
T7 state. At all the retrogression temperatures, the hardness
values of retrogression and under-aged (RUA}) tempers are
lower than the hardness values of the retrogression and
over-aged (ROA) tempers which are again lower than the
hardness values of the retrogression and peak-aged (RRA)
tempers. The reason is that in the under—aged tempers the
reprecipitation of matrix strengthening 3’ precipitates is
not complete, whereas in the peak aged tempers reprecipita-
tion of the &' precipitates is complete giving rise to maxi-
mum hardness and, in the over-aged tempers, to the growth
of the precipitates. Kanno et al, [31] have suggested that
RRA is effective only for alloys containing coberent disper-
soids, such as 8XXX. This is why RRA T77 treatment is ef-
fective in this alloy containing zirconium that produces §'
(Al,Zr) coherent dispersoids,

3.5. RRA and tensile properties

Figure 6 exhibits the representative stress—strain curves
of the 1441 alloy of T8, retrogressed 1441R230 and
1441R270, 1441R230UA RUA, 1441R230DA, and
144IR270DA RRA tempers, tested in an INSTRON :lmivcr-
sal testing machine at a strain rate of 1.33x 107%™, Plas-
tic region of stress—strain curves for the retrogressed and
RUA, tempers exhibiting discontinuous yielding are shown
separately for better clarity as an inset. The average tcnsx}e
properties of the alloy of various tempers are given in
Table 3.

Figure 6 shows that the retrogressed terapers have lower
vield and ultimate tensile strength and higher ductility com-
pared to that of the T8 and RRA tempers. The higher the
retrogression temperature the more is the decrease_'..of
strength values and the more pronounced is the ductility.
The strength and ductility valves of the 144IR230UA
RUA temper are higher than those of the retrogressed
1441R230 and 1441R270 tempers but are lower than those
of the T8 and RRA tempers. The improvement of ductility
values in the retrogressed tempers is due to better slip

Z. Metallkd. 96 (2005) 12
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Fig. 6. Stress—strain curves of the 1441 alloy of various tempers tested
at a strain rate of 1.33 x 10~ 571,

homogenisation and transition from coarse planar to homo-
geneous deformation because of the absence or low volume
fraction of coherently ordered §' precipitates in the matrix
that control the deformation mode. The tensile properties
of the RRA tempers are in the same range as those of the
T8 temper. Reaging the retrogressed tempers to peak-aged
temper causes complete reprecipitation of 8’ phase in the
matrix and thus leading to regaining the initial T8 tensile
properties. Reaging to under-aged temper causes partial re-
precipitation 8 phase and that is why the strength values
of the RUA tempers are lower than those of the T8 and
RRA tempers but higher than those of the retrogressed tem-
per. In this regard, it is to be highlighted that although the
tensile properties of the RRA tempers are in the same range
as those of the T8 temper, the total aging time of the RRA
tempers is almost twice that of the conventional T8 temper
and hence microstructural features of the RRA tempers ap-
proach those of the T7 temper [22].

Table 3, Average values of tensile properties of the 1441 alloy of

various tempers tested at a strain rate of 1.33 x 1077 571,
Alloy temper Ys UTs Plastic strain
{MP2a) (MPa) to fracture
& (%)
1441-T8 (Longitudinal) 385 432 B.74
1441-T8 395 447 8.00
1441R230 330 387 11.50
1441R270 325 374 12.39
1441R230UA (170_2) 350 404 9.15
1441R270UA (170_2) 355 412 9.65
1441R2301A 390 443 7.75
1441R2701A 380 440 T7.80
1441R230DA 400 449 8.05
1441R270DA 350 442 8.15
1441-T7 380 430 7.50
1409
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Discontinuous yielding has been observed in the plastic
region of the stress—strain curves of the retrogressed and
RUA tempers. But there is no such occurrence of discontin-
uous yielding or serration in the T8, RRA, and T7 tempers.
The occurrence of plastic instabilities in the retrogressed
144R230 and 1441R270, and RUA states might result from
a negative value of the microscopic (local) strain-hardening
rate (type h instability) or from negative microscopic strain-
rate sensitivity of the flow stress (type S instability) [35—
38]. The onset of serrated yielding after a finite plastic
strain is associated with a transition from positive to nega-
tive strain-rate sensitivity as strain (or stress) increases. In
the first hypothesis, these instabilities arise from work soft-
ening due to slip localization (or planar slip); the shearing
of the &' precipitates probably promotes the localization of
deformation, as suggested by many authors [39, 40). In the
second hypothesis, instabilities arise from the interaction
between the diffusing solute atoms, viz. Cu, Mg, and
mobile dislocations [41-43]. This interaction results in
dynamic strain aging, whose macroscopic manifestation is
the Portevin~Le Chatelier effect. If the above mentioned
hypothesis holds good for the occurrence of plasticity in
retrogressed tempers, then it is also an indication that retro-

&

Fig. 7. Representative SEM fractographs of (a) 1441-T§ (longitudinal), (b) 1441-T8, (c) 1441R270, {d) 1441R230 144 1R270UA,
I#IRZdZi’ﬁUf\, {g) 1441R270DA, (h) 1441R230DA, and (i) 1441-T7 tempers, showing intergranular and subintergranlar ’fag‘lal):re :fld the greséngfi
of few dimples.

1410

gression treatment causes reversion of &' precipitates into
solid solution.

3.6. SEM fractography

The monotonic fracture surfaces are helpful in explaining
microstructural effects on the ductility and fracture proper-
ties of the alloy. Figures 7a—g show the SEM fractography
of the alloy of peak-aged T8, retrogressed, retrogressed
and reaged (RRA) T77, and over-aged T7 tempers. Exten-
sive fractography of the tensile samples revealed cracking
along grain boundaries or intergranular failure, sub-inter-
granular failure along the subgrain boundaries, and the pre-
sence of few dimples.

The mechanism of intergranular cracking in Al-Lij-
Cu-Mg-~Zr alloy has been discussed in detail by Srivat-
san [44]. In the peak-aged, and RRA temper conditions,
the presence of coherent shearable §' precipitates leads to
inhomogeneous slip causing severe strain localization dur-
ing deformation [45, 46]. The inhomogeneous slip causing
strain localization is because of the interactions of mobile
dislocations with the ordered coberent and partially coher-
ent particles dispersed in the matrix. In an alloy strength-

(h) )
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it

ened by toherent particles, the tendency of strain localiza-
tion into bands is due to the fact that a dislocation pile ups
can shear through the particle more easily than can indivi-
dual dislocations. In the alloy strengthened with ordered
precipitates, the dislocations move as pairs; the first dislo-
cation creates disorder and the second dislocation restores
order [47]. Dunng deformation, the dislocations easily
shear the ordered coherent and pantially coherent precipi-
wte particies, e.g. 8, T,, 8. while moving in close-
packed {111} planes in the close-packed directions, re-
sulting in disorder in the form of an antiphase boundary
(APB). Once the particles are disordered and slip has oc-
cured on one plane, the area of the APB is decreased,
thus favouring additional deformation on the plane [48].
Coarse planar slip bands are resulting. The concentration
of deformation in planar slip bands leads to strain locali-
zation at the point of their impingement on grain bound-
aries. The localized planar deformation produces large
strain concentration {32 The increased strength of the
age-hardened matrix in the peak-aged condition renders
nucleation of flow across the boundary difficult. This ef-
fect coupled with the presence of grain boundary precipi-
tates results in enhanced deformation along the grain-
boundaries and concomitamt low ductility as compared to
conventional aluminum alloys of comparable strength.
Void initiation results at the intersection of a slip band
and coarse grain boundary precipitates. The applied stress
assists the growth of voids, Linking of similar voids is an
additional factor that promotes and/or enhances intergra-
nular fracture.

Fracture surfaces of specimens of retrogression treat-
ments (Figs. 7c and 7d) also show intergramular cracking
and alse few dimples are seen. The strain localization by
coherent shearable §' matrix precipitation is less operative
in the retrogressed temper as the microstructure has very
low volume fractions of &' precipitates. But the strain locali-
zation due to the presence of the grain boundary § precipi-
tates remains operative and thus the initiation of microvoids
near the grain-boundaries leads to intergranular cracking
(44, 49],

In the over-aged tempers (Fig. 71), as nsual, the intergra-
nular fracture is prominent, 4s in addition to the develop-
ment of strain localizations at the grain boundaries due to
the presence of &', the presence of a considerable amount
of equilibrium 3 precipitates at the grain boundaries contri-
butes further to the initiation of microvoids near the grain
boundaries.

4. Conclusions

TEM photomicrographs and DSC thermograms of the
1441 alloy have exhibited all the probable phas.*:s3 such as;
¥ (AL:Li), 8 (AILi), 8" (Al,CuMg), Ty (Al;CuLi) and f

(AlyZr), that are present in the alloy system. TEM and
DSC studies have confirmed that retrogression causes dis-
solution of &' into matrix and reaging the retrogressed state
causes reprecipitation of 8 phase within the matrix. Retro-
gression treatment results in decrease of hz?rdn_ess apd
tensile strength and an increase of ductility, v.vhu:h! is attrib-
uted to the dissolution of matrix strengthening 3 precipi-
tates. Dissolution of &' precipitates also causes a reduction
of planar slip contributing to an increase of ductility of the

2. Metallkd. 96 (2005) 12

retrogressed temper. The observation of serration in the
stress—strain curves of the retrogressed state is attributed
to work softening on account of slip localization (due to
less volume fraction of §' phase in the matrix) and interac-
tion between the diffusing solute atoms and mobile dislo-
cations. Reprecipitation of & phase upon reaging the retro-
gressed state results in regaining the otiginal T8 hardness
and tensile strength. SEM fractographs of the alloy of var-
lous tempers reveal primarily intergranular cracking and
the presence of few dimples.

The authors gratefully acknowledge the help of Mr. Samar Das, Na-
tional Metallurgical Laboratory, Jamshedpur in TEM studies. The
authors would like to thank Dr. A. A. Gokhale and Dr Vijaya Singh,
Defence Metallurgical Research Laboratory, Hyderabad, India for pro-
viding the aluminium-lithium alloy.
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