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K. DAS, S. DAS
Department of Metallurgical and Materials Engineering, Indian Institute of Technology,
Kharagpur-721 302, India
E-mail: sdas@hijli.iitkgp.ernet.in

Deformation microstructures of the γ -TiAl Phase in two-phase (α2+γ ) alloy, Ti-46Al-2V-0.4Er
(all compositions are given in atomic percent), have been studied by transmission electron
microscopy. Heat treated samples of this alloy were subjected to 3% plastic strain in
compression at room temperature, 600 ◦C, and 900 ◦C. Majority of dislocations present in
the as heat treated and deformed samples are of b = 1/2 < 110] type. Formation of loops
from the dislocations are also observed. Isolated super dislocations and faulted dipoles are
seldom seen in the microstructures. Plenty of twins are present in these samples and it
appears that their density increases with increasing deformation temperature. The
deformation microstructures of the alloy studied here are quite similar to those in the
binary two-phase titanium aluminides or the V containing two-phase titanium aluminides.
It appears that Er does not significantly change the deformation microstructure of this
two-phase alloy, although Er has a significant effect on the deformation microstructure of
the single-phase γ -TiAl alloys. C© 1999 Kluwer Academic Publishers

1. Introduction
The deformation microstructures ofγ -TiAl consist
of b=1/2 [110] type dislocations,b= [011] type su-
perdislocations, and [112] (1 1̄1) type twins [1, 2]. The
anisotropy of the charge density distribution near the Ti
atoms in theγ -TiAl unit cell may cause many valleyed
Peierls relief, and thus may affect the dislocation mo-
bility [3]. Following the work of Greenberget al. [3],
Courtet al. [4] suggest that the 1/2< 110]{111} type
slip system is basically sessile at room temperature ow-
ing to the covalency effect. The increased activity of
this type of slip system at 600◦C is probably due to the
decrease in Peierls stress caused by thermal activation
which might have resulted in the increased ductility of
γ -TiAl at elevated temperature. The two-phase alloys
are more ductile at room temperature than the single-
phase alloys. The room temperature deformation mi-
crostructure of theγ -TiAl phase in a two phase Ti-46Al
alloy is dominated by theb= 1/2< 110] type disloca-
tions [5]. In contrast, this dislocation experiences a very
high Peierls stress in a single-phase alloy owing to the
directionality of bonds between the Ti atoms. These
authors [5] concluded that the increased mobility of
b= 1/2< 110] type dislocations at room temperature
in the two-phase alloys is due to the removal of inter-
stitial impurities from theγ -TiAl phase byα2-Ti3Al,
acting as a getter; which in turn reduces the degree of
directionality of bonding between the Ti atoms.

The beneficial effect of V addition on the room tem-
perature ductility of both single-phase and two-phase
alloys has been the subject of few published papers
[6–9]. After studying the deformation microstructures

of theγ -TiAl phase in the Ti-52Al-3V and Ti-46Al-2V
alloys, the present authors concluded that the defor-
mation microstructures of the ternary alloys are quite
similar to their binary counterparts [10, 11]. The ef-
fect of Er on the room temperature deformation mi-
crostructure of single-phaseγ -TiAl has been studied
by Vasudevanet al. [12]. It was found by these au-
thors that during room temperature deformation dislo-
cations withb= 1/2< 110], having an increased mo-
bility, contributed most significantly to plastic strain
owing to a reduction in the directionality of the bond-
ing charge densities due to the gettering of interstitial
impurities by Er. The present note reports the results
of experiments involving the deformation of samples
of Ti-46Al-2V-0.4Er, which permits to study the effect
of Er on the deformation behaviour of V containing
two-phase alloy.

2. Experimental
Master ingots of Ti-46Al-2V-0.4Er (at %) alloy was
prepared by non-consumable electrode arc melting
technique in a water-cooled copper hearth under an
inert atmosphere of Ar using high purity Ti (99.9%),
Al (99.999%), V (99.9%) and Er (99.95%) (all with
respect to metallic elements). Ingots were heat treated
in a vacuum furnace at 1250◦C for 12 hours and
then furnace cooled to room temperature very slowly.
Compression coupons of dimensions 5× 5× 12.5 mm
were machined from these heat-treated materials
and then were subjected to true strains of 3% in
compression at room temperature, 600◦C and 900◦C.

0022–2461 C© 1999 Kluwer Academic Publishers 2345



           
Thin slices of deformed samples were cut parallel
to the compression axis and discs of 3 mm diameter
were punched from these thin slices. Transmission
electron microscopy (TEM) specimens were prepared
from those discs by using twin-jet electropolishing
technique using 8 vol % sulphuric acid in methanol
at operating conditions of 50 V, 70 mA and−40◦C.
The thin foils were examined in a Philips CM12
transmission electron microscope operating at 120 kV.

3. Results
3.1. Microstructure of as heat

treated samples
The nature of the dislocations present in these samples
has been characterized by diffraction contrast experi-
ments in the transmission electron microscope and an
example is given in Fig. 1a. There are two types of dislo-
cations, labeled as A and B, present in the as heat treated
microstructure. Both types of dislocations are in con-
trast when imaged withg= 1̄ 11̄ (Fig. 1a) andg= 1̄ 1 1;
g is the reciprocal lattice vector of the reflecting planes.
Dislocation A is not in contrast when imaged with either
g= 22̄ 0 (Fig. 1b) org= 3̄ 11̄. Similarly B type dislo-
cations are not in contrast when imaged withg= 0 02̄
(Fig. 1c) and give residual contrast when imaged with
g= 1 11̄. From this analysis the Burgers vector have
been determined asb= 1/2 [1̄ 1̄ 2] for dislocation A
andb= 1/2 [1̄ 1 0] for B type dislocations. From trace
analysis it has been revealed that line direction of dis-
location A is close to [̄1 1̄ 2], whereas line directions
of B type dislocations are close to [1̄ 01̄]. Therefore,
dislocation A is pure screw lying on (111) and B type
dislocations are mixed lying on (1 1̄1).

(a)

Figure 1 (a-c) Weak-beam dark-field transmission electron micrographs obtained from theγ -TiAl phase present in the as heat treated Ti-46Al-2V-0.4Er
alloy (Continued).

3.2. Microstructure of sample deformed at
room temperature

Fig. 2a shows a typical deformation microstructure of
this sample when imaged withg= 2 0 0. The disloca-
tions are labeled as A and B. Type A dislocations are not
in contrast when imaged withg= 1 11̄ andg= 2 2 0,
yielding a Burgers vector given byb= 1/2[11̄ 0]. Sim-
ilarly type B dislocations are out of contrast when im-
aged withg= 1̄ 11̄ andg= 13̄ 1, yielding a Burgers
vector given byb= [1̄ 0 1]. Trace analysis reveals that
type A dislocations are pure screw lying on (1 11̄)
and type B are mixed lying on (1̄1 1). Twins and very
few faulted dipoles are also present in the deformed
sample.

3.3. Microstructure of sample deformed at
600 ◦C

The density of dislocations in the sample deformed at
600◦C changes markedly; large number of curved dis-
locations are also observed. A typical deformation mi-
crograph is presented in Fig. 2b, which has been imaged
with g = 22̄ 0. Dislocations labeled as A, B, C and D
are visible in this micrograph. They are also in contrast
when imaged with g= 1̄ 1 1. They are out of contrast
when imaged with g= 1 11̄ and yield residual contrast
with g= 0 0 2. From this analysis the Burgers vector
have been determined to be 1/2[1̄ 1 0]. Trace analysis
reveals that these dislocations are mixed dislocations ly-
ing on{111} type slip planes. Theb= 1/2< 110] dis-
locations are generally curved and formation of loops
from these dislocations is clearly evident in the mi-
crogrph. This sample has also significant number of
twins.
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(b)

(c)

Figure 1 (Continued).

3.4. Microstructure of sample deformed at
900 ◦C

The 900◦C deformation microstructure is shown in
Fig. 2c, imaged with g= 11̄ 1̄. They are also in con-
trast when imaged with g= 0 2 0. They yield residual
contrast when imaged with g= 1̄ 1̄ 1, but they are com-
pletely invisible when imaged with g= 0 0 2. There-
fore, the Burgers vector of this type of dislocations is
1/2[11̄ 0], and they are lying on (̄11̄ 1) slip plane. Some
of these dislocations lie close to the edge orientation and
some of them are of mixed type. Twins and dislocation
loops can also be seen in this sample.

4. Discussion
The present study shows that in samples of Ti-46Al-
2V-0.4Er deformation is accomplished predominantly

by glide of dislocations withb= 1/2< 110]. Dislo-
cation loops can also be seen in the elevated temper-
ature deformation microstructures, and they are as-
sociated with theb= 1/2< 110] curved and tangled
dislocations. They most likely form due to the in-
teractions of theb= 1/2< 110] dislocations. Such
dislocation morphology has resulted from cross slip,
and might be responsible for high temperature harden-
ing. The deformation microstructure of Ti-52Al-0.4Er
was evaluated by Aindowet al. [13]. The room tem-
perature deformation microstructure is dominated by
b= 1/2< 110] type dislocation. In contrast, the room
temperature deformation microstructure of Ti-52Al is
dominated byb=<101] type dislocation, and very
few b= 1/2< 110] type dislocations are present in the
sample. When Er is added, interstitial impurities are
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Figure 2a Weak-beam dark-field transmission electron micrograph obtained from theγ -TiAl phase present in the Ti-46Al-2V-0.4Er alloy deformed
in compression at room temperature.

Figure 2b Weak-beam dark-field transmission electron micrograph obtained from theγ -TiAl phase present in the Ti-46Al-2V-0.4Er alloy deformed
in compression at 600◦C.

removed from theγ -phase by the gettering action of
Er, and thus Er2O3 particles are formed. The decrease
in amount of interstitials reduces the degree of direc-
tionality of bonding between the Ti atoms, which in
turn decreases the anisotropy in Peierls stress. The dis-
locationsb= 1/2< 110] lie in the deep Peierls valley
in Ti-52Al alloy, whereas these dislocations do not lie
in deep Peierls valley in Ti-52Al-0.4Er alloy owing to
the removal of interstitial impurities from theγ -TiAl
phase by the gettering effect of Er.

In the present study, it is expected that Er will re-
move interstitial impurities from the matrix in a simi-
lar manner as discussed above. Indeed examination of
the microstructure revealed a dispersion of particles of
Er2O3, presumably containing N and C, since particles
of Ti2Al(C, N) were not observed, as in the case of bi-
nary alloys. Interstitial impurities will also be removed
from theγ -TiAl phase byα2-Ti3Al, acting as a getter
in the two-phase alloy Ti-46Al-2V-0.4Er. Therefore, it
is expected that the removal of impurities fromγ -TiAl
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Figure 2c Bright-field transmission electron micrograph obtained from theγ -TiAl phase present in the Ti-46Al-2V-0.4Er alloy deformed in com-
pression at 900◦C.

by the gettering effect of both Er andα2-Ti3Al will re-
sult in a very pureγ -TiAl matrix, which in turn will
reduce the degree of directionality of bonding between
Ti atoms. This in turn will cause the increased mobil-
ity of b= 1/2< 110] dislocation. If the deformation
microstructures of Ti-46Al-2V alloy [11] and Ti-46Al-
2V-0.4Er alloy are compared, it can be seen that they
are very similar. Therefore, this study can not confirm
whether Er has an added advantage in improving duc-
tility of a two-phase alloy. It should be noted that al-
though in the presence of Er2O3 particles, the increased
mobility of various dislocations may imply improved
ductility, other factors such as cleavage stress may be
exacerbated by the high value of yield stress exhibited
by these Er2O3 containing fine grained samples.

5. Summary
Majority of dislocations present in samples deformed
at various temperatures are ofb= 1/2< 110] type. The
number ofb=<101] superdislocation at high temper-
ature is quite low, and this is probably owing to their
low mobility caused by the formation of Kear-Wilsdorf
[14] type of locks. Dislocation loops can also be seen
in the elevated temperature deformation microstruc-
ture, and they are associated with theb= 1/2< 110]
curved and tangled dislocations. The density of twins
in the samples is quite high, and it appears to increase
with the increasing deformation temperature. The de-
formation microstructures of the alloys studied here are
quite similar to those observed in the binary two-phase
titanium aluminides or the V containing two-phase
titanium aluminides, and it appears that Er does not
significantly change the deformation microstructures
of this two-phase alloy, although Er has a significant

effect on the deformation microstructure of the single-
phase alloy.
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