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High-temperature mechanical behavior and microstructure evolution during hot deformation of an as-cast
β-solidified Ti–44Al–2V–1Nb–1Zr–0.2Gd–0.2B alloy were studied. The as-cast alloy was subjected to uniaxial
compression at temperatures from 1100 to 1250 ◦C and strain rates in the range 0.001–1 s−1. Different mecha-
nisms of microstructure evolution were found to operate depending on deformation temperature and phase fields.
Transformation of the initial lamellar microstructure into globular one in the α2 + γ and α + γ phase fields were
associated with dynamic recrystallization/spheroidization processes. Dynamic recrystallization was the controlling
process of the microstructure evolution in the α and α+ β phase fields. Deformation in all phase fields resulted in
microstructure refinement which, in turn, induced superplasticity under certain temperature-strain rate conditions.
The relationships between mechanical behavior and microstructure after deformation were discussed.
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1. Introduction

Intermetallic γ-TiAl based alloys are considered as
promising materials for aerospace and automotive in-
dustries, and potentially can be used for manufacturing
of gas turbine blades, turbine rotor discs, and automo-
bile valves due to low density and good high temper-
ature performance [1, 2]. However, γ-TiAl alloys have
found only limited applications because of low ductility
at room temperature [1]. Several approaches to improve
the low-temperature ductility while maintaining a suf-
ficient level of high-temperature mechanical properties
have been suggested so far [1]. One of the ways is to de-
crease the size of lamellae colonies, for example, by hot
working [3]. However, poor ductility makes any thermo-
mechanical processing of γ-TiAl alloys quite complicated.

In the present study deformation behavior and mi-
crostructure evolution of a β-solidifying γ-TiAl based al-
loy with a nominal composition Ti–44Al–2V–1Nb–1Zr–
0.2Gd–0.2B were studied in the temperature range of
1100 to 1250 ◦C and the strain rate range 0.001–1 s−1.
The effect of rare earth element (REE) on the initial mi-
crostructure, its evolution during deformation and me-
chanical behavior of β-solidifying alloys has not been in-
vestigated so far.

2. Materials and procedure
A γ-TiAl based alloy with a nominal composition of

Ti–44Al–2V–1Nb–1Zr–0.2Gd–0.2B (at.%) was produced
by chill casting. Cylindrical specimens having 10 mm in
diameter and 15 mm in height were compressed isother-
mally to a true strain of 1.2 at constant strain rates of
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0.001, 0.01, 0.1, and 1.0 s−1 and temperatures of 1100,
1150, 1200, and 1250 ◦C. After straining, the specimens
were quenched by argon gas flow. The deformed spec-
imens were sectioned along the compression axis. The
microstructure of the compressed specimens was exam-
ined in central area.

The microstructure was examined using scanning elec-
tron microscopy (SEM), electron backscattered diffrac-
tion (EBSD), and transmission electron microscopy
(TEM).

3. Results and discussion

The microstructure of the as-cast Ti–44Al–2V–1Nb–
1Zr–0.2Gd–0.2B was found to consist mainly of α2 +
γ lamellae colonies surrounded by particles of various
chemical compositions (the γ phase, the β phase, two
types of Gd-rich phases and two types of borides, Fig. 1).
The size of the α2+ γ colonies was approximately 20 µm
(Fig. 1) with the average inter-lamellar spacing of 70 nm.

Stress–strain curves of the Ti–44Al–2V–1Nb–1Zr–
0.2Gd–0.2B alloy obtained during isothermal compres-
sion at 1100–1250 ◦C showed stress peak at the begin-
ning of plastic flow followed by a flow softening and a
steady state flow stage (Fig. 2) that is quite typical of
high temperature deformation of such kind of materials.
The flow stress of the alloy expectably decreased with
increase of temperature and decrease of strain rate. In
addition, the length of the steady state flow stages be-
came greater in those phase fields which corresponded
to higher temperatures. At low temperatures and high
strain rates some specimens fractured before attaining
the target deformation ϕ = 1.2 (Fig. 2). Flow stress oscil-
lations, which were observed at temperatures ≥ 1150 ◦C
and a high strain rate (Fig. 2), can be associated with
dynamic recrystallization.
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Fig. 1. Microstructure of the as-cast Ti–44Al–2V–
1Nb–1Zr–0.2Gd–0.2B alloy.

Fig. 2. True stress–true strain curves: T = 1100 ◦C
(a), T = 1150 ◦C (b), T = 1200 ◦C (c), T = 1250 ◦C (d).

Microstructure of the alloy compressed to ϕ =
1.2 depended considerably on deformation temperature
(Fig. 3). Deformation at the temperature 1100 ◦C (α2+γ
phase field) (Fig. 3a) resulted in transformation of the
initial α2+γ lamellae microstructure into equiaxed α2
and γ phase particles [4–6]. The lamellae transforma-
tion occurred due to the development of a recrystalliza-
tion/spheroidization processes. The fraction and the size
of the spheroidized/recrystallized grains increased with
an increase of deformation temperature and decrease of
strain rate (Figs. 4, 5).

Homogeneous fine-grained structure formed at 1100 ◦C
and 0.001 s−1 (Fig. 3a). During deformation in the α+γ
phase field (1150 ◦C) mainly lamellar was transformed
into equiaxed one. An increase in deformation tempera-
ture from 1200 ◦C to 1250 ◦C resulted in microstructure
coarsening (Fig. 3c,d).

Fig. 3. EBSD inverse-pole-figure (IPF) of the Ti–
44Al–2V–1Nb–1Zr–0.2Gd–0.2B alloy after uniaxial
compression at 1100 ◦C (a), 1150 ◦C (b), 1200 ◦C (c),
and 1250 ◦C (d) and strain rates of 0.001 s−1 to a strain
of ϕ = 1.2. The loading direction is vertical.

Fig. 4. The size of spheroidized/recrystallized grains
in the Ti–44Al–2V–1Nb–1Zr–0.2Gd–0.2B alloy as a
function of deformation temperature and strain rate.

The grain size which was obtained during deformation
decreased (with an increase of a strain rate) from 19.5 µm
(at ε̇ = 0.001 s−1) to 3.3 µm (at ε̇ = 1 s−1) at T =
1200 ◦C and from 23.5 µm (at ε̇ = 0.001 s−1) to 4.1 µm
(at ε̇ = 1 s−1) at T = 1250 ◦C (Fig. 4).

Dependences of the fraction of recrystallized grains (i.e.
grains with the grain orientation spread, GOS < 1◦)
on deformation temperatures (1100–1250 ◦C) and strain
rates (0.001–1 s−1) are shown in Fig. 5. In the α+γ phase
field (T = 1150 ◦C) at a strain rate of 0.001 s−1 the frac-
tion of the recrystallized grains was ≈ 30% (Fig. 5a). An
increase in strain rate resulted in an increase of fraction
of grains with the GOS < 1◦ to the maximum of ≈ 72%
at ε̇ = 0.1 s−1. At even higher strain rate, a moderate de-
crease in the recrystallized fraction to ≈ 63% was found.
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Fig. 5. Dependence of the volume fraction of grains
with the GOS < 1◦ (a) and the HAGBs fraction (b)
calculated from the EBSD data for deformation temper-
atures of 1150–1250 ◦C and strain rates of 0.001–1 s−1.

Fig. 6. Dependence of the strain rate sensitivity of flow
stress (m) of the Ti–44Al–2V–1Nb–1Zr–0.2Gd–0.2B al-
loy on deformation temperature and strain rate.

In the α phase field (T = 1200 ◦C) an increase in strain
rate also resulted in an increase of the volume fraction
of the recrystallized grains (Fig. 5a). The peak value of
≈ 80% was attained at ε̇ = 0.1 s−1. In the α + β phase
field (T = 1250 ◦C) the highest fraction of grains with
the GOS < 1◦ (90%) was found at the lowest strain rate
of 0.001 s−1. At higher strain rates, the fraction of the
recrystallized grains became lower (70–75%). This is an
indication of diminishing of dynamic recrystallization at

high temperatures. In the α + γ and α phase fields the
HABs fraction increased with an increase in strain rate
and reached the maximum at 0.1 s−1 (Fig. 5b), similarly
to the fraction of grains with the GOS < 1◦ (Fig. 5a). In
the α+β phase field (T = 1250 ◦C) the HABs fraction at
a strain rate of 0.001 s−1 was ≈ 90%. The HABs fraction
slightly reduced with an increase in strain rate.

The strain rate sensitivity of flow stress (m) values
was used for the processing maps plotting. The maxi-
mum values of m corresponded to the combination of the
highest deformation temperatures and the highest strain
rates (Fig. 6).

4. Conclusions

1. Mechanical behavior of Ti–44Al–2V–1Nb–1Zr–
0.2Gd–0.2B alloy in the intervals of temperature
from 1100 to 1250 ◦C and strain rates from 0.001 to
1 s−1 was investigated. Higher temperatures and
lower strain rates were associated with lower flow
stress. The shape of the stress–strain curves de-
pended on the deformation temperature. At higher
temperature and lower strain rate the duration of
a steady plastic flow stage became longer.

2. Microstructure after various deformation condi-
tions was investigated. It was shown that defor-
mation in the studied temperature — strain rates
interval in all cases lead to microstructure refine-
ment; the refined microstructure volume increased
with an increase in temperature and a decrease in
the strain rate.

3. It was shown that superplasticity with the values
of the strain rate sensitivity of flow stress m > 0.3
was observed in all phase fields.
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