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ABSTRACT

In this work, the impact of the microstructure and the loading conditions on the mechanical behavior of a f-
rich Til7 titanium alloy is investigated. For this purpose, two different initial microstructures are considered :
(i) a two-phase lamellar « 4+ f microstructure and (ii) a single-phase equiaxed f-treated microstructure. First,
compression tests are performed at different strain rates (from 10! to 10 s~') and different temperatures
(from 25 to 900 °C) for both microstructures. Then, optical microscopy, scanning electron microscopy, EBSD
and X-ray diffraction analyses of deformed specimens are carried out. Whatever the loading conditions are,
the flow stress of the as-received « + f Til7 is higher than that of the S-treated Til7. Also, because of a higher
strain-rate sensitivity, the -treated Til7 is less prone to shear banding. At low temperatures (i.e., T <450 °C),
the deformation behavior of both the as-received o + f and the f-treated Til7 is controlled by strain
hardening. For the f-treated Til7 alloy, martensitic transformation is systematically detected in this
temperature range. The softening behavior of the as-received o + f Til7 observed at high temper-atures is
due to the joint effect of dynamic recrystallization, dynamic transfor-mation, adiabatic heating and
morphological texture evolution. For the f-treated Til7 alloy, when the temperature exceeds 700 °C, stress—
strain curves display a yield drop phenomenon, which is explained by dynamic recrystallization.
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Introduction

Titanium alloys are a high-profile candidate for
aerospace applications owing to their excellent cor-
rosion resistance and their high strength-to-weight
ratio [1, 2]. Processing of these alloys often involves
hot deformation. For this reason, several experimen-
tal studies have attempted to quantify the impact of
loading conditions on the plastic flow behavior and
the microstructure evolution of titanium alloys in
both the f and o + f fields [3-5]. While the low-
temperature behavior of o 4 f titanium alloys is
almost exclusively controlled by strain hardening,
softening dominates at high temperatures. Depend-
ing on the initial microstructure and the loading
conditions, the flow softening behavior has been
explained by adiabatic heating [6], two-phase Hall-
Petch effect [4], crystallographic texture changes [7],
globularization of the lamellar microstructure [8]
dynamic transformation [9] and dynamic recrystal-
lization [10]. Also, when the fi-phase volume fraction
is important, some titanium alloys exhibit a yield
drop phenomenon followed by a steady flow regime
at high temperatures [3, 5]. According to Kolli and
Devaraj [5], the yield drop magnitude depends on
both the loading conditions (i.e., strain rate and
temperature) and the concentration of alloying
elements.

This work focuses on the Til7 titanium alloy,
which is a near-f titanium alloy employed for the
manufacturing of compressor blades in aero-engines
with a service temperature less than 500°C [11, 12].
The mechanical behavior of this alloy in processing
conditions is quite complex, mostly because many
physical interconnected phenomena are involved
(e.g., crystallographic slip, phase transformations
[13], recrystallization [14, 15]). In order to understand
the thermo-mechanical behavior of the Til7 titanium
alloy, many experimental studies have been carried
out [3, 16-19]. For instance, Liu et al. [8] conducted
uniaxial compression tests on a Til7 alloy with a
lamellar microstructure at various temperatures
(from 780 to 860°C) and different strain rates (from
1073 to 10 s ). For these loading conditions, the
deformation behavior was found to be governed by
strain softening. For low strain rates, softening was
related to the globularization of the lamellar
microstructure. For high strain rates (i.e., 10 s7h,
softening was explained by strain localization.

Similar conclusions have been drawn by Ma et al.
[20]. The strain localization process driving to the
formation of shear bands has been investigated by
Huang et al. [21]. According to the results, dynamic
recrystallization occurs in f grains in the center
region of adiabatic shear bands while dynamic
recovery takes place in the surrounding region. The
deformation behavior of a sintered Til7 powder has
been investigated by Zhao et al. [19] at different strain
rates (from 1073 to 1s7!) and different temperatures
(from 810 to 920°C). Experimental results have
shown that whatever the loading conditions are, flow
softening dominates the mechanical behavior for
both the o + f- and f-treated microstructures. Zhang
et al. [22] investigated the deformation behavior of a
heat-treated Til7 alloy consisting of equiaxed pri-
mary o-phase grains being embedded in a  matrix at
room temperature for a low strain rate (i.e 1073 s71).
According to the results, basal and prismatic slips
were found to be the main deformation modes, and a
contribution from twinning was also observed.

In order to study the impact of the initial
microstructure on the deformation behavior of tita-
nium alloy, Arab et al. [23] investigated four different
heat-treated microstructures of TA15 titanium alloy.
Experimental results have shown that both strain-rate
sensitivity and adiabatic shear band formation are
strongly influenced by the initial microstructure.
Also, the martensitic o microstructure exhibited the
highest flow stress and hardness level and the lowest
fracture strain. The initial microstructure (bimodal
microstructure) revealed a good ratio strength—duc-
tility. Jiang et al. [24] have studied the effect of the
microstructure heterogeneity on the mechanical
behavior of a near « Ti-6Al-2Zr-1Mo-1V alloy. The
lamellar microstructure (heat-treated microstructure)
was more prone to shear banding than the initial
microstructure (equiaxed microstructure). Similar
conclusions have been reported by Zhao et al. [25]. In
the above studies, little attention has been paid to the
impact of the initial microstructure of the Til7 alloy
on the deformation behavior. More specifically, in
equilibrium conditions, the Til7 alloy exhibits a two-
phase o + f structure at low temperatures while it is
solely composed of f grains at high temperatures
(T>890°C). The effect of temperature is therefore
often difficult to distinguish from the influence of the
initial microstructure since these features are not
changed independently.



This work aims at studying the impact of the initial
microstructure on the thermo-mechanical behavior of
the Til7 alloy. For this purpose, two different
microstructures are considered: (i) a two-phase
lamellar o + f microstructure and (ii) a single-phase
equiaxed f microstructure. The deformation behavior
is evaluated from uniaxial compression tests. These
tests are performed at different strain rates (from 10!
to 10s7") and different temperatures (from 25 to
900°C) for both microstructures. Also, optical
microscopy (OM), scanning electron microscopy
(SEM), electron backscatter diffraction (EBSD) and
X-ray diffraction analyses (XRD) are carried out on
deformed specimens to understand the impact of
microstructural transformations (e.g., martensitic
transformation, recrystallization) on the deformation
behavior.

Experimental procedure

In order to investigate the impact of the initial
microstructure on the deformation behavior of the
Til7 titanium alloy, uniaxial compression tests have
been conducted using a Gleeble 3500 simulator under
vacuum condition (107> bar). Cylindrical specimens,
machined from a forged bar, have been used for the
compression tests. An axial extensometer has been
used to measure the elongation AL while the tem-
perature T has been controlled with a K-type ther-
mocouple. Prior to each test, two graphite sheets have
been placed between the anvils and the upper and
lower faces of compression specimens to reduce
friction and favor electrical conduction. The com-
pression tests have been carried out with a constant
nominal strain rate, ranging from 0.1 to 10 s~', up to
an axial strain of 50%. The initial test temperature is
comprised between 25 and 900°C. The axial true
stress ¢ and the axial logarithmic strain ¢ are com-
puted from the elongation AL and the axial force F
with the following relations:

o= (1+7) 1)

S .

where Ag (respectively, Lo) is the initial gauge area
(respectively, gauge length). The above estimations of
the axial true stress ¢ and true strain ¢ rely on the

assumptions that (i) the volume remains constant
during deformation and (ii) the strain and stress
fields are homogeneous. While this approach is rea-
sonable for low strains, it may yield inaccurate
results, especially at high temperatures and high
strains, for which significant barreling is often
observed. In this case, the strain, the strain rate and
the temperature vary compared to the nominal test
conditions across the specimen.

The chemical composition of the Til7 alloy is given
in Table 1. The as-received « + i microstructure is
shown in Fig. 1. For this condition, the Til7 alloy
displays a lamellar microstructure composed of 67%
of a-phase lamellae and 33% of f-phase matrix. The
average grain size is about 1 mm while the thickness
of o lamellae does not exceed 0.8 um. As shown in
Fig. 1, « lamellae are randomly oriented.

To characterize the mechanical behavior of the as-
received o+ f Til7, specimens are heated to the
compression temperature with a heating rate of
100 °C/s. The temperature is then held constant for 5
s before compression. The compression test is finally
performed, and specimens are rapidly cooled to room
temperature with a compressed air jet.

Vickers hardness measurements, with a load of 500
g, have been performed to evaluate the initial hard-
ness of the o -+ f microstructure, which is about
340 £ 6 HV5. The corresponding standard deviation
is relatively low, which indicates that the Vickers
hardness is not much sensitive to the crystallographic
orientation.

To understand the impact of the microstructure on
the deformation behavior of Til7, a second
microstructure, which 1is solely composed of
equiaxed f§ grains, has been obtained (see Fig. 2). The
procedure used to obtain the S-treated Til7 is as
follows: The specimen is first heated from room
temperature to 920°C (i.e., above the f§ transus tem-
perature) with a rate of 20°C/s. Temperature is
maintained for 10 min, and the specimen is rapidly
cooled down to the test temperature. As before, the
compression test is performed and the specimen is
finally quenched to room temperature. It should be
noticed that the above heat treatment does not affect
the average size of f grains. Vickers hardness mea-
surements, with a load of 500 g, have been performed
to evaluate the initial hardness of the p-treated
microstructure, which is about 306 +5HVs.

The above procedures have been selected to avoid
phase transitions so that, for both the as-received o +



Table 1 Chemical

composition of the Til7 Ti Al

Mo Cr Zr Sn

titanium alloy

82.68 wt% 4.96 wt%

4.01 wt% 4.07 wt% 2.06 wt% 2.02 wt%

Figure 1 Metallographic
observation (OM and SEM) of
the as-received o + f Til7
microstructure.

Figure 2 Metallographic observation of the f-treated Til7 after
solution treatment.

p Til7 and the f-treated Til7, the microstructure at
the beginning of the compression test is the same for
all test conditions. Also, these procedures allow lim-
iting temperature gradients, the maximum tempera-
ture difference being inferior to 20 °C at the beginning
of a compression test.

In this work, each compression test has been
repeated at least three times under identical condi-
tions. A correct repeatability is generally observed.
Indeed, for a given axial strain, flow stress variations
prior to fracture between tests do not exceed 6%.
Also, in this work, the effect of the crystallographic
texture change in the region where the hardness
measurements have been taken was not taken into
account.

Mechanical behavior
As-received o + f Til7 alloy

The stress—strain curves obtained for the as-received
o+ p Til7 alloy at different temperatures and strain
rates are plotted in Fig. 3. As shown in Fig. 3,
regardless of the loading conditions, the stress—strain
curves of the deformed « + f Til7 alloy do not exhibit
a steady flow behavior. More specifically, for high
temperatures (T >650°C), the initial yielding is
immediately followed by a continuous softening. A
similar trend has been observed for this alloy by [26]
and [19]. At the opposite, for low temperatures
(T <450°C), a significant increase in the flow stress is
observed. In the intermediate temperature range
(550 < T <600°C), the as-received o+ f Til7 alloy
displays a two-stage behavior with a hardening stage
followed by a softening stage. For strain rates of 1 s~
and 10 s7', the flow stress at 600 °C is lower than the
one obtained at 550°C. As for 0.1 s~!, the flow
stresses at 550 °C and 600°C are quite similar. This
result is likely explained by the fact that (i) the tem-
perature elevation is higher at 550°C and (ii) shear
banding occurs earlier at 550°C. Both phenomena
would contribute to softening.

Also, because an elevated temperature provides
dislocations with sufficient thermal energy to over-
come short-range obstacles [27], an increase in tem-
perature is associated with a decrease in the flow
stress and an increase in the fracture strain for a given
strain rate.
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Figure 3 Stress—strain curves for the compression tests carried
out on the as-received o+ f Til7 alloy at temperatures ranging

from 25 to 800 °C and different strain rates: 10 s~', 1 s~ and 0.1
-1
s .

p-Treated Til7 alloy

The stress—strain curves for the f-treated Til7 alloy at
various strain rates and temperatures are shown in
Fig. 4. For low temperatures (T <450 °C), the behav-
ior is controlled by strain hardening. At high tem-
peratures (T >700°C), the p-treated Til7 alloy
exhibits a yield drop phenomenon, which is partic-
ularly visible for the lowest strain rate (¢ = 0.1s71).

This specific yielding behavior has already been
reported in many f titanium alloys (e.g., Ti40 [28] and
Ti-20V—4AI-1S [29]). The yield drop is reduced when
the strain rate is increased. A similar trend has
already been observed by Wu et al. [30] when
investigating the high-temperature behavior of the
Ti-55 alloy. Also, for a strain rate of 0.1 s~! some
short-period flow stress oscillations are observed at
high temperatures. Those oscillations are only related
to greater noise when recording low forces on the
Gleeble equipment.

Comparison

The flow stresses, obtained for an axial strain of 10%,
are given in Fig. 5 for both microstructures. Whatever
the loading conditions are, the flow stress of the f-
treated Til7 alloy is inferior to that of the as-received
o + f Til7 alloy. This difference is explained by (i) the
higher fraction of f-phase in the f-treated alloy,
which is known to be the softer phase, and (ii) the
important increase of the mean free path of disloca-
tions due to the dissolution of the a-phase during the
solution treatment used for the preparation of f-
treated Til7 specimens.

For given axial strain ¢ and temperature T, the
strain-rate sensitivity coefficient m is defined by [31]:

(3)

Ologa
m = ,
Ologé|, ¢

where ¢ is the axial strain rate. The strain-rate sensi-
tivity coefficient m has been evaluated for an axial
strain of 10% from the experimental stress—strain
curves. The corresponding results are plotted as a
function of temperature in Fig. 6. While the pro-
gression of the strain-rate sensitivity coefficient with
temperature is moderate for T <650°C for both
microstructures, a significant increase is observed for
high temperatures. In comparison with the as-re-
ceived o + f Til7 alloy, the S-treated alloy is found to
be more strain-rate sensitive in the investigated
temperature range. The higher strain-rate sensitivity
of BCC metals is due to the specific core structure of
screw dislocations. In contrast to other structures, the
core of screw dislocations is spread onto three dif-
ferent slip planes for BCC metals, which renders
difficult the glide of screw dislocation segments. The
movement of screw dislocations therefore proceeds
by the formation of kinks, resulting in a higher strain-
rate sensitivity [32].
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Figure 4 Stress—strain curves for the compression tests carried out on the fS-treated Til7 alloy ranging from 25 to 900 °C and strain rates

ranging from 0.1 to 10 s™'.

Vickers hardness measurements have been per-
formed with a 500 g load along the radial direction of
deformed specimens starting from the center. The
corresponding results are shown in Fig. 7 for both
microstructures. For all deformation temperatures,
the final hardness of the as-received « + f Til7 alloy
is superior to that of the - treated alloy, which con-
firms that the former is harder than the latter.

Discussion

As-received o + f Til7 alloy

For low temperatures (T <450°C), the mechanical
behavior of the as-received o+ f microstructure is
controlled by strain hardening. Because the final
hardness is systematically higher than the initial
hardness, strain hardening remains significant for
both low and high temperatures. Since the average

size of o lamellae remains unchanged during defor-
mation, the increase in hardness is likely explained
by the augmentation of the dislocation density. The
softening behavior observed for both intermediate
and high temperatures cannot therefore be explained
from a recovery mechanism. To better understand the
softening mechanism, some metallographic observa-
tions of deformed specimens have been performed.
According to the results, several phenomena are
expected to contribute to the flow softening behavior.
First, for high temperatures (T >650°C), some
recrystallized grains are observed in the central part
of compression specimens (see Fig. 8). As shown in
Table 2, which provides a summary of the loading
conditions leading to dynamic recrystallization,
recrystallized grains are preferably formed at high
temperatures and low strain rates. As discussed by
Sakai and Jonas [33], the elimination of dislocations
caused by the migration of high-angle boundaries
contributes to softening. Second, as illustrated by
Fig. 9, a-phase lamellae are rotated toward the radial
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the as-received o+ 8 Til7 and the f-treated Til7 alloy as a
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direction of compression specimens. This morpho-
logical texture evolution results in the formation of a
layered microstructure, a-phase lamellae being per-
pendicular to the compression axis. The formation of
such a layered microstructure, for which the yield
stress is controlled by the soft phase, also participates
to the softening behavior. Local kinking of a-phase
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Figure 7 Evolution of the final Vickers hardness (after
deformation) of the as-received o« + f§ and fS-treated Til7 alloy
as a function of temperature. The hardness of the undeformed
material is indicated with a horizontal line.

Formation of a new
grain boundary

Nucleation of new
grains
Figure 8 OM observation of recrystallized grains in the center of

deformed specimen at a strain rate of 1 s™' and a temperature of
800°C.

lamellae is also sometimes observed after deforma-
tion. A similar phenomenon has been observed by Li
et al. [34] in a near-o titanium alloy. Third, the tem-
perature rise AT resulting from adiabatic heating



Table 2 Summary of the

occurrence of adiabatic shear T(°C)  Strain rate (s”')

banding (e) and 0.1 1 10

recrystallization (o) during

uniaxial compression of the as- 25 . . .

received o + f Til7 alloy 450 . . .
550 . ° .
600 . . °
650 o . °
700 o o °
750 o o o
800 o o o

during compression tests is given in Table 3 for the
as-received o+ f Til7 alloy. The temperature
increase is particularly significant for high strain rates
and/or low temperatures. As a result, compression
tests are not carried out under strict isothermal con-
ditions so that a thermal contribution to softening
cannot be excluded in this range. Finally, a contri-
bution of dynamic transformation to softening has
been discussed by Semiatin et al. [35] for the TA6V
alloy. In the present case, the & — f phase transfor-
mation has been detected in the central region of
compression specimens when temperature exceeds
600 °C. Because the fi-phase is softer than the o-phase,
this mechanism likely provides a contribution to the
softening behavior.

Figure 9 SEM observations
of a Til7 specimen after
deformation at a strain rate of
1 s~ and a temperature of
750°C: alignment of a-phase
lamellae and kinking of o-
phase lamellae. The
compression axis is vertical.

Table 3 Summary of the

temperature increase (AT °C) T(°C)  Strain rate (s

after uniaxial compression of 0.1 1 10

the as-received o + f Til7

alloy for an axial strain of 15% 25 60 69 80
450 48 57 74
550 42 50 57
600 34 42 51
650 16 36 46
700 8 17 36
750 6 12 23
800 2 7 13

For some loading conditions, a strain localization
phenomenon, leading to the formation of an adiabatic
shear band (ASB), is observed. The loading condi-
tions leading to the formation of an ASB are pre-
sented in Table 2. ASBs are preferably formed for
high strain rates and low temperatures, when
dynamic recrystallization does not occur. The influ-
ence of temperature on the formation of ASBs is
likely related to the change in strain-rate sensitivity,
an increasing strain-rate sensitivity being known to
reduce the critical strain necessary for the formation
of ASBs [36].

As shown in Fig. 10, adiabatic shear bands are
oriented with an angle of +45° with respect to the

alignment of a-phase lamellae

kinking of a-phase lamellae



Figure 10 Metallographic
observations of the o 4 f§ Til7
specimen deformed at a strain
rate of 10 s™' and a
temperature of 700 °C.

compression direction. As illustrated by Fig. 10,
within an ASB, a«-phase lamellae are severely
deformed and rotated toward the shear direction. In
agreement with the results of Ma et al. [31], some a-
phase lamellae are also fragmented or kinked. At the
opposite, away from an ASB, the microstructure
remains almost unchanged, which indicates that
plastic deformation is almost exclusively accommo-
dated by ASBs.

Some micro-hardness measurements have been
performed on deformed specimens of the o + f Til7
alloy in both the interior and the exterior of an ASB
for different conditions. As shown in Fig. 11, the
hardness in the interior of an ASB is inferior to that in
the exterior region. This phenomenon is likely
explained by the significant local temperature
increase associated with the formation of an ASB
during a compression test. Thus, because shear
banding is accompanied by thermal softening, a
contribution of shear banding to the overall softening
behavior cannot be excluded [37].

p-Treated Til7 alloy

In the high temperature range (T >700°C), the
behavior of the f-treated Til7 alloy is largely
impacted by dynamic recrystallization. Indeed,
according to the EBSD analyses of deformed f-

treated specimens, some recrystallized f grains,
which are preferably formed at triple junctions and
along grain boundaries, are observed at high tem-
peratures (see Fig. 12). The loading conditions lead-
ing to dynamic recrystallization are listed in Table 4.
For these conditions, the yield drop phenomenon is
systematically detected. As suggested by Sandstrom
et al. [38] and Rezaee et al. [39], the yield drop phe-
nomenon is therefore likely due to dynamic recrys-
tallization. Specifically, the growth of recrystallized
grains, with a low dislocation content, is associated
with a rapid decrease in the yield stress.

For low temperatures (T <450°C), martensitic
transformation takes place during the deformation
process of f-treated specimens (see Fig. 13a).
According to Grosdidier et al. [40] and Nwobu [41],
the sequence leading to the formation of the hexag-
onal o’-phase involves an intermediate stage where
the f-phase first transforms into the orthorhombic o"-
phase (ie., f — o — o). In the present case, neither
high-resolution EBSD nor XRD analyses have
allowed detecting the presence of the intermediate
o/-phase.

Also, some twins, with a misorientation of ~ 87°
around (1120), have been observed in the interior of
o/ lamellae (see Fig. 13d). This indicates that the
{1012}(1011) twinning systems are activated during
the deformation of the martensitic phase.
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According to metallographic observations of
deformed specimens, an increase in the strain rate
and/or a decrease in the temperature is associated
with an increase in the volume fraction of o
martensite. A similar trend has been observed by Ma
et al. [42] and Paradkar and Kamat [43]. The effect of
the temperature on the occurrence of the martensitic
transformation has been reported by Hamada et al.
[44]. Furthermore, o martensite lamellae are found to

—1000 =500 0 500 1000

Distance (um)

Table 4 Summary of the
occurrence of adiabatic shear T (°C)
banding (.) and 0.1 1 10

recrystallization (o) during

Strain rate (s~")

uniaxial compression of the f- 25 .

treated Til7 alloy 200 .
450
700 o o o
750 o o o
800 o o )
850 ) o )
900 o o o

nucleate preferably at grain boundaries and propa-
gate across 5 grains. Similar observations have been
reported by Wei et al. [45] in a near-f titanium alloy.

During a deformation process, the martensitic
transformation results in the formation of additional
interfaces, which contribute to strain hardening. A
similar trend has been observed for the ., alloy by
Grosdidier et al. [40] and Grosdidier and Philippe
[46]. In addition, some grains are filled with o
martensite lamellae while some other grains do not
show any evidence of martensitic transformation. As
shown in Fig. 13e, the occurrence of martensitic
transformation results in an important hardness



Figure 13 a Metallographic
observation of an adiabatic

hardness
measurments.
area

»”

shear band in a deformed f3-
treated Til7 specimen at a
strain rate of 10 s~ and a
temperature of 25°C. b o
martensite. ¢ XRD pattern
obtained with a Cu Ko
radiation. d Observation of a
{1012}(1011) extension twin
in a martensitic domain in a f-
treated Til7 specimen that has
been deformed at 25°C and
10 s™'. The Atex software

()

[48] has been used for the

post-processing of EBSD data.

o {101}

— deformed §3-treated Til7
— undeformed $-treated Til7

e Evolution of the final

. . 150
Vickers hardness on a line 7
perpendicular to the =

>

. . 2 100
compression axis. [
[}
i
£

L B{211}

B 321)

< 1L g 220y

0
8 100 120
20(°)
(c) (d)
T=25(°C)
380
—o0— deformed B treated Til7
3701 —— undeformed B treated Til7
360
350 1
0
< 340
I
3301
320 1
3101
300
0 1000 2000 3000 4000 5000 6000

increase. The hardness increase is less significant for
grains with little or no martensitic phase. This result
is likely explained by the reduction of the mean free
path of dislocations due to the formation of fine o
martensite lamellae within § grains.

For the f-treated microstructure, some ASBs are
also observed on deformed specimens (see Fig. 13a).
As shown in Table 4, in comparison with the as-re-

ceived o+ f  microstructure, the f-treated

Distance (um)

©

microstructure is less prone to shear banding. Indeed,
because of a higher strain-rate sensitivity, the for-
mation of ASBs in the f-treated microstructure
requires higher strain rates and lower temperatures.
Indeed, because of a higher strain-rate sensitivity, the
formation of ASBs in the f-treated microstructure
requires higher strain rates and lower temperatures.
The impact of strain-rate sensitivity on the formation
of ASBs has been extensively reported in the



literature [36, 47]. Specifically, a localization phe-
nomenon, such as adiabatic shear banding, initiates
when the strain rate significantly increases in some
region of a specimen. For strain-rate-sensitive mate-
rials, the process leading to strain localization is
easily interrupted as, for further localization to occur,
the applied stress would have to increase signifi-
cantly in the inhomogeneous deformation region.
Strain-rate-sensitive materials are therefore less
prone to shear banding.

Also, according to micro-hardness measurements,
in contrast to the as-received o+ f microstructure,
the hardness within an ASB is higher than that of the
surrounding f matrix (see Fig. 14). A similar trend
has been observed in [49-51]. At this stage, the reason
for this behavior is unclear as neither EBSD analyses
nor SEM observations have allowed determining the
microstructure within the interior of an ASB.
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Figure 14 Evolution of the final Vickers hardness across an

adiabatic shear band in a deformed f-treated Til7 specimens at a

—1

strain rate of 10 s and different temperatures.

Conclusion

The impact of the initial microstructure on the
deformation behavior of the Til7 titanium alloy has
been investigated. In this perspective, uniaxial com-
pression tests have been conducted on cylindrical
specimens at strain rates ranging from 0.1 to 10 s™*
and temperatures ranging from 25 to 900°C. Two
different microstructures have been considered: an
o+ f microstructure consisting of o lamellae being
embedded in a  matrix and a f-treated microstruc-
ture solely composed of equiaxed f grains.

Whatever the loading conditions are, the flow
stress behavior of the « +  microstructure is superior
to that of the f-treated microstructure. Also, because
of a lower strain-rate sensitivity, the o+ f
microstructure is more prone to shear banding. At
low temperatures (i.e., T <450°C), the deformation
behavior of both the as-received o+ f and the f-
treated Til7 is controlled by strain hardening. For the
p-treated Til7 alloy, martensitic transformation is
systematically detected in this temperature range.
The softening behavior of the as-received « + f Til7
observed at high temperatures is due to the joint
effect of dynamic recrystallization, dynamic trans-
formation, adiabatic heating and morphological tex-
ture evolution. For the f-treated Til7 alloy, when the
temperature exceeds 700 °C, stress—strain curves dis-
play a yield drop phenomenon, which are explained
by dynamic recrystallization.
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