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Abstract: In this study, the influence of initial microstructure and deformation temperature on the flow
stress behavior and microstructural evolution of TIMETAL®407 (Ti-407) alloy are investigated. For
this purpose, compression cylinders were β-annealed at 940 ◦C and then cooled to room temperature
using furnace cooling, static air, and water quenching to promote three initial microstructures with
different α lath thicknesses. The annealed cylinders were compressed isothermally in the range of
750 ◦C to 910 ◦C at a constant crosshead speed of 0.05 mm/s up to an engineering strain of −0.8.
The resulting stress–strain curves are discussed in terms of the morphology and distribution of the
α and β phases. It was found that flow stress is inversely proportional to deformation temperature
for all initial microstructures. At the lowest temperatures, compressive yield strength was higher
in water-quenched and air-cooled samples than in furnace-cooled specimens, suggesting that the
acicular α-phase morphology obtained by rapid cooling could enhance mechanical strength by
hindering dislocation motion. Two high-temperature flow regimes were determined based on the
shape of the flow stress curves, indicating microstructural changes occurring during deformation. At
higher temperatures, the effect of the initial microstructure is negligible as the primary α phase is
transformed to the β phase at around 850 ◦C irrespective of the initial α-lath thickness.

Keywords: Ti-407; uniaxial compression; microstructural evolution; β anneal

1. Introduction

Titanium alloys are widely used in aerospace, power generation, chemical processing,
and marine applications due to their high specific strength, good thermal stability, and
excellent corrosion resistance, despite their high buy-to-fly ratio and associated forging and
machining difficulties. This has led to a strong drive for near-net titanium fabrication [1] as
well as the development of titanium alloys with lower associated manufacturing costs.

Titanium alloy TIMETAL® 407, or Ti-407 (Ti-4V-0.8Al-0.08Fe-0.2Si, in wt.%), is an
(α + β) alloy developed by TIMET as a lower cost direct replacement of Ti-6Al-4V alloy, the
most commonly used titanium alloy worldwide [2]. Ti-407 may be used with advantage
for applications where energy absorption during fracture and High Cycle Fatigue (HCF)
endurance limit are the key design criteria [3], such as engine fans and compressor casings.
In terms of fabrication, Ti-407 alloy was designed for improved manufacturability, including
low-temperature forming and increased machining speeds.

One of the main benefits and most important features offered by Ti-407, compared with
Ti-6Al-4V, is a significant improvement in ductility, offering superior manufacturability
and increased machining speeds with lower contact forces. In terms of thermomechanical
processing, the lower flow stress, greater malleability, and wider process window of Ti-407
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should allow it to be forged using a lower quantity of reheats while exhibiting less surface
cracking and requiring less machining.

In regard to its performance in service, due to its relatively low strength, Ti-407 may
not be able to substitute all Ti-6Al-4V components, but promisingly, Ti-407 demonstration
casings have shown 2.5 times the lateral expansion and more than twice the impact energy
was absorbed compared to Ti-6Al-4V [4]. In tension, Ti-407 alloy has significantly increased
ductility (quasi-static strain to failure increase of 60%) but reduced strength (quasi-static
ultimate strength reduction of 34%) in comparison to Ti-6Al-4V. The combination of an
increase in ductility and a reduction in strength gives similar toughness values for the
two alloys [5].

Ti-407 alloy was designed by starting with the same vanadium content as Ti-6Al-4V to
retain the β phase at room temperature, but with lower aluminum (~0.8 wt.%). Reducing
Al content improves ductility [6] and machinability of titanium alloys [7], β-eutectoid
elements like Si and Fe are also added to provide some solid solution strengthening [8]. Al-
though Ti-407 has a similar amount of β stabilizers, its density is higher when compared to
Ti-6Al-4V, due to the overall reduction in aluminum content. However, with an appropriate
component design, Ti-407 could be incorporated as a weight-neutral, alternative alloy [9].
In terms of its β-transus temperature (Tβt), the temperature at which the alloy is constituted
by 100% β phase, it is expected to be significantly lower than that of Ti-6Al-4V due to the
aluminum reduction, as described in the titanium–aluminum binary diagram [10]. The Tβt
has been reported as high as 890 ◦C by the alloy supplier. However, recently, Singh and
Souza reported Tβt = 875 ◦C [11].

Regarding the effect of (α + β) processing on room-temperature mechanical properties,
it has been reported that the toughness of Ti-407 alloy after solution and aging treatments
(STAs) is significantly improved using oil quenching rather than air cooling or water
quenching after the solution treatment. Samples tested under uniaxial compression at room
temperature exhibited a higher strain to fracture [12], indicating that the cooling rate from
the (α + β) field influences the room-temperature flow stress behavior.

From the manufacturing standpoint, the effect of multi-pass high-temperature rolling
and subsequent annealing on the extent of spheroidization of the α phase as well as the
texture development has been assessed, and it has been reported that high stored energy
prior to annealing and the activation of deformation twinning when samples were deformed
at 650 ◦C and rolled to 75% reduction resulted in greater spheroidization of primary α

phase and transformed β phase [8]. While these findings shed light on the microstructural
development of Ti-407 alloy, the interaction of the lamellar microstructure typically present
in the initial steps of the forging process with the deformation temperature and its effects
on the flow stress behavior remain unclear.

Microstructural evolution in titanium alloys has been broadly studied [13–15], recently
including the incorporation of mathematical modeling, computational simulation [16,17],
and machine learning algorithms [18] that can predict phase diagrams, material properties,
crystal structures [19], martensite formation [20], and β-transus temperature [21] to a cer-
tain extent based on existing materials databases, which rely heavily on the accumulated
literature [22]. Nevertheless, the addition of multiple elements to new titanium alloys may
cause more phases to form, making available a wide variety of microstructures, especially
for engine components obtained through a long thermomechanical processing route [23].
Therefore, the characterization of newly introduced titanium alloys in terms of microstruc-
tural manipulation via thermomechanical processing is still of paramount importance.

The objective of this study is to characterize the hot deformation behavior of Ti-407
in uniaxial compression, as it is the dominant deformation mode in forging [24], over a
wide range of temperatures with different initial lamellar microstructures varying in α-lath
thickness. The results of this work allow correlating high-temperature flow stress with
microstructural evolution in terms of α-phase globularization for the optimization of sub-
and super-β-transus forging processes, typically used in the manufacture of large titanium
alloy components.



Metals 2024, 14, 505 3 of 12

2. Materials and Methods

Ti-407 material was supplied in the form of a seamless rolled ring processed with a
combination of temperatures above and below the β transus (Tβt), that is, in the β-phase
field and in the (α + β) temperature region, respectively. Tβt was determined by non-
isothermal dilatometry, as this technique is an effective method for studying the phase
transformation process [25,26] since the expansion curve and its first derivative can indicate
the onset, development, and completion of the phase transformation [27]. The thermal
dilatometry test was performed using a Linseis model L75 vertical dilatometer at a constant
heating rate of 5 ◦C/min from room temperature to 900 ◦C. The thermal expansion of a
cylindrical sample measuring 10 mm in diameter and 30 mm in length was plotted as
a function of temperature, and its first derivative with respect to time was obtained to
indicate the rate of expansion. The chemical composition of the as-received material is
listed in Table 1.

Table 1. Chemical composition of the as-received Ti-407 material, in wt.%.

V Al Si Fe O C N Ti

3.6 0.85 0.21 0.26 0.15 <0.03 <0.008 Bal.

Once the Tβt was determined, a set of compression cylinders measuring 10 mm in
diameter and 15 mm in height were machined to have their axes parallel to the axial
direction of the rolled ring. To reset the microstructure of the incoming material, the
machined cylinders were β-annealed at 940 ◦C for one hour using a resistance-heated
muffle furnace and then cooled to room temperature in water, still air, or within the furnace
to promote the formation of different lamellar α-phase morphologies. It is noteworthy
that the cooling rate after solution treatments is considered the principal and most critical
processing variable that affects the nucleation mechanism and the kinetics of the β→α

phase transformation, as the content of grain boundary α (αGB), α colony size, and lamellar
α thickness all decrease with an increase in the cooling rate [28].

The β-annealed cylinders were then isothermally deformed in uniaxial compression
using an MTS (Materials Testing System) universal testing machine model QTest, at a
constant crosshead speed of 0.05 mm/s (initial strain rate

.
ε ≈ 5 × 10−3 s−1) to reach an

effective strain of −0.8 under an inert atmosphere of argon to minimize oxidation; the
isothermal deformation temperatures were 750 ◦C, 770 ◦C, 790 ◦C, 810 ◦C, 830 ◦C, 850 ◦C,
870 ◦C, 890 ◦C, and 910 ◦C. The samples were heated to the defined temperatures for
30 min before being compressed; colloidal graphite was used as a lubricant to reduce
friction between the Ti-407 samples and the compression anvils. Upon reaching the target
strain, the deformed cylinders were air-cooled to room temperature. Stress–strain curves
were constructed with load and displacement data obtained from the universal testing
machine for every deformation temperature and initial microstructure combination.

After compression testing, the deformed cylinders were sectioned parallel to the com-
pression axis, and their cross-section microstructure was characterized by means of optical
microscopy using a Zeiss microscope model Axio Observer. The samples were ground with
silicon carbide sandpapers to 1200 grit and then mechanically polished using a diamond
paste solution, followed by chemical etching in a 2 mL HF + 4 mL HNO3 + 100 mL water
solution; α- and β-phase morphologies and distributions were characterized using a JEOL
JSM-IT200 scanning electron microscope.

The globular α fraction (%) and the α lath thickness were determined from scanning
electron microscope images using ImageJ software (Version 1.53k), based on the relative
content of globular α in the SEM images. In the present work, α platelets with an aspect
ratio (length-to-thickness) < 3 are considered as globular. The value of 3 was selected based
on other studies performed on α + β titanium alloys [8,29].
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3. Results and Discussion

The dilatometric curve of the phase transformation from α→α + β→β on heating
is shown in Figure 1. Tangential lines (black lines) have been added to the expansion
curve (red curve) to facilitate visualization of the non-linear expansion behavior during
the α + β→β transformation. The first derivative of the expansion with respect to time
(blue curve) was included to assess the peak of the α + β→β transformation. The onset,
peak, and completion of the α + β→β transformation were identified at 796 ◦C, 839 ◦C, and
869 ◦C, respectively. Since titanium has a high solubility of oxygen in both α and β phases,
oxygen present in the atmosphere diffuses into the sample during the dilatometric tests,
and with this increase in oxygen content, Tβt also increases [30]. Under these conditions,
Tβt was approximately 869 ◦C. This value is within 1% of that reported by Singh and
Souza [11].
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Figure 1. Dilatometric curve during heating process at a constant heating rate of 5 ◦C/min.

Figure 2 shows SEM secondary electron images corresponding to the three initial
conditions of Ti-407 alloy after β annealing and subsequent cooling; these images consist
primarily of prior β-grain boundaries and intragranular α laths which exhibit a decrease
in thickness as the cooling rate increased. It must be noted that the cooling rate increases
from Figure 2a–c. The different phases found were determined based on their appear-
ance and were identified using a commonly accepted nomenclature for titanium alloy
microconstituents [31].
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As can be observed in Figure 2a, furnace-cooled samples developed a combination of
intragranular α-Widmanstätten laths (αW) and coarser α-phase lamellae (grain boundary
allotriomorphs) which decorate the prior β-grain boundaries. This type of microstructure
is similar to that observed in Ti-6Al-4V alloy slowly cooled from the β field. In this case,
however, the coarse lamellar microstructure is characterized by the presence of grain
boundary α (αGB) and α-Widmanstätten (αW) platelets that nucleate on the αGB layer and
grow inside the β grains, while the β phase is stabilized due to the vanadium enrichment
during slow cooling.

On the other hand, Figure 2b shows that the air-cooled microstructure developed a
combination of acicular martensite (α’), intergranular α-Widmanstätten laths (αW), and
some prior β-grain boundaries decorated with αGB. These observations indicate that at this
intermediate cooling rate, a martensitic transformation could not be reached completely,
and some amount of lamellar α nucleated and grew.

Finally, as depicted in Figure 2c, water-quenched specimens showed a predominantly
martensitic microstructure, characterized by the presence of intragranular needle-shaped α’,
as under this condition, the cooling rate was high enough to effectively hinder the diffusion-
controlled mechanism of α-phase lamellar growth. This martensitic transformation has
also been reported for other titanium alloys, such as Ti 6-Al-4V [32].

The α/α’ lath thickness and primary α content as a function of cooling rate were mea-
sured using ImageJ software (Version 1.53k) for image analysis. The results are summarized
in Table 2. It can be noted that as the cooling rate increases from furnace cooling to water
quenching, the α-lath thickness decreases, indicating that α-lath growth is time-dependent,
given that, as the cooling rate decreases, the martensitic transformation changes to a diffu-
sional transformation [33]. Also, the resulting primary α content decreases from 82% to
65% as the cooling rate increases, suggesting that a larger fraction of metastable β phase is
retained upon rapid cooling.

Table 2. Primary α thickness and volume fraction obtained upon cooling from 940◦ C/1 h in different
cooling environments.

Furnace Cool Air Cool Water Quench

α lath thickness (µm) 1.7 ± 0.8 0.6 ± 0.3 0.5 ± 0.2

% primary α 82 70 65

High-temperature compression results for the three starting microstructures using
constant crosshead speed at different temperatures were used to assess the flow stress
behavior and microstructural evolution of this alloy. True stress–true strain curves were
computed from load and displacement values gathered from the universal testing machine
data acquisition software. Figure 3 shows the flow stress curves up to a true strain of −0.8.

In general, all samples that were deformed at low temperatures (below 830 ◦C) ex-
hibited, first, an increase in the flow stress at 0 < ε < 0.1, resulting from work hardening
up to the peak stress, followed by a flow softening until reaching a steady state flow. It
is noteworthy that for strains larger than ~0.5, the stress–strain curves exhibit an appar-
ent increase in stress which is associated with the effects of friction during the uniaxial
compression tests. This effect is more relevant for test temperatures lower than 850 ◦C.

The observed work hardening at the initial deformation stage has been reported as well
for Ti-6Al-4V alloy with initial lamellar microstructure under high-temperature uniaxial
compression below the β-transus temperature [34]. On the other hand, flow softening has
been reported in other titanium alloys, and it may be caused by different physical processes,
including deformation heating, dynamic globularization of the prior lamellar α laths,
kinking of α, shear band formation, and texture change [28]. A similar flow softening
behavior is reported for Ti-6Al-4V alloy as a result of the globularization of the lamellar
structure, that is, the partition of α laths into equiaxed α globules, as well as the progressive
realignment of the α laths perpendicular to the loading direction [35,36]. Also, this flow
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softening could be attributed to a dynamic transformation of the microstructure, as it has
been reported as one of the primary sources of flow softening during the thermomechanical
processing of titanium alloys [37].

Metals 2024, 14, x FOR PEER REVIEW 6 of 12 
 

 

  

 
Figure 3. True stress–true strain curves of Ti-407 alloy at constant crosshead speed of 0.05 mm/s up 
to a deformation ε = −0.8 at different temperatures for three initial conditions: (a) β-annealed and 
slowly cooled in furnace, (b) β-annealed and air-cooled, and (c) β-annealed and water-quenched. 

In general, all samples that were deformed at low temperatures (below 830 °C) ex-
hibited, first, an increase in the flow stress at 0 < ε < 0.1, resulting from work hardening 
up to the peak stress, followed by a flow softening until reaching a steady state flow. It is 
noteworthy that for strains larger than ~0.5, the stress–strain curves exhibit an apparent 
increase in stress which is associated with the effects of friction during the uniaxial com-
pression tests. This effect is more relevant for test temperatures lower than 850 °C. 

The observed work hardening at the initial deformation stage has been reported as 
well for Ti-6Al-4V alloy with initial lamellar microstructure under high-temperature 
uniaxial compression below the β-transus temperature [34]. On the other hand, flow sof-
tening has been reported in other titanium alloys, and it may be caused by different 
physical processes, including deformation heating, dynamic globularization of the prior 
lamellar α laths, kinking of α, shear band formation, and texture change [28]. A similar 
flow softening behavior is reported for Ti-6Al-4V alloy as a result of the globularization 
of the lamellar structure, that is, the partition of α laths into equiaxed α globules, as well 
as the progressive realignment of the α laths perpendicular to the loading direction [35] 
[36]. Also, this flow softening could be attributed to a dynamic transformation of the mi-
crostructure, as it has been reported as one of the primary sources of flow softening dur-
ing the thermomechanical processing of titanium alloys [37].  

Finally, it was observed that there was an increase in the flow stress at ε > 0.5 due to 
the intensification of frictional forces between the specimen and the compression anvils. 
For test temperatures T > 830 °C, the peak stress and the yield strength were very close 
to each other, and the flow stress went into a steady state upon reaching the peak stress, 
indicating the prevalence of dynamic recovery throughout the test. 

Regarding the effect of cooling media after β annealing of compression specimens 
on the yield strength and the peak stress (Figure 4), furnace-cooled samples showed the 
lowest yield strength, while water-quenched and air-cooled specimens displayed the 
highest yield strengths, indicating an inverse proportion of mechanical strength with ini-
tial α-lath thickness. This behavior is observed especially at the lower deformation tem-
peratures (up to 830 °C). Above this threshold, the influence of initial microstructure on 
mechanical strength is virtually negligible, as the initial lamellar hcp α phase is increas-

Figure 3. True stress–true strain curves of Ti-407 alloy at constant crosshead speed of 0.05 mm/s up
to a deformation ε = −0.8 at different temperatures for three initial conditions: (a) β-annealed and
slowly cooled in furnace, (b) β-annealed and air-cooled, and (c) β-annealed and water-quenched.

Finally, it was observed that there was an increase in the flow stress at ε > 0.5 due to
the intensification of frictional forces between the specimen and the compression anvils.
For test temperatures T > 830 ◦C, the peak stress and the yield strength were very close
to each other, and the flow stress went into a steady state upon reaching the peak stress,
indicating the prevalence of dynamic recovery throughout the test.

Regarding the effect of cooling media after β annealing of compression specimens
on the yield strength and the peak stress (Figure 4), furnace-cooled samples showed
the lowest yield strength, while water-quenched and air-cooled specimens displayed the
highest yield strengths, indicating an inverse proportion of mechanical strength with
initial α-lath thickness. This behavior is observed especially at the lower deformation
temperatures (up to 830 ◦C). Above this threshold, the influence of initial microstructure on
mechanical strength is virtually negligible, as the initial lamellar hcp α phase is increasingly
transforming into the high-temperature bcc β phase. This behavior is also reported for
Ti-55 near α-titanium alloy as temperature approaches Tβt [38].

As can be observed in Figure 4, there is a sharp change in the slope of the linear
temperature dependence of the yield strength and the peak stress in the temperature range
of 830–850 ◦C. This behavior can be attributed to the α + β→β transformation, which was
confirmed by metallographic examination of the deformed samples as discussed below.

Figure 5 shows a reconstruction of optical microscopy images from the cross-section
of a compression specimen deformed to a strain of −0.8 at 750 ◦C. Metallographic analysis
revealed different zones within the specimens, characterized by (a) the presence of a heavily
worked microstructure in the center of the sample, where strain was mainly concentrated;
(b) a dead metal zone in the vicinity of the surfaces as a result of frictional forces due to the
contact with the anvils; and (c) a moderately deformed area concentrated in the periphery,
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where a barrel shape is formed also as a consequence of friction. At this scale, all samples
showed a similar behavior.
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Figure 5. Cross-section view of a β-annealed (940 ◦C/1 h/furnace cool) sample, reheated at 750 ◦C
for 30 min, uniaxially deformed in compression (ε = −0.8), and then prepared metallographically to
highlight the deformation zones.

To gain more insight into the microstructural evolution of the deformed samples,
higher magnification optical microscopy images from the center (intense shearing zone)
of the specimens are presented in Figures 6–8 for the three different starting conditions.
In addition, the lower left corner of each of these pictures shows a higher magnification
SEM image.

At a low deformation temperature (750 ◦C), plastic deformation causes coarsening
and realignment of elongated α grains in the direction normal to the applied stress, inde-
pendently of the initial microstructure (compare Figures 6a, 7a and 8a).

As the deformation temperature increases to 790 ◦C, coarsening of the elongated
α grains occurs faster, and an alignment perpendicular to the compression axis is also
evident in the material that was furnace-cooled after the β-annealing treatment (Figure 6b).
In contrast, in deformed air-cooled and water-quenched specimens, the α laths become
kinked, as depicted in Figures 7b and 8b.

Compressive deformation at 830 ◦C and higher temperatures causes drastic changes in
the microstructure. As can be seen in Figures 6c and 8c, after deformation at 830 ◦C, material
furnace-cooled or water-quenched after the β-annealing treatment exhibits the presence of
equiaxed α grains within a transformed β matrix, which indicates that this temperature
is just below the Tβt. A similar behavior has been reported for titanium alloy TA15, in
which the deformation above a critical globularization strain [39] at temperatures close to
Tβt influenced the volume fraction and aspect ratio of the α phase [40]. On the other hand,
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the sample that was air-cooled after the β annealing (Figure 7c) exhibits a microstructure
consisting of a combination of elongated and equiaxed α grains in a transformed β matrix.
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Figure 7. Microstructure of Ti-407 alloy after β annealing at 940 ◦C/1 h, air cooling, and subsequent
uniaxial compression (ε = −0.8) at 0.05 mm/s at different temperatures: 750 ◦C (a), 790 ◦C (b),
830 ◦C (c), 870 ◦C (d), and 910 ◦C (e).

Upon plastic deformation at T > 850 ◦C, coarse β grains containing intragranular lamel-
lar α were identified in the deformed samples (Figure 6d,e, Figure 7d,e and Figure 8d,e),
confirming that deformation was carried out above the Tβt, and α laths were observed to be
nucleated during the cooling stage after compression. Even with the high strain magnitude
applied (ε = −0.8), at this temperature, globularization of the α phase was not achieved, as
there was no α phase present during high-temperature deformation.
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Figure 8. Microstructure of Ti-407 alloy after β annealing at 940 ◦C/1 h, water quenching, and
subsequent uniaxial compression (ε = −0.8) at 0.05 mm/s at different temperatures: 750 ◦C (a),
790 ◦C (b), 830 ◦C (c), 870 ◦C (d), and 910 ◦C (e).

Comparing the initial microstructure presented in Figure 2a–c with the deformation
microstructures presented in Figures 6–8, respectively, it becomes evident that plastic
deformation in uniaxial compression at T < 790 ◦C produces elongated and kinked α laths.
As the temperature increases above 790 ◦C but below Tβt, the elongated and kinked α laths
suffer a change in morphology to globular α grains with aspect ratios < 3. A similar
transformation of the α phase towards an equiaxed morphology upon high-temperature
deformation close to Tβt has also been reported for Ti-6Al-4V and Ti-6Al-2Mo-2V-1Fe,
as a result of spheroidization [41–43]. Finally, for deformation at T > Tβt, the α phase
observed after cooling to room temperature exhibits a lamellar morphology, regardless of
the magnitude of the strain (ε = −0.8) applied during uniaxial compression testing.

The globular α fraction, measured as an area percentage on SEM images with ImageJ
software, increased with testing temperature (Figure 9), indicating that the globularization
process is highly dependent on temperature. This temperature dependence has been re-
ported as well for Ti60 alloy (Ti-5.6Al-3.7Sn-3.2Zr-0.5Mo-0.4Nb-1.0Ta-0.37Si-0.05C), also
influencing the crystallographic orientation evolution of both the α and β phases [44]. The
maximum globular α fraction was obtained in the range of 815–830 ◦C, while transforma-
tion to the β phase was completed at ~835–870 ◦C for the three initial conditions. This
temperature was estimated from the temperature dependence of the yield strength and the
peak stress (Figure 3) and confirmed by non-isothermal dilatometry (Figure 1).
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As can be seen in Figure 4, the completion of the (α + β)→β transformation causes
a change in the slope of the strength–temperature relationship. On the other hand, the
α-phase thickness, also measured with ImageJ software, increased with temperature up to
830 ◦C. Above this threshold, the α-phase thickness decreases to a minimum and does not
change significantly as the deformation temperature increases to 910 ◦C. This observation
suggests that after the plastic deformation of Ti-407 at T > Tβt, α-lath thickness obtained
by cooling from the β-phase field is independent of temperature, irrespective of the initial
microstructure. This finding correlates well with the plateau in yield and peak stresses
shown in Figure 3 for deformation temperatures T > 835 ◦C, shown in Figure 4, evidencing
the dependence of mechanical strength on α-lath thickness.

4. Conclusions

The initial microstructure and temperature dependence of the flow stress of Ti-407
alloy was determined using uniaxial compression tests in the range of 750–910 ◦C. Initial
lamellar microstructures with different lath thicknesses were obtained via β annealing
at 940 ◦C for one hour and then furnace cooling, air cooling, or water quenching. The
following conclusions are drawn from this investigation:

(1) Compressive yield strength revealed a marked dependence on the initial microstruc-
ture. Yield strengths of furnace-cooled specimens were consistently lower throughout
the test temperatures up to about 835 ◦C, where all initial microstructures converge at
a yield strength of 14 MPa. This behavior is attributed to the higher α lath thickness
of furnace-cooled specimens (1.7 ± 0.8 µm) in comparison with air-cooled and water-
quenched samples (0.6 ± 0.3 µm and 0.5 ± 0.2 µm, respectively), as there are fewer
inter-lath β ligaments per unit area to hinder dislocation motion.

(2) The globular α fraction increased with temperature, reaching a maximum of 15–16%
in the range of 815–830 ◦C, just below the Tβt. Deformation at temperatures below
815 ◦C produced predominantly elongated α phase, indicating that the strain mag-
nitude solely is not enough to promote globularization of the α phase, but a certain
temperature threshold below the Tβt must be reached.

(3) Flow stress behavior revealed two temperature-dependent regimes based on the form
of the true stress–true strain curves: (a) the low-temperature regime (750–815 ◦C)
showing a peak stress at ε < 0.1 as a result of work hardening, followed by a softening
stage, characterized by morphological changes in the alpha phase (kinking and then
globularization) as well as flow localization, and (b) the high-temperature regime
(830–910 ◦C), where flow stress remains virtually constant after reaching the peak
stress, indicating a continuous competition of strain hardening and dynamic recovery
in the deformed β grains.
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