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Abstract: The present study evaluated the β recrystallization behavior and deformation microtexture
evolution of TB6 titanium alloy (Ti-10V-2Fe-3Al) taking place during isothermal compression. The hot
deformation tests were carried out in the temperature range below the β phase transition temperature
and spanned a wide strain rate range of 0.0001~1 s−1. Microstructure evolution on β phase, including
its recrystallization behavior and microtexture formation, is sensitive to the strain rates, whereas
the average grain size of equiaxed α phase exhibits a slight increase with the strain rate decreasing.
Moreover, β recrystallization is not homogeneous among the prior β grains, and is characterized
by: (I) enriched β sub-grains, (II) sporadically or chain-like distributed recrystallized β grains with
a grain size far less than the prior β grains, and (III) wave-shaped β grain boundaries. The β

recrystallization is inadequate and its orientation takes on the inheritance characteristic, which
makes the β microtexture significant after deformation. At a lower strain rate, the high activity
of the {11−2}<111> and {12−3}<111> slip systems induced the crystal rotation around <101>, but
such crystal rotation did not destroy the Burgers orientation relationship (BOR), which could be
accounted for by the generation of a strong microtexture of <001>//RD. The divergences on β

recrystallization fraction, the operation of slip systems, and initial crystal orientations explain the
different microtexture components with varied intensities under different deformation conditions.

Keywords: hot deformation; dynamic recrystallization; β microtexture; near-β titanium alloy

1. Introduction

Near β titanium alloy serves as an important structural material with high strength,
low weight, and excellent corrosion resistance, and these important property features make
the material one of the most potential candidates for wide application in various fields
such as aerospace, automotive, and weaponry and equipment industries [1–4]. Compared
with other materials with high performance, it shows significant advantages on strength,
corrosion resistance, biocompatibility, and formability [3,5–7]. For the specific use of the
alloys, they would undergo multiple processing procedures to achieve the required shape
of the component. Generally, radical plastic deformation, like forging and hot rolling
deformation, is an essential step in the component forming process [8]. Simultaneously,
the required mechanical properties can be directionally modulated during hot working by
means of the sensibility of microstructure evolution on processing variables [9–11], finally
yielding a desirable Ti-alloy product with minimal scrap. Therefore, a comprehensive and
profound understanding of the behavior and intrinsic mechanisms of the microstructure
transformation and crystallographic texture evolution that determine the performance of
products is a prerequisite for working out the proper processing craft route.

Metals 2021, 11, 1397. https://doi.org/10.3390/met11091397 https://www.mdpi.com/journal/metals

https://www.mdpi.com/journal/metals
https://www.mdpi.com
https://doi.org/10.3390/met11091397
https://doi.org/10.3390/met11091397
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/met11091397
https://www.mdpi.com/journal/metals
https://www.mdpi.com/article/10.3390/met11091397?type=check_update&version=1


Metals 2021, 11, 1397 2 of 16

A homogeneous microstructure without significant preferred grain orientation is an
eternal pursuit, especially for the forming of a large-scale structural component. However,
it is difficult for near-β titanium alloys, which is mainly reflected in the coarse β grains
that are hard to refine and the β microtexture generated after hot deformation. For the tex-
ture, which is directly influenced by thermo-mechanical processing (TMP), its components
and evolution rules may be associated with phase transformation, lamellar morphology
transformation, and recrystallization behavior. The result is that a cluster of α phase with a
sharp orientation concentration named macrozone would generate, which can be observed
in the billets of near-α titanium alloy [12,13]. Such a local α texture can be weakened to a
certain extent via changing the strain path and adopting the interrupted loading method to
accelerate the α morphology transformation and improve the microstructure homogene-
ity [14,15]. However, for the β titanium alloys forged in single β phase regime, they usually
showed a sharp {001} texture, i.e., the {001} crystal planes of β phase were perpendicular to
loading direction [16]. The dynamic recrystallization (DRX) and dynamic recovery (DRV)
mainly control the microstructural evolution during hot deformation in single β phase
regime. Differently, the fiber textures of {001} and {111} are generated during (α + β)-phase
field deformation [17]. Therefore, we can conclude that the β texture generated in deforma-
tion or post-deformation treatment and its intensities may be significantly affected by the
processing parameters, α phase evolution, and β recrystallization.

Over the past years, abundant investigations on hot deformation of typical near-β
titanium alloy, such as Ti-55531 alloy, Ti-7333 alloy, and Ti-1023 alloy, have been made
by researchers [8,18–23]. It has been generally accepted that DRV and DRX serve as the
primary dominant mechanisms controlling the isothermal compression process in a single
β phase field and (α + β) dual-phase field. Additionally, the two microstructure evolution
behaviors are all sensitive to the deformation temperature, strain rate, strain, and phase
transformation [18–22]. The investigations by Chen et al. [23] and Murty et al. [24] demon-
strated that the DRX that occurred in rolling deformation was an effective mechanism
for grain refinement, which can weaken the intensities of deformation texture to some
extent. In continuous cooling hot deformation, the β DRX also played an important role in
weakening the texture, where the texture components differed at different cooling rates.
The above research provides us with an extensive understanding of the characteristics of
β phase evolution and its influence in weakening the deformation texture. However, the
experimental results by Li et al. [8] showed that recrystallization texture would inherit the
texture components of the deformed matrix, i.e., the nucleation sites of recrystallized grains
could be selective. They held the view that the strain-induced boundary migration (SIBM),
as a typical mechanism for the static mechanism, mainly controlled the recrystallization
behavior during the hot-rolling deformation followed by the air-cooling process. Therefore,
considering the multiple mechanisms controlling the DRX process, it can be concluded that
the deformation texture is strongly associated with β recrystallization behavior. In addition,
Meng et al. [16] and Li et al. [25] hold a view that β phase evolution was significantly
affected by α kinking or α precipitation. Generally, in practical industrial production, the
processing route of hot forging in the (α + β) phase field is of vital importance to modu-
late the mechanical properties of titanium alloys. The α phase microstructure evolution,
including its morphology transformation and phase transformation, would affect the β

phase evolution. During deformation, α coarsening with its grain boundaries expanding
could be observed, especially at a lower strain rate, which would affect the lattice rotation
and the dislocation gliding in the neighboring β phase. Both would affect the dynamic
recovery and continuous recrystallization, and consequently, the microtexture evolution.
However, for the hot processing in the (α + β) dual-phase regime, limited literature is
available elucidating the role of β recrystallization on β microtexture evolution.

It can be concluded that the understanding of β recrystallization and β microstruc-
ture evolution is of vital importance to develop and enrich the mechanisms in the hot
deformation of titanium alloys. In addition, from the industrial point of view, it would be
helpful to explore a more effective technological route for grain refinement and texture
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control. Therefore, this paper aims at deepening understanding of the β microtexture
formation mechanism by considering multi-mode microstructural evolution including α

phase and β phase evolution. We paid specific attention to the role of β recrystallization
on β microtexture characteristics. Considering that the TB6 (Ti-10V-2Fe-3Al) is a typical
near-β titanium alloy and its practical application is relatively wide, it was thus selected
for this investigation. In this paper, the forged TB6 (Ti-10V-2Fe-3Al) bar with equiaxed
α grains was used, and the hot compression was carried out in the (α + β) dual-phase
regime. The electron backscatter diffraction (EBSD) technique was used to analyze the
crystallographic orientations and microstructural morphology. The conclusions explain a
deeper understanding of the complicated microstructure evolution during hot deforma-
tion of near-β titanium alloys, providing further instructions on the determination of hot
processing parameters.

2. Materials and Methods

A hot forged bar of TB6 titanium alloy with a diameter of 350 mm was used as
the initial material in this research, which was produced by Western Superconducting
Technologies Co., Ltd. (Xi’an, China) Based on the multiple measurements, the chem-
ical composition (in wt. %) of the as-received bar was determined to be 9.92V, 1.79Fe,
3.23Al, 0.007C, 0.005N, 0.102O, and Ti (balance). By means of metallographic method, the
α→ β transition temperature was examined to be 805 ◦C. Further, some standard samples
with the height of 12 mm and the diameter of 8 mm were prepared for the subsequent
isothermal compression tests. Hot compression tests in this paper were all conducted on
a Thermecmaster-Z thermal-mechanical simulator, which works under a certain vacuum
environment. The key factor that matters for the success of hot compression tests lies in the
control and measurement of sample temperatures. Therefore, the R-type thermocouple
was chosen and two thermocouple wires were needed in our compression tests. At the
center of the height of the cylindrical specimen, the two thermocouples were welded onto
the side surface of the sample and they were next to each other. Furthermore, the friction
between the specimen and dies is also inescapable. Therefore, two pieces of mica plates
were required to be placed in advance on the bottom and top surfaces of the compression
specimens, respectively, with the purpose of reducing friction and achieving a relatively
uniform deformation during compression.

The hot compression tests were performed at the temperature ranging from 740 ◦C
to 780 ◦C with a 20 ◦C interval and the strain rates of 0.0001 s−1, 0.01 s−1, and 1 s−1. The
compression ratio at each deformation condition was 50% in the vertical direction of the
specimen. The specimen was required to be held for 5 min at the deformation temperature
for the purpose of ensuring the uniform temperatures distribution on the specimen before
deformation. After deformation, argon gas would flow onto the compressed specimen to
achieve the fast cooling of specimens, thereby retaining the as-deformed microstructure.

The compressed specimen was cut axially for further microstructure characterization.
The microstructure was examined by the Lecia DMI3000M optical microscope (LECIA,
Shanghai, China) and the ZEISS Sigma 300 scanning electron microscope (ZEISS, Shanghai,
China) with a Nordlys Nano Detector. The EBSD samples were prepared by conventional
grinding and finally polished on a BUEHLER vibratory finishing machine (BUEHLER,
Shanghai, China). For EBSD examination, the selected observation areas were located
in the center of the samples, and the step size was 0.4–1.5 µm. The data acquisition was
post-processed using HKL Channel 5 EBSD software (veision 5.0.9.0, Oxford Instruments,
Oxford, UK) and the non-commercial imaging software ATEX© (version 2.14, Université
de Lorraine, Metz, France) [26].

3. Result and Discussion
3.1. The Microstructural Characteristics of the As-Received Material

It can be seen from Figure 1a that the microstructures of the as-received TB6 bar are
bimodal with 67% equiaxed α grains uniformly embedded in a β matrix. It was a forged
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billet experiencing multiple forging/annealing loading routines in single β and dual (α + β)
domains. The average size of equiaxed α grains was near 3 µm. Figure 1b indicates the
orientation map of the β phase in a cross-section microstructure. It can be seen that the local
texture of the β phase is significant according to the orientation distribution of the β phase.
The β microstructure is commonly found in the deformed near-β titanium alloy [27].
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The DRV is the dominant soft mechanism during hot deformation for the titanium
alloys with high stacking fault energy [28]. The DRX, as an effective way of grain refine-
ment, could be promoted to some extent by increasing the deformation temperature and
decreasing the strain rate [29]. However, the contribution of the recrystallization fraction
of the β phase to the refinement of the β phase is still limited. In addition, the generation
of recrystallization grains may lead to the strengthening of the local β texture. Generally
speaking, it is hard to effectively weaken the β microtexture by hot working. However, α
texture intensity can be effectively controlled by means of its morphology transformation.
According to our previous studies [14], the α morphology transformation process (globular-
ization) can be accelerated by multi-pass interrupted loading and multi-directional loading.
Synchronously, considering the sensitivity of the lamellar α evolution to its geometric and
crystallographic orientations and the semi-quantitative relationship between them [15], the
α texture could be directionally regulated. However, based on the abundant studies [27], it
can be concluded that a {110} β pole would overlap the {0001} α pole, but with significant
spread after hot processing. It reflected the remaining trace of the Burgers orientation
relationship. Consequently, the deformed β grains still tend to present a local orientation
concentration, which is hard to eliminate simply by hot working.

3.2. The As-Deformed Microstructure
3.2.1. The Effects of Strain Rates and Deformation Temperatures on the Morphology and
Distribution of the Prior α Phase

Figures 2 and 3 exhibit a general view of the deformed α phase microstructural
characteristics. The characterization results indicate that the α phase distribution, including
its morphology, grain size, and volume fraction, is uniform for the initial microstructure,
which can be seen in Figure 2a (the white phase denotes the α phase). After deformation,
overall, the α phase distribution remains relatively homogeneous in center deformation
regions, as shown in Figure 2b–f. However, due to the small grain size of the α phase
and the limitations of metallographic images, it is hard to further identify some important
information about the α morphology, its distribution features, and the grain size. Therefore,
the corresponding EBSD data were also analyzed, as shown in Figure 3. It can be seen that
the grain size of the equiaxed α phase is 2–4 µm and it has a slight increase with the strain
rate decreasing. However, the volume fraction of the α phase would decrease significantly
with the deformation temperature increasing (Figure 3f). In addition, the volume fraction
of the α phase is not sensitive to the strain rate. By contrast, the deformation temperature
mainly affects the α → β phase transformation process, but has little influence on α
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phase coarsening. According to the investigation by Lin et al. [30], as the strain rates or
deformation amounts increased, the volume fraction of the α phase would decrease. They
contributed this phenomenon to the dynamic transformation during hot deformation;
however, it is not observed in the experimental results in this work.
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The α phase evolution is further analyzed by incorporating the crystallographic
and morphologic information. Figure 4 shows the IPF maps of the α phase and the
corresponding distribution of grain boundary misorientation in the α phase of the deformed
microstructure at different deformation conditions. It is worth noting that the high-angle
grain boundaries (HAGBs) occupy the certain proportion at the strain rate of 0.0001 s−1, as
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shown in Figure 4a,d,e. The fractions of low-angle grain boundaries (LAGBs) in the α phase
are higher than that of the HAGBs at the strain rates of 0.01 s−1 and 1 s−1, as indicated
in Figure 4b,c. The result indicates that the deformation would make new LAGBs and
HAGBs in equiaxed grains. Additionally, the generation of LAGBs would be accelerated
with the stain rate increasing.
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3.2.2. β Recrystallization and β Microtexture Evolution

DRV usually occurs in the early deformation stage, in which the dislocations would
be annihilated and easily rearranged as arrays. The result of DRV is the occurrence of
LAGBs. The DRX is usually characterized by the formation of new strain-free fine grains.
The two softening mechanisms are all significantly affected by the deformation conditions.
Figure 5 gives the orientation distribution maps of the β phase at 740 ◦C and the different
strain rates. The measured areas were located in the center of CA-RA planes, and the gray
areas in the orientation maps represented α grains. Additionally, the areas indicated by
the squares in Figure 5a–c are enlarged in Figure 5d–f. As a whole, the prior β grains were
elongated along the RA direction, and the dynamic recovery and recrystallization occurred
at all strain rates, characterized by the enriched β sub-grains, sporadically or chain-like
distributed recrystallized β grains with a grain size far less than the prior β grains, and
wave-shaped β grain boundaries. The continuous dynamic recrystallization (CDRX) can
be considered as a dominant mechanism controlling the β phase microstructure evolution,
which could be characterized by the new grains with HAGBs. The HAGBs could generate
by the progressive rotation of sub-grains during the hot deformation [31]. The formation
of HAGBs would be affected by the initial grain size, deformation conditions, and α phase
evolution. Therefore, it can be seen that the β recrystallization is not homogeneous inside
the prior β grains (Figure 5a–c).
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The Kernel average misorientation maps (KAM) are calculated to investigate the
geometrically necessary dislocations accumulated during hot deformation, which could
reflect the local strain of different regions. As seen in Figure 6a–c, the regions colored
with green and yellow expand with the strain rate increasing, which reflects the internal
deformation and resultant microstructure evolution behavior. Notably, the KAM value
is usually higher in the β/β boundaries and α/β phase boundaries, seen by comparing
the IPF maps (Figure 5) and KAM maps (Figure 6). The high KAM values in the β/β
boundaries can be attributed to the bcc crystallographic rotation and slip system activation.
Additionally, under the strict Burgers orientation relationship, the slip transmission would
be hindered at the α/β phase boundaries, leading to the high KAM values here. Figure 6d
histogram illustrates the distribution of local misorientation average angles at different
strain rates. It reflects the accelerated deformation hardening progress as the strain rate
increases, which also demonstrates that the geometrically necessary dislocation (GND)
evolution is closely related to plastic deformation and microstructural evolution. The
evolution of the GND density could be reflected by the average KAM values. Therefore, the
average KAM values are calculated. By calculation, the average KAM values in Figure 6a–c
are 0.82, 1.43, and 1.58 (degree). It can be seen that the GND density would increase
appreciably as the strain rates increased from 0.0001 s−1 to 0.01 s−1 and fluctuate slightly
as the strain rates increased from 0.01 s−1 to 1 s−1.

Generally, the loss of Burgers orientation relationship (BOR) between the α and β

phase would give a wider latitude in the plastic deformation of the two phases, thus
facilitating the slip deformation and consequently giving rise to the dislocation pile-ups.
Wang et al. [32] reported that, under compressive deformation in the two phases field, the
process of lamellae α fragmenting into the spherical ones was accompanied by the loss of
BOR. Additionally, the efficiency of the morphology transformation mostly depends on
the deviation degree of the BOR, which means that it plays a significant role in lamellar
α evolution. It has been reported that the BOR would deteriorate with cumulative defor-
mation amounts, and the results by Klimova et al. [33] showed that the total loss of BOR
would occur as the true strain reached 1.2. It is reasonable for us to deduce that the β

phase evolution would be significantly influenced under the strict BOR, especially for the
deformation of α/β boundaries and its neighboring microstructure evolution. Therefore,
considering the α/β phase boundaries restricted by the BOR, a detailed analysis was made
to investigate the deviation of the ideal BOR with the strain rate increasing.
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The local areas identified by a red square marked in Figure 6a are enlarged in Figure 7a,
as shown, where arrows A and C are the β phases, and arrow B is the neighboring α phase
separated by the α/β phase boundaries. Differently, the KAM value in A is higher than
that in C, and this varied misorientation along the α/β phase boundaries is common in
other areas. In spite of this, the β phases at arrows A and C and the left adjacent α phase
presented by arrow B obey the BOR well, as seen in Figure 7b–d. In Figure 7b,d, it could
be explicitly observed that the bcc crystal structure in the adjacent β phase differs a lot,
where the bcc crystal in C rotates 90 degrees about the [001] axis compared with the β

phase in A. If this crystal rotation was motivated from deformation, it would give rise to
the significant crystal orientation fluctuation, consequently producing the HAGBs inside
the β phase here. However, no significant orientation fluctuation could be observed in
Figure 5d. Therefore, the reason may be back to the variation selection during the α→ β

transformation process when the specimen was heating and holding. For the initial material
that experienced hot forged processing in this paper, there are cumulative dislocations
and defects in the microstructure. Therefore, the β variant selection may occur during
the heating and holding before deformation, which consequently may affect the β phase
evolution in hot deformation. Additionally, it can be seen that there is less deviation of the
BOR between the β phase in arrow C and the α phase in arrow B, which reflects that the
variation selection during the α→ β transformation would affect the deformation of the
β phase.
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As demonstrated in Figure 6, as the strain rate increases, the integral KAM values
and the proportion of the average misorientation angles higher than 1◦ both have an
increment. Additionally, the average misorientation distribution of the β phase in the
local areas indicated by a red square marked in Figure 6b is exhibited in Figure 8a. The
{110} β pole figures at arrows A and C can be seen in Figure 8b,d. The corresponding
{0001} α pole figure at the adjacent α phase at arrow B is exhibited in Figure 8c. The prior
equiaxed α phase (arrow B) and its neighboring β phase (arrows A and C) obey the BOR
(Figure 8b–d). According to the corresponding crystal structure relationship, the slip planes
of the α and β phases satisfy a certain relationship (0001)α//{110}β, {0−110}α//{1−12}β
and {0−111}α//{01−1}β. Furthermore, the <11−20> α slip direction keeps parallel to the
<111> β slip direction. It is accepted that the dislocation slip transmission across the α/β
phase boundaries would be promoted given that the slip systems of the constitutive phase
were in good geometric alignment [33]. According to their investigation, it can be known
that the slip systems of the β phase would be notably activated through slip transmission
under a certain condition. This can occur when the slip system of the β phase and the
most active slip system of the α phase hold a collinear slip relation. The phenomenon
that dislocations are concentrated at the phase boundaries (arrow A) suggests that, even
under the BOR (Figure 8b,c), the slip transmission at the interfaces is difficult due to the
non-collinear slip relation of slip systems of the two phases [34].
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As for arrow C, it rotates a lot compared with the β phase in arrow A, and the KAM
value in arrow C is lower, which means that the slip transmission here was not hindered.
The activation of slip transmission would affect the texture evolution in the β phase, which
is worthy of further exploration. In addition, the significant α grain rotation in arrow C
cannot be overlooked, and consequently resulted in the HAGBs, as shown in Figure 5e.
However, such a severe grain rotation did not destroy the BOR between the two phases,
which indicates that the orientation evolution of the β phase is conditioned by the BOR.
Further, under the circumstances, the strong β microtexture with various components
would form easily.

According to the characterization results above, the recrystallized β grains with a
small grain size could be found at the initial α grain boundaries or inside the β matrix.
Figure 9 shows the distribution of the grain boundary misorientation in the β phase for
the deformed microstructure and the corresponding IPF maps at different deformation
conditions. It can be seen that the fraction of HAGBs at a lower strain is significant
high, which could reflect the recrystallization fraction, i.e., the recrystallization would be
promoted with decreasing the strain rate. To further verify the result, the distribution
of the grain boundary misorientation in the β phase at other deformations can be seen
in Figure 10. The fractions of HAGBs at each deformation temperature are high and the
distribution of HAGBs is significantly heterogeneous. The β recrystallization grains are
inlaid inside the β matrix, in which they show an aggregation distribution at a lower strain
rate and a dispersed distribution at a higher strain rate. Li et al. [35] reported that the
DRX would enhance with the strain rate increasing due to the accumulated dislocations,
i.e., there would be a more sufficient driving force for the LAGBs transforming into the
HAGBs. However, as the DRX is also a time-consuming process, there would be limited
opportunities for the recrystallized β grains to further grow up and extend if the strain rate
was higher.
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As shown in Figures 5 and 10, the deformed β phase with a dynamic recovered state
occupied a large fraction in the matrix, which may dominate the texture components
and their intensity after deformation. According to Figure 5, the IPFs of sub-structured
and deformed grains and recrystallized β grains were further calculated to analyze the
β microtexture characteristics at different deformation conditions, which can be seen in
Figure 11. From the above results, it can be observed that the β microtexture is significant.
It can be interpreted by the fact that the β recrystallization would inherit the microtex-
ture components of the sub-structured and deformation grains to some extent, and this
phenomenon is more significant at the strain rate of 0.0001 s−1.

The intensity and components of microtexture are different at different conditions.
When the strain rate was 0.0001 s−1, the β recrystallization phase and sub-structured
and deformed grains displayed a simple <001>//RD fiber microtexture component. The
<001>//RD microtexture was found in β titanium alloys after compression deformation,
which would deteriorate the mechanical properties of the final products.

It has been reported that the occurrence of β recrystallization would further strengthen
the microtexture and its intensity would increase with the strain increasing [36], which were
both observed in the forging process in the β single-phase region. A weak <102>//RD mi-
crotexture could be observed both within the recrystallized β grains and the sub-structured
and deformed β matrix when the strain rate was 0.01 s−1. On the other hand, the recrys-
tallized β grains showed a more significant orientation spread than the sub-structured
and deformed matrix. Two kinds of orientation concentration for the recrystallized and
deformed microstructure could be seen when the strain rate reached 1 s−1. This is be-
cause two initial β grains with different crystallographic orientations were included in the
scanning area, as shown in Figure 5c. By comparison, it seems that the orientation of β
recrystallization did not solely present the “inheritance” characteristic, and the β microtex-
ture intensity would be weakened due to the occurrence of some β recrystallization grains
with no-preferred orientation. The differences in microtexture components and intensity
may be affected by initial orientation, β recrystallization, and deformation conditions.
Therefore, the operated β slip systems need to be discussed further.
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3.2.3. The Activity of β Slip Systems during Deformation

The operating of slip systems finally affected the microtexture intensity. During
deformation, the activity of slip systems depends on the Schmid factor (SF) and the crit-
ical resolved shear stress (CRSS). For the β phase in titanium alloys, the {1−10}<111>,
{11−2}<111>, and {12−3}<111> slip systems are perceived as the active ones at high tem-
peratures. Among them, the activity of the {1−10}<111> slip system would result in a weak
{001} and a sharp {111} texture; whereas the {11-2}<111> and {12-3}<111> slip systems tend
to generate a {111} and {001} β texture, respectively [16,27]. Figure 12 shows the Schmid fac-
tor maps for the {1−10}<111> slip system, in which the SF value is calculated relative to the
CA. The corresponding distributions of SF values for the {1−10}<111>, {11−2}<111>, and
{12−3}<111> slip systems can be seen in Figure 13. At a lower strain rate, the {1−10}<111>
slip system is highly activated, in which the SF value of the β phase is mostly larger than
0.4 (Figure 12a,b). However, as shown in Figure 12c, there is a significant differentiated
distribution of the SF value in the two regions (the two adjacent initial β grains). The SF
values in the top region of the image are commonly less than 0.4, which is more significant
within the un-recrystallized β grains.
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At 0.0001 s−1, the highest frequency SF value on the {110}<111> slip system is ~0.435
(see the peak point on the black curve in Figure 13a), and this value is markedly lower
than that at 0.01 s−1. However, the case is contrary for the SF value distribution on the
{11−2}<111> and {12−3}<111> slip systems, i.e., the highest frequency SF values are ~0.495
and 0.485, respectively, at the stain rate of 0.0001 s−1 (seen in Figure 13b,c), which are
higher than that at 1 s−1 and 0.01 s−1. Therefore, the higher activity of the {11−2}<111> and
{12−3}<111> slip systems enhanced the <001>//RD β microtexture, as shown in Figure 12.
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To further determine if the β grains rotated along the axes of some special interfaces,
the maps of Rot. Axes in crystal CS0 were plotted, as shown in Figure 14. The weak rotation
axes had a multiple uniform distribution (mud) of less than 2 on the standard unit triangle,
which hints that the deformed grains experienced a slight lattice rotation. However, in this
work, it would be considered to take on the preferred in-grain misorientation axes when
the maximum intensity was higher than 2, which is consistent with the definition in the
literature by Chun et al. [37]. It is noted that the distribution of the rotation axes of 2~15◦

boundaries in the β phase is not concentrated toward a certain axis, showing a maximum
intensity lower than 1.3 at any strain rate. It indicates that the rotation of 2~15◦ boundaries
was nearly unaffected by the strain rate. For the boundaries with high angles of 15~75◦,
the rotation axes show a non-uniform distribution at 0.01 s−1 and 0.0001 s−1, the intensities
of which are not negligible around the <101> axis, unlike the case for the 2~15◦ boundaries.
As the strain rate increases to 1 s−1, strong intensities around the <101> axis cannot be
observed, showing a relatively uniform distribution.
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duced the crystal rotation around <101>, but such crystal rotation did not destroy the
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BOR between the two constituent phases. The result is that some β/β boundaries with
misorientation angles less than 15◦ would form inside the deformed β matrix. Addition-
ally, these β/β boundaries would further transform into the HAGBs with deformation
proceeding. The low β recrystallization fraction and the crystallographic inheritance of
the recrystallized β grains on the adjacent matrix account for the strong β microtexture
after hot compression. With the strain rate increasing to 0.01 s−1, dislocation multiplication
increases, and the fraction of LAGBs also increases. According to the experimental result,
we could conclude that the {1−10}<111> and {12−3}<111> slip systems are activated during
deformation, consequently decreasing the <001>//RD microtexture and generating the
<102>//RD microtexture. Based on the multiple characterization results above, it can be
concluded that the CDRX is the main mechanism controlling the recrystallization process
inside β grains. When the strain rate was higher, the dislocation glide would be a dominant
deformation mechanism, and some divergences on the operation of slip systems in two β

grains with different orientations lead to a relatively weak microtexture and a lower value
in rotation axes mud.

4. Conclusions

This research focuses on the β-phase evolution characteristics of TB6 titanium alloy
during (α + β) dual-phase field isothermal compression, which was undertaken by the
electron backscatter diffraction technique. Some main conclusions could be drawn from
above experimental results analysis.

1. The β recrystallization is not homogeneous among prior β grains, and is characterized
by enriched β sub-grains, sporadically or chain-like distributed recrystallized β grains
with a grain size far less than the prior β grains, and wave-shaped β grain boundaries.
The fraction of HAGBs would increase with the strain rate decreasing, whereas the
average grain size and the volume fraction of the α phase are relatively stable with the
strain rate varying. The CDRX is the main mechanism controlling the recrystallization
process inside β grains and it is more significant at a lower strain rate.

2. The prior, coarse β grains are difficult to effectively transform into fine grains with
random crystallographic orientations by an axial compression deformation in the
(α + β) field, which is reflected in the orientation inheritance of recrystallized β grains.
A significant β microtexture could be observed in the deformed microstructure. The
β recrystallization microtexture did not solely present the “inheritance” characteristic,
and its intensity would be weakened to a certain extent due to the occurrence of some
recrystallization grains with no-preferred orientation.

3. When the strain rate was 0.0001 s−1, the operation of the {11−2}<111> and {12−3}<111>
slip systems would induce the crystal rotation around <101>, but such crystal rotation
does not destroy the BOR between the two constituent phases, which may be the main
reason that is causing the formation of a strong β microtexture. With the increasing
the strain rate, the {1−10}<111> and {12−3}<111> slip systems are activated during
deformation, consequently weakening the <001>//RD microtexture.
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