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Abstract: The hot tensile deformation and fracture mechanisms of a Ti-5A1-5Mo-5V-1Cr-1Fe alloy with
bimodal and lamellar microstructures were investigated by in situ tensile tests under scanning electron
microscopy (SEM) and electron backscatter diffraction (EBSD). The results show that the main slip
deformation modes are prismatic slip ({1100}<1120>) and pyramidal slip ({1101}<1120>) under tension
at 350 °C. In the bimodal microstructure, several parallel slip bands (SBs) first form within the primary
o (xp) phase. As the strain increases, the number of SBs in the ap phase increases significantly and
multislip systems are activated to help further coordinate the increasing deformation. Consequently,
the microcracks nucleate and generally propagate along the SBs in the op phase. The direction of
propagation of the cracks deflects significantly when it crosses the ap/f interface, resulting in a
tortuous crack path. In the lamellar microstructure, many dislocations pile up at the coarse-lath o (o)
phase near the grain boundaries (GBs) due to the strong fencing effect thereof. As a result, SBs develop
first; then, microcracks nucleate at the &1, phase boundary. During propagation, the cracks tend to
propagate along the GB and thus lead to the intergranular fracture of the lamellar microstructure.

Keywords: Ti alloy; microstructure evolution; hot tensile deformation; fracture mechanism

1. Introduction

Near-p-titanium alloys have been widely used in aerospace applications as important
structural materials, such as in aeroengine compressor disks and turbo blades, due to
the excellent corrosion resistance, high-temperature mechanical properties, and creep
performance [1-3]. The damage and fracture behaviors of titanium alloy subject to high-
temperature environments are very important for the safety of aerospace systems [4,5]. The
improvement in high-temperature performance and service security of titanium alloy is
always a focus among researchers exploring both the deformation and fracture behaviors
of titanium alloys at high temperature [6-8].

Recently, the microstructural evolution and deformation mechanism of titanium al-
loys during thermal deformation processes have been studied: these were found to be
closely associated with the size, volume, morphology, and distribution of the « phase [9,10].
Luo et al. [11] discovered that the flow stress of Ti-6Al-4V alloy increases with the volume
fraction of equiaxed o phase but decreases with x-grain size. Wang et al. [12] found that
the effects of microstructure on the deformation mechanism of TG6 alloy were mainly
determined by the morphology and size of the o, and « colonies (small « phases lying
parallel to the same orientation within the initial 3 grain). Lin et al. [13] revealed the effects
of initial microstructures on hot tensile deformation behaviors and fracture characteristics
of Ti-6Al-4V alloy. They found that the equiaxed & phases can prevent the formation and
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coalescence of microvoids, which is beneficial to improving the ductility. Jiang et al. [14]
suggested that significant dynamic softening could occur during uniaxial hot tensile strain-
ing of the lamellar microstructure. This was mainly induced by the globularization of &y,
phases accompanied by the formation of high-angle grain boundaries (HAGBs). Although
many mechanisms have been proposed, there is still no consensus on what the fundamental
effect of microstructure characteristics on the hot deformation behavior of titanium alloy is.
This could be due to the ex situ observation methods performed by previous researchers
which made it difficult to obtain the original information concerning the deformation
behavior of alloy directly.

In situ scanning electron microscopy (SEM) is an emerging technique used to character-
ize the deformation mechanism of materials and has been successfully applied to study the
deformation behavior of titanium alloys at room temperature. Huang et al. [15] observed
the in situ tensile behavior of Ti-6Al alloy with extra-low interstitial at room temperature
and found that there were various coordinated deformation mechanisms such as crys-
talline orientation rotation, slip transmission, and deformation twinning. Wang et al. [16]
investigated the fracture behavior of a new metastable f titanium alloy (Ti-5Cr-4Al-4Zr-
3Mo-2W-0.8Fe) at room temperature. They stated that the deformation behavior of Ti-54432
alloy was strongly dependent on dislocation slip, and the deflection of the crack as it
propagated; however, there is still a lack of the detailed information concerning the mi-
crostructure effect on the crack propagation behavior and slip activation of titanium alloys
at high temperature which might be obtained by using an in situ SEM method.

Ti-55511 alloy has been widely used in aircraft casings, engine fan disks, etc., which
requires long-term service at 350 °C [17,18]. In this study, the effects of bimodal and
lamellar microstructures on the mechanical deformation behavior of Ti-55511 alloy at
350 °C were investigated by in situ SEM. Using electron backscatter diffraction (EBSD),
the activation of slip system in deformation region was studied in detail. The results
would benefit the microstructure design and deformation mechanism of titanium alloys for
high-temperature application.

2. Materials and Methods
2.1. Materials

The as-received material in this study was a forged TC18 alloy provided by BAOTI
Group Ltd. (Baoji, China) as cuboid (98.0 mm in length, 20.0 mm in width, and 7.0 mm in
height). The experimental alloy had the chemical composition (wt.%) given in Table 1. The
o+f3/f transition temperature (T o5 ) of this alloy is about 865 °C.

Table 1. The chemical composition of Ti-55511 alloy (all in wt %).

Element Ti Al Mo Vv Fe Cr
Wt. % 83.37 5.07 4.81 4.74 1.06 0.95

The heat treatment methods of Ti-55511 alloy are shown in Figure 1. To obtain a
bimodal microstructure, the sample was heated at 830 °C (below T, _.g) for 2 h. Then,
it was furnace-cooled (FC) to 750 °C and held for 2 h followed by air cooling (AC). As a
result, the equiaxed primary op phases were distributed in the 3 matrix (Figure 2a). To
acquire a lamellar microstructure which was characterized by coarse original (3 grains and
coarse «p, phase at GBs (Figure 2b), the sample was held at 895 °C (above T, _,p) for
2 h and then FC to 750 °C. It was also kept at 750 °C for 2 h followed by AC. The volume
fractions of « phase in bimodal and lamellar microstructures were measured to be 39.6%
and 11.3%, respectively.
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Figure 1. Heat treatment routes for bimodal and lamellar samples.

Figure 2. Microstructures after heat treatment (a) bimodal microstructure; (b) lamellar microstructure.

Both bimodal and lamellar microstructures were finally aged at 600 °C for 8 h to obtain
a dispersed distribution of fine secondary « (xs) phase embedded in the 3 matrix. The
yield stress (0p2) and tensile strength (o},) values of bimodal samples are 1098 MPa and
1133 MPa, respectively, significantly lower than that of lamellar samples (0¢, = 1293 MPa,
0p = 1309 MPa). On the contrary, the elongation (5) of the bimodal sample at room temper-
ature is 17.0%, which is significantly higher than that of the lamellar sample (5 = 6.0%).

2.2. In Situ Tensile Testing

High-temperature in situ tensile tests were performed on the additional Mini-MTS
(Liweiauto Ltd., Hangzhou, China) loading system equipped in a TESCAN MIRA3 SEM
(TESCAN Brno,s.r.o, Brno, Czech Republic). The in situ mechanical test bench and heating
device are illustrated in Figure 3a. The Mini-MTS Test Control software was used to control
the loading speed of 1.5 um/s and the test temperature of 350 °C. To ensure a uniform
temperature distribution, the samples were held for 10 min at the test temperature before
stretching. The loading system allows for several interruptions during the tensile test for
SEM imaging. By controlling the displacement during in situ stretching, the evolution of
the microstructure was observed. The dimensional size of the sample with a thickness of
1 mm is displayed in Figure 3b. The sample surface was polished to a smooth mirror surface
with a mixture of SiO; suspension and 30% H;O,. The in situ tensile tests were repeated
three times for each group of experimental conditions, and typical results are provided.
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Figure 3. (a) Mechanical test bench and heating device; (b) Geometry and dimensions of in situ
tensile test sample at 350 °C (units: mm).

2.3. EBSD Analysis

Electron backscattered diffraction (EBSD) measurements were performed on the sam-
ples obtained by in situ tensile testing using an AZtec system (Oxford Instruments Group,
Oxford, UK) coupled with a Hitachi-Regulus 8230 cold-field emission SEM (Hitachi High-
Technologies Corporation, Tokyo, Japan). The operating voltage used was 20 kV when
optimizing the quality of the diffraction patterns. The EBSD samples were electropolished
using a solution of 8% perchloric acid (HCIOy4) and 92% CH4O at —25 °C. A step size of
0.2 um was used to collect data covering an area of 60 um x 80 um. The smaller step size
of 0.06 pm was used for microstructural analysis of the 20 um x 16 pm region. The EBSD
data were collected by Channel 5 (HKL-Tango) and ATEX [19].

3. Results
3.1. The Stress—Displacement Curves during In Situ Testing

Figure 4 shows the stress—displacement curves of the bimodal and lamellar microstruc-
tures during in situ tensile testing at 350 °C. The drops in the curve indicate that the loading
is suspended for SEM imaging during the tensile process. To observe the microstructure
evolution during hot stretch, different stages of plastic deformation of the samples were
marked, respectively (A, B, and F for the bimodal microstructure, and A’ and F’ for the
lamellar microstructure). This indicates that, compared to the lamellar microstructure, the
bimodal microstructure results in a lower yield strength (0 2) and tensile strength (c7,) but
a larger tensile displacement (Lmax).

1600
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—— Lamellar
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Figure 4. The stress—displacement curve of sample stretching in situ with bimodal and lamellar
microstructure at 350 °C.
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As shown in Table 2, 0 » and 07, of specimens with a lamellar microstructure are 37.3%
and 28.5% higher than those with bimodal microstructure, respectively. On the contrary,
Lmax of specimens with a bimodal microstructure is 28.4% larger than that of specimens
with a lamellar microstructure.

Table 2. The in situ tensile mechanical properties of bimodal and lamellar microstructure at 350 °C.

Samples 092 (MPa) o, (MPa) Lmax (um)
Bimodal 930 1005 1012
Lamellar 1277 1291 788

3.2. Microstructural Evolution in the Bimodal Microstructure

Figure 5a illustrates the in situ SEM images of bimodal microstructure at position A.
As shown in Figure 5c, some parallel SBs begin to appear within the op phase. These SBs
generally form at an angle of 41° to 49° with the direction of the applied tension [20]. Some
of them pass through the op interface and gradually penetrate the 3 matrix (Figure 5d). It
is worth noting that microcracks first form within the region of the ap phase rather than
in the 3 matrix during the early stage of plastic deformation. As shown in Figure 5b—d,
a few microcracks, evolved from the deep SBs in the ap phase, extend macroscopically
perpendicular to the tensile direction, which indicates that high stress concentration arises
rapidly at the ap phase during hot deformation.
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Figure 5. (a) In situ SEM images of bimodal microstructure at A (the displacement of 467 pm); (b) mi-

crocracks nucleated at « phase; (¢) microcracks and SBs formed within the «p phase; (d) magnified
image showing SBs passing through the interface between the op and 3 phases.

Figure 6 presents the SEM images of bimodal microstructure at position B. As shown
in Figure 6a, significant necking is found on the sample. With the increase in strain, the
microcracks in Figure 6b widened significantly compared with position A (Figure 5b).
Moreover, SBs in the «p phases became more noticeable when they continued by crossing
the o interface and extended into the 3 matrix. From Figure 6c, the deformation became
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more severe and SBs occurred in most regions composed of op phases. In addition, a
macrocrack formed at the edge of the sample which exhibited a trend to connect the SBs
in the oy, phases ahead of the crack tip and gradually grew into the center of the sample.
As illustrated in Figure 6d, at the center of the sample, SBs in the ap phases deepened
significantly and gradually changed into wave-like shapes due to the increasing distortion
in that local region. Moreover, many microcracks were also found to nucleate in these deep
SB regions.
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Figure 6. (a) In situ SEM images of bimodal microstructure at B (the displacement of 726 pm);
(b) microcracks become deepened and widened; (c) magnified image showing macrocracks nucleated
at the edge of the sample; (d) distortion in SB regions and microcracks at orp /3 interface.

Figure 7 shows in situ SEM images of bimodal microstructure at position F (after
fracture). The sample was shear-fractured at about 45° to the tensile direction. Its fracture
surface is relatively rough and significant necking is observed (Figure 7a). As shown
in Figure 7b, many microcracks formed at the region close to the fracture surface which
nucleated and generally propagated along the SBs in the ap phase. Moreover, the crack
propagation direction always deflected as it crossed the ot/ 3 interface, leading to a micro-
scopically tortuous path. This could undoubtedly increase the total length of the crack path
and therefore consume more energy before it fractured [21].

Figure 7c illustrates that the SBs in each ap phase had a strong tendency to interconnect.
During this process, the direction of SBs changed significantly at the «p interface. Moreover,
a dendritic crack formed on the edge of the sample (Figure 7d) whose path deflected or
branched frequently during its progress to the center of the sample at about 45° to the
tensile direction. Furthermore, many microcracks can be observed near the fractured
area (Figure 7f) which implies that the sample underwent severe plastic deformation
before fracture.



Crystals 2022, 12, 934

7 of 16
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Figure 7. (a) In situ SEM images of bimodal microstructure sample at F (the displacement of 1012 um);
(b) a crack propagated along the SBs in the ap phase; (c) SBs in each «p phase tended to interconnect;
(d) magnified image showing microcracks formed on the edge of the sample; (e) SEM images showing
the rough fracture surface of the sample; (f) magnified image showing many microcracks existed
near the fracture area.

3.3. Microstructural Evolution in the Lamellar Microstructure

Figure 8 presents SEM images of the lamellar microstructure during in situ stretching
at position A’. As shown in Figure 8b,d, many parallel SBs appeared first in the ;, phases
near GB, while they can hardly be observed in the 3 matrix. As illustrated in Figure 8c,
a microcrack developed in a long, coarse &, phase at a trigeminal GB. This was akin to
the findings of Wang et al. [16] from the in situ tensile testing of Ti-54432 alloy at room
temperature, which indicated that microcracks readily nucleated at trigeminal GBs due to
the significant stress concentration therein.
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Figure 8. (a) In situ SEM images of lamellar microstructure at A’ (the displacement of 661 pm);
(b,d) magnified image showing SBs develop in the & phase near GB; (c) magnified image showing
microcracking in a long, coarse o1, phase at a trigeminal GB.

Figure 9 illustrates SEM images of a lamellar sample during stretching in situ
at position F’. Differing from bimodal samples, no obvious necking can be observed
until the fracture of the lamellar sample (Figure 9a). This indicates that the plastic
deformation therein is not evident. This can be further proved from Figure 9b,c that
only slight distortion and certain microcracks are illustrated in the 3 matrix in the region
adjacent to the fracture surface which is significantly smaller than that in specimens with
a bimodal microstructure.

Figure 9d shows that, at the region near the fracture surface, a microcrack just initi-
ated at and propagated along the large o phase at GB. The main crack of the lamellar
microstructure grew almost only along the GB which led to the intergranular fracture of the
sample (Figure 9¢,f). The magnified image in Figure 9f clearly indicates that a microcrack
nucleated and grew only along the oy, phase at GB. Moreover, there were many fine dimples
and tearing ridges at the fracture surface which might be caused by the plastic deformation
of the o, phase at GB during the final fracture process. This explains the minor elongation
of the lamellar microstructure at the elevated temperature.
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Figure 9. (a) In situ SEM images of lamellar microstructure at F’ (the displacement of 788 pm);
(b,c) microcracks and distortion occurred near the fracture area; (d) magnified image showing crack
initiation occurred at GB; (e,f) SEM images showing the fracture surface of the sample.

4. Discussion
4.1. Activation of Slip Systems
To identify the activated slip systems of the alloy during hot deformation, EBSD of the

bimodal microstructure after in situ stretching was analyzed and the results are illustrated
in Figure 10.
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Figure 10. EBSD images of bimodal microstructure after stretching in situ; (a) SEM image showing
many parallel SBs in the ap phase; (b) SF map of basal slip for «; (c) SF map of prismatic slip for o;
(d) SF map of pyramidal slip for «; (e) the inverse pole figure map; (f) SF map of p for {110}<111>
slip; (g) SF map of B for {112 }<111> slip; (h) SF map of  for {123 }<111> slip.

In Figure 10a, many SBs are generated within regions composed of «p phases. This
indicates that dislocation slip is the dominant deformation mechanism of the « phase at
the applied temperature [22]. Our previous study indicated that pyramidal slip is difficult
to take place within the «p phase which is more likely to slip along its basal or prismatic
plane at room temperature [23]. In the present study, Figure 10b—d show that prismatic slip
({1100}<1120>) and pyramidal slip ({1101}<1120>) were prevalent in the ap phase compared
with basal slip ({0001}<1120>). According to the study by Lecomte et al. [24], the most
common slip system is the pyramidal system for « phases in the range of 150-300 °C, and
prismatic slip is the common mode of deformation at temperatures above 300 °C. The fact
that basal slip is not the main slip system is the result of the combined influence of the hcp
crystal structure properties of the o phase and the applied temperature. Turner et al. [25]
stated that due to the changes in lattice parameters at an elevated temperature, the c¢/a
ratio of the o phase with hcp crystals might be less than 1.6333. This leads to the (0001)
basal plane no longer being the only close-packed plane, whereas the prismatic slip and
pyramidal slip become the main mode of deformation [25].

As presented in Figure 10f-h, there are no significant differences in the Schmidt factor
(SF) values among the main slip systems in the § phase [26,27], i.e., {110}<111>, {112}<111>,
and {123}<111>. Thus, a variety of slip systems can be activated simultaneously and the
long-range slip along a single slip system might not be able to take place in the § matrix.
Consequently, it is difficult to observe significant SBs along some specific crystal planes
in the  matrix. Due to its excellent coordinated deformation capacity, the microcrack can
seldomly initiate in the 3 matrix [28].

To explore the slip characteristics in the bimodal microstructure during hot deforma-
tion, a EBSD analysis of a large number of ap grains were carried out for the sample in situ
stretched at 350 °C, which allowed a statistical analysis of the nature (basal, prismatic, and
pyramidal) and distribution of the slip systems in op.

According to the statistical results in Figure 11a, the SF values of prismatic slip in
ap mostly concentrated at the range of 0.35-0.50. Therefore, this relatively large SF value
distribution in the ap phase might account for the main slip system of prismatic slip during
in situ stretching at 350 °C. Figure 11b—g present several typical SB morphologies in op
phases. As shown in Figure 11b, multislip systems were activated in grain 1. Combined
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with Figure 11h,i, it can be determined that the specific slip systems activated were the
(001)[120] of basal slip and (010)[210] of prismatic slip. The activation of the multislip
system helped to coordinate further the overall deformation of the polycrystal. Grains
2 and 3 formed slip steps on the surface due to the repeated dislocation slipping along
certain planes since the mobility of dislocations was enhanced significantly at a higher
temperature. During high-temperature in situ stretching, microcracks tend to initiate at
SBs in the ap phase, probably due to the increasing demand for stress relief [29].
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Figure 11. (a) SF histogram of « phase with basal <«>, prismatic <«>, and pyramidal <«> slip
systems for bimodal microstructure after stretching in situ; (b,c) Multislip activation of Grain 1 in
the ap phase; (d,e) Basal slip activation of grain 2 in the «p phase; (f,g) Pyramidal slip activation of
Grain 3 in the ap phase; (h) The (001)[120] basal slip system activation for Grain 1; (i) The (010)[210]
prismatic slip system activation for Grain 1; (j) The (001)[120] basal slip system activation for Grain 2;
(k) The (011)[210] slip system activation for Grain 3.

By calculating SF values, it is possible to reveal qualitatively the initiation trend in
various dislocation slip mechanisms in specimens with a lamellar microstructure. Figure 12
shows the SF distribution in the observation region. Figure 12b implies that the SF value of
basal slip in the oy, phase is less than 0.10, namely, the basal slip system is hard-orientated
and difficult to activate. In Figure 12¢,d, the SFs of prismatic and pyramidal slip systems
are soft-orientated and easy to activate with relatively large values (SF > 0.37). Therefore,
in specimens with a lamellar microstructure, the &, phase was more inclined to activate
prismatic slip and pyramidal slip.
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Figure 12. EBSD images of lamellar microstructure after stretching in situ; (a) the inverse pole figure
map; (b) SF map of basal slip for «; (c) SF map of prismatic slip for «; (d) SF map of pyramidal slip
for «.

Figure 13 shows statistics of slip deformation modes and SF distributions of the «f,
phase in specimens with a lamellar microstructure. As shown in Figure 13a, the SF values
of prismatic slip were mainly concentrated between 0.45 and 0.50, which dominated the
slip activities during the in situ tensile process at 350 °C. In Figure 13b-g, two typical
slip systems were activated in the «p, phase: (100)[120] of prismatic slip (grain 4) and
(011)[210] of pyramidal slip (grain 5). During plastic deformation at elevated temperature,
to coordinate deformation, slip cannot only be activated in the optimal orientation of the
grain, but also in the relatively more difficult orientation [30].

Due to the limited slip systems of the « phase, once the plastic deformation in the
oy, phase accumulated to a certain extent and no new plastic deformation mechanism
(e.g., mechanical twinning and phase transformation) was generated to coordinate the
deformation, microcrack nucleation would occur at SBs in the «p, phase due to the pile-up
of a large number of dislocations therein [31].
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Figure 13. (a) SF histogram of « phase with basal <«>, prismatic <«>, and pyramidal <«> slip
systems for specimens with a lamellar microstructure after stretching in situ; (b,c) Prismatic slip
activation of grain 4 in the o, phase; (d,e) Pyramidal slip activation of grain 5 in the oy, phase; (f) The
(100)[120] of prismatic slip system activation for grain 4; (g) The (011)[210] of pyramidal slip system
activation for grain 5.

4.2. Characteristics of Deformation and Fracture

The in situ observation of microstructure evolution of bimodal and lamellar microstruc-
tures during in situ stretching at 350 °C infers that the deformation and fracture behavior
of Ti-55511 alloy are closely related to slip characteristics in the « phase.

Figure 14 shows the schematic diagram of the deformation mechanisms and mi-
crostructure evolution of bimodal and lamellar microstructures at 350 °C. At the initial
stage of bimodal microstructural deformation (Figure 14b), several parallel SBs along cer-
tain slip planes formed within the «p phase. Since the ap phase has a limited deformation
coordination ability [29], the formation of SBs inside the «p phase can be deemed a good
way of releasing the local stress concentration therein. As the deformation further pro-
gresses, some slip systems (focused on prismatic slip and pyramidal slip) were activated to
further coordinate the rising deformation during which multislip occurred. Dislocation
climbing might occur at an elevated temperature [32,33], which weakened the hindering
effect of the ap/ interface on dislocations to a significant extent. Thus, with the further
increase in strain, the SBs gradually cut across the «p /3 interface and extended into the
matrix or adjacent ap phase. During this process, the SB deflected significantly to accom-
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modate the slip systems between the neighboring grains. Meanwhile, the SBs in adjacent
ap phases exhibited a strong tendency to bridge with each other because of the significant
stress concentration present in the region between SBs.

(b) (c)

%ﬁ 1978
& %, |2,

ultiple SBs Microcracks

Microcracks

Figure 14. Schematic diagram showing the microstructure evolution of Ti-55511 alloy during stretch-
ing in situ; (a-c) bimodal microstructure evolution; (d—f) lamellar microstructure evolution.

With the cyclic-loading processes, microcracks first initiated within the region of the
op phase due to the repeated dislocation slipping along certain slip planes (Figure 14c).
Subsequently, several microcracks could evolve from the deep SBs in the ap phase. Like the
deflection of SB, once the microcracks passed through the phase interface, the propagation
direction would also change, resulting in a tortuous crack propagation path. Then, many
microcracks in the ap phase interconnected along the 45° direction under the strong
shearing force in that direction. This finally results in the fracture of the sample. Therefore,
as shown in Figure 7, the crack propagation path in the bimodal microstructure is evidently
tortuous with frequently deflected or branched cracks. This fracture mechanism endowed
the sample with excellent plasticity.

In regions with a lamellar microstructure (Figure 14d), the 1 phases are mainly
distributed at GBs and separate the 3 matrix into many relatively isolated regions, which
produce a strong fencing effect on the dislocation in (3. The dislocations in 3 do not
readily cross regions consisting of the a, phase and enter neighboring 3 grains. This
makes it difficult for the long-range slip of dislocations and large plastic deformation to
develop within the  matrix (Figure 14e). Due to this fencing effect of the «, phase, the
SBs, dominated by prismatic slip and pyramidal slip, first appear in the «j, phase near
the GB due to the significant stress concentration therein, especially for the trigeminal GB
where deformation coordination is hard to achieve. When the deformation is insufficient to
accommodate the plastic strain, microcracks easily nucleate at the « interface boundary at
GB. Once the cracks nucleate, they will propagate along the GBs which are thought to be
low-energy channels that facilitate crack propagation (Figure 14f). This accounts for the
lower ductility of specimens with a lamellar microstructure compared with those having a
bimodal microstructure.

5. Conclusions

In this study, the effects of bimodal and lamellar microstructures on the mechanical
deformation behavior of Ti-55511 titanium alloy at 350 °C were investigated. The main
findings can be summarized as follows:

(1) Multislip systems are activated in the ap phase to adapt to the plastic strain during
the in situ tensile process of bimodal microstructural evolution. The slip modes are
dominated by prismatic slip and pyramidal slip.
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(2) During in situ stretching at 350 °C, there is a strong bridging tendency of SBs in adjacent
ap phases towards coordinated deformation and alleviation of the stress concentration.

(3) The SBs in the ap phase are the preferred crack nucleation sites due to their limited
deformation ability. They are also likely to connect with the main crack during
crack propagation.

(4) Once the crack crosses the ap/f3 phase boundary, the crack always deflects signifi-
cantly, which gives rise to a tortuous crack path and endows specimens with a bimodal
microstructure with excellent plasticity.

(5) During the stretching of specimens with a lamellar microstructure, high-density
dislocations are concentrated in the large &, phase region at GB. Microcracks readily
initiate and propagate along the 1 phase boundary at GB, leading to the ductile
intergranular fracture of the lamellar microstructure.
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