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Abstract: Two TiB,/TA15-based titanium matrix composites (TMCs) sheets with network structures were rolled at
1000 and 1100 °C with reduction rates of 86.7% (932 mm % 393 mm) and 89.3% (987 mm % 461 mm), respectively.
The microstructures of the two sheets differed remarkably. The network structure was transformed into a layered
structure with disk-like units after rolling. The room-temperature tensile strengths of the sheets rolled at 1000 and
1100 °C were increased by 26.4% (1398 MPa) and 23.0% (1360 MPa), respectively, compared with that of the slab. The
tensile strengths of the slab and sheets tested at 600 °C were 561 (slab), 662 (sheet rolled at 1000 °C), and 758 MPa
(sheet rolled at 1100 °C). The tensile strength at 650 °C of the sheet rolled at 1100 °C (553 MPa) was the highest.
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1 Introduction

Titanium matrix composites (TMCs) have
extremely high specific strengths, elevated elastic
moduli, and exceptional thermal durability properties
than their unreinforced counterparts [1—4]. Among
various TMCs, in-situ synthesized discontinuously
reinforced TMCs (DRTMCs) have been extensively
reported owing to their isotropic features, secondary
formability, better combination properties, and
simple fabrication procedures [5]. To further enhance
the performance, the distribution of reinforcements
within DRTMCs based on Hashin—Shtrikman (H—S)
theorem has been investigated [6,7]. HUANG
et al [8,9] developed DRTMCs with reinforcement
phase network distribution prepared by in-situ
reaction hot pressing technique. The resulting
DRTMCs with network structure exhibited a superior

strength performance than the homogeneously
reinforced DRTMCs [10—12].

Numerous thermo-mechanical processing
techniques have been used to improve mechanical
properties of DRTMCs with network structure.
Related processes include hot forging [13,14], hot
extrusion [12,15,16], and hot rolling [17]. ZHANG
et al [18] examined the forging processes of TMCs
with network structure and noticed an improvement
in the strength and elongation of TMCs. FENG
et al [19,20] noticed that the orientations of TiB
whiskers became uniform after hot extrusion, which
is suitable for the effective strengthening of DRTMC:s.
Meanwhile, high temperatures can be used for heat
treatment of DRTMCs since the pinning effect of
TiBw can inhibit the growth of grains [21]. WANG
et al [22] observed the preferable distribution of
TiB whiskers along the rolling direction (RD),
resulting in sheets with a better plasticity.
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In the hot rolling process, the high temperature
condition reduces the difficulty of plastic
deformation of the materials, allowing for a larger
deformation per pass, and improving production
efficiency [23]. At the same time, due to the effect
of temperature, the changes in the material structure
are more active [24]. Due to the high deformation
resistance of titanium-based composites, the sheet
metal needs to be prepared by hot rolling
process [25].

The preparation of thin sheets is the foundation
for forming thin-walled components. However, the
difficulty in preparing large-sized thin sheets has
resulted in rare application of titanium-based
composite thin-walled components. To address this
issue, we investigated the process of preparing
large-sized thin sheets through the pack hot
rolling method at the temperature near the
phase transformation point. The results confirm the
feasibility of using this method to prepare
large-sized thin sheets, which has significant
implications for the industrial application of this
material. Furthermore, the results indicate that
thin sheet materials exhibit excellent strength
properties. Fracture analysis explains the impact
of experimental conditions on the mechanical
properties.

2 Experimental

The material consisted of TiB,/TA15-based
DRTMCs with network structure, with the content
of TiB fixed at 3.5 vol.%. DRTMCs were produced
by vacuum hot-press sintering method. During the
fabrication, large-sized spherical TA15 alloy powders
(Ti—6.5A1-2Zr—1Mo—1V; size: 75—-150 pm) and
fine TiB, powders (size: 1-3 um) were used as
raw materials. All powders were ball-milled in a
planetary ball-milling machine with a relatively low
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Fig. 2 Schematic diagram of hot rolling process

energy for 8 h under argon protective atmosphere.
Subsequently, the mixed powders were added to
the sintering furnace and heated to 1300 °C under
vacuum conditions. The reaction between TiB:
and Ti in TA15 powder can be described by
Reaction (1):

Ti(s)+TiBa(s)=2TiB(s) (1)

After hot sintering, TiB whiskers were
mainly formed near the boundaries of TAIS
particles [26]. The scanning electron microscopy
(SEM) image of TiBw/TA15 composites showed a
network structure (Fig. 1). The TAIS5 powder
particles were retained during the fabrication
process and transformed into prior f grains after
sintering, which can be regarded as “soft” units
in the network structure. The TiBy-rich region
surrounding the prior f grains formed a spatial
network structure, with high strength which can
also retain the connectivity of prior § grains.

Figure 2 shows the schematic diagram of hot
rolling process. The slabs used for rolling were cut
from DRTMCs to dimensions of 200 mm x
240 mm x 15 mm, and each was packed with two
pieces of steel sheet (Q235 steel, 240 mm x
300 mm % 6 mm). The packed slabs were used for
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Fig.1 SEM image of TiB,/TA15 composites with
network structure
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hot rolling. During the whole rolling process, the
packed slab was heated to the target temperature
three times (heat preservation for 30 min each time).
After each heating step, the slab was continuously
rolled three times. The rolled sheet was then cooled
to room temperature in air. To reduce the anisotropy
of the rolled sheet, the rolling direction was
changed three times during the whole process. The
first RD of the sheet was perpendicular to the
main extension direction (RD). The temperature
conditions selected for the rolling preheating
were 1000 and 1100 °C, respectively, under
which the fine formability of the DRTMCs was
observed.

SEM (ZEISS SUPRA 55) was used to study
the microstructural and fracture surfaces.
Kroll’s solution (5 vol.% HF + 15 vol.% HNO; +
85 vol.% H0) was utilized for etching the polished
samples. The crystal structures were analyzed by
electron backscattering diffraction (EBSD) tool
equipped with CHANNEL 5 software. Dog-bone
shaped tensile samples were used for tensile testing.
Due to different thicknesses of the sheets rolled at
two temperatures, the tensile samples also showed
two varied thicknesses. The parallel part dimensions
of the samples used in room-temperature tensile
testing were 45 mm % 15 mm X 1.8 mm (cut from
the sheet rolled at 1000 °C) and 45 mm x 15 mm x
1.3 mm (cut from the sheet rolled at 1100 °C). The
parallel part dimensions of the samples used in
high-temperature tensile testing were 15 mm X
2mm x 1.8 mm and 15 mm x 2 mm % 1.3 mm. All
tensile samples were cut along the RD of the sheet.

Surface oxide ayer (12.4 pm)
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The high-temperature tensile properties were tested
on an Instron—5500R testing machine with a
cross-head speed of 1 mm/min. Three tensile
samples were tested under each tensile condition.

3 Results and discussion

3.1 Size and surface quality of TMC:s rolled sheets
Good formability of DRTMCs at the rolling
temperature led to the formation of two TiB./TA15-
based complete sheets without cracks. The
estimated dimensions of sheets rolled at 1000
and 1100 °C were 932 mm % 393 mm X 2.0 mm
with a reduction rate of 86.7% and 987 mm x
461 mm x 1.6 mm with a reduction rate of 89.3%,
respectively. This work showed that the adopted
temperature conditions and the rolling process were
suitable for the preparation of large-sized sheets.

During hot rolling, the slab was deformed with
the pack, which protected its surfaces from
excessive oxidation. Figure 3 shows the SEM
images of the rolled sheet surfaces, with marked
surface oxide layers of both sheets. Slight oxidation
of the sheets was observed, and the thickness of the
oxide layer on the sheet rolled at 1000 °C (12.4 um,
Fig. 3(a)) was thinner than that on the sheet rolled
at 1100 °C (27.2 pm, Fig. 3(b)). Thus, the oxidation
became severer as the rolling temperature rose.

The near-surface microstructure (RD—TD plane)
(TD: transverse direction) of the sheets rolled at
both temperatures differed remarkably (Figs. 3(c)
and (d)). The evolution of the microstructure during
hot rolling is further described below.

urface oxi lyer (27.2 7 v‘
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Fig. 3 SEM images showing cross-section (a, b) and surface (c, d) microstructures of sheets rolled at 1000 °C (a, c) and

1100 °C (b, d)
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3.2 Microstructural evolution
3.2.1 Microstructure of rolled sheets

Figure 4 displays the microstructures at the
thickness center of the sheets in the RD—ND (ND:
normal direction) plane. Figures 4(a) and (b) show
SEM images of the sheet rolled at 1000 °C at
different magnifications, and Figs. 4(c—e) present
the SEM images of the sheet rolled at 1100 °C. The
characteristics of the microstructure at the center of
the sheets were consistent with those near the
surface. No excessive growth of S grains or
inhomogeneous micro- structures was observed. As
reported in literature, TiBy-rich region can impose a
pinning effect on the grain boundaries during high-
temperature deformation [21], which can enhance
the stability of the microstructure. Therefore, DRTMCs
with network structure can be deformed at 1100 °C
(about 80 °C above transformation temperature
from a+f to f), which is an inappropriate hot
rolling temperature for titanium alloy.

Based on the distribution of TiBy-rich regions
in the microstructure, the prior £ grains and network
structure of the rolled sheet can be distinguished

_ Prior 8 grain

Fig. 4 SEM images showing center of cross-section of sheets rolled at different temperatures: (a, b)

(c—e) 1100 °C
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roughly. After hot rolling, the slab became seriously
thin in the thickness direction, which transformed
equiaxed prior f grains in the microstructure (“soft”
units in the network structure) into oblate spheroids
and reduced the size of the network structure in the
ND. The change in the shape of the network
structure increased the distribution area and reduced
the distribution density of TiBw, whereas the
connectivity between the matrix increased.

During the high-temperature rolling process,
TiB whiskers hindered the deformation of the
composite, which led to stress concentration in the
area near the boundary of TiB, and matrix. Since
stress concentration can be relieved through matrix
deformation, most TiB whiskers were unbroken
after hot rolling. Several fractured TiB whiskers can
be observed in the microstructure (Figs. 4(a) and
(c)). The holes appeared at the fracture or on the
sides of the TiB. along the RD as a result of
inconsistent deformation between TiB,, and matrix.
3.2.2 Microstructure evolution during hot-rolling

process
Figure 5 provides the schematic of the micro-

1000 °C;
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Fig. 5 Schematic of microstructural evolution during hot rolling: (a) Microstructure of slab; (b—d) Sheet rolled at

1000 °C; (e—g) Sheet rolled at 1100 °C

structural evolution during hot rolling. Figure 5(a)
represents the slab microstructure, whereas
Figs. 5(b—d) show the microstructural evolutions
during holding at 1000 °C, hot rolling, and air
cooling, respectively. The quantity of a phases in
the microstructure gradually decreased after
maintaining the slab at 1000 °C (Fig. 5(b)). In
subsequent hot rolling, the o phases became twisted,
stretched, or kneaded into blocks (Fig. 5(c)).
During the air-cooling process, the short rod-like a
phase grew from g phase, turning S phase into
transformed S phase (Fig. 5(d)).

Figures 5(e—g) depict the microstructural
evolution of sheet rolled at 1100 °C. Given that the
holding temperature was considerably higher than
the (atf)/f transformation temperature (about
1020 °C), the primary o phase was completely
transformed into f phase after holding at 1100 °C.
During the hot-rolling process, new small £ grains
were generated by dynamic recrystallization.
Figures 3(d) and 4(e) show the boundary o phases
generated from the small f grains. The newly
formed S grains stopped growing as the temperature
of the sheet dropped. In addition, the o phase
formed first at the grain boundaries of prior and
newly formed g grains (Fig. 5(f)). After further

cooling, the slender secondary a phases formed to
fill the whole prior f grains (Fig. 5(g)).
3.2.3 Orientation of grains in rolled sheets

The EBSD data tested at the thickness center
of the sheets in the RD—ND plane were used to plot
graphs. Figures 6 and 7 display the data of sheets
rolled at 1000 and 1100 °C, respectively.

The microstructure of the sheet rolled at
1000 °C mainly consisted of TiBw, transformed
[ phase, and residual primary a phase. The
transformed f phase, which was evolved from the
high-temperature £ phase during air cooling,
consisted of fine a and £ phases. In bond contrast
(BC) graph, the transformed S phase was shown as
a dark area with dense red points (f phase
(Fig. 6(a)). In the inverse pole figure (IPF) map of
the a phase, the transformed S phase was depicted
as the area with small dots of different colors,
representing fine a phases with various orientations.
The primary o phase was shown as bright blocks
and strips in the BC graph. Given that the slab was
deformed during hot rolling, the primary a phase
strips became twisted and stretched. In the rolled
sheet, most strips were arranged along the RD
(main extension direction). The orientations of
various parts in the same primary « phase exhibited
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Fig. 6 EBSD graphs of sheet rolled at 1000 °C: (a) BC + 8 phase + TiBy; (b) IPF of a phase; (c) IPF + GB and PF of
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different morphologies, showing an uneven color in
the primary a strip in the IPF map (Fig. 6(b)). To
analyze the orientation distribution, the single
primary o phase marked in Fig. 6(a) was enlarged
(Fig. 6(c)). The primary a phase was divided into
regions with different colors, representing subgrains
with various orientations formed through dynamic
recovery. Thus, the points in the pole figure were
scattered (Fig. 6(c)).

Before rolling, the microstructure of the slab
was completely converted into f phase during
holding at 1100 °C. The binding effect of TiB,, kept
the grain boundary of S grains on the network
structure. During air cooling, the generated f was
refilled with grain boundary o phase and secondary
o phase. One generated f grain is distinguished and
marked in Fig. 7(a). The IPF map of a phase is
shown in Fig. 7(b). The secondary a phase and
grain boundary o phase near the § grain boundary
are also marked. The left selection in Fig. 7(c)
shows the marked grain boundary o phase. A minor
orientation difference was observed in the grain
boundary a phase (pole figure), which indicated the
deformation of the grain boundary o phase during
rolling. The small-angle grain boundaries formed
through dynamic recovery were also found in the
IPF map. The right selection in Fig. 7(c) shows the
secondary a grains generated from one S grain.
During precipitation of a phases from f grains, the
{0001} crystal planes of the generated a phases
were parallel to the {110} plane of S phase [27,28],
consistent with the pole diagram.

3.2.4 Evolution of network structure

At reduction rates of rolled sheets greater than
85%, the size of the network structure changed
seriously. The sheet rolled at 1100 °C was used to
describe dimensional changes in the network

structure since the network structure in the

Rolling
direction

High-temperature
pack rolling

461 mm

13 I
| (1319 elonganon in TD:

microstructure was easy to distinguish through the
distribution of TiBy and grain boundary o phase.

During the hot-rolling process, the network
structure remained around the prior £ grains (“soft”
units), and the size of the network structure can be
determined by the size of prior £ grains. The outline
of prior f grains after hot rolling is marked by a
dotted line in Fig. 4(c). The average thickness of
flat prior f grains located at the thickness center of
the sheet was 13 um. In the slab microstructure, the
average size of relatively complete prior f grains
approximated 113 um. Based on the reduction rate
of 89.3%, the average thickness of flat grains
was 12.1 pm. The difference in the thickness of
the network structure was caused by uneven
deformation in the rolled sheets, which commonly
occurs during the hot-forming process [15,29-31].
The deformation on the hot-rolled sheet surface was
greater than that at the thickness center, leading to
larger thickness of the network structure at the
center than that on the sheet surface and calculated
average thickness. The difference between the
calculated thickness of the network structure and
the measured thickness was small, indicating a
negligible unevenness of the network structure
along the thickness direction.

Figure 8 shows the slab deformation in three
directions and the evolution of the network structure
of the sheet rolled at 1100 °C. The thickness was
reduced by 89.3%, and the elongations in RD and
TD were 311% and 131%, respectively. As a result
of severe thinning, the shape of prior £ grains (“soft”
units of the network structure) transformed from
equiaxed round balls into disk-like ellipsoids
(Fig. 8). In addition, the network structure with
equiaxed units turned into a layered structure with
disk-like units, with the microstructure exhibiting a
similar layout structure as multi-layer materials.

Layered disk-like
network structure

Fig. 8 Diagram showing network structural evolution during hot rolling at 1100 °C
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3.3 Mechanical properties of rolled sheets
3.3.1 Tensile strength at room temperature

Figure 9 shows the room-temperature tensile
properties of the slab and rolled sheets. The tensile
strength of the slab was 1106 MPa, whereas those
of sheets rolled at 1000 and 1100 °C were 1398 and
1360 MPa, respectively. Compared to that of the
slab, the tensile strengths of the sheets rolled at
1000 and 1100 °C were increased by 26.4% and
23.0%, respectively. As described above, the
microstructure of the slab and the size of network
structure considerably changed during hot rolling,
which would have a complex effect on the tensile
strength.
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Fig. 9 Tensile strength and elongation of slab and rolled
sheets at room temperature

Higher strength of sheets compared with that
of the slab can be explained by various factors. The
first involved the increased strength of the matrix,
which improved the strength of the sheets. After
rolling deformation, the microstructure of the
matrix in the rolled sheet became denser and was
composed of finer grains, which can reduce the risk
of failure and improve the resistance to deformation.
Secondly, the decrease in the distribution density of
TiBy and thickness of the network structure was
conducive for TiBy to share stress and reduce
excessive stress concentration in the network
structure during tensile testing. Thirdly, more TiB
whiskers were distributed along the RD, indicating
a better capability to bear stress [32,33].

Given that the sheets possessed similar
network structures, the difference in mechanical
properties should have been caused by various
microstructures of the matrix. According to
literature [34,35], TA15 titanium alloy with primary

a phases and transformed f structure should have

higher room-temperature mechanical strength and

elongation than that with strip secondary a phases.

Thus, the sheet rolled at 1000 °C possessed better

strength and plasticity than that rolled at 1100 °C.

3.3.2 Fracture mechanism of room-temperature
tensile specimens

The rolled sheets showed brittle fractures in
room-temperature tensile testing with very small
plastic deformation. After a crack initiates on the
surface or at a defect, it quickly propagates through
the cross-section of the material, leading to the
fracture. During the whole fracture process, the
propagation speed of the crack increases as the
crack area enlarges, resulting in a faster crack
extension and a rougher fracture surface.

Figure 10 shows the macro photographs and
SEM images of the fracture planes of the tested
tensile specimens. Figures 10(a—c) present the
fracture plane of the sheet rolled at 1000 °C,
whereas Figs. 10(d—g) depict the fracture plane of
the sheet rolled at 1100 °C. Among the images,
Figs. 10(a) and (d) are macro photographs.

The characteristics of brittle fractures,
including evident crack source, smooth region,
radial region, and shear lips, were visible in the
fracture planes (Fig. 10(e)). In the early stage of
fracture, the area of the main crack was small. In
addition, the stress caused by the crack tip was low,
under which the crack slowly expanded and formed
a smooth region. The smooth area of the whole
fracture plane is marked in Figs. 10(a) and (e).

As the main crack grew, the stress caused by
the crack tip increased, and more areas near the
crack tip were affected. Microcracks appeared in
the stress-affected area and likely connected with
the crack tip of the main crack from different
directions. Therefore, the shape of the crack tip
became more tortuous, and radial patterns remained
after the crack tip fast passed. In this fracture stage,
stress concentration occurred around TiBy, leading
to the fracture of TiB.. Microcrack formed in the
broken TiB,, and expanded toward other broken TiB
whiskers. After the connection of microcracks with
the main crack, large numbers of broken TiB
whiskers were found in the fracture plan. Given that
the TiB-rich areas in the rolled sheet were around
the “soft” units, after the main crack passed through
these areas, hollows and bulges were shown in the
fracture plan.
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Fig. 10 Macro photographs (a, d) and SEM images (b, ¢, e—g) of fracture planes: (a—c) Fracture planes rolled at 1000 °C;

(d—g) Fracture planes rolled at 1100 °C

In the last stage of fracture, multiple secondary
cracks expanded simultaneously and intersected to
form the main crack. The latter passed through the
specimen instantaneously to form large-sized peaks
or valleys. After cracks passed through the specimen,
the plastic deformation of the matrix created
numerous tiny dimples. Almost all TiB whiskers
shown in the fracture plane were broken and fully
played reinforcing roles [15]. Moreover, no
difference was observed in the fracture mechanisms
between the sheets rolled at 1000 and 1100 °C.

3.3.3 Tensile strength at high temperatures

The elongations of the slab and sheets tested at
600 °C were 4.7% (slab), 14.9% (rolled at 1000 °C),
and 12.6% (rolled at 1100 °C) (Fig.11). The

plasticity of the sheets was improved compared
with that of the slab tested at room temperature,
mainly because of the improved plasticity of the
matrix. The transformed f phase consisted of fine
grains and was prone to deformation at high
temperatures. Thus, the sheet rolled at 1000 °C
showed the best plasticity among sheets and slab,
consistent with tensile test results at 650 and 700 °C
(Fig. 11(b)).

The tensile strengths of the slab and sheets
tested at 600 °C were 561 (slab), 662 (rolled at
1000 °C), and 758 MPa (rolled at 1100 °C). The
higher strength of sheets compared with that of the
slab was caused by the change in the size of
network structure. After rolling, the area of network
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of sheets tested at 600, 650, and 700 °C

structure in the rolled sheet increased, thereby
reducing the density of TiB whiskers. The proper
dispersion of TiBy can also reduce stress
concentration in the network structure and prevent
premature failure. The matrix with elongated a
phase has higher high-temperature deformation
resistance [36]; therefore, the high-temperature
tensile strength of the sheet rolled at 1100 °C was
higher than that rolled at 1000 °C. This outcome
was also reflected in the results of tensile tests at
650 and 700 °C (Fig. 11(b)).

The tensile strengths of the slab and rolled
sheets at 650°C were 521 MPa (slab with
elongation of 17.7%), 494 MPa (rolled at 1000 °C
with elongation of 24.5%), and 553 MPa (rolled at
1100 °C with elongation of 18.7%). The mechanical
properties of the slab and rolled sheets were similar
at 650 °C. During the tensile process, given the
greatly reduced strength of the matrix, the stress
concentration near the TiB whisker can tear the
matrix material and produce holes. The generated
and enlarged holes continuously relieved the stress

concentration, and the stress acting on TiB
whiskers can no longer break them. Therefore, the
strengthening effect of TiB whiskers was seriously
weakened. In other words, the tensile strength of
the sheets largely depended on the strength of the
matrix during tensile tests at 650 °C. The tensile
strengths of the rolled sheets and the differences
between them further decreased in the tensile tests
at 700 °C (Fig. 11(b)).

3.3.4 Fracture mechanism of high-temperature

tensile specimens

The fracture morphologies of the rolled sheets
in the tensile tests at the same temperature were
almost the same. Thus, the tensile specimens
of the sheets rolled at 1100 °C were studied at 600
and 650 °C. During the high-temperature tensile
fracture process, the material underwent a
significant degree of plastic deformation. Hole
defects were easily generated near the reinforcing
particles in the material, and cracks tended to
propagate along these defect-dense areas.

Figures 12(a, c, e, g, 1) show the SEM images
of tensile samples tested at 600 °C, whereas
Figs. 12(b, d, f, h, j) illustrate those tested at 650 °C.
Figs. 12(a—f) show the fracture planes, and
Figs. 12(g—j) depict the microstructures of the
sample surface near the fracture.

The comparison of fracture morphologies in
Figs. 12(a) and (b) revealed sharp steps in fractures
of the samples tested at 600 °C, and they were
caused by rapid intersections of microcracks in a
large space area. The steps of the sample tested at
650 °C appeared gentle, indicating a small stress
concentration at the crack tip, and the expansion of
the microcrack was accompanied by evident plastic
deformation. Large-sized dimples existed on the
fracture of the sample tested at 650 °C, and they
were caused by a large plastic deformation before
fracture.

Broken TiB whiskers damaged by stress
concentration were found at the tips and roots of the
steps in the fracture of the sample tested at 600 °C
(Fig. 12(c)), and this finding suggested that TiB,,
still undertook the stress and played a good
strengthening effect. For the fracture of the sample
tested at 650 °C (Fig. 12(d)), a large number of
complete TiB whiskers were found at the center of
dimples, which was due to the stress concentration
near TiB,, deformed the matrix without causing the
fracture of TiB..
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(b,d, £, h, j)

Secondary cracks were found in the sample
surface near the fracture (Figs. 12(g) and (h)). The
secondary cracks had a sharp shape in the sample
tested at 600 °C, consistent with the fracture
morphology. For the sample tested at 650 °C, the
material on both sides of the crack has undergone
significant plastic deformation, and long strip holes
were left beside TiB,, showing the state of crack
expansion in a good plasticity matrix.

4 Conclusions

(1) The microstructures of the rolled sheets

were uniform and without excessively grown f
grains. The microstructures formed during heat
preservation at 1000 and 1100 °C before rolling
were different, which led to varied microstructures
of the rolled sheets. After rolling deformation, the
network structure with equiaxed units was turned
into a layered structure with disk-like units.

(2) The rolled sheets were subjected to fracture
with brittleness during room-temperature tensile
testing. The sheet rolled at 1000 °C displayed better
room-temperature strength and elongation than that
rolled at 1100 °C. Compared with slabs, the tensile
strengths of the sheets rolled at 1000 and 1100 °C
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increased by 26.4%
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(1398 MPa) and 23.0%

(1360 MPa), respectively.

(3) The sheet rolled at 1000 °C had the best

plasticity, whereas that rolled at 1100 °C had the

best
TiB

strength. During the tensile test at 600 °C, the
whiskers maintained a good strengthening

effect. The tensile strengths of the slab and sheets
were 561 MPa (slab), 662 MPa (rolled at 1000 °C),
and 758 MPa (rolled at 1100 °C).

(4) When the temperature was higher than

650 °C, the tensile strength of the sheets largely
depended on the titanium matrix. The tensile
strength at 650 °C of the sheet rolled at 1100 °C
(553 MPa) was higher than those of the slab
(521 MPa) and sheet rolled at 1000 °C (494 MPa).
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