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Abstract: The refractory metal rhenium (Re), with content of 0—2 at.%, was introduced into a typical y-TiAl alloy of
Ti—48 Al-2Cr—2Nb (at.%) through vacuum arc melting. The effect of Re content on the microstructure and mechanical
properties of the y-TiAl alloy was investigated. The results show that the y-TiAl-xRe alloy is composed of y, a2, and S
phases. As the Re content increases, the proportion of f phase increases, while the content and size of a;+y lamellar
structure decrease gradually. Furthermore, the compressive strength increases with increasing Re content. A maximum
compressive strength of 2282 MPa is achieved for the y-TiAl-2Re alloy. The y-TiAl-2Re alloy exhibits a fracture strain
of 36.7%, considerably higher than that of the y-TiAl alloy (31.0%). Moreover, compared with the y-TiAl alloy, the
hardness and compressive strength of the y-TiAl—-2Re alloy considerably increase by 17.5% and 34.2%, respectively.
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1 Introduction

y-TiAl alloys have the merits of low density,
high melting point, and excellent creep resistance
and antioxidation performance. Thus, they have
been considered a viable alternative to the heavy
Ni-based superalloys in the high-temperature
applications such as turbine blades in aerospace and
power plants [1-3]. Despite the high suitability of
y-TiAl alloys for next-generation aerospace and
automotive applications, they were commercially
introduced into turbofan engines by GE only after

Ti—48Al-2Cr—2Nb (Ti-4822 alloy) blades obtained
certification in 2010 [4—6]. In general, the castings
of y-TiAl alloys, particularly Ti-4822 alloy, pose
severe processing challenges primarily due to the
inherently low ductility associated with their
intermetallic phases [7—10]. Limited slip systems in
y-TiAl alloys can also decrease their fracture
toughness [11—13]. To overcome these limitations,
advanced y-TiAl alloys with improved mechanical
properties and overall performance are being
developed by incorporating fS-stabilizing elements
such as Nb, Ta, W and Cr [14—18]. However, the
room-temperature strength and plasticity of y-TiAl
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alloys are still insufficient, their
widespread application.

Rhenium (Re), renowned for its exceptionally
high melting point of up to 3180 °C, is widely used
in nickel-based superalloys to increase their service
temperature and high-temperature strength [19-21].
In recent generations of nickel-based superalloys,
Re is an essential element, and its usage has been
gradually increasing. The introduction of Re
can considerably enhance the high-temperature
performance of nickel-based superalloys [22—-25].
The primary reason for such an enhancement is that

limiting

Re is mainly concentrated within the y matrix phase.

Re takes part in the formation of atomic clusters
with short-range ordered structures, effectively
impeding the motion of dislocations. In turn,
element diffusion and directional growth rate of y’
phase decrease, thereby improving the mechanical
properties and high-temperature performance of
superalloys.

The performance of NiAl alloys can be
enhanced by adding Re. These alloys have garnered
attention as a potential alternative to nickel-based
superalloys. BOCHENEK et al [26] studied the
impact of Re on the microstructure and the
properties of NiAl alloys and reported that Re
precipitated at the grain boundaries of NiAlL
Additionally, a portion of Re diffused into the NiAl

matrix, forming a Re-containing NiAl solid solution.

The presence of Re precipitates and its diffusion
into the NiAl matrix improved the fracture
toughness of NiAl alloys.

The effect of Re on Ti alloys has also been
reported. LI et al [27] added Re in the
Ti—10A1-4Ta—2Nb—0.25Re alloy, which led to a
notable refinement of the secondary a phase.
Moreover, the density of the f/a interface increased,
thereby impeding dislocation movement and
enhancing the strength. MAJCHROWICZ et al [28]
added Re in Ti alloys and obtained a highly refined
acicular o' martensite structure. Compared with
commercial pure Ti, the fine o' needles in the Ti—Re
alloy effectively hindered the motion of dislocations,
thereby improving its strength. CHLEBUS et al [29]
demonstrated that the inclusion of a small amount
of dissolved Re in the martensitic structure notably
increased the hardness of Ti. When the Re content
reached 1.5 at.%, the hardness increased by 85%.

Indeed, the addition of Re into y-TiAl alloys
can result in effective microstructure refinement

owing to its high melting point, high activation
energy for vacancy conversion, and significant
deviation from the lattice size of the y-TiAl matrix.
When Re is dissolved in y-TiAl alloys, the high
activation energy associated with vacancy
conversion can effectively hinder the migration of
vacancies along the grain boundaries. Additionally,
the solid soluble Re can induce substantial lattice
distortion, thereby increasing the activation energy
for grain boundary migration and inhibiting grain
growth during alloy synthesis. Moreover, the
substantial difference in atomic radii among Re, Ti
and Al can potentially cause solution strengthening,
enhancing the mechanical properties of the alloy.
Despite the significant potential of Re in enhancing
the properties of y-TiAl alloys, the marked
difference in melting points between Re and y-TiAl
alloys has hindered relevant research efforts.

Herein, four Ti—48A1-2Cr—2Nb—xRe (y-TiAl-
xRe, x=0, 0.25, 1, and 2 at.%) alloys with varying
Re contents were synthesized via vacuum arc
melting. Then, the impact of Re content on the
microstructure and mechanical properties of
y-TiAl—xRe alloys was comprehensively investigated.
The study is expected to promote the practical
application of the rare and precious metal Re in
lightweight high-temperature alloys, like y-TiAl
alloys which possess significant engineering
implications.

2 Experimental

2.1 Material preparation

y-TiAl alloys with varying Re contents,
Ti—48Al-2Cr-2Nb—xRe (y-TiAl-xRe, x=0, 0.25, 1,
and 2 at.%), were fabricated via vacuum arc melting.
The button ingots weighing 100 g, with ~60 mm in
diameter and 20 mm in height, were remelted eight
times in a water-cooled copper crucible to achieve a
homogeneous composition distribution.

2.2 Characterization

Phase identification of bulk samples was
performed using a D/max-2550VB  X-ray
diffraction (XRD) analyzer at room temperature
using Cu K, radiation, operated at 45kV and
40 mA with a step size of 0.02°. For microstructure
observation, the metallographic sample was initially
ground wusing sandpaper to surface
irregularities. Then, a physical polishing process

r’move
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was used to achieve a smooth and uniform surface.
The polished samples were etched using Kroll’s
reagent, a mixture of HF, HNOs, and water with a
volume ratio of 5:10:85. After etching, the sample
was thoroughly rinsed with alcohol to remove any
residual etching solution and then dried under hot
air. The etched samples were fist observed using the
Olympus-PMG3 optical microscopy (OM). The
elemental composition of alloys was determined via
scanning electron microscopy (SEM) analysis
performed using the Regulus 8100 cold field
emission scanning electron microscope equipped
with an energy dispersive X-ray spectroscopy (EDS)
system operated at an accelerated voltage of 15 kV.
An electron back scatter diffraction (EBSD) system
(Oxford Instrument), with a step size of 0.5 pm,
was used to investigate the elemental distribution,
phase maps, and texture. The mechanically polished
samples were further electropolished using the
Struers TenuPol-5 twin-jet electropolisher in a
solution containing 85 vol.% CH;OH and 15 vol.%
HNO; at 14V and —38 °C. Transmission electron
microscopy (TEM) was performed on the
electropolished samples using the JEM-2100F
transmission electron microscope equipped with an
EDS system at an accelerating voltage of 200 kV.

The sample for the hardness test was obtained
using an electrospark wire electrode cutting
technique. The sample underwent grinding and
physical post-polishing processes to achieve a
smooth surface. Then, its Vickers hardness was
measured using the Vickers hardness tester
employing a diamond indenter with a load of
9.807 N and a dwell time of 20 s. The average was
taken from five hardness test results for each
sample and used for analysis.

Room-temperature compression tests were
performed on the 858 Mini Bionix II machine with
a strain rate of 0.001 s using cylindrical specimens
with dimensions of d6 mm % 9 mm machined from
the ingot along its axis. To ensure the accuracy of
results, at least three samples were tested for each
condition.

3 Results and discussion

3.1 Phase analysis

Figure 1 shows the XRD patterns of TiAl-xRe
alloys. The y-TiAl and y-TiAl—0.25Re alloys have
diffraction peaks corresponding to the y-TiAl and

02-TisAl phases. However, the intensity of a»-TizAl
phase diffraction peak is relatively low. Notably, S
phase is not detected when the Re content is
<1 at.%, suggesting lower f phase content in these
alloys. When the Re content reaches 1 at.%, a
diffraction peak corresponding to the f phase was
observed. As the Re content increases, the intensity
of the /8 phase diffraction peak increases. Moreover,
the diffraction peak of a»-TizAl phase was nearly
absent in the y-TiAl-2Re alloy.
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Fig. 1 XRD patterns of y-TiAl-xRe alloys

3.2 Microstructures of y-TiAl-xRe alloys

Figure 2 shows the metallographic structure of
y-TiAl-xRe alloys, which reveals their lamellar
structure. The p-TiAl alloy without Re has the
largest lamellar clusters (Fig. 2(a)), with an average
colony size of ~223.9 ym. Furthermore, fine y
equiaxed crystals near the grain boundary are
noticeably visible. As shown in Fig. 2(b), the
lamellae of the yp-TiAl—0.25Re alloy are smaller
compared to the p-TiAl alloy, with an average
colony size of ~114.7 um. This suggests that the
addition of Re refines the lamellar structure. As the
Re content reaches 1 at.%, a higher content of
intermittent black mesh can be observed, primarily
concentrated at the grain boundaries between
lamellae and within the lamellar structure
(Fig. 2(c)). Combined with the XRD results, it can
be inferred that the black mesh is the f phase. The
size of the lamellar colony also decreases
significantly (~50.1 pm). As shown in Fig. 2(d),
when the Re content reaches 2 at.%, the f phase
becomes continuous. Simultaneously, both the size
and volume fraction of the lamellar structure
considerably decrease.
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[Camellar

Figure 3 shows the backscattered electron
(BSE) images of y-TiAl-xRe alloys, which reveal
the presence of p, f, and a» phases. Figure 3(a)
shows that the p-TiAl alloy exhibits a typical
lamellar structure, which is consistent with the
metallographic observation. Combined with the
XRD results, it can be concluded that the
microstructure of this layer comprises a, and 7y
phases. In contrast, the white areas correspond to
the S phase. Thus, the addition of Re considerably
modifies the microstructure, as evidenced by grain
boundary coarsening and a continuous increase in
the f phase content in the alloy. When the Re
content is 1 at.%, the majority of S phase is
distributed along the grain boundaries, whereas a
smaller portion is distributed within the lamellar
structure. As the Re content increases to 2 at.%, the
/S phase content further increases and the volume
fraction of the lamellar structure decreases. As
a typical f phase-stabilizing element, the
incorporation of Re enhances the formation of f
phase while inhibits the growth of the lamellar
structure.

The chemical composition of p-TiAl-xRe
alloys, corresponding to the marked regions in
Fig. 3, is shown in Table 1. In the y-TiAl alloy, the
phase comprises 5.45 at.% Cr and 2.52 at.% Nb.
In the y-TiAl-1Re alloy, the S phase is composed
of 5.66 at.% Cr, 2.52 at.% Nb, and 3.02 at.% Re.
As the Re content increases to 2 at.%, the f
phase contains 5.74 at.% Cr, 2.10 at.% Nb, and
5.12 at.% Re. Additionally, the Re content in the y
and ooty phases is relatively low.

Fig. 2 Metallographic structure of y-TiAl-xRe alloys: (a) ORe; (b) 0.25Re; (c) 1Re; (d) 2Re

The EBSD results of the microstructure of
y-TiAl-0.25Re alloy are shown in Fig.4 with a
phase map (Fig. 4(a)) and boundary angle map
(Fig. 4(b)). As can be seen from Fig. 4(a), the
y-TiAl-0.25Re alloy is mainly composed of a large
columnar a phase due to the formation of coarse
columnar crystals induced by the temperature
gradient during cooling. Furthermore, considerably
smaller and fewer y/a, and p particles are
aggregated beside the columnar a phase. Figure 4(c)
shows the grain size distribution, which indicates
that the average grain size is 116.3 um, close to that
obtained from the OM image (114.7 um).
Figure 4(d) shows the misorientation angle of the
adjacent phase. Almost all the high angle
boundaries are about 60°, indicating a high density
of twin intersections in the y phase.

Figure 5 shows the pole figures of the y phase
in the y-TiAl-0.25Re alloy, which exhibits a strong
texture of over 6 times random in its (100) direction.
Such a robust texture indicates that the cooling rate
is below the critical level required for extensive
transformation. Specifically, the y phase precipitates
from the o phase with twelve distinct orientation
variants, resulting in a more randomized orientation
of lamellae.

Figure 6 shows the bright field images of
y-TiAl and y-TiAl-2Re alloys, revealing their
characteristic laminated structures. This laminated
structure is composed of a; and y phases, as inferred
from the SAED patterns in the inset image. Table 2
shows the cluster size and thickness of the y and a
phases in y-TiAl alloys with different Re contents.
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Fig. 3 BSE images of y-TiAl—xRe alloys: (a, b) ORe; (c, d) 0.25Re; (e, f) 1Re; (g, h) 2Re

Table 1 Chemical composition of y-TiAl-xRe alloys
marked regions in Fig. 3

) Content/at.%
Region - Phase
Ti Al Cr Nb Re

1 49.47 4631 1.77 245 y
2 52.53 39.51 545 252 p
3 50.38 4527 2.00 235 oty
4 4732 4834 137 223 0.73 y
5 54.11 34.69 5.66 2.52 3.02 p
6 48.72 46.80 1.47 222 0.79 ooty
7 49.29 4626 134 2.11 1.01 y
8 52.88 34.15 5.74 2.10 5.12 p
9 49.64 45.09 181 195 151 aoty

Specifically, the average thicknesses of the y and a»
phases in y-TiAl alloys are approximately 0.49 and
0.29 um, respectively. In contrast, the average
thicknesses of the y and o« phases in the
p-TiAl-2Re alloy are 0.38 and 0.052 pm,
respectively. Evidently, the addition of Re does
not have a considerable impact on the p-phase
thickness, but the thickness of the a, phase noticeably
reduces.

TEM—-EDS elemental mapping was performed
to further investigate the distribution of Re in
the y-TiAl-2Re alloy (Fig. 7). Results show that
both a, and y phases contain small amounts of
Re, whereas the § phase contains high content of Re.
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Fig. 4 EBSD analysis of y-TiAl-0.25Re alloy: (a) Phase map of y, 5, and a»; (b) Boundary angle; (c) Distribution of
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Fig. 5 Pole figures of y phase in y-TiAl-0.25Re alloy

This suggests that increasing the Re content
promotes the transformation of the a» phase into S
phase. The transformation is further supported by
the XRD patterns, which confirm the absence of
o> phase in the y-TiAl-2Re alloy. As the Re content
increases, the number of y+a, layers decreases while
that of y+f structures increases in the y-TiAl-2Re

Table 2 Colony size and thickness of y and a» phases in
y-TiAl-xRe alloys

Size of Thickness Thickness
Alloy lamellar  of y phase/ of ar
colony/um um phase/um
y-TiAl 2239 0.49 0.29
y-TiAl-0.25Re 114.7 0.46 0.13
y-TiAl-1Re 50.1 0.41 0.079
y-TiAl-2Re 20.0 0.38 0.052

alloy. This finding is consistent with the results
reported by IMAEV et al [30]. Combined with
SEM results, the growth of the S(B2) phase is
deemed mainly due to the a,—/f(B2) phase
transition, which can be explained by the instability
of a, phase oversaturated by Mo and Nb.

TEM results confirm the prevalence of Re in the
S phase of TiAl alloys. However, the precise
identification of the specific location of Re within
the TiAl lattice remains a formidable task. The
occupancy and mode of occupancy of Re in the
TiAl lattice have been extensively studied using
first-principles methods. JIANG [31] used first-
principles calculations to investigate the spatial
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Fig. 6 TEM images of TiAl—xRe alloys with SAED images in inset: (a) ORe; (b) 2Re

Fig. 7 EDS elemental mappings of y-TiAl-2Re alloys

occupancy of 3d, 4d, and 5d transition metal solutes
in a TiAl alloy with an L1, structure and revealed
that Re exhibited a notable preference for
occupying Al sites. OUADAH et al [32] calculated
the formation energy of substitute elements in both
TizAl and TiAl phases and suggested that Re
was more prone to dissolve into the a»-TizAl
phase. Furthermore, the increase in Re content
predominantly contributed to the transformation of
the a» phase into f phase, thereby explaining the
observed increase in the proportion of S phase.

3.3 Mechanical properties
3.3.1 Vickers hardness

Table 3 shows the Vickers hardness of the
y-TiAl-xRe alloys. As the Re content increases
from O to 0.25 at.%, the hardness of the y-TiAl alloy
increases rapidly and considerably from HV 275.0
to HV 359.4 because the grain size decreases with
increasing Re content. According to the Hall-Petch
formula, the strength is inversely proportional to the

square root of the grain size, and a higher strength
implies higher hardness [33,34]. The f phase
content increases with increasing addition of Re in
the p-TiAl alloy. S phase displays the highest
hardness among all the phases in the p-TiAl
alloy [35], thereby increasing its hardness. The
addition of Re can result in solid solution hardening.
The SEM—EDS results suggest that Re has a certain
solubility in both y and a» phases, causing solid
solution hardening of the y-TiAl-xRe alloy.
However, the hardness slightly decreases as the Re
content reaches 2 at.%. The XRD results reveal that
the a» phase content decreases and the y phase
content increases in the y-TiAl-2Re alloy. The a»
phase has higher hardness than the 7y phase,
which reduces the overall hardness of the alloy. XU
et al [36] studied the effect of Mo content on the
microstructure and mechanical properties of the
y-TiAl alloy. The results showed that as the Mo
content increased, the volume fraction of a, phase
decreased rapidly whereas that of y phase increased
considerably, thereby decreasing the hardness.
Moreover, the combined SEM and OM results show
that the lamellar structure in the alloy decreases as
the Re content increases. This phenomenon
enhances the hardness, as the y/a, interface in the
structure effectively inhibits dislocation movement.
Hence, the hardness of the y-TiAl-2Re alloy is
reduced.

Table 3 Vickers hardness of y-TiAl—xRe alloys

Re Zif;)em/ Vickers hardness (HV) har?gees,r:%IiIV)
0 280 268 266 290 271 275.0
0.25 363 354 362 352 366 359.4
1 349 352 339 365 351 351.2
2 320 322 315 328 331 323.2
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3.3.2 Compression fracture

morphologies

Figure 8(a) shows the compressive stress—
strain curves of y-TiAl-xRe alloys with varying Re
content. The plastic deformation stage of the alloys
exceeds the elastic deformation stage during
compression at room temperature. This implies that
these alloys possess a remarkable ability to undergo
plastic deformation and exhibit significant work
hardening capacity under uniaxial compressive
stress. The compressive strength of y-TiAl-xRe
alloys is considerably higher than that without Re.
In the y-TiAl alloy, the compressive strength is
1700 MPa with a fracture strain of 31.0%. The
compressive strength of the alloy increases
considerably to 1879 MPa (a 10.52% increase)
when the Re content is increased to 0.25 at.%.
However, the fracture strain remains almost
unchanged. Further increasing the Re content to
1 at.% increases the compressive strength of the
alloy to 2021 MPa, 18.88% increase compared with
the y-TiAl alloy. The fracture strain of y-TiAl-xRe
sample also increases from 31.0% to 37.8%. When
the Re content in the y-TiAl alloy reaches 2 at.%, its

properties  and
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Fig. 8 Compressive stress—strain curves (a) and yield
strength (b) of y-TiAl—xRe alloys

compressive strength further increases to 2282 MPa,
with a fracture strain of 36.7%. The compressive
strength increases by 34.23% compared with the
y-TiAl alloy. Figure 8(b) shows the variation in the
yield strength for the y-TiAl alloys with different Re
contents. As the Re content increases up to 1 at.%,
the yield strength of the alloy increases from
(393+26) to (803+32) MPa. However, when the Re
content surpasses 1 at.%, the yield strength begins
to decrease, reaching (604+28) MPa at 2 at.%.

The compressive strength of the y-TiAl alloy
increases with increasing Re content because of the
following reasons. (1) The elemental mappings in
Fig. 8 show that Re is soluble in the matrix,
indicating the solid solution strengthening effect. As
Re atom is relatively large, its integration into the
Al lattice causes distortion and subsequent alloy
strengthening. (2) The SEM and OM images reveal
that the addition of Re leads to an increase of the
phase. The S phase in the y-TiAl usually precipitates
along the grain boundaries, hindering the grain
growth and refining the grain boundary. According
to the Hall-Petch formula, os=co+kd "', a smaller
grain size results in an increase in its yield strength.
Furthermore, the increasing Re content can also
refine the y/a, layer structures, considerably
hindering the slip of dislocations. As shown in
Table 2, the thicknesses of y and a, phases within
the p-TiAl-1Re alloy decrease to 0.41 and
0.079 um, respectively, lower than those of the
»-TiAl alloy (0.49 and 0.29 pum, respectively). As
the Re content increases to >1 at.%, the yield
strength of the alloy decreases. As Re is a § phase—
stabilizing element, higher Re contents can impede
the phase transformation of § to o and subsequently
to az. The a2 phase inhibits crack propagation at the
intersection points by causing kinks and necking
[37]. As the a» phase content decreases, its
corresponding inhibitions reduce and the yield
strength decreases. The microstructure of alloys
also decreases the yield strength. In particular, the
volume fraction of the lamellar structure decreases
as the Re content increases, which plays a crucial
role in impeding the slip of dislocations and
increasing the yield strength.

When the Re content in the alloy is 1 and
2 at.%, the fracture strain increases considerably
because the addition of Re induces significant grain
refinement, which enhances the coordination of
plastic deformation within the alloy. Meanwhile, the
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reduction of the crystal axis ratio c¢/a would be
another reason. CHUBB et al [38] reported that the
symmetry of the L1, structure was enhanced when
the c/a value approached 1, thereby improving the
fracture strain of the alloy. JIANG [31] investigated
the impact of alloying elements on the c/a ratio of
the ¢-TiAl lattice with Llo structure using
first-principles calculations. Their results showed
that the introduction of Re considerably reduced the
c/a ratio of the TiAl alloy. The c/a ratio reached
~1.005 when Re occupied the position of Al. The
XRD results show the c/a values in the y-TiAl,
y-TiAl-1Re, and p-TiAl-2Re alloys are 1.0152,
1.0144 and 1.0147, respectively, calculated using
the Jade6.0 software (Table 4). This indicates that
the addition of Re reduces the c/a value. A smaller
c/a value promotes a more uniform distribution of
stress and strain in the microstructure, allowing for
substantial plastic deformation process before
fracture. The p—d bond interaction also decreases.
The Al-Ti p—d covalent bond within the alloy
has directional properties. The pronounced

el (GO M PIES STON| AX1'S) s

directionality of the covalent bonds enhanced the
shear strength and significantly inhibited shear
deformation [39]. Re, a 5d transition metal, has a
large number of d-orbital electrons. Introducing Re
atoms into the y-TiAl alloy can potentially increase
the charge overlap density around the transition
metal and nearby Ti atoms, thereby reducing the
Ti—Al bond interaction and enhancing the Ti—Ti
bond interaction. Consequently, the overall fracture
strain of the y-TiAl alloy is improved.

Table 4 Lattice parameters of y phase in y-TiAl-xRe

alloys
Alloy cla
TiAl-O0Re 1.0152
TiAl-1Re 1.0144
TiAl-2Re 1.0147

The majority of the y-TiAl-xRe alloys exhibit
shear fracture along 45°, relative to the loading
direction under compression. Figure 9 shows the

Translamellar
[nterlamellar

200 pm

\

Interlamellar

Translamellar

200 pm

Fig. 9 Fracture morphologies of TiAl-xRe alloys: (a, b) ORe; (c, d) 1Re; (e, f) 2Re
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fracture morphology of the y-TiAl-xRe alloy after
compression. Figures 9(a, b) show that the fracture
surface of the y-TiAl alloy has a high proportion of
interlaminar cleavage planes and a small proportion
of translamellar fracture planes. The fracture
surface also shows numerous slip lines, indicating
significant deformation before failure. The
predominant mode of fracture is interlamellar,
which is characterized by cracks initiating and
propagating between lamellae. The fracture mode
of the y-TiAl—1Re alloy comprises interlamellar and
translamellar fractures, with tiny dimples on the
fracture surface (Figs. 9(c,d)). Moreover, the
fracture surface of the p-TiAl-1Re alloy shows
more number of translamellar cracks than that of
the y-TiAl alloy. As the Re content reaches 2 at.%,
the proportion of cleavage planes decreases
considerably, whereas that of tearing edges
increases (Figs. 9(e, f)). The fracture surface also
shows an increased proportion of dimples,
indicating improved plasticity.

4 Conclusions

(1) The microstructure of the p-TiAl-xRe
alloys contains o, y-TiAl, and f phases. As the Re
content increases, the grain boundary coarsens and
the f phase content increases.

(2) The addition of Re in the y-TiAl alloy can
enhance its strength and hardness via solid solution
strengthening and  fine-grain  strengthening
mechanisms.

(3) The fracture strains of the y-TiAl-1Re and
the y-TiAl-2Re alloys are obviously improved due
to the fine-grain strengthening, reaching 37.8% and
36.7%, respectively.

(4) The hardness, compressive strength, and
fracture strain of the y-TiAl-2Re alloy considerably
increase to 17.5%, 34.2%, and 18.3%, respectively,
compared with those of the y-TiAl alloy.
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SEANINAT Ti—48A1-2Cr—2Nb &€ E/RB LB 1= R =20
R EHRARY, S F RER A, mHSRY, S RER!

LWL RS MRS TR, i 310014;
2. TERY MARGEEFELASLRE, Kb 410083;
30 WiRIRHT#Be et pRHE A HE G FTE 70, BTN 310015:
4. AEEBHORY Ba B el EE A E, dbat 100083

W OE: B AESAIUEEIIETE Ti-48A1-2Cr—2Nb SIS TN 0-2%(BE /R 73 B0 MXEE 48 Bk (Re), T
Fi Re F BN} p-TiAlxRe & & WA LU )RR M2 R . 25K p-TiAlxRe B4 H y oo B g FH K,
HFfE% Re &2=MIHIN, BAHMILLEIEIN, axty RIS BRI EHI/N . »-TiAl & MPUERERE Re &
BRI HE R, p-TiAl-2Re & & HIPUE R B 5, 153 2282 MPa. R, p-TiAl2Re &4 IR N AR N 36.7%,
HEET p-TiAl 48R NA(31.0%). b, 5 p-TiAl &AM, p-TiAl-2Re & 4155 B FPLE 58 5 5 Bl 52
T 17.5%F1 34.2%.
KEEIR: p-TiAl B4 8% BEZHIUGE; HES5H; J1aheRs,; syl
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