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Description
[Technical Field]
[0001] The present disclosure relates to a TiAl alloy and a method of manufacturing the same.
[Background Art]

[0002] A TiAl (titanium aluminide) alloy is an alloy formed of an intermetallic compound of Ti and A1. The TiAl alloy is
excellent in the heat resistance, and has a lighter weight and larger specific strength than an Ni-base alloy, and thus, is
applied to aircraft engine components such as turbine blades. For such the TiAl alloy, a TiAl alloy containing Cr and Nb
is used (see Patent Literature 1).

[Citation List]

[Patent Literature]

[0003] [PTL 1] Japanese Patent Application Publication No. 2013-209750
[Summary of Invention]

[Technical Problem]

[0004] In order to reduce the weight of TiAl alloy parts such as turbine blades, to increase the specific strength of the
TiAl alloy by increasing the strength of the TiAl alloy is needed. However, in a conventional TiAl alloy, it is difficult to
increase the strength by improving the mechanical strength and the ductility in a good balance, and if the ductility is
increased, the mechanical strength may degrade.

[0005] Therefore, an object of the present disclosure is to provide a TiAl alloy capable of improving the mechanical
strength and the ductility of the TiAl alloy in a good balance, and a method of manufacturing the same.

[Solution to Problem]

[0006] A TiAl alloy according to the present disclosure contains 48 at% or more and 50 at% or less of Al, 3 at% or
more and 5 at% orless of Nb, 0.1 at% or more and 0.3 at% or less of B, and the balance being Ti and inevitable impurities.
[0007] In the TiAl alloy according to the present disclosure, the content of Al may be 49 at%.

[0008] In the TiAl alloy according to the present disclosure, a metal structure may be formed of lamellar grains and y
grains, and may be free of the segregation of Nb.

[0009] In the TiAl alloy according to the present disclosure, a volume fraction of the lamellar grains may be 80 volume
% or more, relative to a total of the volume fraction of the lamellar grain and the volume fraction of the y grain being 100
volume %.

[0010] In the TiAl alloy according to the present disclosure, Vickers hardness at a room temperature may be 200 HV
or more.

[0011] In the TiAl alloy according to the present disclosure, room temperature ultimate tensile strength may be 400
MPa or more and room temperature tensile fracture strain may be 1.0 % or more.

[0012] In the TiAl alloy according to the present disclosure, creep strain after the elapse of 200 hours may be 2 % or
less, when a temperature is 800 °C and applied stress is 150 MPa.

[0013] A method of manufacturing a TiAl alloy according to the present disclosure includes a casting step of casting
a TiAl alloy raw material which contains 48 at% or more and 50 at% or less of Al, 3 at% or more and 5 at% or less of
Nb, 0.1 at% or more and 0.3 at% or less of B, and the balance being Ti and inevitable impurities.

[0014] In the method of manufacturing the TiAl alloy according to the present disclosure, in the casting step, a solid-
ification process may pass through an o single phase region.

[0015] The method of manufacturing the TiAl alloy according to the present disclosure may include a hot isostatic
pressing process step for performing a hot isostatic pressing process of applying hot isostatic pressing to the cast TiAl
alloy at a temperature range from 1250 °C or higher to 1350 °C or lower, for a hour range from 1 hour or more to 5 hours
or less, at an applied stress range from 158 MPa or higher to 186 MPa or lower, and then furnace cooling the cast TiAl
alloy subjected to the hot isostatic pressing to 900 °C, followed by rapid cooling of the cast TiAl alloy subjected to the
hot isostatic pressing from 900 °C.

[0016] The method of manufacturing the TiAl alloy according to the present disclosure may include a stress relieving
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step of relieving stress by holding the TiAl alloy subjected to the hot isostatic pressing process at a temperature range
from 800 °C or higher to 950 °C or lower for a hour range from 1 hour or more to 5 hours or less.

[0017] According to the thus-configured TiAl alloy and the thus-configured method of manufacturing the same, the
mechanical strength and the ductility of the TiAl alloy can be improved in a good balance.

[Brief Description of Drawings]
[0018]

[Fig. 1]

Fig. 1 shows a constitution of a turbine blade in an embodiment of the present disclosure.

[Fig. 2]

Fig. 2 is a graph showing results of tensile tests in an embodiment of the present disclosure.

[Fig. 3]

Fig. 3 is photographs showing results of the observation of metal structures of TiAl alloys of Reference Examples
4 to 8, in an embodiment of the present disclosure.

[Fig. 4]

Fig. 4 is photographs showing results of the observation of metal structures of TiAl alloys of Examples 2 to 4, and
Reference Examples 9 and 10, in an embodiment of the present disclosure.

[Fig. 5]

Fig. 5 is a graph showing results of the measurement of Vickers hardness of TiAl alloys before being subjected to
hot isostatic pressing process, in an embodiment of the present disclosure.

[Fig. 6]

Fig. 6 is a graph showing results of the measurement of Vickers hardness of TiAl alloys subjected to hot isostatic
pressing process, in an embodiment of the present disclosure.

[Fig. 7]

Fig. 7 is a graph showing results of tensile tests in an embodiment of the present disclosure.

[Fig. 8]

Fig. 8 is a graph showing results of creep tests, in an embodiment of the present disclosure.

[Fig. 9]

Fig. 9 is photographs showing results of the observation of cross-sectional areas after performing oxidation tests,
in an embodiment of the present disclosure.

[Description of Embodiments]

[0019] An embodiment of the present disclosure will be described in detail below with reference to the drawings. A
TiAl (titanium aluminide) alloy according to an embodiment of the present disclosure contains 48 at% or more and 50
at% or less of Al, 3 at% or more and 5 at% or less of Nb, 0.1 at% or more and 0.3 at% or less of B, and the balance
being Ti and inevitable impurities. Next, the reason why a composition range of each alloy component contained in the
TiAl alloy is limited will be explained.

[0020] Al(aluminium)has afunction ofimproving the mechanical strength and the ductility such as the room temperature
ductility. The content of Al is in a range from 48 at% or more to 50 at% or less. The ductility degrades if the content of
Al is less than 48 at%. The ductility degrades if the content of Al is more than 50 at%. Further, if the content of Al is more
than 50 at%, a solidification process changes from an a single phase region (o solidification) to a y single phase region
(y solidification), and thus, a columnar crystal is formed, and there is a possibility that the anisotropy occurs. By setting
the content of Al in a range from 48 at% or more to 50 at% or less, the solidification process can be in the a single phase
region (a solidification), and this can suppresses the anisotropy. Further, the mechanical strength and the ductility can
be further improved by setting the content of Al to 49 at%.

[0021] Nb (niobium) has a function of improving the oxidation resistance and the mechanical strength. The content of
Nb is in a range from 3 at% or more to 5 at% or less. If the content of Nb is less than 3 at%, the oxidation resistance
and the high-temperature strength degrade. If the content of Nb is more than 5 at%, the ductility such as the room
temperature ductility degrades. Further, if the content of Nb is 5 at% or less, the segregation of Nb can be suppressed.
The occurrence of the segregation of Nb may degrade the mechanical strength and the ductility.

[0022] B (boron) has a function of enhancing the ductility such as the room temperature ductility by refining crystal
grains. The content of B is in a range from 0.1 at% or more to 0.3 at% or less. If the content of B is less than 0.1 at%,
the crystal grains are coarsened and the ductility degrades. If the content of B is more than 0.3 at%, impact characteristics
may be degraded. By setting the content of B in a range from 0.1 at% or more to 0.3 at% or less, the TiAl alloy comes
to be formed of fine crystal grains with a crystal grain size of 200 wm or less, and accordingly, the ductility can be improved.
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[0023] B has afunction of improving the mechanical strength by precipitating fine borides in the crystal grains through
the application of a hot isostatic pressing process which will be described later. The fine borides are formed by including
borides with a grain size of 0.1 um or less. The fine borides are formed of TiB, TiB, or the like. The precipitation of the
fine borides in the crystal grains can improve the mechanical strength such as the tensile strength, the fatigue strength,
and the creep strength.

[0024] The balance of the TiAl alloy is Ti and inevitable impurities. The inevitable impurities are impurities that may
be mixed even if a user has no intension to add. The TiAl alloy does not contain Cr (chromium), and therefore, the
degradation in the mechanical strength can be suppressed. The TiAl alloy does not contain V (vanadium) either, and
therefore, the degradation in the mechanical strength and the oxidation resistance can be suppressed. Further, the TiAl
alloy does not contain Mo (molybdenum) either, and thus, the degradation in the specific strength can be suppressed.
[0025] Next, a method of manufacturing a TiAl alloy according to an embodiment of the present disclosure will be
described.

[0026] A method of manufacturing a TiAl alloy includes a casting step of melting and casting a TiAl alloy raw material
which contains 48 at% or more and 50 at% or less of Al, 3 at% or more and 5 at% or less of Nb, 0.1 at% or more and
0.3 at% or less of B, and the balance being Ti and inevitable impurities. The TiAl alloy raw material is melted in a vacuum
induction furnace or the like and cast to form an ingot or the like. The casting of the TiAl alloy raw material may use a
casting system which is used for casting a general metallic material.

[0027] A solidification temperature of the TiAl alloy is lower than that of a conventional TiAl alloy, and thus, it is possible
to improve running properties during casting. This enables the formation of a TiAl alloy part such as a turbine blade into
a net-shape or a near-net-shape, and accordingly, it is possible to reduce a manufacturing cost. Further, according to
the TiAl alloy, to take the superheat is not needed, and accordingly, the castability is improved. In this TiAl alloy, the
solidification process passes through the o single phase region (o solidification). This enables the prevention of the
occurrence of columnar crystals in the TiAl alloy and the suppression of the anisotropy.

[0028] The method of manufacturing the TiAl alloy may include a hot isostatic pressing process step for performing a
hot isostatic pressing process of applying hot isostatic pressing (HIP) to a cast TiAl alloy at a temperature range from
1250 °C or higher to 1350 °C or lower, for a hour range from 1 hour or more to 5 hours or less, at an applied stress
range from 158 MPa or higher to 186 MPa or lower, and then, furnace cooling the cast TiAl alloy subjected to the hot
isostatic pressing to 900 °C, followed by rapid cooling of the cast TiAl alloy from 900 °C. By performing the hot isostatic
pressing process, it is possible to suppress casting defects such as voids and control a metal structure.

[0029] More specifically, by applying the hot isostatic pressing to the cast TiAl alloy at a temperature range from 1250
°C or higher to 1350 °C or lower, for a hour range from 1 hour or more to 5 hours or less, and at an applied stress range
from 158 MPa or higher to 186 MPa or lower, it is possible to suppress mainly casting defects including internal defects
such as voids caused to the cast TiAl alloy. After performing the hot isostatic pressing to the cast TiAl alloy, pressure is
relieved, the cast TiAl alloy subjected to the hot isostatic pressing is furnace cooled to 900 °C, and the cast TiAl alloy
subjected to the hot isostatic pressing is rapidly cooled from 900 °C, and accordingly, the metal structure can be mainly
controlled. The rapid cooling from 900 °C may be performed at a cooling rate which is equal to or higher than that of air
cooling, and can be performed by gas fan cooling or the like.

[0030] The method of manufacturing the TiAl alloy may include a stress relieving step of relieving stress by holding
the TiAl alloy subjected to the hot isostatic pressing process at a temperature range from 800 °C or higher to 950 °C or
lower, for a hour range from 1 hour or more to 5 hours or less. Residual stress and the like can be relieved by heattreating
the TiAl alloy subjected to the hot isostatic pressing process to relieve stress. This can further improve the ductility of
the TiAl alloy.

[0031] In order to prevent the oxidation, the hot isostatic pressing process and the stress relief may be performed in
a vacuum atmosphere, or an inert gas atmosphere with gas such as argon gas. For the hot isostatic pressing, HIP
equipment or the like which is used for the hot isostatic pressing of a general metallic material can be used. For the
stress relief, an atmosphere furnace or the like which is used for stress relief annealing of a general metallic material
can be used.

[0032] Next, the metal structure of the TiAl alloy will be described. The metal structure of the TiAl alloy is formed of
fine crystal grains with a crystal grain size of 200 wm or less. This can improve the ductility of the TiAl alloy. Further, the
metal structure of the TiAl alloy is formed of lamellar grains and y grains, and is free of the segregation of Nb. The lamellar
grains are formed by regularly arranging o, phases formed of TizAl and y phases formed of TiAl in a layered structure.
The y grains are formed of TiAl. Boride with a grain size of 0.1 wm or less is contained in the y grains. The boride is
formed of TiB, TiB, or the like in a needle shape or the like.

[0033] The lamellar grains can improve the mechanical strength such as the tensile strength, the fatigue strength, and
the creep strength. The y grains can improve the ductility and the high-temperature strength. The fine borides with a
grain size of 0.1 wm or less can improve the mechanical strength. Relative to a total of the volume fraction of the lamellar
grain and the volume fraction of the y grain being 100 volume %, a volume fraction of the lamellar grains may be 80
volume % or more, and the balance may be y grains. The metal structure of the TiAl alloy is mainly formed of the lamellar
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grains, and thus, the mechanical strength can be improved. Further, the metal structure of the TiAl alloy is free of the
segregation of Nb, and thus, the degradation in the mechanical strength and the ductility can be suppressed.

[0034] Next, mechanical characteristics of the TiAl alloy according to the embodiment of the present disclosure will
be described. The mechanical characteristics of the TiAl alloy at room temperature may be such that Vickers hardness
at room temperature is 200 HV or more, when Vickers hardness is measured in accordance with JIS, ASTM, and the
like. Further, when tensile tests are performed in accordance with JIS, ASTM, and the like, the mechanical characteristics
of the TiAl alloy at room temperature may be such that room temperature ultimate tensile strength is 400 MPa or more
and room temperature tensile fracture strain is 1.0 % or more. The high temperature creep characteristics of the TiAl
alloy may be such that the creep strain after the elapse of 200 hours is 2 % or less, when creep tests are performed in
accordance with JIS, ASTM, and the like under a condition where a temperature is 800 °C and applied stress is 150
MPa. Further, the high temperature creep characteristics of the TiAl alloy may be such that the creep strain after the
elapse of 400 hours is 7 % or less, when tests are performed under a condition where a temperature is 800 °C and
applied stress is 150 MPa.

[0035] The TiAl alloy according to the embodiment of the present disclosure can be applied to a turbine blade or the
like of an aircraft engine component. Fig. 1 is a diagram showing a constitution of a turbine blade 10. The TiAl alloy has
high mechanical strength such as high-temperature strength, and thus, the heat resistance of the turbine blade 10 can
be improved. Further, the TiAl alloy has excellent room temperature ductility, and thus, damage to the turbine blade 10
can be suppressed even when the turbine blade 10 is assembled or fitted.

[0036] The above described TiAl alloy contains 48 at% or more and 50 at% or less of Al, 3 at% or more and 5 at% or
less of Nb, 0.1 at% or more and 0.3 at% or less of B, and the balance being Ti and inevitable impurities. Accordingly,
the mechanical strength and the ductility of the TiAl alloy can be improved in a good balance.

[0037] The above described method of manufacturing the TiAl alloy includes a casting step of casting the TiAl alloy
raw material which contains 48 at% or more and 50 at% or less of Al, 1 at% or more and 3 at% or less of Nb, 0.1 at%
or more and 0.3 at% or less of B, and the balance being Ti and inevitable impurities. As a result, the TiAl alloy with the
mechanical strength and the ductility which are improved in a good balance can be manufactured, and also the castability
can be improved because running properties are favorable.

[Examples]

[0038] First, TiAl alloys of Examples 1to 4, Reference Examples 1 to 10, and Comparative Example 1 will be described.
An alloy composition of each TiAl alloy is shown in Table 1.

[0039]
[Table 1]
ALLOY COMPOSITION (at%)
Al | Nb | B | Cr | TIANDINEVITABLE IMPURITIES
EXAMPLE 1 495 | 4 | 02| - BALANCE
EXAMPLE 2 48 | 4 | 01| - BALANCE
EXAMPLE 3 49 | 4 | 01| - BALANCE
EXAMPLE 4 50 | 4 | 01| - BALANCE
REFERENCE EXAMPLE 1 48 | 4 - - BALANCE
REFERENCE EXAMPLE2 | 49 | 4 - - BALANCE
REFERENCE EXAMPLE3 | 50 | 4 - - BALANCE
REFERENCE EXAMPLE 4 | 48 - o1 | - BALANCE
REFERENCE EXAMPLE 5 | 49 - o1 | - BALANCE
REFERENCE EXAMPLE 6 | 50 - o1 | - BALANCE
REFERENCE EXAMPLE 7 | 51 - o1 | - BALANCE
REFERENCE EXAMPLE 8 | 52 - o1 | - BALANCE
REFERENCE EXAMPLE9 | 51 4 | 01| - BALANCE
REFERENCE EXAMPLE10 | 52 | 4 | 0.1 | - BALANCE
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(continued)

ALLOY COMPOSITION (at%)
Al Nb B Cr | TIAND INEVITABLE IMPURITIES
COMPARATIVE EXAMPLE 1 48 2 - 2 BALANCE

[0040] The Tial alloy of Example 1 contained 49.5 at% of Al, 4 at% of Nb, 0.2 at% of B, and the balance being Ti and
inevitable impurities. The Tial alloy of Example 2 contained 48 at% ofAl, 4 at% of Nb, 0.1 at% of B, and the balance
being Ti and inevitable impurities. The TiAl alloy of Example 4 contained 50 at% of Al, 4 at% of Nb, 0.1 at% of B, and
the balance being Ti and inevitable impurities.

[0041] The TiAl alloys in Reference Examples 1 to 3 were set as ternary TiAl alloys containing Nb, the content of Nb
was 4 at%, and the content of Al was changed from 48 at% to 50 at%. The TiAl alloys in Reference Examples 4 to 8
were set as ternary TiAl alloys containing B, the content of B was 0.1 at%, and the content of Al was changed from 48
at% to 52 at%. The TiAl alloys in Reference Examples 9 and 10 were set as quaternary TiAl alloys containing Nb and
B, the content of Nb was 4 at%, the content of B was 0.1 at%, and the content of Al was changed from 51 at% to 52
at%. The TiAl alloy of Comparative Example 1 contained 48 at% of Al, 2 at% of Nb, 2 at% of Cr, and the balance being
Ti and inevitable impurities.

[0042] Each TiAlalloy raw material of each alloy composition shown in Table 1 was melted in a high-frequency vacuum
melting furnace and cast to form an ingot of each TiAl alloy of each alloy composition. Each TiAl alloy was casted, and
then, is subjected to the hot isostatic pressing process. In the hot isostatic pressing process, the cast TiAl alloy was
subjected to the hot isostatic pressing at a temperature of 1300 = 14 °C, for an hour of 3 = 0.1 hours, and at applied
stress of 172 = 14 MPa, and then, the cast TiAl alloy subjected to the hot isostatic pressing was furnace cooled to 900
°C, followed by rapid cooling of the cast TiAl alloy subjected to the hot isostatic pressing from 900 °C by gas fan cooling.
[0043] Effects of Al in the TiAl alloys were evaluated. Tensile tests were performed at room temperature for the TiAl
alloys of Reference Examples 1 to 3. The tensile tests were performed in accordance with ASTM E8. Fig. 2 is a graph
showing results of the tensile tests. In the graph of Fig. 2, a horizontal axis represents the content of Al, a vertical axis
represents the strain, and Reference Examples 1 to 3 are shown in white diamond shapes. Strain indicates fracture
strain. From the graph of Fig. 2, it was found that the room temperature ductility degrades if the content of Al is less than
48 at%, or if the content of Al is more than 50 at%. Further, the strain of Reference Example 2 was larger than that of
Reference Examples 1 and 3. This indicates that the room temperature ductility becomes higher if the content of Al is
49 at%.

[0044] The metal structures of the TiAl alloys were evaluated. The metal structures of the TiAl alloys of Examples 2
to 4 and Reference Examples 4 to 10 were observed. The metal structures were observed by using an optical microscope.
Fig. 3 is photographs showing results of the observation of the metal structures of the TiAl alloys of Reference Examples
4 1o 8, that is, Fig. 3(a) is a photograph of Reference Example 4, Fig. 3(b) is a photograph of Reference Example 5, Fig.
3(c) is a photograph of Reference Example 6, Fig. 3(d) is a photograph of Reference Example 7, and Fig. 3(e) is a
photograph of Reference Example 8. Fig. 4 is photographs showing results of the observation of the metal structures
of the TiAl alloys of Examples 2 to 4 and Reference Examples 9 and 10, that is, Fig. 4(a) is a photograph of Example
2, Fig. 4(b) is a photograph of Example 3, Fig. 4(c) is a photograph of Example 4, Fig. 4(d) is a photograph of Reference
Example 9, and Fig. 4(e) is a photograph of Reference Example 10.

[0045] AsshowninFigs. 3(a)to 3(c), in Reference Examples 4 to 6, a metal structure in which the solidification process
was in the a single phase region (a solidification) was observed. On the other hand, as shown in Figs. 3(d) and 3(e), in
Reference Examples 7 and 8, a metal structure in which the solidification process was in the y single phase region (y
solidification) was observed. In the metal structure in which the solidification process was in the y single phase region
(y solidification), columnar crystals were formed and the anisotropy was observed. As shown in Figs. 4(a) to 4(c), in
Examples 2 to 4, a metal structure in which the solidification process was in the a single phase region (o solidification)
was observed. On the other hand, as shown in Figs. 4(d) to 4(e), in Reference Examples 9 and 10, a metal structure in
which the solidification process was in the y single phase region (y solidification) was observed. In the metal structure
in which the solidification process was in the y single phase region (y solidification), columnar crystals were formed, and
the anisotropy was observed. From this result, it was found that if the content of Al is more than 50 at%, the solidification
process was in the y single phase region (y solidification), and the anisotropy occurs.

[0046] As shown in Figs. 4(a) to 4(c), the metal structures of Examples 2 to 4 were formed of fine crystal grains with
a crystal grain size of 200 wm or less. The metal structures of Examples 2 to 4 were formed of lamellar grains and y
grains, and boride with a grain size of 0.1 wm or less was contained in the y grains. In the metal structures of Examples
2 to 4, relative to a total of the volume fraction of the lamellar grain and the volume fraction of the y grain being 100
volume %, a volume fraction of the lamellar grains is 80 volume % or more, and the balance is the y grains. An area
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ratio of each grain was calculated by applying image processing to information on the contrast of each grain in the
photographs of the metal structures, and the thus obtained area ratio was regarded as the volume fraction of each grain.
In the metal structures of Examples 2 to 4, the segregation of Nb was not observed.

[0047] The hardness of the TiAl alloy before and after being subjected to the hot isostatic pressing process was
evaluated. Vickers hardness of the TiAl alloys of Examples 2 to 4 and Reference Examples 4 to 10 was measured at
room temperature. Vickers hardness was measured in accordance with ASTM E 92. Fig. 5 is a graph showing meas-
urement results of Vickers hardness of the TiAl alloys before being subjected to the hot isostatic pressing process. Fig.
6 is a graph showing measurement results of Vickers hardness of the TiAl alloys subjected to the hot isostatic pressing
process. In Figs. 5 and 6, a horizontal axis represents the content of Al of each TiAl alloy, a vertical axis represents
Vickers hardness, Vickers hardness of the TiAl alloys of Examples 2 to 4 is indicated by white circles, and Vickers
hardness of the TiAl alloys of Examples 4 to 10 is indicated by black circles.

[0048] Vickers hardness of the TiAl alloys of Examples 2 to 4 before and after being subjected to the hot isostatic
pressing process was 200 HV or more. Further, if the content of Al of the TiAl alloy was in a range from 48 at% or more
to 50 at% or less, Vickers hardness of Examples 2 to 4 was larger than Vickers hardness of Reference Examples 4 to
6. On the other hand, if the content of Al of the TiAl alloy was more than 50 at%, Vickers hardness of Reference Examples
7 and 8 was substantially the same as Vickers hardness of Reference Examples 9 and 10. From this result, itis considered
that Nb contributes to the improvement of the mechanical strength, if the content of Al of the TiAl alloy is in a range from
48 at% or more to 50 at% or less.

[0049] The room temperature mechanical characteristics of the TiAl alloys were evaluated. Tensile tests were per-
formed at room temperature for the TiAl alloys of Example 1 and Comparative Example 1. The tensile tests were
performed in accordance with ASTM ES8. Fig. 7 is a graph showing results of the tensile tests. Fig. 7 shows a stress-
strain curve of each TiAl alloy, with a horizontal axis representing strain and a vertical axis representing stress. Example
1 had greater room temperature strength than Comparative Example 1. Further, the room temperature ductility of Example
1 was substantially the same as that of Comparative Example 1. More specifically, the room temperature ultimate tensile
strength of Example 1 was 400 MPa or more, and the room temperature tensile fracture strain of Example 1 was 1.0 %
or more.

[0050] The high temperature mechanical characteristics of the TiAl alloys were evaluated. Creep tests were performed
at high temperature for the TiAl alloys of Example 1 and Comparative Example 1. The creep tests were performed in
accordance with ASTM E 139. In a creep test condition, a test temperature was 800 °C and applied stress was 150
MPa. Fig. 8 is a graph showing results of the creep tests. Fig. 8 shows a creep curve of each TiAl alloy, with a horizontal
axis representing a creep time and a vertical axis representing creep strain. The high temperature creep characteristics
of Example 1 were four times or more higher than those of Comparative Example 1. As described above, Example 1
had more improved high temperature creep characteristic than Comparative Example 1. More specifically, the high
temperature creep characteristics of Example 1 were such that the creep strain after the elapse of 200 hours was 2 %
or less, when the tests were performed at a test temperature of 800 °C and applied stress of 150 MPa. The high
temperature creep characteristics of Example 1 were such that the creep strain after the elapse of 400 hours was 7%
or less when the tests were performed at the test temperature of 800 °C and the applied stress of 150 MPa.

[0051] As shown in Figs. 7 and 8, it was found that the TiAl alloy of Example 1 had excellent mechanical strength and
ductility which were improved in a good balance. On the other hand, the TiAl alloy of Comparative Example 1 had more
degraded room temperature strength and high temperature mechanical characteristics than the TiAl alloy of Example
1. The reason for the above degradation is considered to be due to the influence or the like of Cr contained in the TiAl
alloy of Comparative Example 1.

[0052] The oxidation resistance of the TiAl alloys was evaluated. Oxidation tests were performed for the TiAl alloys
of Example 1 and Comparative Example 1. The oxidation tests were performed by continuous oxidization at a temperature
of 750 °C for a hour of 200 hours in air atmosphere. After performing the oxidation tests, the observation of cross-
sectional areas was performed to evaluate the thickness of oxide layers. Fig. 9 is photographs showing results of the
observation of the cross-sectional areas after performing the oxidation tests, that is, Fig. 9(a) is a photograph of Example
1, and Fig. 9(b) is a photograph of Comparative Example 1. The thickness of the oxide layer of Example 1 was 2.8 um.
The thickness of the oxide layer of Comparative Example 1 was 4.3 pm. From this result, it was found that Example 1
had more excellent oxidation resistance than Comparative Example 1.

[Industrial Applicability]

[0053] The present disclosure can improve the mechanical strength and the ductility of a TiAl alloy in a good balance,
and thus, is useful for turbine blades and the like of aircraft engine components.
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Claims

1.

10.

1.

A TiAl alloy, comprising:

48 at% or more and 50 at% or less of Al;

3 at% or more and 5 at% or less of Nb;

0.1 at% or more and 0.3 at% or less of B; and
the balance being Ti and inevitable impurities.

The TiAl alloy according to claim 1, wherein
a content of Al is 49 at%.

The TiAl alloy according to claim 1 or 2, wherein a metal structure is formed of a lamellar grain and a y grains, and
is free of a segregation of Nb.

The TiAl alloy according to claim 3, wherein
a volume fraction of the lamellar grain is 80 volume % or more, relative to a total of the volume fraction of the lamellar
grain and the volume fraction of the y grain being 100 volume %.

The TiAl alloy according to any one of claims 1 to 4, wherein
Vickers hardness at a room temperature is 200 HV or more.

The TiAl alloy according to any one of claims 1 to 5, wherein
room temperature ultimate tensile strength is 400 MPa or more and room temperature tensile fracture strain is 1.0
% or more.

The TiAl alloy according to any one of claims 1 to 6, wherein
creep strain after an elapse of 200 hours is 2 % or less, when a temperature is 800 °C and applied stress is 150 MPa.

A method of manufacturing a TiAl alloy, comprising:

a casting step of casting a TiAl alloy raw material which contains 48 at% or more and 50 at% or less of Al, 3 at% or
more and 5 at% or less of Nb, 0.1 at% or more and 0.3 at% or less of B, and the balance being Ti and inevitable
impurities.

The method of manufacturing the TiAl alloy according to claim 8, wherein
in the casting step, a solidification process passes through an o single phase region.

The method of manufacturing the TiAl alloy according to claim 8 or 9, comprising:

a hotisostatic pressing process step for performing a hot isostatic pressing process of applying hot isostatic pressing
to the cast TiAl alloy at a temperature range from 1250 °C or higher to 1350 °C or lower, for a hour range from 1
hour or more to 5 hours or less, at an applied stress range from 158 MPa or higher to 186 MPa or lower, and then
furnace cooling the cast TiAl alloy subjected to the hot isostatic pressing to 900 °C, followed by rapid cooling of the
cast TiAl alloy subjected to the hot isostatic pressing from 900 °C.

The method of manufacturing the TiAl alloy according to claim 10, comprising:
a stress relieving step of relieving stress by holding the TiAl alloy subjected to the hot isostatic pressing process at
a temperature range from 800 °C or higher to 950 °C or lower for a hour range from 1 hour or more to 5 hours or less.
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