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ABSTRACT

TiAl intermetallic was direct diffusion bonded to Ti3SiC2 at 900℃, 950℃, and 1000℃ with a
holding time ranging from 0.25 h to 64 h. The interfacial microstructural evolution, the growth
kinetics and the mechanical properties of the bonded TiAl/Ti3SiC2 joints were investigated in detail.
The build-up of interfacial compounds in the TiAl/Ti3SiC2 joints changes from
γ+α2/γ/Ti5Si3/Ti3SiC2, to γ+α2/γ/TiAl2/Ti5Si3/Ti3SiC2, to γ+α2/γ/TiAl2/Ti5Si4/Ti5Si3/Ti3SiC2,
and to γ+α2/γ/TiAl2/TiAl3+Ti5Si3/Ti5Si4/Ti5Si3/Ti3SiC2 as the holding time or bonding
temperature is increased. The de-intercalation Si atoms from the Ti3SiC2 diffusing into the TiAl base
alloy and reacting with the Ti was found to be responsible for the formation of reaction layers in the
interface. The thicknesses of the interfacial reaction layers grow following the parabolic kinetic law,
indicated their growth was controlled by the bulk diffusion. The bonding activation energy was 213
kJ/mol. The highest shear strength of the joints was about 53 MPa bonded at 900℃ for 9 h with a
γ+α2/γ/TiAl2/Ti5Si4/Ti5Si3/Ti3SiC2 interfacial microstructure with a total thickness of 6 μm.

1 INTRODUCTION

TiAl-based alloys are one of the most promising innovative high-temperature structural materials,
due to their attractive “strong and light” properties, involving low density, high strength, excellent
oxidation and creep resistance at elevated temperatures [1-3]. TiAl-based alloys are successfully used
in aerospace and automotive [4, 5]. Dissimilar joining between Ti3SiC2 ceramic and TiAl
intermetallic can blend their attractive property for the manufacturing of hybrid materials systems in
harsh environments and enlarge their applications, particularly in the fast neutron reactor cladding
materials and high temperature structure materials.

It is difficult to join ceramics with intermetallics when using conventional fusion welding
techniques [6, 7]. Diffusion bonding is a feasible technology to bond the Mn+1AXn ceramics to
metals or intermetallics [8-10]. Basu and Kothalkar et al. [8, 11] investigated the interfaces between
the diffusion bonded Ti3SiC2 and NiTi, and found that diffusion of Si fromTi3SiC2, and Ni from NiTi
into reaction zone was responsible for the formation of reaction layers in the interface. Gao and
Miyamoto [9] demonstrated that the total diffusion path of the Ti3SiC2 and TC4 diffusion bonded
joining is Ti3SiC2/Ti5Si3Cx/Ti5Si3Cx+TiCx/TiCx/Ti. Liu and Cao et al. [12] studied the diffusion
bonding of the TiAl intermetallic and the Ti3SiC2 ceramics, and found the interfacial microstructures
of joints consist of TiAl/Ti3Al5/TiAl2+Ti5Si3/Ti5Si3/Ti3SiC2 and remain unchanged between
1050℃ to 1150℃. Although the phase constituent and the microstructures of the diffusion bonding
TiAl/Ti3SiC2 joints under some conditions were investigated, the evolution of the microstructures, the
atom diffusion behaviors, and the growth kinetics remain unknown. Since the interfacial
microstructure has a great effect on bonding strength, a fundamental understanding of the
microstructural evolution and growth kinetics of joints is desired for development of improved
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processes. Recently, the Ti3SiC2 is considered a reinforcing phase or a protective coating for high-
temperature structure materials to bend their good properties [13-18]. The challenge in fabricating
these composites and coatings lies in controlling the interfacial microstructures. Systematic
investigations of the underlying phenomena for the interfacial compounds formation and growth are of
great interest to derive guidelines for the knowledge-based optimization of dissimilar joining and
coating technology.

In this study, the evolution of the interfacial microstructures, the elemental diffusion behaviors, and
the growth kinetics of the diffusion bonded TiAl/Ti3SiC2 joints were investigated in detail.

2 EXPERIMENTAL PROCEDURE

The Ti3SiC2 ceramic applied in this study was synthesized at 1465℃ under 30 MPa for 2 h from
2TiC/1.05Ti/1.2Si (≥99.7%, Aladdin) powders via a hot-pressing route. The density of the Ti3SiC2
ceramic bulk was 4.43g/cm3. The purity was 98% according the X-ray diffraction pattern using the
formulas in Ref. [19]. The TiAl base alloy with a nominal composition of Ti-44Al-4Nb-0.1B was
prepared via powder metallurgy using pure element powders (≥99.7%, Aladdin) at 1300℃ under 30
MPa for 3 h, followed by heat treatment at 1450℃ for 2 h for a homogeneous composition. The
microstructure of TiAl base alloy primarily consisted of γ/α2 colonies.

The TiAl and Ti3SiC2 specimens (10.5 mm × 10.5 mm × 2 mm and 10 mm ×10 mm × 2 mm) were
cut from the as-synthesized bulk (ϕ60mm×27mm) by electrical-discharge machining. Prior to joining,
the bonding surfaces of the TiAl and Ti3SiC2 samples were ground and polished to an optical finish,
ultrasonically cleaned in ethanol, and dried by cold wind. The diffusion bonding was conducted in a
hot-pressing furnace. Prior to heating, the furnace was pumped to 0.2 Pa and then filled into high
purity Argon to 20 kPa to prevent oxidation. The heating and cooling rates were 10℃/min. The bond
processes were conducted at 900℃, 950℃, and 1000℃ with a holding time range between 0.25 h to
64 h under the same pressure of 50 MPa.

After the bonding process, the cross-sections of the bonded TiAl/Ti3SiC2 couples were cut with a
diamond wire saw, then granted and polished. The polished surface was etched using the wiping
method by a solution consisting of 12% HF, 20% HNO3, and 68% H2O (volume percent). The
interfacial microstructures of the obtained joints were characterized with scanning electron microscopy
(SEM, Zeiss Supra 55). An electron micro probe analysis (EPMA, JEOL JXA-8530F Plus) was used
for quantitative analysis of the various phases in the joints via spot analysis. Electron backscattered
diffraction (EBSD) coupled with energy dispersive spectroscopy (EDS) mapping analysis was used to
determine the reaction phases in the interface. An additional vibratory polishing step with 0.02 μm
colloidal silica solution by a vibratory polisher (Buehler VibroMetTM 2) was needed for the EBSD
characterization. The shear strength tests were performed in a universal testing machine (DNS 100)
under a cross-head drop speed of 0.5 mm/min at room temperature. At least 3 samples were examined
to ensure the accuracy of the results.

3 RESULTS AND DISCUSSION

3.1 Microstructural evolution of the TiAl/Ti3SiC2 diffusion bonded interface

The back-scattered electron (BSE) images in Fig. 1 show typical interfacial microstructures of the
samples bonded at 900℃/15 min, 950℃/1 h, and 1000℃/64 h. The morphology and the build-up of
reaction layers changed by varying the duration and the bonding temperature. In order to identify the
reaction phases, the elements quantitative analyses of each point in Fig. 1 were performed and the
results are listed in Table 1. Some phases could not be confirmed from the element quantitative
analyses. The electron backscatter diffraction (EBSD) observations were implemented on the
interfaces. The color-coded phase maps and the elemental distribution maps are given in Fig. 2.

As shown Fig. 1(a), there are two new layers, a light grey phase adjacent TiAl substrate and a
bright phase adjacent the Ti3SiC2, at the joint bonded at 900℃/15 min. The elements quantitative
analysis results of points 2 and 3 in Table 1 shows that the light grey phase and the bright phase were
the γ-TiAl and Ti5Si3 (more accurately Ti5Si3Cx), which were confirmed from the EBSD results in



Fig. 2(a). A new grey phase was present between the γ-TiAl layer and the Ti5Si3 layer in the interface
bonding at 950℃/1 h shown in Fig. 1(b). This was TiAl2, as demonstrated from the results of the
elements quantitative analysis of point 5 in Table 1 and the color-coded phase map in Fig. 2(b). When
bonded at 950℃ for 64h, a dual phase layer appeared between the TiAl2 phase and the bright region
in Fig. 1(c). The black phase in the dual phase layer was TiAl3 (more accurately Ti(Al, Si)3) and the
bright phase in the dual layer was Ti5Si3, according to the results from the EBSD and the elements
quantitative analysis. There was a clear dividing line (white dashed-line) on the elements distribution
images of the Si in Fig. 2(b). The bright region in Fig. 1(c) was not a single phase. The phase adjacent
to the dual phase layer and the phase adjacent to the Ti3SiC2 substrate were recognized as Ti5Si4 and
Ti5Si3 from the color-code phase images in Fig. 2(b). While the formation of Ti5Si4 was not
previously observed in the TiAl/Ti3SiC2 diffusion couples [12]. This could be because the Ti5Si3 and
Ti5Si4 were difficult to distinguish in the BSE images and were erroneously recognized as one phase.
There was a straight line (yellow dashed-line) between the phase marked as Point 9 and the phase
mark as Point 10 in Fig. 1(c). The phase on both sides of the straight line were the Ti5Si3 phase, as
determined from the EBSD results. The different brightness of the Ti5Si3 at each sides of the straight
line in Fig. 1(c) was due to the different Nb concentrations from the elements quantitative analysis
results of Points 9 and 10 in Table 1. A similar result was found by comparing the element distribution
maps of Nb and Si in Fig. 2(b). This could be because the bonding temperature was not adequate for
the diffusion of the hard-diffusing Nb atoms in Ti5Si3, which remained at the initial place. So the
straight line in Fig. 1(c) was a Kirkendall plane, which was confirmed from the bond contrast (BC)
images in Fig. 2 because of their different microstructures (grain size and shape) [20, 21].

Fig. 1. Back-scattered electron images of the bonded TiAl/Ti3SiC2 joints for the bonding condition
of (a) 900℃/15 min, (b) 950℃/1 h and (c) 1000℃/64 h.

Points Elements Content (at. %) Probable
Phase

EBSD
ResultsTi Al Si C Nb

1 55.8 37.9 - 2.2 4.1 α2-Ti3Al α2-Ti3Al
2 50.9 44.0 0.2 1.8 3.1 γ-TiAl γ-TiAl
3 53.3 6.9 31.5 6.4 1.9 Ti5Si3Cx Ti5Si3Cx
4 52.9 - 15.2 31.9 - Ti3SiC2 Ti3SiC2
5 33.1 61.1 0.2 2.7 2.9 TiAl2 TiAl2
6 24.8 62.3 6.6 2.3 3.9 Ti(Al, Si)3 or TiAl2 Ti(Al, Si)3
7 53.4 8.9 33.2 2.2 2.3 Ti5Si3Cx or Ti5Si4 Ti5Si3Cx
8 52.3 0.6 41.2 2.5 3.4 Ti5Si3Cx or Ti5Si4 Ti5Si4
9 54.5 1.9 33.7 9.6 0.3 Ti5Si3Cx or Ti5Si4 Ti5Si3Cx
10 53.0 1.8 35.5 6.4 3.3 Ti5Si3Cx or Ti5Si4 Ti5Si3Cx

Table 1.Elements quantitative analysis results of the points in Fig. 1 determined by EMPA.
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Fig. 2. Electron backscattered diffraction (EBSD) for the TiAl/Ti3SiC2 joints bonded at 900℃/15 min
for (a) and 950℃/64 h for (b). (1) Bond contrast, (2) color-coded phase maps, and corresponding EDS

elemental maps of (3) Nb, (4) Si. K is the mark for Kirkendall planes.

The cross sectional views of joints after ecting are shown in Fig. 3 for the evolution of the
interfacial microstructure analysis. The morphology and build-ups of the interfacial compounds were
significantly influenced by the holding time and the bonding temperature. As Fig. 3(a) shows, the
build-ups of interfacial phase in the joint bonded at 900℃/15 min was γ+α2/γ/Ti5Si3/Ti3SiC2. The
build-up in the joint bonded at 900℃/0.5 h and 900℃/1 h were γ+α2/γ/Ti5Si4/Ti5Si3/Ti3SiC2 as
shown in Fig. 3(b) and (c). When bonded at 950℃/15 min or 950℃/1 h, the interfaces consisted of
γ+α2/γ/TiAl2/Ti5Si4/Ti3SiC2 as shown in Fig. 3(d), (e). The interface bonded at 1000℃/64 h
consisted of γ+α2/γ/TiAl2/TiAl3+Ti5Si3/Ti5Si4/Ti5Si3/Ti3SiC2, as shown in Fig. 3(f). A sequential
phase growth, rather than a simultaneous phase growth, was found in the diffusion bonded
TiAl/Ti3SiC2 joints. A similar result was reported in L. Hu’s research [29]. The interfacial phases
were formed in sequential order of Ti5Si3→Ti5Si4→TiAl2→TiAl3. The build-up of the interfacial
compounds changed with the elongation of the duration, which was described as:
γ+α2/Ti3SiC2→γ+α2/γ/Ti5Si3/Ti3SiC2→γ+α2/γ/Ti5Si4/Ti5Si3/Ti3SiC2→γ+α2/γ/TiAl2/Ti5Si4/Ti5S
i3/Ti3SiC2 → γ+α2/γ/TiAl2/TiAl3+Ti5Si3/Ti5Si4/Ti5Si3/Ti3SiC2.

Fig. 3. Secondary electron images of the joints after etching under the bonding conditions of (a)
900℃/15 min, (b) 900℃/0.5 h, (c) 900℃/1 h, (d) 950℃/15 min, (e) 950℃/1 h, and (f) 1000℃/64 h.

The interfacial microstructure evolution and elements diffusion behaviors of the diffusion bonded
TiAl/Ti3SiC2 joints are illustrated in Fig. 4. The Ti5Si3 and the γ-TiAl were the first two new layers



formed at the initial period of the diffusion bonding. The formation of Ti5Si3 was a result of the
reaction of the out-diffusion Si atoms with the Ti atoms in TiAl base alloy as shown in Eq. (1). The Si
atoms from the Ti3SiC2 diffusing into the TiAl base alloy was the main process. This demonstrated
that the Si element was the fastest-diffusing specie in the Ti3SiC2. The Si was the most weakly
bonded element in the Ti3SiC2 [23, 24] and its vacancy formation energy was the smallest [25, 26].
The Ti3SiC2 was decomposde by the de-intercalation of Si, and which led to forming the non-
stoichiometric Ti3Si1−xC2 as per Eq. (2). The de-intercalation Si atoms diffused into the TiAl base
alloy and reacted with the Ti element in the TiAl base alloy to form the Ti5Si3 layer, leaving the Al
atoms to react with Ti3Al and form the γ-TiAl layer as shown in Eq. (3). This finding agreed with the
previous results showing that the out-diffusion of the “A” element into the other side was the main
process during diffusion bonding [15, 17, 18].

Ti3Al + Si → Ti5Si3 + TiAl (1)
Ti3SiC2 → Ti5Si3Cx + 4Ti (2)
Ti3SiC2 → Ti3Si1−xC2 + Si (3)

There was a Kirkendall plane in the Ti5Si3 layer near the Ti5Si3/Ti3SiC2 boundary as illustrated
in the Fig. 2(a) or (b). The diffusion flux of Si atoms from right to left was greater than the Ti atoms’
in the opposite direction across the Kirkendall plane in Ti5Si3 layer. This meant the diffusion rate of
the Si element was higher than the Ti element’s in Ti5Si3, which was similar to reported results in Ref.
[29]. So, the Si was the fastest-diffusion element in the Ti3SiC2 and was the main diffusion element in
the Ti5Si3. These caused the diffusion of Si from the Ti3SiC2 to the TiAl base alloy to be the primary
controlling process during the diffusion bonding, as shown in Fig. 4(a) and (b).

Fig. 4. Schematic representation of the interfacial microstructure evolution of the diffusion bonding
TiAl/Ti3SiC2 joints.

As seen Fig. 1(a), the Ti5Si3 was the first new formation phase. Despite, the Ti5Si4 has a lower
formation energy than the Ti5Si3 [30]. The Ti5Si3 obtained equilibrium interfaces (the equilibrium
interface meant that the phase at both sides of the phase boundary were in thermodynamic equilibrium,
and the phase boundary could exist in the equilibrium microstructure) both with the Ti3SiC2 and the
γ-TiAl from the analysis of the phase graph in Fig. 5. This meanst that the formation of Ti5Si3 may be
controlled by the interfacial energy and the local equilibrium.

As the holding time increased, the de-intercalated Si atoms from the Ti3SiC2 substrate diffused
across the Ti5Si3 layer and reacted with the Ti atoms diffusing from the γ-TiAl layer. The diffusion
flux of Si atoms could be more than the flux consumed by the reaction with Ti, so the Si atoms
accumulated at the γ-TiAl/Ti5Si3 phase boundary and caused the formation of the Ti5Si4. The Ti5Si3
tended to transform into the Ti5Si4, because the Ti5Si4 had a lower formation energy [30]. This may
be another cause of the Ti5Si4 formation.
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The out-diffusing of the Si atoms reacting with the Ti atoms and expelling the Al atoms caused the
expelled Al atoms to diffuse from the γ/Ti5Si3 phase boundary to the TiAl substrate and the Ti atoms
diffused in the opposite direction, as shown in Fig. 4(b). The Al element had a poorer diffusivity than
the Ti element in the γ-TiAl at the recorded temperature [38], causing the accumulation of Al atoms at
the interface. With the increased accumulation of the Al at the γ-TiAl/Ti5Si4 interface, the TiAl2
nucleated when the Al concentration reached the solubility limitation of the γ-TiAl, as shown in Fig.
4(d). Fig. 2(b) shows that the large TiAl2 grains covered the thickness from the Ti5Si4/TiAl2
boundary to the TiAl2/γ-TiAl boundary.

The TiAl2/Ti5Si4 phase boundary was not an equilibrium interface from the phase graph in Fig. 5.
A dual TiAl3 and Ti5Si3 phase layer formed at the interface of the TiAl2 and the Ti5Si3 as shown in
Fig. 4(e). The formation of TiAl3 might be a result of the further accumulation of the Al atoms at the
interface between TiAl2 and Ti5Si4. The Si atoms diffused from the Ti5Si4 into TiAl3 and caused the
formation of the Ti5Si3. The formation of the dual phase layer could reduce the energy of the
TiAl2/Ti5Si4 interface, because the TiAl3 and Ti5Si3 dual phase layer could obtain equilibrium
interfaces both with TiAl2 and Ti5Si4 as shown in Fig. 5.

Fig. 5:The ternary phase graphs of the Ti–Si-Al and the Ti-Si-C according data from previous
research [30, 32, 33].

The final structure of the TiAl/Ti3SiC2 diffusion bonding joint was
γ+α2/γ/TiAl2/Ti5Si3+TiAl3/Ti5Si4/Ti5Si3/Ti3SiC2. The diffusion path (green line) did not intersect
with the line between the two substrates (red line) as illustrated in Fig. 5, which did not satisfy the rule
proposed by Van Loo [34] stating that the diffusion path must cross the straight line between the end-
members of the reaction couple at least once for mass balance. This meant that the reactions at the
joint were not mass balanced. These could be explained that the Si acted as a long-term diffusion
element in the Ti3SiC2 and the Ti3SiC2 could transform into the Ti3Si1-xC2 by de-interaction of Si.
The diffusion couple was considered a couple of the Si and TiAl base alloys, which satisfied the mass
balance.

3.2 Growth kinetics of the interfacial compound layers

The thicknesses of each reaction layer, Ti5Si3, Ti5Si4, TiAl2, and TiAl3 + Ti5Si3 dual phase
layers, were measured at each bonding condition according the BSE and the SE image. The
thicknesses and the standard deviations were calculated from an average of at least 3 measurements for
each bonding condition. Fig. 6 shows the plot of each layer thickness versus the square root of the
bonding time and temperature. As the holding time increased at each temperature, the thickness of
each layer of the diffusion bonding TiAl/Ti3SiC2 joints increased. The higher growth rate was
obtained at a higher bonding temperature. Good linear relationships were observed, as shown in Fig. 6,
indicating that the growth of each interfacial layer thickness followed the parabolic kinetic law, i.e. x2
= 2Kp∙t, where x is the thickness of each interfacial layer, Kp is the parabolic rate constant, and t is the
holding time. It demonstrated the growth of each interlayer was controlled by the bulk diffusion [35].
The holding time before the formation of the TiAl2 or TiAl3, termed the incubation time, shortened
when the temperature rose. The incubation time of TiAl3 at 900℃ was about 64 h, but 4 h at 1000℃.
Parabolic rate constants (Kp) of each layer was obtained for each bonding temperature, see the slopes



of the curves shown in Fig. 7(a), 7(b), and 7(c). The thicknesses of TiAl3 was too small to be
measured accurately, so the parabolic rate constant of the TiAl3 was not calculated.

The parabolic rate constants were further exploited to determine the activation energies for each
growth layer according to the Arrhenius equation Kp=A∙exp (−Q/RT), where A is the pre-exponent
factor, Q is the bonding activation energy, R is the universal gas constant, and T is the absolute
temperature. The Ln (Kp) was plotted as a function of the bonding temperature in the temperature
range between 900-1000℃. A good linear relationship was found between the Ln (Kp) and the inverse
of temperature, the result is shown in Fig. 6(d). The bonding activation energy of the TiAl/Ti3SiC2
joints was 213 kJ/mol from the slope of the Arrhenius plot using a linear regression model, which was
higher than the activation energy values reported in previous literature:156 kJ/mol for TC4/Ti3SiC2
[9], 170 kJ/mol for Ti3SiC2/Zr-4 [36], and 120 kJ/mol for NiTi/Ti3SiC2 [11] diffusion couples. The
higher the activation energy may be due to the poorer diffusivity of the Si in TiAl base alloy than in
the TC4, Zr-4 or NiTi. The growth activation energy of the Ti5Si3, the Ti5Si4, and the TiAl2 were
deviated to be 378 kJ/mol, 199 kJ/mol, and 214 kJ/mol.

Fig. 6. The evolution of the interfacial reaction layer thickness with the square root of holding time
at temperature of (a) 900℃, (b) 950℃, and (c) 1000℃. (d) The Arrhenius plot of the parabolic rate
constant versus the reciprocal of the absolute bonding temperature ranged between 900-1000℃.

3.3 Shear strength and Fracture morphologies

The joining properties of the diffusion bonded TiAl/Ti3SiC2 joints were evaluated via a shear
strength test, see Fig. 7. The shear strength test results showed that the shear strength first increased,
then decreased as the holding time is increased at the each treat temperature. The maximum value of
the shear strength at each temperature decreased as the bonding temperature increased. The failure of
the joint first occurred at the initial TiAl/Ti3SiC2 interface, then mainly occurred at the Ti3SiC2 side,
and then occurred in the Ti5Si3 and Ti5Si4 reaction layers with the increment of the holding times.

The low shear strength of joints bonded for a short holding time at each bonding temperature was
caused by the existence of pores at the interface and the un-metallurgical bonding interface as shown
in Fig. 1(a), Fig. 3(a) and (d). The different coefficient of the thermal expansion (CTE) between the
Ti3SiC2 and the TiAl base alloy [31, 39] caused the residual stress to generate at the interfacial region
during the cooling stage, which degraded the joining properties. A relatively higher bonding
temperature led to a larger residual stress value, which resulted in a more severe crack tendency. So,
the maximum value of bonding joints decreased as the temperature increased.

So, the build-ups and thickness of the interfacial layers have a great influence on the strength of
joints. The pores, un-metallurgical bonding interface, and thick TixSiy layers were responsible for the
poor bond strength. The shear strength of the joint will great be deteriorated when thickness of the
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TixSiy layers is greater than 2.5 μm. The highest bonding strength was about 53 MPa at 900℃ for 9 h
with a γ+α2/γ/TiAl2/Ti5Si4/Ti5Si3/Ti3SiC2 interfacial microstructure. At this bonding condition, the
thickness of the Ti5Si4 and Ti5Si3 layers was about 1.4 μm, and the total thickness of all the
interfacial layers was about 6 μm. While, the values of the shear strength in Ref. [12] are no more than
20 MPa. This could be because the high bonding temperature led to the formation of high residual
stress and propagation of the micro cracks in the thick Ti5Si4 and Ti5Si3 layers.

Fig. 7. Shear strength of the TiAl/Ti3SiC2 diffusion bonding joints under various holding times at
900℃, 950℃ and 1000℃.

4. Conclusions

The TiAl base alloy and the Ti3SiC2 ceramic were successfully joined using the direct diffusion
bonding. The evolution of the interfacial microstructure, the elements diffusion behaviors, the growth
kinetics, and the mechanical properties of the joints were investigated. Conclusions are summarized as
follows.

(1)The structures of the interfacial microstructure changed from γ+α2/γ/Ti5Si3/Ti3SiC2, to
γ+α2/γ/TiAl2/Ti5Si3/Ti3SiC2, to γ+α2/γ/TiAl2 /Ti5Si4/Ti5Si3/Ti3SiC2, and to
γ+α2/γ/TiAl2/TiAl3+Ti5Si3/Ti5Si4/Ti5Si3/Ti3SiC2 as the time or bonding temperature increased.
The formation sequence of the interfacial compounds was as follows: Ti5Si3→Ti5Si4→TiAl2→
TiAl3. The de-intercalation Si atoms from the Ti3SiC2 diffused into the TiAl base alloy and reacted
with the Ti elements as the primary process during the diffusion bonding.

(2)The growth of each interfacial layers was controlled by the bulk diffusion. Their growth kinetics
obeyed the parabolic law. The bonding activation energy of the joint was 213 kJ/mol. The growth
activation energy of Ti5Si3, Ti5Si4, and TiAl2 deviated to be 378 kJ/mol, 199 kJ/mol, and 214 kJ/mol.

(3)The highest shear strength of the joint was about 53 MPa bonged at 900℃ for 9 h with a
γ+α2/γ/TiAl2/Ti5Si4//Ti5Si3/Ti3SiC2 interfacial microstructure. The thick Ti5Si4 and Ti5Si3 layers
deteriorated the property of the joints.
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