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Dense Ti3SiC2 prepared by reactive HIP
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The dense polycrystalline Ti3SiC2 has been synthesized by reactive HIPing of Ti, SiC and C
powders. The bulk material with the highest Ti3SiC2 content about 97 vol % was obtained
when treated at 1500 ◦C, 40 MPa for 30 min. The density was 99% of the theoretical value.
The Ti3SiC2 grains had the columnar and plate-like shapes. The grains were well boned to
form a network structure. Many stacking faults were observed along the (001) plane of
Ti3SiC2. The Vickers hardness, Young’s modulus, flexural strength and fracture toughness
were 4 GPa, 283 GPa, 410 MPa and 11.2 MPa m1/2, respectively. The Ti3SiC2 was stable up
to 1100 ◦C in air. The electrical resistivity was 2.7×10−7Ä·m at room temperature. The
resistivity increased linearly with the increasing temperature. It may be attributed to a
second order phase transition. The Seebeck coefficient was from 4 to 20 µV/K in the
temperature range 300–1200 K. It seems that Ti3SiC2 is semi-metallic with hole carriers
from this small positive value. C© 1999 Kluwer Academic Publishers

1. Introduction
Ti3SiC2 is known as a ductile ceramic with high
Young’s modulus and low hardness. The first successful
synthesis of Ti3SiC2 was carried out via chemical re-
action of TiH2, Si and graphite at 2000◦C by Jeitschko
and Nowotny [1]. Goto and Hirai synthesized poly-
crystalline plates by CVD method using SiCl4, TiCl4,
CCl4 and H2 as source gases [2]. Some investigations
on welding of Ti and SiC showed that the formation of
Ti3SiC2 compound resulted in high bonding strength
[3]. However the gaseous reaction method like CVD
is limited in a small-scale production. Various solid
state synthesis methods via different starting materials
were tried in order to fabricate bulk monolithic Ti3SiC2.
Racaultet al. fabricated nearly pure Ti3SiC2 by vac-
uum calcination of starting Ti/Si/C powders and sub-
jected the products to chemical treatment so as to re-
move TiSi2 and TiC impurities [4]. Arunajatesan and
Carim reported that by arc melting of Ti/Si/C powders
and annealing at 1200◦C for 100 h the monolithic ma-
terial containing 98 vol % of Ti3SiC2 could be obtained
[5]. Okanoet al. tried to synthesize Ti3SiC2 by reac-
tive sintering of Ti/Si/TiC in vacuum at the temperature
range of 1300–1600◦C. They reported that the optimal
processing temperature was 1300◦C. The products ap-
parently contained small volume of TiC and SiC as
secondary phases, which were further densified by hot
pressing (1400◦C, 45 MPa, 30 min). The sintered body
demonstrated a fracture toughness of 6.9 MPa m1/2.
The flexural strength was 560 MPa at room tempera-
ture and 500 MPa at 1000◦C [6].

Our previous work was focused on the combustion
synthesis of Ti3SiC2 with Ti/Si/C powders. But the
products contained TiCx phase. After HIP sintering
we made an extrapolation of the Vickers hardness with
the content of TiCx phase and proposed that the Vick-
ers hardness of the pure polycrystalline Ti3SiC2 would
be 4 GPa [7]. Other processing methods such as the
pulse electric current sintering were being investigated
by other researchers [8].

More recently, Barsoum and El-Raghy claimed that
they could produce highly pure bulk crystalline Ti3SiC2
by hot pressing the Ti/SiC/C mixtures at 1600◦C for 4 h.
However, judging from the published X-ray diffraction
pattern the TiSi2 secondary phase seems to remain in
the products [9].

The Ti3SiC2 possesses attractive properties such as
high electrical conductivity, high oxidation and chemi-
cal resistance, excellent high temperature strength, high
thermal shock resistance and self-lubricating which
may enable it to future applications such as commutat-
ing brushes for motors, armor, bearing, turbine blades
and so on.

These unique characteristics of Ti3SiC2 arouse the
interest to synthesize the dense and pure Ti3SiC2. But
the fabrication of pure monolithic Ti3SiC2 is limited in
a small scale of CVD or long time annealing method
so far. Since intrinsic properties of Ti3SiC2 are still not
clear, this study attempted to synthesize and densify
the pure Ti3SiC2 by reactive HIP sintering of Ti/SiC/C
powders. Subsequently the products were investigated
to clarify the intrinsic properties of polycrystalline

0022–2461 C© 1999 Kluwer Academic Publishers 4385



P1: FJD 03-KJ007-5624-98 June 28, 1999 17:50

TABLE I Characteristics of raw powders

Raw Purity Size Product
materials (%) (µm) name Manufacturer

Ti 99.6 <45 TSPT-350 Osaka Titanium Co., Ltd.
SiC 98.7 0.3 Bettarundum Nihon Kokuen Co., Ltd.
Graphite 96.3 0.5 SP 300 Ibiden Co., Ltd.

Ti3SiC2 such as sintering behaviour, microstructure,
mechanical and electrical properties, and oxidation re-
sistance.

2. Experimental
Commercially available Ti,β-SiC and graphite pow-
ders were used to synthesize and densify the Ti3SiC2
by reactive HIP sintering. The characteristics of starting
powders are shown in Table I. The above powders were
mixed according to a molar ratio of 3Ti : Si : 2C. After
ball milling in ethanol for 24 h, the powders were vac-
uum dried and then CIPed into a green body at 200 MPa.
The green body (φ35×10 mm) was vacuum (0.01 Pa)
sealed into a Pyrex glass capsule with BN powder bed
[10]. Then the capsule was placed into a graphite die
and HIP processed under various conditions. The tem-
perature, pressure and time ranges were 1300–1600◦C,
40–100 MPa and 0.5–4 h, respectively.

The sintered products were characterized by XRD
method to determine the phase composition and lattice
parameters. The lattice parameters were measured with
Si as a standard reference. The phase content was de-
termined by means of standard additive method. Den-
sity of a sintered body was measured by Archimedes’
method. The measured density was evaluated compar-
ing with the theoretical density derived from lattice con-
stants. The microstructure was observed by using OM,
SEM and TEM.

Measurement of Vickers hardness was carried out at
various loads from 9.8 to 98 N for 15 s. The surface
of a sintered body was polished with diamond paste.
The ultra- micro Vickers hardness data were collected
by UMIS (Ultra-Micro Indentation System)-2000 sys-
tem [11]. This system allows indentation with multiple
partial unloading by spherical indenter or load cycle
indentation by Vickers indenter. The nominal radius of
diamond spherical indenter is 5µm. It is effective to
characterize mechanical properties for small volumes
of material. By this method, the intrinsic mechanical
properties of Ti3SiC2 were distinguished from the TiCx
phase included in the products. The Young’s modulus
was calculated from the composite modulus expression.

Flexural strength was measured with cross head
speed of 0.5 mm/min by 3-point bending method.
Fracture toughness measurement was conducted by
SEPB method with the specimen dimensions of 3×4×
18 mm. The pre-crack was introduced by indentation
in the middle of a specimen. Optical microscope was
used to measure the average length of the pre-crack.

The friction characteristic of Ti3SiC2 as a function
of temperature was evaluated by unlubricated recipro-
cal sliding between a block sample and an Al2O3 ball

(φ10 mm) [12]. The contact load and sliding speed were
9.8 N and 60 cycle/min, respectively.

The oxidation behaviour was examined by means
of TG and DTA. The oxidized phase was identified
by EDX and XRD analyses. Four probe method was
used to measure the change of electrical resistivity with
temperature up to 850◦C. The Seebeck coefficient was
evaluated up to 900◦C in vacuum.

3. Results and discussion
3.1. Phase identification
Fig. 1 shows X-ray diffraction patterns of sintered sam-
ples. Two different phases of Ti3SiC2 and TiCx were
identified. When reactive HIP processed at 1500◦C and
40 MPa for 30 min, the main peak intensity of TiCx

is the weakest compared with the peak intensity of
Ti3SiC2. The lattice parameters of TiCx and Ti3SiC2
were a=0.43200(2) nm anda=b=0.3069(1)c =
1.7697(2) nm, respectively. It is reasonable to assume
0.75 for carbon ratio in TiCx referring to the relation
betweenx and lattice constant [13]. The theoretical den-
sities of TiCx and Ti3SiC2 were estimated to be 4.68
and 4.50 g/cm3, respectively. Under all the processing
conditions, the lattice parameters of Ti3SiC2 remained
almost unchanged.

In order to calculate the volume content of Ti3SiC2,
the pure TiC powder was mixed with the pulverized
product in different weight ratios. Good linear fitness
was made according to the ratio of (200) and (104) peak
intensities of TiCx to that of (104) peak in Ti3SiC2, re-
spectively as shown in Fig. 2. The weight percentage of

Figure 1 X-ray diffraction patterns of the sintered products,x: Ti3SiC2,
N: TiCx .

Figure 2 Calibration lines for X-ray standard additive method,I0 is the
peak intensity of (104) for Ti3SiC2, I1 and I2 is the peak intensity of
(200) and (111), respectively.
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TiC was an average of the two values from the extrap-
olation. The corresponding volume percentage of each
phase was deduced from the above theoretical density
values.

The most pure dense sample included 97 vol % of
Ti3SiC2 which was prepared at 1500◦C and 40 MPa
for 30 min by reactive HIP. The density was 4.46 g/cm3

which is 99% of theoretical. The density, composition
and Vickers hardness of the products prepared by vari-
ous processing conditions are listed in Table II.

Fig. 3 shows the density and the phase content as
a function of HIP temperature. When reactive HIP

TABLE I I Processing conditions and products’ properties

Conditions

Sample T P t ρ Hv(GPa) Ti3SiC2

no. (◦C) (MPa) (h) (g/cm3) (9.8 N) (vol %)

1 1300 100 1 4.32 13.5 55
2 1400 40 0.5 4.44 4.4 95
3 1500 40 0.5 4.46 3.9 97
4 1600 100 1 4.53 4.6 91
5 1600 40 0.5 4.53 4.5 92

Figure 3 Density and phase content vs. HIP temperature.

Figure 4 SEM micrographs of HIPed samples for (a) (1400◦C, 40 MPa, 0.5 h), (b) (1500◦C, 40 MPa, 0.5 h), (c) (1600◦C, 40 MPa, 0.5 h) and (d)
(1600◦C, 40 MPa, 4 h).

processed at 40 MPa for 30 min there was a temperature
range at around 1500◦C that favored the formation of
Ti3SiC2. When the temperature dropped from 1500 to
1300◦C the volume content of Ti3SiC2 decreased dras-
tically from 97 to 55%. When applying the HIP process
at 1600◦C for various time at various pressures the con-
tent of Ti3SiC2 didn’t change substantially.

3.2. Microstructure observation
Fig. 4 shows the etched surface of the sintered body. The
columnar Ti3SiC2 grains with a bright center ridge and
the plate-like grains with striated etched lines are read-
ily distinguished. The bright small and acute blocks lo-
cating among Ti3SiC2 grains are TiCx as seen in Fig. 4c.
EDX analysis indicated that the Ti3SiC2 had a composi-
tion range to some extent. Some TiCx grains contained
Si up to 10 at %.

The processing temperature affected the grain size
of Ti3SiC2 and TiCx. When reactive HIP processed
at 1400◦C and 40 MPa for 0.5 h, the average size of
Ti3SiC2 was about 20µm and TiCx about 1µm as seen
in Fig. 4a. The small TiCx phase was evenly distributed
in Fig. 4b that was in agreement with the least vol-
ume fraction of TiCx as determined by X-ray analysis
when HIP sintered at 1500◦C and 40 MPa for 0.5 h.
At 1600◦C and 100 MPa, the Ti3SiC2 content didn’t
changed as holding time increased from 0.5 to 4 h. Only
TiCx grains grew to about 10µm, see Fig. 4d. The most
pure and dense Ti3SiC2 was obtained at 1500◦C. As the
HIP temperature was reduced to 1300◦C, both the for-
mation and densification of Ti3SiC2 were suppressed.

The crystal structure of Ti3SiC2 consists of Ti3C2 oc-
tahedrons stacked in the C axis and separated by layers
of Si atoms. The high elastic modulus and low hard-
ness of Ti3SiC2 may be attributable to the combination
of strong Ti-C bonds and weak bonds between Si layers
and Ti3C2 octahedrons.

The high magnification TEM micrograph associat-
ing with SAED revealed that the stacking faults laid
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Figure 5 TEM micrograph of stacking faults on (001) plane.

on (001) plane of Ti3SiC2 (see Fig. 5). Considering
the arrangement of columnar and plate-like images in
SEM micrograph, the Ti3SiC2 grains seem to be thin
flat plates. Thec-axis is perpendicular to the plate. In
hexagonal Ti3SiC2, the slip system is very limited. The
c/a value is large and the bonding between Si layers and
Ti3C2 octahedrons is weak. In these crystallographic
constraints, the stress would be induced by the pres-
surization, cooling and intersecting grain growth dur-
ing the process, and relaxed by forming stacking faults
on (001) plane. These stacking faults are susceptible
to stress and normally act as a source of cracks. Espe-
cially when the grain size is large, the stacking faults on
the basal plane will lead to large cleavage fracture and
strength degradation. However, this kind of anisotropic
strength can cause deflection or arrest of crack propa-
gation. Moreover, the tangling of columnar grains can
improve the toughness and strength of Ti3SiC2.

Fig. 6 is a TEM micrograph at the triple junction
of grains. The upper grain is Ti3SiC2 and the lower
ones are TiCx. The grain boundary and the triple point
contained neither pore nor any reaction phase.

Figure 6 TEM micrograph of triple joints of Ti3SiC2 and TiCx .

TABLE I I I Y oung’s modulus and micro Vickers hardness by UMIS

Hv(GPa)

E(GPa) (49 mN) (490 mN)

Ti3SiC2 283 12.7 9.7
TiCx 361 17.0 14.7

3.3. Mechanical properties
3.3.1. Hardness and Young’s modulus
The ultra-micro Vickers hardness and Young’s modu-
lus were measured by using the UMIS system. Fig. 7a
and b show the Vickers indentation force as a function of
applying load and the calculated mean pressure in load
cycle. The mean pressure was converted to the hardness.
Table III compares the hardness and Young’s modulus
measured on the Ti3SiC2 and TiCx phase areas.

The stress-strain curve in Fig. 7d was obtained
from the partial unloading curves (Fig. 7c) of ultra-
micro spherical indentation. In the elastic-plastic model
of spherical indentation the principal representative
stress and strain are expressed asPm= P/πa2 and
εr =0.2a/R, respectively, wherea is the radius of in-
dentation,R the radius of indenter andP the indenta-
tion load. The expression is valid when the indentation
depth is less than 3/R [11]. It can be seen that 0.3 is the
critical value from the elastic to plastic deformation dur-
ing indentation. The Young’s modulus was calculated
to be 283 GPa. Pampuchet al. reported 326 GPa [14].
Considering that their samples contained 10–30% TiCx

with higher modulus, it is reasonable to take 283 GPa as
the intrinsic Young’s modulus for Ti3SiC2. The strain-
hardening index of Ti3SiC2 was estimated to be 0.484,
which is near the value of 18-8 stainless steel.

Fig. 8 shows the load dependence of Vickers hard-
ness for the samples prepared at 1500◦C, 40 MPa and
0.5 h. When the load was as low as 49 mN, the Vick-
ers hardness was 12.7 GPa, it decreased with the in-
creasing load and stopped at about 4 GPa for 9.8 N
load. Goto and Hirai reported that the CVD derived
Ti3SiC2 showed the constant Vickers hardness of about
6 GPa in the 0.98–9.8 N load range and the scattered
hardness was attributed to the anisotropy of microstruc-
ture [2]. The high Vickers hardness at low indentation
loads measured in the present study is probably due to
the elastic recovery that produces a smaller indentation
size after indentation. Therefore, the value of 4 GPa
can be regarded as the intrinsic hardness of polycrys-
talline Ti3SiC2. It is in accordance with the predicted
value for the polycrystalline material by the extrapola-
tion method [7] and the measured value by Barsoum
and El-Raghy [9].

The morphology of Vickers indentation was entirely
different depending on the content of Ti3SiC2. Micro-
graphs in Fig. 9 compares the indentation of samples.
Fig 9a shows the indentation of sample 3 of high purity.
The bright matrix is Ti3SiC2 and only a small volume
of gray TiCx phase exists in the view. The indenta-
tion was quite irregular with the peeled off bits and de-
formed material. Median or lateral cracks were invisible
suggesting the ductile nature of Ti3SiC2. The damage
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Figure 7 Results of ultra-micro indentation experiments on Ti3SiC2, (a) cycle load vs. indenter penetration, (b) the corresponding mean pressure vs.
plastic penetration, (c) partial unloading load vs. indenter penetration, (d) the corresponding representative stress vs. strain.

Figure 8 Load dependence of Vickers hardness.

around the indentation was unsymmetrical. The dam-
age area extended to about 50% of the indentation size.
No detectable cracks were produced. Some of the mate-
rial around the indentation exfoliated during unloading.
From some parallel slip lines we can infer the orienta-
tion of grains. Fig. 9b is a side view of indentation
of sample 3. The sink in and pile up of the material
around the indentation was clearly observed, that nor-
mally occurs in metal. This phenomenon indicated the
plasticity of Ti3SiC2. Fig. 9c shows an indentation on a
large TiCx grain. It clearly demonstrated the brittle na-
ture of ceramics. The lateral cracks propagated in TiCx

for a distance but stopped in the tough Ti3SiC2 area. In
the periphery of Ti3SiC2, some slip lines produced for
the load transfer.

From the above observation we can suppose that the
indentation deforming behaviour of Ti3SiC2 is mainly
due to slipping and debonding at the weak bonds be-
tween the Ti3C2 octahedrons and Si layers. This as-
sumption seems to be supported by SEM and TEM
observations as well. In Fig. 9a, the indentation size is
around 70µm, and the grain size is about 10–20µm.
The grains on the right wall of indentation are in the
favorable orientations for deformation under stress in-
duced by indentation. When the basal plane of a grain is
parallel to the shear stress the deformation by slipping
and debonding should occur. The grains on the left wall
might not fit to the deformation orientation and crushed
to crisp exfoliation. With other mechanism like inter-
section of columnar grains, crack deflection at the basal
plane and detention of crack propagation the Ti3SiC2
demonstrates the ability to suppress the deformation
damage in the local area.

3.3.2. Fracture toughness and flexural
strength

The reactive HIP processed Ti3SiC2 (1600◦C, 40 MPa,
0.5 h) demonstrated the fracture toughness of 11.2±
0.5 MPa m1/2. It is about 60% higher than the reported
value by Okanoet al. [6]. The transgranular fracture
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Figure 9 Comparison of Vickers indentation (a) indentation on sample
3, (b) the corresponding side view of the indentation, and (c) indentation
on TiCx phase.

was observed as shown in Fig. 10. The fracture sur-
face is quite rough with many steps along the cleavage
faces. The cleavage surface corresponds to the crystal-
lographic basal plane. The columnar and platelet shape
grains with layer structure would contribute to the high
fracture toughness of Ti3SiC2. The flexural strength of
the reactive HIP sample was 410±25 MPa. This value
is 58% higher than that of the hot processed Ti3SiC2
[9]. Some large cleavage surfaces about 30–50µm in
size were observed. Higher strength may be obtained
by controlling the grain size of Ti3SiC2.

3.3.3. Friction characteristic
Fig. 11 shows the friction coefficient of sample 5 as
a function of temperature. At room temperature the

Figure 10 Fracture surface of sample 5.

Figure 11 Friction coefficient as a function of temperature.

friction coefficient was in the range of 0.6–0.7, but prob-
ably due to the water absorption on the surface this value
may not reveal the intrinsic friction coefficient of the
sample. After the long duration of sliding and the rising
temperature to 200–400◦C the friction coefficient in-
creased to about 0.9. When the temperature was further
raised to 600–1000◦C the friction coefficient decreased
continuously to about 0.4. Though the friction coeffi-
cient in the cooling stage showed the same tendency
as in the heating stage, the reason why it decreased at
higher temperatures is not clear.

3.4. Oxidation behaviour
The oxidation weight gains of samples held at 1300◦C
for 1 h in air arelisted in Table IV. The results suggest
that the higher content of Ti3SiC2 would lead to higher
oxidation resistance. Barsoum reported the activation
energy of 300 kJ/mol for oxidation [9]. Racault pointed
out when the temperature beyond 1050◦C the oxidation
reached about 80% and Ti3SiC2 was partly protected

TABLE IV Oxidation weight gain of the sintered samples

Ti3SiC2 Weight gain
Processing condition (vol %) (mg/cm2)

(1600◦C, 40 MPa, 0.5 h) 91 20
(1500◦C, 40 MPa, 0.5 h) 95 14
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Figure 12 SEM micrograph of the oxidized surface for 1 h at1300◦C.

against oxidation by cristobalite scale [4]. This oxida-
tion behaviour is not in agreement with the high oxida-
tion resistance reported by Barsoum and El.Raghy.

It is reported by Tonget al. that the oxidation re-
sistance could be improved by adding 20 vol % SiC.
Both cases showed almost the same weight gain of
14 mg/cm2 for at 1000◦C for 1 h [15]. The oxidation
resistance of reactive HIP samples is higher than the
above reported value.

Fig. 12 shows SEM micrograph of the oxidized sur-
face. The surface was covered with TiO2 grains of 30–
50 µm corresponding to the size of Ti3SiC2 grains.
The occurrence of cracks along the edge of TiO2 grains
seems to be caused by thermal expansion mismatch be-
tween Ti3SiC2 and TiO2. According to EDX analysis,
there existed no Si on the surface suggesting no forma-
tion of SiO2. Some area of the surface showed the ex-
istence of Ti(C,O) indicating partial oxidation of TiCx.

Considering the above results and TG-DTA analysis
as given in Fig. 13, the following reaction of oxidation
can be proposed.

(1) In the temperature range of 450–650◦C, TiCx +
O2→TiO2(s)+CO2(g) was the dominant exothermic
reaction giving an exothermic peak at 550◦C in DTA
curve. In this stage the oxidation of 5 vol % TiCx im-
purities gave rise to mild weight increment.

(2) As the temperature went up from 600 to
1100◦C the Ti3SiC2 started to decompose following
the reaction: Ti3SiC2 →TiCx(s)+Si(s), which was

Figure 13 TG-DTA curve of 1 h oxidation at 1300◦C for sample 3.

probably an endothermic process. The oxidation pro-
ceeded resulting in gradual weight gain and the DTA
curve went down due to the absorption of heat.

(3) While the temperature above 1100◦C the se-
vere decomposition of Ti3SiC2 was highly favored by
the oxidation of the TiCx and vapor phase reaction:
Si(g)+O2 →SiO(g),1G= − 450 kJ/mol.

In a word, no oxidation protection with SiO2 film
and imperfect covering with TiO2 film allowed the fast
oxidation of Ti3SiC2 at high temperature. Nevertheless
Ti3SiC2 was stable up to 1100◦C in oxidation atmo-
sphere.

3.5. Electrical properties
Fig. 14 shows the electrical resistivity of sample 5 as
a function of temperature. The Ti3SiC2 had the elec-
trical resistivity of 2.7×10−7Ä·m at room temper-
ature, which is smaller than the typical resistivity of
graphite. There is a good linear relation between elec-
trical resistivity and temperature showing the metallic
behaviour of Ti3SiC2. The temperature coefficient was
2.6×10−3/K.

Fig. 15 shows the Seebeck coefficient of Ti3SiC2
as a function of temperature. The Seebeck coefficient

Figure 14 Electrical resistivity as a function of temperature.

Figure 15 Seebeck coefficient as a function of temperature.
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changed in the range from 4 to 20µV/K between room
temperature and 1200 K. This small positive value of
Seebeck coefficient and the metallic conductivity sug-
gested that the Ti3SiC2 is semi-metal with hole carriers.

4. Conclusions
(1) The dense polycrystalline material consisting of 97
vol % Ti3SiC2 and TiCx as a secondary phase has been
synthesized from the mixture of Ti, SiC and C powders
by reactive HIP.

(2) The Ti3SiC2 grains had columnar and plate-like
shapes. Many stacking faults across a grain were ob-
served along the (001) plane.

(3) Ti3SiC2 showed a flexural strength of 410 MPa
and high fracture toughness of 11.2 MPa m1/2. The
Vickers hardness of the Ti3SiC2 was 12.7 GPa against
the indentation load of 49 mN, which decreased with
increasing the indentation load and saturated to 4 GPa
at over 9.8 N. The higher hardness is attributed to the
elastic recovery of Ti3SiC2. The Young’s modulus is
about 283 GPa.

(4) Ti3SiC2 was stable up to 1100◦C in air.
(5) The electrical resistivity was 2.7×10−7Ä·m at

room temperature. It increased linearly with increasing
temperature to 1100 K. The Seebeck coefficient was
from 4 to 20µ V/K in the temperature range of 300–
1200 K. The Ti3SiC2 is considered as a semimetal with
hole carriers.

Further investigation is necessary to clarify the syn-
thesis mechanism of polycrystalline Ti3SiC2 and opti-
mize the processing condition to obtain the pure mono-
lithic Ti3SiC2.
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