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A B S T R A C T

This work investigates the microstructural development, thermal properties and phase evolution of spark plasma
sintered TiB2eSiCeTi (TST) ceramic composite. A fully dense TiB2–30 vol% SiC composite, doped with 5 wt% Ti,
was sintered by spark plasma at 1900 °C for 6min under 35MPa pressure in vacuum. The XRD analysis and
thermodynamic assessments verified the in-situ synthesis of TiB, TiC and TiSi2 compounds during the sintering
process due to the chemical reaction of Ti additive with the SiC reinforcement. The TST composite showed
higher thermal conductivity than the monolithic TiB2 at low temperatures, however, a reverse trend was ob-
served at higher temperatures. The governing equation of heat diffusion through a cutting tool, made of
monolithic TiB2 and TST, was solved by finite element method and the temperature distribution was obtained.
The results showed that TST composite has lower value of maximum temperature compared to the reported
values for WC. Cutting tools with lower temperatures result in higher accuracy and more tool lifespan.

1. Introduction

Ultrahigh temperature ceramics (UHTCs) are identified by their
melting temperatures in excess of 3000 °C which can confront in ex-
treme environments as structural materials. Several transition metal
carbides, nitrides and diborides belong to this category [1–8]. Titanium
diboride (TiB2) is a member of UHTCs with exceptional properties. Its
excellent combination of properties including high melting point, low
specific weight, excellent electrical and thermal conductivity, good
thermal shock resistance, relatively low coefficient of thermal expan-
sion, good wettability with some liquid metals, considerable chemical
inertness and stability, good machinability using electrical discharge
machining, high corrosion resistance to some molten salts, high elastic
modulus, hardness and abrasion resistance are attributed to the struc-
ture of TiB2. TiB2 has attained different industrial applications in cor-
rosion and wear resistance parts, conductive coatings, cutting tools,
crucibles, heating elements and sensors, control rods, cathode materials
in aluminum refining and electrodes in metal smelting [9–19].

Densification of TiB2-based composites is a challenging task due to
the low volume self-diffusion coefficient and covalent bonding of
diboride ceramics as well as the presence of surface oxide films on the
powder particles [20]. Several densification routes have been used for

fabrication of TiB2 ceramics such as pressureless sintering (PS), hot
pressing (HP) and spark plasma sintering (SPS). SPS is a newly devel-
oped sintering method to manufacture the UHTCs at lower tempera-
tures compared with HP and PS [21–32]. Adding SiC as a reinforcement
not only promotes the oxidation resistance of TiB2 through the forma-
tion of a borosilicate protective layer [33–35], but also lessens the
growth grains of TiB2 matrix which leads to the enhancement of me-
chanical properties [36].

Despite mechanical properties importance in composites, especially
in cutting tools, thermal properties have a considerable effect on their
performance [37]. Temperature distribution (a function of thermal
diffusivity, thermal conductivity and heat flux entered the specimen)
can affect the deformation and accuracy of cutting tools. Excessive
temperature has a direct effect on the tool lifespan and related opera-
tional costs. Moreover, high temperatures cause thermal stress and
subsequent strains which affect the workpiece quality. Having in-
formation about temperature distribution through the tools makes it
possible to have proper insight on designing of machining processes like
choosing tool materials and cooling techniques which result in work-
piece quality improvement [38].

Ceramics can be considered as wear-resistant parts in different ap-
plications [39], hence, temperature distribution gets important to
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determine the wear resistance. The higher value of the thermal diffu-
sivity, the more uniform temperature distribution in the heated bulk
[40]. Thermal stresses as a result of high temperature gradient play a
crucial rule on the failure of tool and final quality of the product.
Therefore, many authors have paid attention to determination of
thermal property of composites such as thermal conductivity, thermal
diffusivity and thermal expansion [41].

Raju et al. [39] added MoSi2 particles to TiB2 ceramic and studied
the high temperature heat diffusivity and electrical resistivity. The
sample was manufactured by hot pressing and at the temperatures up to
1000 °C, heat diffusivity was measured by laser flash technique. Results
showed that when the temperature increases, heat conductivity slightly
increases up to 200 °C and then decreases [39]. Todorovic et al. [42]
investigated the electrical resistivity of TiB2 thin films. The films of TiB2

was manufactured in the size of 9–450 nm. Post manufacturing process
of rapid thermal annealing used to change the electrical resistivity of
the thin films. They reported that the resistivity of TiB2 films varied
between 267 and 1820 μΩ cm as a function of thickness. While after
annealing, because of grain growth through polycrystalline re-
crystallization, the resistivity varied from 267 to 16 μΩ cm. They found
that the density of films and annealing temperature have great effects
on resistivity which decreases with applying higher annealing tem-
peratures [42].

Thermal conductivity of porous ZrB2 ceramic was investigated by
Yuan et al. [43]. The thermal diffusivity was measured and the thermal
conductivity was calculated knowing the density and heat capacity of
material. Porous ZrB2 ceramic, with 21% porosity, was tested for
thermal conductivity and with increasing the temperature, a trend of
increase, decrease and increase again was observed.

Effect of TiB2 additive (up to 30 wt%) on hot pressed ZrB2 ceramic
was studied by Chakraborty et al. [44]. The addition of TiB2 particles
resulted in higher grain boundary thermal resistance and reduced the
thermal conductivity of the composite with respect to the monolithic
ZrB2. Thermal and mechanical properties of TiC ceramics was studied
by Babapoor et al. [45]. They measured the thermal conductivity of TiC
by the transient hot wire method. The effect of sintering temperature on
the thermal conductivity was studied and it was found that the thermal
conductivity of ceramic decreases with increasing in porosity and grain
size. Therefore, it can be concluded that grain size and porosity are the
dominant factors in the thermal conductivity. Although, thermal con-
ductivity of ceramics can be affected by adding nano-particles, the grain
boundaries which are unavoidable, play a significant role on thermal
conductivity [45–47].

Diego et al. [37] studied the effects of thermal field in a turning
cutting tool and used inversed problem to define thermal properties of
coated WC. Coatings of TiN and Al2O3 were tested in thermal simula-
tion. Both coated cutting tools showed higher temperatures than the
uncoated one, and the amount of maximum temperature increased with
coating thickness. They reported that TiN and Al2O3 coatings resulted
in maximum temperature increase about 12.7 °C and 75.5 °C, respec-
tively, in comparison with the uncoated WC [37]. Raju and Basu [48]
added TiSi2 (up to 10 wt%) to TiB2 ceramic and analyzed the composite
thermal properties. They showed that although the heat capacity in-
creases versus temperature, the thermal conductivity of the composite
decreases. At all investigated temperatures, the composite thermal
conductivity and thermal diffusivity were higher than those of mono-
lithic TiB2 ceramic.

The aim of this research is to study the thermal diffusivity and
microstructural evolution of spark plasma sintered TiB2-30 vol% SiC
composite with the addition of 5 wt% Ti as a sintering aid. To the best
of our knowledge, this is the first time to investigate the fabrication and
characterization of TiB2eSiCeTi composites. In addition, regarding the
application of TiB2 and its composites as tool materials, temperature
distribution in a cutting tool is calculated by Finite Element Method
(FEM) and temperature distribution along with maximum temperature
points are studied.

2. Experimental procedure

2.1. Materials and processing

In this research, commercially available ceramic powders of TiB2

(purity> 99.9%, particle size: 3–8 μm) and SiC (purity> 99%, particle
size< 500 nm) were supplied by Xuzhou Hongwu Co. as the starting
materials. Commercial metallic Ti powder (purity: 99.5%, particle
size< 40 μm) was purchased from Alfa Aesar as the sintering aid. For
preparation of the composite mixture, the Ti sinter additive (5 wt%)
was supplemented to a mixture of TiB2 (70 vol%) as the matrix and SiC
(30 vol%) as the reinforcement phases. The mixture of TiB2/SiC/Ti was
mixed for 40min in an ultrasonic bath using the ethanol as dispersing
medium. The wet mixture of TiB2eSiCeTi composite was stirringly
heated on a magnetic hot plate for 150min at the temperature of 130 °C
and completely dried in an oven for 24 h at 125 °C. After the drying
process, the dehumidified powder mixture was crushed and moved
through a sieve. At last, the as-mixed composite powder was poured
into a cylindrical graphite die with an inner diameter of 30mm. The
consolidation process was conducted by a modern densification tech-
nique i.e. the spark plasma sintering. Hence, a SPS furnace (Nanozint
10i, Khala Poushan Felez Co., Iran) was employed to fabricate the
composite sample at the maximum sintering temperature of 1900 °C for
7min under 40MPa external pressure in vacuum atmosphere
(∼5×10−2 Pa).

2.2. Characterization

Bulk, theoretical and relative density calculations were fulfilled by
the Archimedes principles and the rule of mixtures. Microstructural
study on the polished and fracture surfaces of the as-sintered composite
was carried out by the field emission scanning electron microscopy
(Tescan Mira3). Chemical (elemental) and phase analyses were per-
formed employing the energy dispersive spectroscopy (Oxford X-Max
80) and the X–ray diffractometry (Philips PW1800), respectively.
Thermodynamics investigation for assessments of probable chemical
reactions between the components, during the sintering process, was
done using the HSC Chemistry (version 5.11) package. Thermal diffu-
sivity of the sample was measured using the laser flash technique (LAS-
TEH-STRI-034). A laser pulse heats one side of the sample, temperature
sensors on the other side detect the heat and the transient temperature
field is determined. As a function of the time, which the temperature is
sensed by the sensors, and using the calibrated formula of the appa-
ratus, the thermal diffusivity of the sample is determined [49,50].

2.3. Numerical simulation

As mentioned before, the generated high temperatures, as a result of
machining process, changes the microstructure and thermo-physical
properties of cutting tools [38]. Direct temperature determination
through the tool has its difficulties like the movement of the workpiece,
the effect of embedded thermocouples on applied heat flux area and
chip obstruction on the rake face. Computational methods are a bene-
ficial way to obtain detailed thermomechanical information about the
involved pieces of the machining process. Solving the governing
equation of heat transfer by numerical methods like FEM gives tem-
perature distribution especially in the tool-chip interface. Nevertheless,
the numerical method will not give correct answers without knowing
the right value of applied flux at the chip-tool interface. In the present
work, heat flux defined by Brito et al. [51] has been used. The three-
dimensional computational domain is shown in Fig. 1 which consists of
a cutting tool, a shim, and AISI 1045 tool holder. The dimensions are
regarded as [51].

The governing equation is the heat diffusion equation as following:
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where k is thermal conductivity, ρ is density and C is heat capacity of
the materials. Since thermal conductivity and heat capacity are tem-
perature dependent parameters, Eq. (1) is nonlinear. The governing
equation is discretized by the Galerkin method and solved by FEM.

The considered domain is meshed by tetrahedral unstructured me-
shes which extremely fine elements is generated at the tool-chip in-
terface (Fig. 2). The mesh independency is achieved at 69243 number
of meshes.

The most important boundary condition is the applied heat flux at
the interface of the tool-chip area which is as:

= −
∂

∂
q k T

z" (2)

The surface area as well as applied flux value are essential con-
siderations in the numerical investigation of cutting tool problems. The
other boundaries, which are in contact with surrounded air, are cooled
by natural convection and radiation [51]. The related boundary con-
ditions are as follow:
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where n is any direction, h is convective heat transfer coefficient, ∞T is
surrounding temperature, σ is the Stefan-Boltzmann constant and ε is
surface emissivity. The natural convection heat transfer coefficients are
chosen based on empirical correlations by Bergman et al. [52].

In the present work, the thermal contact resistance among the tool,
the shim and the tool holder is taken into account as a 10-μm thick gap
of air between the materials at 300 K. The air thermal properties are
considered as k=0.026 Wm−1K−1 and α=22.5×10−06m2s−1 [53].
The initial temperature of species is considered to be the room tem-
perature.

In the present work, experimental data of heat fluxes by Brito et al.
[51] is applied at the tool-chip interface and considering the mentioned
boundary conditions, the temperature distribution through the domain
is obtained by solving the heat diffusion equation. In order to validate
the obtained results, the maximum temperatures at different time steps
are compared by data of [51]. They used WC for both the tool and the
shim, which their temperature dependent thermal properties are ob-
tained from Grzesik et al. [54].

In the next step, the tool and shim materials are replaced by the as-
sintered TiB2eSiCeTi (TST) composite in this research work. Using the
same values of heat fluxes and boundary conditions, the temperature
distribution through the proposed material is determined and compared
with the result of WC tools. The most important parameter in the nu-
merical investigation is the maximum temperature value generated at
the cutting edge. This temperature has a direct effect on lifespan and
quality of the workpiece.

3. Results and discussion

The addition of Ti as a metallic sintering aid improved the densifi-
cation behavior of TiB2eSiC composite so that, a fully dense sample
with a relative density of 99.7% was fabricated by SPS process.
Secondary electron SEM fractographs of the as-sintered TiB2eSiCeTi
composite are shown in Fig. 3. A fully progressed densification can be
observed in these micrographs as no porosity is remained in the sin-
tered sample. In addition, an excellent sinterability has been developed
which can be comprehended from the complete joining of particles
together, i.e. the starting powders and in-situ formed phases. Achieving
a relatively fine-grained TiB2 matrix microstructure not only can be
attributed to the positive role of additives (SiC and Ti), but also to the
short dwell time of SPS process at final sintering temperature.

If the Ti additive remains unreacted in its metallic form, it can ex-
perience the plastic deformation below its melting temperature of
1668 °C [55]. Such behavior assisted the rearrangement of ceramic
particles (TiB2 and SiC) as a densification mechanism before the final
stage of sintering process. In addition, the densification was further
promoted via the liquid phase sintering mechanism due to the lique-
faction of Ti at the temperatures from 1668 °C to 1900 °C. The positive
influence of Ti on the densification of ZrB2eSiC composites was pub-
lished by Purwar et al. [56] and Ghasali et al. [57]. However, it should
be noted that the occurrence of these densification mechanism depends
on the presence of part of Ti in its metallic form during the sintering
process. In this purpose, performing an XRD analysis from the as-sin-
tered TiB2eSiCeTi composite seems to be helpful.

Fig. 4 presents the X-ray diffraction pattern of spark plasma sintered
Ti-doped TiB2eSiC composite. Together with the diffraction peaks of
TiB2, SiC and Ti as the starting materials, TiB, TiC and TiSi2 phases were
detected by XRD test as the in-situ formed Ti-containing compounds

Fig. 1. Three-dimensional computational domain.

Fig. 2. A sample of mesh and cutting tool.

M. Vajdi et al. Ceramics International 45 (2019) 8333–8344

8335



during the sintering process. Despite the low amount of Ti in the initial
powder mixture (5 wt%), the identification of elemental Ti along with
TiB, TiC and TiSi2 by XRD verifies the partially participation of Ti in
chemical reactions that resulted in the formation of titanium boride,
carbide and disilicide. The formation of refractory phases of TiB with a
melting point of 2190 °C [58] and TiC with a melting point of 3160 °C
[45] was proved in TiB2eTi [59,60] and TiB2eSiC systems [35,61–63],
respectively. Similar to the role of metallic Ti, the in-situ formed TiSi2
with a melting point of 1540 °C [64] can assist the densification via
liquid phase sintering mechanism.

In this section, the thermodynamic possibility of favorable chemical
reactions in TiB2eSiCeTi system during the sintering process at the
temperatures from 0 °C to 1900 °C is discussed. The investigated che-
mical reactions are chosen to be consistent with the results of XRD
analysis. The thermodynamic assessments are carried out through the
Gibbs free energy calculations employing the HSC Chemistry package
and the outcomes are presented in Fig. 5.

According to Eq. (4), the Ti additive may react with the TiB2 matrix
to form TiB. Since the ΔG of Eq. (4) is negative (varies between −60 kJ
and −40 kJ) at all temperature levels of sintering process, this reaction
is thermodynamically favorable. The formation of TiB is verified by
XRD test, because four peaks of titanium boride were detected.

TiB2 + Ti = 2TiB (4)

The metallic Ti can also react with the SiC reinforcement, in accord

with the chemical reaction of Eq. (5) with ΔG variations between
−100 kJ and −120 kJ, which leads to the formation of TiC and Si. The
thermodynamic assessments revealed that the reaction of Ti with the
SiC is more favorable than the TiB2 because of more ΔG negativity of
Eq. (5) than that of Eq. (4), as displayed in Fig. 5. The in-situ formation
of TiC as a sinter product is also confirmed by XRD results presented in
Fig. 4.

SiC + Ti = TiC + Si (5)

The formation of TiC is verified by both thermodynamic and XRD
analyses. Although Eq. (5) predicts the formation of Si along with TiC,
such a phase is not seen in the XRD pattern (Fig. 4). Hence, the ele-
mental Si which has formed based on the reaction of Eq. (5) seems to be
completely consumed in another chemical reaction. Regarding the de-
tection of TiSi2 in the XRD spectrum, the in-situ formed Si, according to
Eq. (5), can react with the residue of Ti via the pathway of Eq. (6). As it
can be seen in Fig. 5, this reaction is also possible based on the ther-
modynamics. Similar chemical reactions were reported for the spark
plasma sintered ZrB2eSiCeTi composite [57].

Ti + 2Si = TiSi2 (6)

Fig. 6 shows the low-magnification SEM micrograph (backscattered
mode) of the polished surface of Ti-doped TiB2eSiC composite and
corresponding EDS maps of Ti, B, Si, C and O elements. Three dis-
tinctive regions are seen in Fig. 6a:

Fig. 3. (a) Low- and (b) high-magnification secondary electron SEM micrographs of the fracture surface of as-sintered TST composite.

Fig. 4. XRD pattern of TST composite after sintering process disclosing the in-situ synthesize compounds.
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(1) The elliptical area, with an approximate 50-μm diameter, at the
center of SEM image which contains a mixture of lightgray and
darkgray phases.

(2) The darkgray-colored corona, with an approximate 30-μm width,

around the elliptical area.
(3) The matrix area which includes a mixture of darkgray and dimgray

phases.

Fig. 5. Standard Gibbs free energy of thermodynamically favorable reactions in TST system.

Fig. 6. (a) Backscattered SEM micrograph of the polished surface of as-sintered TST composite and (b–f) corresponding EDS maps of Ti/B/Si/C/O elements.
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The size of elliptical area (∼50 μm) is almost equal to the size of
starting Ti particles (< 40 μm). The EDS analysis verifies that the el-
liptical area is rich in Ti (Fig. 6b) but free of Si (Fig. 6d). Hence, re-
garding the XRD results presented in Fig. 4 that area can be a mixture of
unreacted Ti and/or the in-situ formed Ti-containing compounds such
as TiB and TiC. The corona around the elliptical area seems to be
formed due to the chemical reactions of Ti particle with the other
composite constituents, i.e. TiB2 (Eq. (4)) and/or SiC (Eq. (5)). On one
hand, the corona is a monophasic region on the basis of its micro-
structural feature (Fig. 6a). On the other hand, similar to the elliptical
area, the corona is a Si-free and Ti-rich area, based on the EDS maps

(Fig. 6b, d). Therefore, it can be concluded that the corona is composed
of TiB, namely, the product of chemical reaction between Ti and TiB2.
The matrix area is rich in both Ti and Si, but without a clear overlap
between these elements. Concerning the composition of initial powder
mixture and XRD analysis, such area seems to be composed of TiB2 and
SiC phases. The details of microstructural characterizations are dis-
cussed in the following paragraphs.

A high-magnification SEM micrograph from the area marked by a
red-outline square in Fig. 6a (the matrix area) alongside its corre-
sponding EDS elemental maps of Ti, B, Si, C and O are shown in Fig. 7.
The darkgray-colored grains are rich in Ti (Fig. 7b) and B (Fig. 7c) and

Fig. 7. (a) Closer view of Fig. 6a indicated by the red-outline square and (b–f) corresponding EDS maps of Ti/B/Si/C/O elements. (For interpretation of the references
to color in this figure legend, the reader is referred to the Web version of this article.)

Fig. 8. (a) Closer view of Fig. 6a indicated by the black-outline square and (b–f) corresponding EDS maps of Ti/B/Si/C/O elements.
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Fig. 9. Thermal diffusivity of TST composite at different temperatures.

Fig. 10. Thermal conductivity of TST composite at different temperatures.
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Fig. 11. Applied heat flux by Brito et al. [51].

Fig. 12. Comparison of the maximum temperature of cutting tool.
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can be attributed to the TiB2. The Si-rich regions (Fig. 7d) are matched
with the dimgray-colored phases (Fig. 7a) and can be related to the SiC
reinforcement. A homogeneous distribution of SiC phases between the
TiB2 grains is clearly observed in the SEM image (Fig. 7a). Since there is
no obvious overlap between the EDS maps of Ti (Fig. 7b) and Si
(Fig. 7d) as well as regarding the formation of clean interfaces between
Ti and Si particles in Fig. 7a, it seems that no chemical reactions has
been occurred during the sintering process in the matrix area.

Fig. 8 displays another high-magnification SEM micrograph from
the area marked by a black-outline square in Fig. 6a (the elliptical area)
together with the corresponding EDS maps of Ti, B, Si, C and O ele-
ments. The selected square in Fig. 6a is located inside an area which
previously belonged to a Ti particle. Such an area is poor in Si (Fig. 8d)
and rich in Ti (Fig. 8b), hence, it can be attributed to the unreacted Ti as
well as the Ti-based sinter product such as TiB and TiC phases, as al-
ready proved by XRD test. Since the lightgray-colored grains in Fig. 8a
have considerable amounts of C (Fig. 8e), they can be nominated as TiC

phase. The darkgray-colored grains are related to TiB due to the fact
that such phases are rich in B element (Fig. 8c). According to Eq. (5),
the TiC forms together with elemental Si, hence, it seems that the
presence of Si at the grain boundaries of TiC is logical. Therefore, based
on the reaction of Eq. (6), TiSi2 can be in-situ formed around the TiC
grains. Trace of TiSi2, e.g. marked by an arrow in Fig. 8a, is seen in the
SEM micrograph, however, the precise characterization of such black-
colored interfacial phase needs the advanced instruments such as
transmission electron microscopes (TEM).

Using laser flash technique, the thermal diffusivity of the TST
composite was defined and shown in Fig. 9. Knowing the density and
heat capacity, the thermal conductivity was calculated and shown in
Fig. 10. It is concluded that thermal diffusivity and conductivity of the
TST composite is a decreasing function of temperature as TiB2. Thermal
diffusivity of the TST composite is highly sensitive to temperature at
first, but with increasing temperature, the sensitivity considerably re-
duces so that at higher temperatures, thermal diffusivity is

Fig. 13. Temperature distribution in TST composite as a cutting tool at different time steps.
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Fig. 14. Maximum temperature in the cutting tools with various materials at different time steps.

Fig. 15. Thermal conductivity of TiB2 and TST versus temperature.
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approximately constant. A same trend is observed for the thermal
conductivity.

Since TiB2 and its composites are often used as a hard material for
cutting tools, the temperature distribution in a cutting tool-shaped TiB2-
based composites is investigated numerically. To ensure that the nu-
merical results are reliable, at first the material of cutting tool was
assumed to be WC and the obtained numerical results were compared
with the experimental results of Brito et al. [51]. In this study, the
experimentally obtained heat flux by Brito et al. [51] (Fig. 11) is ap-
plied as boundary condition and the calculated maximum temperature
of the cutting tool is compared with the experimental results in Fig. 12.

It can be concluded form Fig. 12 that there is a good agreement
between numerical and experimental data, therefore, the numerical
method is verified and can be used for other materials as cutting tool.
After numerical method verification, a cutting tool with the TST com-
posite material is investigated using the same boundary conditions and
heat flux. Temperature distribution through the cutting tool for the TST
composite is demonstrated in Fig. 13 at different time steps.

As shown in Fig. 13, the tip of the cutting tool has the maximum
temperature where is the interface between the tool and specimen.
Exerted heat flux at the tip of the cutting tool is distributed by the
conduction mechanism through the tool as time spends. In Fig. 14, the
maximum temperature of cutting tool versus time is presented. As it is
obvious the WC has the maximum temperature which is considerably
higher than the monolithic TiB2 and TST composite. High temperatures
have undesirable influence on the tool lifespan and cause thermal stress
and subsequent strains which affect the workpiece quality. Since the
TiB2 shows lower maximum temperatures, it can be a good alternative
for WC. The TST shows an interesting behavior, at first its maximum
temperature is lower than that of TiB2, but after t= 10s, its maximum
temperature rises faster and is higher than that of TiB2. To justify such a
behavior, the thermal conductivity of TiB2 and TST versus the tem-
perature is shown in Fig. 15.

It can be concluded that the thermal conductivity of TST is higher
than that of TiB2 at lower temperatures, but when the temperature
increases, the thermal conductivity of TiB2 gets higher values than TST.
In the monolithic TiB2, the temperature rising results in grain growth
and the thermal resistivity of grain boundaries reduces, while in the
TST composite, the grains cannot grow as simple as the monolithic TiB2

because SiC, Ti, TiB, TiSi2 and TiC particles inhibits the extreme grain
growth. It should be noted that the thermal resistivity of grain bound-
aries has a significant effect on the thermal conductivity.

4. Conclusions

Metallic Ti (5 wt%) was selected as a sintering aid in a TiB2 matrix
composite with 30 vol% SiC as a reinforcement. A fully dense
TiB2eSiCeTi (TST) composite was manufactured by spark plasma sin-
tering at 1900 °C in vacuum under pressure of 35MPa for 6min. The
thermal diffusivity, microstructural development and phase evolution
of as-sintered TiB2eSiCeTi composite were scrutinized by laser flash,
FESEM/EDS and XRD methods. The partially consumption of Ti during
the sintering process and the in-situ synthesis of TiB, TiC and TiSi2
compounds resulted in a promoted densification in TiB2eSiC compo-
site. A set of numerical investigations was carried out to determine the
temperature distribution through a cutting tool. Both monolithic TiB2

and TST composite show lower maximum temperature than WC. TiB2

has lower maximum temperature than TST. Since grain growth of
monolithic TiB2 occurs faster than TST composite, it has lower thermal
resistivity at higher temperatures in comparison with the composite.
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