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Effect of carbon sources on the combustion synthesis

of TiC
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Pohang University of Science and Technology, Pohang 790-784, Korea

The effect of carbon sources, i.e. graphite and amorphous carbon, on the reaction
mechanism, product morphology, and the rate of combustion reaction between Ti and C to
form TiC were studied. A reaction mechanism was proposed for. each carbon source from
the activation energy of combustion reaction. The microstructure and the composition of
reaction products were also investigated. It was observed that graphite fissured in a layered
form during the combustion reaction and the reaction between graphite and liquid titanium
was accomplished mainly on the surface of the thinly fissured layer. Graphite was found to
be more reactive with titanium and titanium carbide synthesized with graphite contains less
amount of unreacted carbon and is more close to the stoichiometric TiC.

1. Introduction

In the combustion synthesis of ceramic materials, the
reaction is highly exothermic and the heat liberated
can sustain the reaction with a combustion wave
propagating until the reactants are converted into the
product. This process is also known as self-propagat-
ing high-temperature synthesis (SHS). In the last two
decades, this method has been successfully applied to
the synthesis of various materials including carbides
[1,2], borides [3,4], nitrides [5,6], intermetallics
[7-9], and composite materials [10,11]. Recently it
has also been applied to make ceramic-lined metallic
pipes [12]. The combustion wave structure [13, 14]
has also been studied to explain the heat and mass
transfer in a chemically reacting system.

Combustion synthesis of titanium carbide from tita-
nium and carbon powders has been studied with con-
siderable interest as an alternative to conventional
processes [15,16] such as carbothermal reduction of
TiO,, because it is simple and energy-efficient. TiC has
good hardness, high-temperature stability, high elec-
trical conductivity, and chemical resistance [16]. TiC
has a metallic appearance, and its electrical and ther-
mal conductivity are comparable to stainless steel
[17]. Titanium carbide, like the other group IV
transition metal monocarbides, exists over a very wide
range of carbon-titanium ratio, TiCgy g5 to TiCy 44
[17].

The reaction between titanium and carbon has been
studied by various methods. Vadchenko and co-
workers [18] investigated the ignition and combus-
tion process between titanium and carbon by using
carbon-coated titanium wires. With transmission elec-
tron microscopy, Korchagin and Aleksandrov [19]
studied the interaction between thin layers of titanium
and carbon. A review of reactant transport at the Ti-C
interface by molecular dynamics simulation was made
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[20]. The reaction between titanium and carbon pow-
ders has also been studied by gradually changing the
stability of the combustion front. It has been per-
formed by igniting - reactant mixtures placed in
a wedge-shaped cavity in a copper block [21]. Re-
cently Wong and colleagues [22] monitored phase
transformation during the combustion reaction be-
tween titanium and amorphous carbon by real-time
diffraction using synchrotron radiation. They reported
that TiC formation was completed within 400 ms after
the melting of Ti metal, indicating that TiC formation
took place during the passage of the combustion wave
front. The effect of aluminium [23], iron and cobalt
[24] addition on the combustion reaction of Ti and
C has been studied by Choi and Rhee. They also
studied the equilibrium in the reaction of Ti and C to
form substoichiometric TiC, _, [25].

The elementary reaction in titanium carbide syn-
thesis is as follows [26]

Ti + C - TiC, AHj 98 = — 184.502 kJmol ™.

This heat of reaction is large enough to sustain a com-
bustion wave propagation, once the reaction is in-
itiated. Khaikin and Merzhanov [27] formulated and
calculated the propagation velocity by assuming that
the reaction is homogeneous, and it mainly proceeds
in a narrow reaction zone close to the maximum
temperature, and the convective and radiative heat
losses can be neglected. They derived the expression
for the combustion wave velocity in exothermic reac-
tion. The apparent activation energy for the combus-
tion reaction can be determined from an Arrhenius
plot of In[(1 —w)?u/T,] versus 1/T,, once the
combustion temperature (T.) and wave velocity (u)
have been measured [28,29]. Here, w is the weight
fraction of the diluent.
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TABLE I Description of precursor powders

Designation Description Manufacturer Purity Particle size Surface area
(wt %) (pm) (m*g™)
Ti Titanium Kojundo Kagaku Co. 99.9 30 0.56
C1 Graphite Kojundo Kagaku Co. 99.9 5 19.8
C2 Graphite Cerac, Inc. 99.9 152 7.69
C3 - Furnace black Cabot 99.0 0.030 254
(Vulcan XC-72R)
C4 Furnace black Cabot 99.5 0.075 25
(Black Pearls 120) .
TiC Titanium carbide Kojundo Kagaki Co. 99.9 3.5 2.68
Amorphous carbon has been extensively used as Vacuum Variac _
a carbon source in the combustion synthesis of TiC. gange _—:‘j:O—Jff,‘;Lf
Amorphous carbon may be considered as sections of Transformer
hexagonal carbon layers of varying size, with very {—*
little order parallel to the layers [30]. On the other Video L éj b :
. . . . R Optical
hand, graphite is characterized by a well-developed T “ ELlEp_wometer
layer structure in which the atoms are arranged in ‘
open hexagons and the layers have some order in
stacking sequence [30]. In the reaction mechanism Video tape TSBiE Camputer
study by wave velocity method using combustion data
parameters, the previous researchers of Kirdyashkin Svatem

and co-workers [31] and Dunmead and colleagues
[32] used lamp black and furnace black, respectively.

In this work, crystalline graphite and amorphous
furnace black powders were used and the effects of
each carbon source on TiC combustion synthesis were
studied. In fact, little information exists related to the
effect of the structure of carbon on the reaction mech-
anism and reactivity in TiC combustion synthesis.
Rate measurements in the combustion synthesis of
TiC using carbon sources with different crystallinity
will give us some insight as to the reaction mechanism
between carbon and titanium.

We investigated the reaction products which were
formed by combustion reaction and reaction couple
methods. Optical and scanning electron microscopy
(OM, SEM), X-ray diffraction (XRD), and wet chem-
ical methods were used to study the morphology,
crystallographic relationship, and composition of syn-
thesized titanium carbide.

2. Experimental methods

Table I shows the characteristics of titanium, graphite,
furnace black, and titanium carbide powders used as
starting materials. The reactant mixture with the de-
sired composition was mixed in a dry mixer for about
15h. Cylindrical compacts 20 mm in diameter and
approximately 30 mm in height were formed at pres-
sures from 70 to 76 MPa in a stainless steel die with
double-acting rams. The green density of the compact
was maintained at 62 + 3% of theoretical.

Fig. 1 shows the schematic diagram of the set-up.
As shown in Fig. 1, a hole about 2 mm in diameter
and about 10 mm in depth was formed in the side of
the pellet to serve as a black-body hole. The temper-
ature was measured by focusing the optical pyrometer
(TR-630A, Minolta Camera Co.) equipped with
a close-up lens on the black-body hole of the sample.
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Figure | Schematic diagram of the experimental apparatus for
combustion synthesis.

The ir. absorption was calibrated by using a black-
body furnace (UIK-T009A, Chino Co.). Two small
W-Re thermocouple wells of size 0.254 mm were in-
serted in the opposite side of the wall with a gap of
15 mm. Pellets were dried in a vacuum dry oven for
24h at 573K and 10~ * Torr. The dried pellet was
placed in a stainless steel chamber with two quartz
windows. The chamber was 270 mm high with a dia-
meter of 160 mm. A zigzag shaped tungsten filament
was positioned approximately 2 mm above the top
surface of the pellet for ignition. The chamber was
purged and filled with argon gas before the ignition.
The top surface of the sample was ignited by applying
current of about 80 A to the filament under about 50 V
from a 7kW transformer. The ignition occurred al-
most instantaneously with the application of current
for all the samples, regardless of carbon sources.
The real time voltage outputs from the W-Re ther-
mocouple and the optical pyrometer were continu-
ously recorded using a data acquisition system and
personal computer. The propagation of the combus-
tion wave was recorded by a video camera capable of
replaying the reaction by 1/30s. To minimize the end
effect at the top and bottom of the sample, the com-



TABLE II Experimental parameters of TiC combustion synthesis

Composition T, u
(mole ratio, wt %) (K) (ems™Y)

Composition T, u
(mole ratio, wt %) (K) (cms™Y)

1.0 0% C1
2% C1
5% C1
8% C1
12% C1
17% C1

Ti/C1 2943 + 7 2.61
2769 + 6 1.84
2730+ 6 1.51
2647 £ 6 1.28
2466 + 6 1.14

2268 + 5 0.97

Tiy/CI = 1.3 0% TiC

5% TiC
10% TiC
15% TiC
17% TiC
20% TiC
25% TiC

2836 + 6 224
2755+ 6 1.71
2694 + 6 1.41
2642 + 6 1.24
2584 + 6 0.98
2526 + 6 0.73
2459 £5 0.63

0% TiC
1% TiC
3% TiC
4% TiC
6% TiC
9% TiC
12% TiC
15% TiC

Ti/C2 = 10 277716 0.75
2763+ 6 0.72
2644 + 6 0.60
2635+ 06 0.59
2563 + 6 0.45
2511+ 6 0.42
2424 + 6 0.38

2364+ 5 0.33

bustion wave velocities were obtained by measuring
the passage of the combustion wave between the two
thermocouple tips located near the middle of the
sample.

To study the infiltration characteristics of liquid
titanium through capillaries of graphite and furnace
black, we observed the morphology and compositions
of reaction products, which were synthesized from the
uncompacted reactant mixtures. The amount of un-
reacted titanium and carbon in the titanium carbide
products was analysed by a wet chemical method.

Reaction couples of a titanium disc and a furnace
black disc, and a titanium disc and a graphite block
were prepared to study the reaction interface. A tita-
nium disc (20 mm in diameter and 3 mm in thickness)
was prepared at uniaxial compaction of 90 MPa. To
prepare the furnace black disc, 10 g of furnace black
powder (C3) were placed in a graphite die (50 mm in
diameter), hot-pressed at 20 MPa under nitrogen at-
mosphere and held at 1500 °C for 20 min, with heating
and cooling rates of 50 °C min~'. A polished graphite
block (30x30x 10 mm) was also prepared for the
reaction couple. The reaction couple experiment was
performed under argon atmosphere in a graphite fur-
nace. The reaction couple was heated up to 1662 °C or
1690°C with a heating rate of 20 °C min "~ !, and with-
out holding, cooled down to the room temperature
with a cooling rate of 20°C min~*. The polished
cross-sections and reacted surfaces of reaction couples
were examined using OM, SEM, WDS, and XRD with
CukK, radiation.

3. Results and discussion

The combustion parameters with graphite as a carbon
source are shown in Table II. Fig. 2 shows the com-
bustion temperature and wave velocity as a function
of the amount of TiC diluent mixed with
a stoichiometric reactant mixture (Ti/C = 1.0). Pow-
ders of C1 graphite, C2 graphite, amorphous furnace
black of Vulcan XC-72 (C3), and Black Pearls 120 (C4)
were used as carbon sources. An adiabatic temper-
ature is thermodynamically calculated by assuming
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Figure 2 (a) Combustion temperature and (b) combustion wave
velocity as a function of the amount of TiC diluent for various
carbon sources. Ti and C ratio was fixed at 1.0. ----- T.4 O Ti/CH;
A Ti/C2; A Ti/C3; T Ti/C4.

that all of the heat released by the reaction ultimately
is used to raise the temperature of the sample without
any heat losses. The real combustion temperature is
usually lower than the adiabatic temperature, mainly
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due to heat losses during the reaction. The combus-
tion temperatures of compacts with different carbon
sources is shown in Fig. 2(a). The combustion temper-
ature is lowered by adding TiC powder as a diluent
and TiC powder only acts as a heat sink without
participating in the reaction. In the TiC combustion
synthesis with various carbon sources, the combustion
temperature was higher in the order of C1 graphite,
C3 furnace black, C2 graphite, and C4 furnace black.
As shown in Fig. 2(b), the combustion wave velocity of
the compact with a molar ratio of Ti/C = 1.0 without
any TiC diluent was 2.61 cms™! for C1, 0.98 cms ™!
for C3, 0.87 cms™ ' for C4, and 0.75ecms ™! for C2,
respectively. The combustion wave velocity decreased
as TiC diluent was added in the similar way as the
combustion temperature. This is because the combus-
tion wave velocity strongly depends on the combus-
tion temperature. Fig. 2 suggests that the apparent
reactivity of titanium powder with C1 graphite pow-
der is higher than with the C2 graphite and furnace
black (C3 and C4) powder. When 30 wt % TiC powder
was added as a diluent to the sample with molar ratio
of Ti/Cl(graphite) = 1.0, the combustion wave velo-
city fell down to 0.69 cms ™!, approximately one-quar-
ter of the wave velocity of the sample without any
diluent. When TiC powder above 21 wt % was added
to the sample with the C2 graphite and furnace black
(C3, C4) carbon sources, propagation did not occur.
The Cl(graphite, 5 pm) powder shows a higher reac-
tivity than C2 (graphite, 15.2 um) because the increase
in the particle size results in the decrease of the contact
area between reactants.

Fig. 3 shows Arrhenius plots of In[(1 — w)Y2u/T,]
versus 1/T ., which were calculated from the combus-
tion temperature and wave velocity data. Combustion
temperature and wave velocity were varied by adding
various amounts of TiC to the sample with molar
ratio of Ti/Cl (graphite) = 1.0 (Fig. 3(a)), by adding
excess Cl1 (graphite) to the sample with molar ratio of
Ti/C1 (graphite) = 1.0 (Fig. 3(b)), and by adding TiC
to the sample with molar ratio of Ti/Cl (graph-
ite) = 1.3 (Fig. 3(c)).

The activation energies for the high temperature
region in Fig. 3(a), (b) and (c) were 399 + 36, 294 + 33,
and 400 + 13 kJmol 7%, respectively. It was reported
that the activation energy for carbon diffusion
through solid TiC is approximately in the range of
234410 kJmol ™!, depending on the method of
measurement [33-37]. A low activation energy (below
about 300 kJmol~!) was observed in the measure-
ment from reaction couple between liquid Ti and
C [36] while the activation energy higher than about
300 kJ mol ! was observed in the measurement either
from diffusion couple between TiC (single crystal) and
C [35] or TiC (single crystal) and Ti [37]. The large
variation of activation energy is reported to be due to
the concentration of defects, which gives high-rate
diffusion path in TiC and strongly affects the diffus-
ivity of carbon through TiC [37]. It is believed that
the activation energy will be smaller when the defects
of fast diffusion-path source are more abundant in the
reaction product layer. On the other hand, it is re-
ported that the activation energy for the diffusion of Ti
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Figure 3 Arrhenius plot of In[(1 — w)*?u/T_] versus 1/T, in TiC
combustion synthesis using graphite carbon source (C1, 5 pm). (a)
Ti/Cl (graphite) = 1.0, TiC diluent, E =399 + 36kImol !, (b)
Ti/Cl (graphite) = 1.0, C1 excess, E = 294 + 33kJmol~1; (c) Ti/C1
(graphite) = 1.3, TiC diluent, E = 400 + 13 kJ mol~*.

through TiC is 738kJmol~! and that the diffusion
rate of Ti through TiC is approximately four orders of
magnitude slower than that of C through TiC [38].
Therefore, the activation energies for the high temper-
ature region in Fig. 3 suggest that the combustion
reaction rate for TiC is controlled by the diffusion of
carbon through TiC.

In the lower temperature region in Fig. 3(a) and (b)
the rate of decrease in the combustion velocity be-
comes smaller as the amount of diluent is increased.
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Figure 4 Arrhenius plot of In[(1 — w)?u/T_] versus 1/T. in TiC
combustion synthesis using furnace black carbon sources of Vulcan
XC-72 (C3, 0.030 um [, E = 380 4 13kJ mol~*) and Black Pearls
120 (C4, 0.075 pm #, E = 350 + 29 kI mol~1). In the high temper-
ature region, E = 108 4+ 15kJ.

The reason is not clear at this moment but we believe
that the change in the thickness of diffusion barrier
and the generation of defects from thermal stress
lowers the resistance against the reactant migration.
During the combustion reaction, liquid titanium infil-
trates into the boundaries between particles and wets
the particles. By adding a diluent, the combustion
temperature is decreased and the thickness of liquid Ti
layer which surrounds graphite particles is also de-
creased because Ti concentration in the reactant mix-
ture decreases. During the combustion reaction be-
tween Ti and C, it is expected that many defects and
fissures are formed in the product layer of TiC by
mechanical and thermal stresses from the reaction
interface. The mechanical stress is mainly due to the
volume change. For the combustion reaction of Ti and
C to form TiC, the decrease of intrinsic volume is
calculated to be approximately 24% [39]. As the
thickness of TiC product layer formed from the reac-
tion interface is thinner, a resistance to the diffusion of
carbon through product layer is lowered [40].

Fig. 4 shows the Arrhenius plot of In[(1 — w)"? x
u/T.] versus 1/T, from the measurements of combus-
tion temperature and wave velocity, varied by adding
various amounts of TiC diluent to the sample with
molar ratio of Ti/C3 (furnace black) = 1.0 and Ti/C4
(furnace black) = 1.0. The change in slope was ob-
served at approximately 2638 and 2696 K, respective-
ly. When Vulcan XC-72 (C3) was used as a carbon
source, the activation energy for the high temperature
region was 108 + 15 kJmol ™. It was reported that
the activation energy for the dissolution of carbon into
liquid titanium is in the range of 78 to 117 kJ mol *
[28,36]. A dissolution—precipitation mechanism,
where a carbon dissolves into liquid titanium and TiC
is subsequently precipitated from the liquid titanium,
might play a role in the high tempetature region.
The activation energies of 350 4+ 29 and 380 +
13kJmol "' for the low temperature region suggest
that the reaction is controlled by a carbon diffusion

through TiC product layer. The result agrees well with
that of Dunmead and co-workers [28] using furnace
black of Monarch 905 as a carbon source. We believe
that carbon dissolution mechanism is not observed in
the graphite—Ti system due to the large particle size of
graphite used in the experiment. Also the reactivity of
graphite is higher than amorphous carbon which
might be due to the structural difference between
graphite and amorphous carbon.

The wetting angle of liquid iron and carbon is
reported to be apporximately 37° [41]. The surface
energy of liquid iron is similar to that of liquid tita-
nium at approximately 1650 dyne/cm [42], and thus it
is guessed that the wetting angle between liquid tita-
nium and solid carbon is also approximately 37°. In
a wetting system, infiltration flow velocity through
a capillary is linearly proportional to the capillary
radius [43] which increases with the size of the pow-
der. In this work, the graphite powder is much larger
than furnace black and so liquid titanium will infil-
trate much faster through the capillary of graphite
powders. In addition to the effect of the carbon par-
ticle size on the titanium infiltration, the agglomer-
ation of the fine furnace black powders will also pre-
vent the penetration of the liquid titanium into pores
between particles.

To confirm the infiltration characteristics of liquid
titanium through the pores of carbon powders, the
combustion reaction was performed by igniting reac-
tant mixtures of Ti/Cl (graphite) = 1.0 and Ti/C3
(furnace black) = 1.0 which were charged into the
glass bottles without any compaction in order to re-
move the effect of compact density.

Fig. 5 shows the scanning electron micrographs of
the products combustion synthesized from uncompac-
ted mixture of (a) Ti/C1 (graphite) = 1.0 and (b) Ti/C3
{furnace black) = 1.0. While a considerable amount of
unreacted carbon was observed in the sample combus-
tion synthesized with furnace black, it was not ob-
served with the graphite carbon source. This indicates
that the infiltration characteristics of liquid titanium
through graphite powder is much better than through
furnace black powder. Fig. 6 shows the XRD pattern
of samples shown in Fig. 5. The crystallinity of TiC, _,
in Fig. 6(a) was better than that in Fig. 6(b). Further-
more, unreacted titanium phase was found in (b) while
it was not in (a). The lattice parameter of titanium
carbide in Fig. 6(a) and (b) were 0.4328 and 0.4294 nm
which approximately corresponds to that of TiCy o5
and TiC, s, respectively [16]. The fact that TiC, _,
with high substoichiometry is more likely to be formed
in the reaction of Ti and furnace black is because the
infiltration velocity of liquid titanium through the
pores of furnace black powder is much lower than
graphite.

Fig. 7 shows the amount of unreacted titanium in
the products which were synthesized from molar ratio
of Ti/C1 (graphite) and Ti/C3 (furnace black) between
1.0 and 1.6. As the molar ratio of Ti/C was increased,
the amount of unreacted titanium was gradually in-
creased from 0.066 wt% to 0.485wt% with graphite
while it was increased from 0.308 wt% to 0.753 wt%
with furnace black.
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Figure 5 Scanning electron micrographs of the samples combustion
synthesized from uncompacted reactant mixtures with molar ratio
of (a) Ti/C1 (graphite) = 1.0 and (b) Ti/C3 (furnace black) = 1.0.
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10 20 40 60 80 90
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Figure 6 X-ray diffraction patterns of the product combustion syn-
thesized from uncompacted reactant mixtures with molar ratio of
(a) Ti/Cl1 (graphite) = 1.0 and (b) Ti/C3 (furnace black)=10.
HTiC;VC, vV Ti

Fig. 8(a) shows the polished cross-section of reac-
tion couple of a titanium disc and a furnace black disc
prepared at 1690°C. A TiC layer was formed at the
carbon and Ti interface and particles were precipi-
tated in the Ti matrix. Fig. 8(b) shows the concentra-
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Figure 7 Weight percent of unreacted titanium in combustion syn-
thesized titanium carbide as a function of molar ratio of (J) Ti/C1
(graphite) or (M) Ti/C3 (furnace black).

Figure 8 (a) Optical micrograph of the polished cross-section of the
reaction couple and (b) concentration profile of Ti and C in a pre-
cipitated particle. The reaction couple (titanium disc-furnace black
disc) was formed at 1690 °C.

tion distribution of Ti and C in a precipitated particle,
which proved that the particle was titanium carbide
precipitated in Ti melt. The results of Fig. 8 suggest
that the TiC layer between titanium and carbon was
formed by the carbon diffusion through TiC while TiC
particles in titanium matrix were formed by the car-
bon dissolution and TiC precipitation. It should be
noted that the dissolution of carbon into liquid tita-
nium will occur via dissolution of highly sub-
stoichiometric TiC,-, with a low melting temper-
ature, which is formed by the reaction of titanium-rich



Figure 9 Scanning electron micrographs of reaction couple (tita-
nium disc-graphite block) formed at 1662 °C. (a) TiC on titanium
pellet and (b) TiC on graphite block.

reactant mixture. This is because the reaction between
titanium and carbon is so fast that the direct dissolu-
tion of carbon into liquid titanium without TiC; _,
formation would be impossible [41]. Therefore, it is
believed that TiC formation by the carbon dissolution
and TiC precipitation mechanism occurs after highly
substoichiometric TiC, _, is formed at the interface as
shown in Fig. 8(a). As mentioned already in Fig. 6, the
substoichiometric TiC, - is more likely to be formed
in the case of furnace black carbon source. The results
of Figs 6 and 7 support the fact that the carbon
dissolution and TiC precipitation mechanism dis-
cussed in Fig. 4 can occur with the furnace black
carbon source.

Fig. 9 shows the reacted surface in the reaction
couple of titanium disc and graphite block formed at
1662 °C, below the melting point of titanium. After the
reaction, most of the TiC formed was adhered to the
Ti disc and separated from the graphite block because
of the weak bond between the layers of graphite. The
morphology of reaction products formed on the Ti
disc and graphite block are shown in Fig. 9(a) and (b),
respectively. Fig. 9(a) shows a layered structure on the
Ti disc, which was proved to be titanium carbide by
XRD. This suggests that graphite fissured in thin
layers during the reaction and liquid titanium infil-
trated into the layer to wet the surface of graphite. The
morphology of the graphite side with island structure
is shown in Fig. 9(b), which was also proved to be
titanium carbide by XRD. Its cross-section showed
that it was a dense TiC film of approximately 3 um in
thickness. The film was believed to be formed by the
reaction between titanium vapour and solid carbon

Figure 10 Scanning electron micrographs of the fractured surface
from combustion synthesized TiC pellet. (a) Ti/C1 (graphite) = 0.5
and (b} Ti/C2 (graphite) = 1.0 mixed with 15wt% TiC.

surface and the Ti (vapour)-C (solid) might partly
participate in the combustion reaction between tita-
nium and carbon.

The morphology as a fissured form in thin layers
was also observed in the TiC combustion synthesis
from reaction mixtures with composition of Ti/Cl
(graphite) = 0.5 and Ti/C2 (graphite) = 1.0 mixed
with 15wt% TiC. This is shown in Fig. 10. This is
attributed to the structural characteristics of graphite,
with weak van der Waals bonds between the layers
and anisotropic thermal expansion [45] (in the direc-
tion perpendicular to the basal plane, it is about one-
third higher than that in the parallel direction), and
the mechanical and thermal stresses from the reaction
interface between Ti and C.

4. Conclusions

From the combustion temperature and combustion
wave velocity measurements, it was observed that the
apparent reactivity of titanium with graphite powder
was higher than with amorphous carbon black pow-
der. During the combustion reaction between graphite
and titanium, the graphite fissured layer by layer in
the parallel direction with the basal plane because of
its crystal structure. Thus, the reaction between graph-
ite and liquid titanium was accomplished mainly on
the surface of the thinly fissured layer.

When the graphite powder was used as a carbon
source in TiC combustion synthesis, the carbon diffu-
sion through TiC is the rate-controlling process. It
was also believed that the carbon diffusion through
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TiC was affected by the thickness of reaction product
layer and also defects formed by the thermal stress
during the reaction. Titanium carbide synthesized
with graphite contains less unreacted carbon and is
more close to the stoichiometric TiC.
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