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Abstract Titanium carbides are widely used for cutting tools and grinding wheels, because of their superior
physical properties such as high melting temperature, high hardness, high wear resistance, good thermal con-
ductivity and excellent thermal shock resistance. The common synthesizing method for the titanium carbide pow-
ders is carbo-thermal reduction from the mixtures of titanium oxide (TiO,) and carbon black. The purpose of the
present research is to fabricate nano TiC powders using titanium salt and titanium hydride by the mechanochem-
ical process (MCP}). The initial elements used in this experiment are liquid TiCl, (99.9%), TiH, (99.9%} and active
carbon (<32 um, 99.9%). Mg powders were added to the TiCl, solution in order to induce the reaction with Cl-.
The weight ratios of the carbon and Mg powders were theoretically caleulated. The TiC and MgCl, powders were
milled in the planetary milling jar for 10 hours. The 40 nm TiC powders were fabricated by wet milling for 4 hours
from the TiCl,+C+Mg solution, and 300 nm TiC particles were obtained by using titanium hydride.
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1. Introduction

Generally, the hard phase of ceramic combines with
a metal-based matrix to form cermet. Most of the
cermets have high melting point, high hardness, oxi-
dation and corrosion resistance, good thermal stabil-
ity and thermal shock resistance. The TiC has many
applications to mechanical, chemical and electronic
devices from among metal carbide [1-5], because it
has a high melting point including high hardness,
and wear resistance, good thermal conductivity and
excellent thermal shock resistance. Currently, the
most useful material for cutting tools is tungsten
carbide however the titanium carbide comes into the
spotlight as effective substitute materials for its
higher hardness, superior chemical stability at high
temperature and lower density than WC. [6-12].

A number of processes were reported for synthesiz-

ing TiC powders, because the mechanical properties
of cermet depend on the characteristic of their law
material and sintering process. [13-15]. For exam-
ples, carbo-thermal method, carburization method, self
propagate high temperature synthesis, sol-gel pro-
cess and gas reaction methods are often used. But
each method has some problems of a variety of par-
ticle characteristics, particle distribution, morphol-
ogy, state of agglomeration, chemical purity, and
stoichiometry [16, 17].

The most conventional methods to fabricate com-
mercial TiC powders are carbo-thermal reduction
from the mixture of titanium oxide (TiO,) and car-
bon black.

The related equation of this reaction is as follows :
{18]

TiO,(s) + 3C(s) — TiC(s) + 2CO(g)
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AG =-114.94 KJ/mol(at 1200K)

It is possible to reduce the cost for using TiO2
powders as a raw material. However, the carbo-ther-
mal reduction process needs high temperature of
2000°C and long solid state reaction time about 20
hours by this process because of TiO, and carbon
being solid state reaction [18]. In addition, the parti-
cle size of TiC powders depends on the size of raw
TiO, powders, and it is difficult to produce sub-
micron powders by carbo-thermal reduction unless
using sub-micron size raw powders [19].

Another method is direct synthesizing carburiza-
tion method of Ti and carbon to form TiC. This pro-
cess has also some problems to overcome high cost
of raw materials and long synthesizing time(about
20 hours). To obtain the submicron TiC is impossi-
ble with this procedure, and the homogeneous for-
mation of TiC powders is also very difficult.

The purpose of this research is to fabricate sub-
micron TiC powders using titanium chloride by a
new synthesizing mechano-chemical process (MCP).
The TiC particle is synthesized as the following
chemical reaction [20, 21].

TiClL, + C + 2Mg — TiC + 2MgC(Cl,
AG,ge = -571.1311 KJ/mol

This mechano-chemical synthesizing method is
useful to fabricate fine composite powders by com-
bining mechanical energy and thermal energy during
milling. This research was focused on obtaining sub-
micron size TiC powders, and phase and microstruc-
tural changes of produced powders were studied.

In compare with this process, TiC particle was
synthesized by titanium hydride and carbon as fol-
lowing solid state reaction [22].

TiH, + C = TiC + H, , AG = -222.7 Kjoule/mol
2. Experimental Procedure

The initial elements used in this experiment are
liquid TiCl, (99.9%) and active carbon (<32 um,
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99.9%). Mg powder was added to react with CI” in
the TiCl, solution to form MgCl,. The carbon pow-
der and Mg powder weight percents were calculated
to form the TiC and MgCl,, and milled in the plane-
tary milling jar (Pulverrisette 6, Fritsh Gmbh Ger-
many) in argon atmosphere for 10 hours with 600
rpm milling speed. WC-Co balls were used as mill-
ing media, and the ball to TiCl, mixture ratio was
30:1.

The synthesized powders were washed with anhy-
drous ethyl alcohol of 500 ml, and the TiC powders
were separated from MgCl, melt solution. The sepa-
rated powders were dried on the hot plate at 80°C.

The heat treatment of ball-milled powders for Shrs
was processed to get rid of remained MgCl, at the
temperature of 1200°C. The heating rate of 10°C/min
and a flowing stream of argon at 80 ml/min were
supplied. The characteristics of titanium carbide have
been studied by X-ray diffraction (XRD) and Fe-
SEM (field emission scanning electron micros-
copy). The analysis of alloying element and particle
size measurement were obtained with TEM/EDS
(energy dispersive x-ray spectroscopy).

The TiH, (<20 pum) powder and carbon were
milled with mole ratio of 1:1 in the planetary mill to
form TiC by solid state reaction in air or argon atmo-
sphere. The grinding media were stainless steel balls
with 10 mm in diameter and milling media to pow-
der ratio was 20:1.

3. Results and Disscusion

Fig. 1 shows the X-ray diffraction patterns of wet
reaction milled powders with TiCl,, carbon and Mg.
The TiC peak was not found at the milled powders
until 3 hours. After milling for 4 hours, TiC phase
peak was appeared sharply. Even though the milling
time increases up to S hours, no other titanium com-
pound phase was appeared except Ti oxide peaks.
Titanium oxide formation explains that the remained
oxide in the steel jar reacted with dissolved Ti from
TiCl,.
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Fig. 1. X-ray diffraction patterns of wet reaction milled
powders with TiCl,, carbon and Mg elements for various
milling times.

Fig. 2 shows the FESEM morphologies obtained
with different magnifications of milled powders fab-
ricated by wet milling for 3 hours. As shown in this
figure of FE-SEM morphologies, aggregated nano
size particles were obtained after 3 hours milling.

The nano size TiC aggregated particles were obtained
after milling time more than 4 hours, and the parti-
cle shape was round type. The agglomeration of the
TiC particles was caused by the increased surface
area of the fine particles and the remaining MgCl,.

Fig. 3 shows the FESEM morphologies obtained
with different magnifications of reaction milled pow-
ders for 4 hours and 5 hours. As shown in fig. 3, the
fine TiC particles were also agglomerated in case of

4 or 5 hours milling. However, the agglomerated parti-
cle shape was different from that of 3 hours milled
powders. The inner nano size grains were agglomer-
ated to form large agglomerated particles. The SEM
morphology of milled composite powders shows the
clear surface of agglomerated particles in fig. 3. The
particle size was several hundred nanometers. To
confirm the composition variation and TiC particle
size, TEM image and EDS analysis were carried out.
Fig. 4 shows the TEM image of the TiC powders
milled for 5 hours. Several kinds of phases were
shown in large agglomerated particles and around
nano particles in fig. 4. The fine inner particles were
considered that the granule TiC, which is surrounded
by other particles. The angular TiC surface of each
particle in agglomerated parts could be obtained by
the mechanical milling effect.

The angular grains of uniform size of 40 nanome-
ter were observed. However, inner fine grains are
also agglomerated with several different colored par-
ticles. The separated three regions of light gray matrix,
mid-gray and dark gray were shown in this picture.
In order to confirm the composition of the unknown
particles and to get rid of these undesirable particles,
heat treatment of the milled particles was required.

Fig. 5 shows the TEM image and EDS analysis
results of milled powders for 5 hours, and figure 6
shows the TEM image and EDS results at different
regions of heat treated powders. The compositions of
these different regions were confirmed by EDS anal-

Fig. 2. The FESEM morphologies of milled powders fabricated by wet milling for 3 hours.
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Fig. 3. The FESEM morphologies of TiC powders fabricated by wet milling for (a) 4 hours and (b) 5 hours.

Fig. 4. TEM image of the milled TiC particles for 5 hours.

ysis as shown in fig. 5. From the result of EDS at
milled powders, light gray region (3) is the high Mg
concentration region of remained MgCl, after wash-
ing, and it was confirmed that the mid-gray and dark
gray region was TiC. The size range of the synthe-
sized TiC particle was 20~60 nm. As compare with
the TEM image of fig. 5, two kinds of black and
gray colored phases were observed instead of three
regions shown in the milled powders. It means that
MgCl, of light gray matrix region (3) was removed
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mostly as shown in EDS data of figure 6. It shows
that the remained MgCl, was removed more effec-
tively by heat treatment.

Fig. 7 shows the XRD spectra of the TiH,-carbon
powders milled for various milling times in air atmo-
sphere. As the milling time was increasing, the
intensity of initial TiH, was decreased, and Ti,O,
peak appeared. However, as the milling time reached
to 7 hours, titanium oxide peak intensity decreased
and TiC peak increased sharply. The titanium oxide
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Fig. 6. TEM image and EDS results of the heat treated powders at different regions.
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Fig. 7. XRD spectra of the TiH,-carbon powders milled for
(a) 2h, (b) 3h, (c) Sh, (d) 7h and (e) 10h.

was considered to form with remained oxide in the
vessel during milling. As the milling time was increas-
ing, oxide phase decreased due to low partial pres-
sure of oxide and oxidation reaction of Ti hydride to
form TiC as following reactions.

TiH, —>Ti +H,
2Ti +3/2 0, > Ti,0,

Ti,0, +2C — 2TiC +3/20,
H,+1/20, ~H,0

The measured mean particle size of TiC was
300 nm at the TEM images after 10 hours mill-
ing and titanium oxide was co-existed. During
milling, Ti particles were oxidized with excess
oxygen at the initial stage, TiC phase was obtained
from the oxide by carbo-thermal reaction at the
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Fig. 8. The change of XRD peaks of mixtures (TiH, and
carbon black) with milling time.

final milling stage.

Fig. 8 shows the XRD patterns of powders milled
1 and 5 hours in argon atmosphere. TiC phase was
not formed in Ar atmosphere even S hours milling.
In Ar atmosphere, the titanium oxide phase was not
formed, but the TiC phase also was not synthesized

directly by milling. From these two kinds of resulits, -

it could be considered that the oxygen element reacts
on the following. 2Ti+3/20,—Ti,0, and Ti,0,+2C
—>2TiC+3/20, reaction as a precursor.

4. Summary

1. The TiC powders were fabricated by wet mill-
ing for 4 hours from the TiCL,+C+Mg solution.

2. The synthesized TiC particles were agglomer-
ated with 20-60 nm grains.

3. The remained metallic salt MgCl, was removed
effectively by heat treatment at 1200°C.

4. The mean particle size of TiC was 300 nm after
10 hours milling in case of using TiH,+C solid state
reaction.

5. The TiC particles were formed directly by mill-
ing in air, but was not synthesized by milling in
argon atmosphere.

Journal of Korean Powder Metallurgy Institute

Acknowledgement

This work was supported by a grant (No. RT104-
01-03) from the Regional Technology Innovation
Program funded by the Ministry of Commerce, Indus-
try and Energy (MOCIE).

Reference

[1] R. Kitakawa: Mach. Tool., 33 (1989) 27.

[2] H. S. Kalish: Met. Prog., 124 (1983) 21.

[3] D. Moskowits: US Patent 4., 108 (1978) 694.

[4] B. H. Lohse, A. Calka and D. Wexler: J. Alloys Compd.,
394(1-2) (2005) 148.

[5] 1. N. Mihailescu, M. L. De Giorge, C. H. Boulmer-leb-
orgne and S. Urdea: J. Appl. Phys., 75 (1994) 5286.

[6] Y.-L.Liand T. Ishigaki: Mater Sci Eng A., 345 (2003)
301.

[7] D. W. Lee, S. V. Alexandrovskii and B. K. Kim: Mater
Lett., 58 (2004) 1471 .

[8] J. C. Lasalvia and M. A. Meyers: Int. J. Self-Propagat-
ing High-Temperature Synth., 4 (1995) 43.

[9] C. J. Quinn and D. L. Kohlstedt: J. Mater. Sci., 19
(1984) 21.

[10] Q. Zheng and R. G Reddy: J. Mater. Sci., 39 (2004)
141.

[11] S.C. Tjong and Z. Y. Ma: Mater Sci Eng R., 29 (2000)
49.

[12] 1. J. Mccolm and N. J. Clark: Blackie, London, 60
(1986).

[13] P. Ettmayer, H. Kolaska, W. Lenganer and K. Dreyer:
Int. J. of Refractory and Hard materials., 13 (1995)
343,

[14] K. Edmund and E. K. Storms: The Refractory Car-
bides. A series of monographs Academic Press, New
York, 2 (1967) 1.

[15] Hugh, D. Pierson: Handbook of Refractory carbides
and nitrides (properties, characteristics, processing
and applications), Noyes Publications, New Jersey,
248 (1996).

[16] Y. Gotoh, K. Fujimura, M. Koike, Y. Ohkoshi, M.
Nagura, K. Akamatsu and S. Deki: Mater Res Bull,,
36 (2001) 2268.

[171 J. C. Lasalvia and M. A. Meyers: Microstructure, Int.
J. Self-Propagating High-Temperature Synth., 4 (1995)
43.

[18] P. Huber, D. Manova, S. Mindl and B. Rauschenbach:
Surface Coat Technol., 174-175 (2003) 1243.

[19] T. Licko, V. Figusch and J. Puchyona: Control of kinetics
and morphology, J. Eur. Ceram. Soc., 9 (1992) 219.



A Study on the Synthesis of Titanium Carbide Nano Particles by Mechano Chemical Process 49

1201 R. Koc and 1. S. Folmer: J. Mater. Sci., 32 (1997) 3101. Barborica and 1. Tova: J. Appl. Phys., 75 (1994) 5286.
[21] L. N. Mihailescu, N. Chitica, V. S. Teodorescu, M. Pope- [22}1 1. S. Ahn, T. K. Sung, S. Y. Bae, H. J. Cho and D. K.
scu, M. L. DeGiorgi, A. Luches, A. Perrone, Ch. Boul- Park: Metals Mater. Intern., 12 (2006) 249.

mer-Leborgne, J. Hermann, B. Dubreuil, S. Udrea, A.

Vel. 16, No. 1, 2009



