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Abstract

The reaction of TiC grains with SiCl, vapor was carried out in Ar at 1000-1600 °C to produce TiC-SiC composite powders. The compositions
of these powders were controlled by controlling the conversion to SiC, which depends on the reaction temperature. The phases formed by the
solid—gas reaction were identified by X-ray analysis (XRD) and the molar ratio of SiC to TiC in the powder was estimated from the area ratios of
the respective XRD peaks. The reaction begins at about 1100 °C and its rate increases with temperature to 1600 °C, at which 92% SiC is formed.
The morphology of the TiC-SiC composites was observed by scanning electron microscopy and transmission electron microscopy and a reaction
mechanism is deduced from the above results and thermodynamic considerations. TiC—SiC composites were densified by spark plasma sintering

at 1750 °C and 40 MPa to the relative density 92-96% and a Vickers hardness of 1700-1900 Hv.
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1. Introduction

Silicon carbide (SiC) has excellent properties such as high
temperature strength, high hardness, and high oxidation resis-
tance or chemical inertness. Recently, SiC has been used in wear
resistant and structural applications, but its moderate fracture
toughness (<4 MPam'?) limits its further applications. On the
other hand, titanium carbide (TiC) is a high temperature struc-
tural material with very high melting point (>3000 °C), high
hardness, and high electrical conductivity, but is oxidized at
relatively low temperatures <500 °C.!

Many researchers have attempted to improve the toughness of
SiC ceramics by forming dispersions with TiC particles. Wei and
Becher have reported improved mechanical properties of SiC
ceramics hot-pressed at 2000 °C with dispersed TiC particles
containing 1 wt% Al and C.2 An, Kim and Lee have investi-
gated the effect of the initial a-SiC content on the microstructure
and mechanical properties of hot-pressed SiC-TiC composite
ceramics using a- and B-SiC powders containing 30 wt% TiC.>
Processing of composite TiC—SiC ceramics by hot pressing of
ball milled particles of SiC and TiC has been investigated with
the aim of improving their mechanical properties.*
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Recently, spark plasma sintering (SPS) has attracted much
interest for the densification of poorly sinterable materials such
as SiC, ZrB,, Al,03 and Zr02.5’10 Using SPS, ceramics can be
densified in a very short time (several minutes) at low tempera-
tures with suppression of grain growth. For example, SiC-TiC
composites have been fabricated by SPS of a mixture of 3-SiC
and TiC powders without additive at 1800 °C.°

There have also been several studies on in situ fabrica-
tion of SiC-TiC composites by chemical vapor deposition
(CVD) to produce fine homogeneous composite particles of
high purity.!'~1® For example, Kawai et al. fabricated SiC-TiC
ceramics by CVD using a gas mixture of SiCly, TiCly and
hydrocarbon.!! A French group used SiH,Cl, instead of SiCly
as a precursor for the CVD deposition of nanocomposite
SiC-TiC—C on carbon substrate.!*15 Thus, the CVD method
can produce fine particles of SiC and/or TiC from gas mixtures
at relatively low temperatures (1000-1600 °C). In addition to
the fabrication of SiC-TiC composites, layered SiC/TiC ceram-
ics with graded compositions have been fabricated with good
mechanical properties.'®

For SiC-TiC composites to be densified, well-mixed unag-
glomerated powders of SiC and TiC are required as the starting
material. As described above, TiC/SiC composites are usually
made from respective mechanically mixed powders. However,
mechanical mixing of powders introduces inhomogeneity in the
composite. In this respect, it was expected that the gas—solid
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Fig. 1. SEM (A) and TEM (B) images of TiC powder.

reaction of TiC grains with SiCly vapor could produce a homo-
geneously dispersed composite of TiC—SiC, similarly to CVD.
Since the reaction of solid TiC with vapor SiCly has not pre-
viously been reported, it was of interest to investigate the
production of SiC-TiC composites by this solid—gas reaction.
The purpose of this study was therefore to investigate the novel
reaction of TiC grains with SiCly vapor to produce TiC-SiC
composite particles and to fabricate TiC/SiC ceramics from this
powder by SPS. The effect of trace oxygen impurities on the
reaction of TiC with SiCly vapor is discussed in terms of the
variation in morphology and chemical composition of the prod-
uct.

2. Experimental procedures
The starting material was TiC powder (99.5 wt% purity with

0.2 wt% Mo and W impurities) (Rare Metallic Co. Ltd. Japan)
and liquid SiCly (99.0 vol. % purity) (Wako Pure Chem. Ind. Ltd.,

Furnace
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Fig. 2. Schematic representation of the experimental setup for the reaction of
TiC with SiCly.
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Fig. 3. XRD diffraction patterns of the products obtained after reaction of TiC
with SiCly. Temperature (°C) without Hy: (A) 1000, (B) 1100, (C) 1300, and
(D) 1500. Temperature (°C) with H,: (E) 1300, (F) 1400, and (G) 1500.

Japan). The TiC had a mean particle size of about 3.5 wm and
consists of angular plate-like grains, as shown by SEM and TEM
(Fig. 1A and B). The experimental arrangement for preparing
TiC/SiC composite powder is shown in Fig. 2. SiCly vapor was
generated and transported by bubbling Ar through liquid SiCls
kept at 15°C. Assuming that the vapor-liquid equilibrium of
SiCly is maintained, the SiCly vapor pressure is estimated to
be 20kPa at 15°C. TiC powder was placed in a graphite boat
10cm long, over which SiCly vapor was passed in flowing Ar
carrier gas (100 mlmin~1). It is reported by the gas supplier
that the Ar contained an oxygen impurity of several tens ppm.
The solid—vapor reaction of TiC with SiCls was carried out at
1000-1600 °C for 60 min, in some cases with the addition of
50mlmin~! of flowing Hy. The time dependency of the for-
mation of SiC was also carried out without Hy, at 1300 °C for
0-60 min. The weight ratio of TiC to SiC in the composites was
semi-quantitatively determined from the calibration curve using
their peaks (111), (200), (220), and (311). The curve was
constructed from a plot of the intensity ratio (Itic/Isic) of the
four peaks against the weight ratio (Wric/Wsic) for previously
mixed powder of TiC and SiC; the SiC was obtained from the
samples formed at 1600 °C, from which TiC was removed as
TiO, by oxidation in air at 600 °C and subsequent dissolution
in a sulfuric acid.

An SPS apparatus (SPS-501L, Sumitomo Coal Mining Co.
Japan) was used to sinter the TiC/SiC composites. 0.25 g of the
composite powder was pressed to a compact of 6 mm diameter
by cold uniaxial pressing (100 MPa) and sintered at 1750 °C for
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