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INTRODUCTION

Silicon carbide (SiC) matrix composites are one of the

best promising structural materials for their characteristics such

as high mechanical strength and oxidation resistance at high

temperature1-3. Silicon carbide matrix composites can be fabri-

cated by several method including chemical vapor infiltration

(CVI)4, precursor infiltration pyrolysis (PIP)5, etc. Among these

methods, PIP method is the best way for the advantages such

as low processing temperature and controllable ceramic

compositions. As the PIP precursor, polycarbosilane (PCS) is

widely used for SiC polymer precursor of the high ceramic

yield. But during PIP process, PCS should be cured by heating

in air at intermediate temperature (100-300 ºC). At curing

process, oxygen atom makes the cross-linking between PCS6.

Polycarbosilane would be more decomposed during high tempe-

rature heat treatment without oxygen cross-linking so the low

ceramic yield and gas evolution at convert to SiC matrix. So

many groups researched the oxygen-free curing process by

using electron beam7 or adding hardener8. To enhance the

mechanical and thermal properties in SiC matrix, several group

tried to the introducing other carbide ceramics (ZrC, HfC, TaC,

etc)9. Titanium carbide (TiC) is also best candidating ceramic

matrix for ultra-high thermal stability, high ablation resistance,

low thermal conductivity because of make the high young’s

modulus and locally low elongations10,11. It is widely reported
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that the carbon fiber reinforced SiC-TiC or only TiC matrix

composites prepared to various technique such as TiC doping,

mixed TiC containing precursor into SiC matrix.

In this study, we tried to make the solution for PIP process

by using PCS/titanium isopropoxide than only polytitano-

carbosilane (PTCS). It is presumed that titanium isopropoxide

could make cross-linking with PCS. It introduces that the

titanium was formed by Si-O-Ti than thermal curing process

by oxygen cross-liking in Si-O-Si formation. Also, after high

temperature pyrolysis, TiC phase is expected. For the properties

of TiC, thermal stability of the fabricated matrix could be

increased. To fabricate Si-Ti-C-O matrix, we used PCS,

titanium isopropoxide and divinylbenzene. The solution was

cured in inert atmosphere and heat treated at 1300 ºC. The

fabricated matrix was analyzed by X-ray diffraction, thermal

stability analysis, infrared spectroscopy and scanning electron

microscope.

EXPERIMENTAL

Preparation of Si-Ti-C-O marix: Before making the

solution, properties of PCS were analyzed by GPC and softening

point and melting point. Table-1 shows the properties of PCS

including molecular weight and softening point and melting

point. Solution for Si-Ti-C-O matrix was prepared by mixing

PCS (ToBeM Tech, Korea), titanium isopropoxide (TIP, Sigma,



TABLE-1 

PROPERTIES OF POLYCARBOSILANE BY GPC DATA 
AND SOFTENING AND MELTING POINTS ANALYSIS 

Material 
Mn 

(Daltons) 

Mw 

(Daltons) 

Softening 
point 
(ºC) 

Melting 
point 
(ºC) 

Company 

PCS 1458 3611 221 255 ToBeM 
Tech. 

 
Aldrich) and divinylbenzene (DVB, Sigma-Aldrich) for the

cross-linking agent. Polycarbosilane and ZP were mixed with

composition of 45 % PCS and 55 % TIP. Accordingly, DVB

was added at 10 and 20 % rate of PCS weight. Then, the solution

was stirred for 12 h at ambient temperature. Curing of mixed

solution was performed at 180 ºC for 4 h with inert atmosphere.

As-cured compounds (PCS/TIP/DVB) were pyrolyzed at

1300 ºC for 3 h at a rate of 10 ºC/min under argon atmosphere

in graphite furnace. Fig. 1 present the experimental procedure

for the preparation of Si-Ti-C-O matrix. Cured and pyrolyzed

samples of characterization and properties was investigated,

respectively.

Polycarbosilane
Titanium(IV)
isopropoxide

Divinylbenzene
10 wt%, 15wt%

Curing at 
200°C in Ar

Pyrolysis at 
1300°C in Ar

Si-Ti-C-O matrix

Fig. 1. Experimental procedure for the preparation of Si-Ti-O-C matrix

Characterization and properties analysis of Si-Ti-C-

O matrix: For confirming the functional group, thermal beha-

viour, crystallinity and elemental composition in morphologies

were analyzed by Fourier transform infrared spectroscopy (FT-

IR, Jasco-4100, Japan) by attenuated total reflectance (ATR)

mode in wavelength of 4000-650 cm-1, thermogravimetric

analysis (TGA, Mettler toledo-851e, Switzerland), X-ray diff-

raction (XRD, Rigaku Miniflex, Japan), field emission-scanning

electron microscope (FE-SEM, Jeol-6100F, Japan) and energy

dispersive X-ray spectroscopy (EDS, Genesis 2000 XMS,

USA).

RESULTS AND DISCUSSION

Characterization of the Si-Ti-C-O matrix: Fig. 2(a),

(b) presents the XRD pattern of Si-Ti-C-O matrix according

to DVB weight. Generally, XRD patterns of amorphous SiC

showed three peaks at 35.8, 60.4 and 72.1º corresponding to

reflections from the (111), (222) and (311) planes of β-SiC,

respectively. In the case of TiC, two peaks increase at 41.6º

and 76.2º corresponding to reflections from (200) and (222)

planes, respectively. β-SiC phase was included TiC cubic phase

at the (111), (222) and (311) planes. And, crystallinity of β-

SiC and TiC was not seen according to the different DVB

weight.
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Fig. 2. XRD patterns of pyrolyzed (a) DVB 10 wt % in PCS/TIP and (b)

DVB 15 wt % in PCS/TIP at 1300 ºC in argon atmosphere

FT-IR spectra displays the functional group of PCS and

cured PCS/TIP and DVB (10, 15 wt %) in Fig. 3(a-c). In case

of the PCS, the peak observed at 1408 and 1355 cm-1 can be

assigned to C-H bending in Si-CH2-Si as PCS of SiC backbone.

Additional peaks appearing at 2900, 2097 and 1006 cm-1 can

be associated with C-H stretching, Si-H stretching and Si-O-Si,

Si-O-Ti stretching vibrations, respectively. However, the peaks

at 1453, 1131 and 681 cm-1 distinctly represent C-C stretching

(in-ring), C-O stretching and Ti-O-Ti vibrations in cured-PCS/

TIP/DVB matrix. It could not observed at as-received PCS.

The peaks from C-C stretching (in-ring) and C-O stretching

was thought to be from DVB remaining in the matrix after

curing. Ti-O-Ti peaks were thought to be from the reaction

between TIP12.
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Fig. 3. FT-IR spectra of (a) as-recieved PCS, (b) as cured-DVB 10 wt % in

PCS/TIP and (c) as cured-DVB 15 wt % in PCS/TIP

Thermal weight losses were assessed to compare the

behaviour of the PCS and cured cured PCS/TIP and DVB (10,

15 wt %), as shown in Fig. 4(a-b). The PCS showed losses at

temperatures ranging from 300-700 ºC and exhibited a ceramic

yield of 57 % in Fig. 4(a). After curing, the ceramic yield of

PCS/TIP and DVB 10 wt% was 76 %. Then, DVB 15 wt %

was a decrease of 74 %. This decrease in the ceramic yield was

due to the evaporation of all the low-molecular weight PCS

and TIP components. And, Fig. 4(b) represents the oxidation

of Si-Ti-C-O matrix for carbon contents at only cured matrix.
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Fig. 4. TGA curves of (a) ceramic yield of PCS and cured matrix in argon

atmosphere and (b) ceramic yield of PCS and cured matrix in air

atmosphere for carbon contents evaluation

Cured matrix of DVB 10 and 15 wt % could not shows the

different at oxidation to decomposed carbon compounds (CO

gas) after 500 ºC.

The morphologies and chemical composition analysis by

EDS of the Si-Ti-C-O matrix are shown in Fig. 5. Morphologies

of Si-Ti-C-O matrix shows as the ceramic matrix. And EDS

results such that 51.83, 14.78, 30.54 and 2.85 at % were deter-

mined for Si-Ti-C-O matrix. These results are in directly include

with the titanium elements in Si-C-O phase matrix. Table-2

showed that the thermal conductivity of TiC is lower than SiC.

So the thermal conductivity of Si-Ti-C-O matrix is expected

to be lower than SiC. At the high temperature, the temperature

gradient of Si-Ti-C-O will be larger than SiC. From this, the

stress would be more generated in Si-Ti-C-O matrix. And also

the thermal expansion of TiC is larger than SiC. This thermal

expansion difference could generate the compressive stress

region and the tensile stress region. The stress generated by

the difference of thermal conductivity and thermal expansion

would increase the mechanical strength of Si-Ti-C-O matrix.

However, much more research such as properties and

fabricated composites is needed in the future as the ceramic

matrix.

TABLE-2 

COMPARISON OF SiC AND TiC PROPERTIES13 

Properties SiC TiC 

Melting point (ºC) 2545 3160 

Density (g/cm3) 3.22 4.93 

Young’s modulus (GPa) 475 493.43 

Thermal expansion coefficient (ppm/K) 3.8 7.4 

Thermal conductivity (W/m K) 360 30.93 

 

Fig. 5. FE-SEM image and EDS analysis of Si-Ti-C-O matrix for DVB 10

wt % in PCS/TIP

Conclusion

Si-Ti-C-O matrix was fabricated by a simple blending

using a precursor (PCS) and titanium isopropoxide obtained

hardener using divinylbenzene. Characterization of the material

as ceramic matrix was shown by the XRD patterns, FT-IR,

thermal behaviour, chemical composition and morphologies.

Moreover, polytitanocarbosilane (PTCS) does not required

which make the Si-Ti-C-O matrix. Therefore, Si-Ti-C-O matrix

could be used at fiber/matrix as ceramic matrix for environ-

ments.
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