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Abstract

Microstructure plays an important role in controlling the fracture behaviour of carbon-carbon composites and hence their
mechanical properties. In the present study effort was made to understand how the different interfaces (fiber/matrix interac-
tions) influence the development of microstructure of the matrix as well as that of carbon fibers as the heat treatment temper-
ature of the carbon-carbon composites is raised. Three different grades of PAN based carbon fibres were selected to offer
different surface characteristics. It is observed that in case of high-strength carbon fiber based carbon-carbon composites, not
only the matrix microstructure is different but the texture of carbon fiber changes from isotropic to anisotropic after HTT to
2600°C. However. in case of intermediate and high modulus carbon fiber based carbon-carbon composites. the carbon fiber
texture remains nearly isotropic at 2600°C because of relatively weak fiber-matrix interactions.
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1. Introduction

Carbon-carbon composites are an important class of
materials used for a number of demanding applications in
the modern era of science and technology [I,2]. The
mechanical performance of these composites are controlled
by the properties of individual components i.e. reinforce-
ment, matrix and reinforcement-matrix interactions [3-7].
Fiber/matrix interactions further depends on the surface
chemistry of reinforcement, the matrix precursor as well as
on the heat treatment temperature. The development of
matrix microstructure in these composites is influenced by
surface characteristics of carbon fibers, matrix precursor and
processing parameters. Different matrix local textures can
develop during processing of these composites, specifically
at fiber/matrix interphase. Using pitch as matrix precursor, c-
axis radial, c-axis axial or c-axis tangential type of matrix
orientation has been predicted depending on the surface
energetics of carbon fibers used while an iostropic matrix
orientation has been predicted with phenolic resin as matrix
precursor [8]. The proposed microstructure have actually
been observed and reported in the literature [3,9-12]. The
fiber/matrix interphase influences the fracture behaviour as
well as the ultimate mechanical properties of carbon-carbon
composites.

Carbonization of neat phenolic resin results in the
formation of non graphitizable carbon with glass-like
texture [13]. However, in carbon-carbon composites, matrix

derived from phenolic resin is influenced by the surface
chemistry/functional groups of the fibers and stresses
generated at the fiber-matrix interface during the carboniza-
tion and graphitization process [14, 15]. Previous studies
by the authors have reported the effect of carbon fiber
surface functional groups on the development of interfaces
and its influence on mechanical properties of carbon-carbon
composites [5, 16, 17, 18] using phenolic resin as matrix
and very interesting observations were made on the influ-
ence of the surface energetics of the carbon fibres on the
development of microstructure of the matrix and the nature
of the interface. However, these studies have remained
sca ad.

It was therefore thought interesting to carry out a system-
atic study on the development of microstructure of not only
the matrix but also that of carbon fibres during the process-
ing of carbon-carbon composites. Since the different grades
of PAN based carbon fibres offer different surface character-
istics three grades of commercially available carbon fibres,
namely ‘High strength’, ‘Intermediate modulus’ and ‘High
modulus’, were selected. Since the final heat treatment tem-
perature of all these fibres is different these offer different
surface characteristics and should therefore lead to different
wetting behaviour with the phenolic resin matrix. Another
interesting parameter which has been given attention in the
present study is the development of the microstructure of the
matrix and the fibres as it passes from carbonization to
graphitization stages.
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co-carbonisation which has been observed for the first time
in case of carbon fibers. This is evident by the yellow sectors
in the fibre cross section suggestive of the development of
partial radial texture from folded texture present in the origi-
nal fibre. A similar observation was made by the authors [16]
but this was in the case of PANEX FIBERS (c/c composites
based on oxidised PAN fibres, where the surface energetics
are entirely different) instead of carbon fibers. This effect is
not so obvious in case of composites B and C.

4. Conclusions

The development of microstructure of the matrix in the
carbon-carbon composites depends to a large extent on the
fiber-matrix interactions, which themselves depend on sur-
face energetics of the fiber and matrix precursor, established
at polymer stage. When these interactions are strongest as in
the case of composite A made from high-strength carbon
fibers. not only columnar type of matrix texture is observed
on HTT to 2600°C but even the texture of carbon fiber
changes from isotropic to anisotropic due to stress graphiti-
sation. The texture of intermediate and high-modulus carbon
fibers in composites, on the other hand, remains unaffected
to a large extent because of relatively weak fiber-matrix
interactions.
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