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Mesophase pitch, as a precursor of high quality carbon materials, has been de-
veloped rapidly in recent years. Among the carbon materials derived from meso-
phase pitches, high performance carbon fibers have drawn many attentions from
people owing to their excellent mechanical and functional properties. In the present
work, the preparation, structure and properties of mesophase pitches and their car-
bon fibers from different raw materials were studied.

To understand the reactivity of various raw materials and determine suitable
reaction conditions for preparing mesophase pitches, kinetics of thermal condensa-
tion reactions were studied. The thermal condensation of ethylene tar pitch, its as-
phaltene fraction and catalytically modified ethylene tar pitch was found to be first
order reaction and their activation energies were determined to be 220, 125 and 190
kJ/mole, respectively. The most appropriate conditions for thermal condensation
were selected to prepare mesophase pitches.

From the structural characters determined for several raw materials and their
behavior in condensation reaction, sufficient alkyl groups in raw materials were
found to increase the reactivity in their thermal condensation, and these structural
characters to be kept in the final mesophase pitches. The catalytic modification of
aromatic hydrocarbons by the aid of either AICls or HF/BF3 at a low temperature
resulted in naphthenic-rich structure and rod-like molecules, which were considered
to give low softening point and good spinnability to resultant mesophase pitches.

The rheological properties of mesophase pitches were determined under linear
and nonlinear shear flows over a wide range of frequencies. The discrete linear vis-
coelastic spectra of mesophase pitches, which were determined from the oscillatory
experiments, revealed a similarity to organic polymers. Three differential nonlinear
constitutive equations are tested for fitting the experimental data and their ability
of describing the viscoelastic response of mesophase pitch was evaluated. The
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Spriggs and Meister models were reasonably fit to the present experimental data.
The elasticity of mesophase pitches was also investigated by means of die-swell
measurement.

The spinning process and its control of mesophase pitch fibers with different
cross-sectional morphology were studied in relation with rheological properties of
the mesophase pitches. Die-swell of molten mesophase pitches was found to be the
main factor affecting the formation of hollow fiber, and could be controlled by varying
spinning temperature. From the measurement of orientation degree of mesophase
molecules in hollow, ribbon, Y-shaped and circular solid fibers, hydraulic diameter
was found to have significant influence, because of shearing action exerted by the
wall of spinneret.

The stabilization process of mesophase pitch fibers was investigated, and three
reaction stages in stabilization were suggested. Hydroxy groups were formed in the
beginning and then transformed into other oxygen-containing groups with the in-
crease of temperature. The carboxy- and hydroxy-groups underwent consecutive con-
densation reaction to the formation of carboxylic anhydrides and esters, which re-
sulted in cross-linking between molecules and made the fibers to be unfused in the
following heat treatment. When the temperature increased higher than 300 °C, the
cross-linking C-C bonds are formed accompanied by the decomposition of esters and
carboxylic anhydrides.

The formation mechanism of the texture in circular, hollow, ribbon and Y-
shaped carbon fibers was investigated. The high viscosity of the pitch and high shear
rate during spinning were proved to result in radial texture in carbon fibers with dif-
ferent shapes. During the formation of hollow fibers, the largest flow rate line of
pitch melt was found to be inside the center line of the annular tube, which agree
with the texture observed on their FE-SEM micrographs.

Oxidation resistance of mesophase-pitch-based carbon fibers was studied in
comparison with that of isotropic-pitch-based carbon fibers, the former showing
much higher oxidation resistance than the latter. This was supposed to be attrib-
uted from the highly oriented texture and small edge area of the crystallites in
mesophase-pitch-based carbon fibers.

No matter for the productions or applications of mesophase pitches and their
carbon fibers, the detailed theoretical researches on their preparation, structure and
properties are practically required. Therefore, the results in the present investiga-
tions are considered to be valuable for further understanding and utilizing these

materials.
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