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Introduction
Previous work conducted at Clemson University has
shown that ribbon-shaped carbon fibers represent a
potential low-cost alternative to traditional round-shaped
carbon fibers for high thermal conductivity applications
[1,2]. The as-spun molecular orientation of ribbon fibers
is more aligned parallel to the fiber axis, and therefore
lower graphitization temperatures are required to achieve
properties comparable to those of commercial round
fibers.
The thermal conductivity of ribbon-shaped fibers
produced at Clemson University and graphitized at 2400°C
was measured by two different methods.

Experimental
Several sets of ribbon-shaped fibers were produced at
Clemson University using an ARA mesophase pitch
produced by Mitsubishi Gas Chemical Company. As-spun
fibers were oxidized in air at 280°C for 30 minutes and
graphitized in helium at 2400°C. Detailed procedure for
the spinning and heat treatment of these fibers can be
found elsewhere [3].
Two methods were utilized to evaluate the transport
properties of the ribbon fibers. The first instrument,
located at BP Amoco in Alpharetta, GA, measures a fiber
sample's thermal response to an oscillating heat input [4].
This device was used to measure room-temperature
thermal diffusivity of the fibers. A second apparatus,
located at the University of Louvain-la-Neuve in Belgium,
measures a fiber sample's thermal response to a controlled
thermal gradient [5]. This device was used to measure the
temperature dependence of the thermal conductivity of
selected fiber sets.

Results and Discussion
Figure 1 shows the values of thermal conductivity
obtained with the Angstrom's apparatus versus their
corresponding electrical resistivities.
Two curves
representing empirical relations between electrical
resistivity and thermal conductivity were added to this plot
for comparison. The first curve corresponds to the
correlation derived and published by Lavin [6], the second
curve represents a proprietary correlation derived by
Amoco.
Even though both correlations are based on
experimental data obtained for round fibers and spun from
different mesophase precursors, they provide a reasonably
good fit for the ribbon fiber data, as shown in Figure 1.
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Data obtained with the thermal potentiometer and
corresponding to the temperature-dependence of both
electrical resistivity and thermal conductivity are shown in
Figures 2 and 3, respectively. Data previously published
for two types of commercial round fibers [7] has been
added to these plots for comparison.
The data in both figures show that the temperaturedependence behavior of electrical resistivity and thermal
conductivity for ribbon fibers is similar to that for
commercial round fibers. Figure 3 also shows that the
final properties of ribbon fibers produced at Clemson and
graphitized at only 2400°C are comparable to those of
commercial round fibers, graphitized at temperatures
above 3000°C.
Table 1 summarizes the results obtained for the two
sets of fibers that were tested by both methods, as well as
their electrical resistivity values and the estimated values
of thermal conductivity based on the electrical resistivity.
The results obtained with Angstrom's method appear
to be in closer agreement with those estimated by Amoco's
proprietary electrical resistivity/thermal conductivity
correlation.
However, the results obtained with the
thermal potentiometer agree more closely with those
estimated by Lavin's electrical resistivity/thermal
conductivity correlation.
The close agreement of the thermal potentiometer data
and the Lavin's correlation should be expected because
Lavin's correlation was based on experimental data
obtained on commercial round Amoco P-series and
DuPont E-series fibers using the same thermal
potentiometer employed in the current research. However,
the measured values of thermal conductivity of the ribbon
fibers were higher than those predicted by Lavin's
correlation. This indicates that the internal structure of the
ribbon fibers is less disrupted than that of the fibers
studied by Lavin. The reason for this may be that better
structure is developed in ribbon fibers during extrusion or
that the Mitsubishi mesophase can more readily develop
an oriented, graphitic structure during fiber processing
than other mesophase precursors.
It is very difficult to determine which method for
measuring thermal conductivity is more accurate. There
are unavoidable sources of error in both. In Angstrom's
method the uncertainty in the thermal diffusivity
measurement plus uncertainties from the heat capacity and
density measurements add to the instrument error. In the
thermal potentiometer, the calculation of the crosssectional area of the fiber bundle appears to be the major
source of error.
With the thermal potentiometer, temperaturedependence measurements of both electrical and thermal

conductivity can be performed. The Angstrom's apparatus,
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in its current state, permits only room temperature
measurements o f both electrical and thermal conductivity.
How ev er, it could be m o d i f i e d to allow for temperatured e p e n d e n c e measurements.
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Figure 2. Temperature-dependence electrical resistivity of two sets or
ribbon fibers and two types of commercial round fibers.
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Table 1. Room-temperature electrical
conductivity of selected fiber sets.
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Figure 1. Values of thermal conductivity, measured with Angstrom's
apparatus, versus the measured room-temperature electrical resistivity
for ribbon fibers.
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Figure 3. Temperature-dependence thermal conductivity of two sets or
ribbon fibers and two types of commercial round fibers.

181

