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Introduction

The increased utilization of recently developed
carbon fiber reinforced carbon composites, called
carbon-carbons, has highlighted the need for physical,
mechanical and thermal properties of carbon fibers
at temperatures up to 2800°C, This work describes
the experimental data collected on six carbon fibers.

Experimental
The fibers selected for this study were:

Thornel-50 (Union Carbide Corp.)
Thornel-75 (Union Carbide Corp.)
V80022 (Pitch) (Union Carbide Corp.)
CX-2 (Polycarbon, Inc.)
HM-1000 (Hercules, Inc.)

HM-1000(2400°C) (Hercules, Inc.)

Density, denier, acoustic modulus, and electrical
resistivity were determined for each spool of fiber
using standard techniques.

To determine the effect of gauge length on the
tensile strength of the bare fiber (not coated with
epoxy resin), twenty tensile tests were conducted
for each yarn at gauge lengths of 1.3, 2.5, 5.1,
10.2, 20.3, 40.6, and 81.3 cm.

The effect of four thermal cycles up to 2800°C was
determined by measuring the density (p) and denier
(D) of three of the fibers after thermal cycling.
The results were compared to the density (pgy) and
denier (Dy) collected on fiber without heat treat-
ment.

Tensile strength and modulus of the fibers at high
temperatures were measured by conducting tensile
tests on bare fiber inside a graphite tube furnace
capable of 2800°C. Values at each test temperature
were compared to the room temperature values for
that fiber. Additional room temperature tests were
conducted on fiber samples that were preconditioned
by various numbers of 2800°C thermal cycles.

The longitudinal thermal expansion of the carbon
fibers was determined by measuring the movement of
flags attached to fiber samples heated in four con-
secutive cycles to 2800°¢.

Results

Table 1 shows the results of the density, denier,
acoustic modulus and resistivity measurements on the
fibers. The wide range of values was in the modulus
which was 37 GPa (5.4x106 pso) to 503 GPa (72.9x108
psi). Table 2 shows the effect of thermal cycling
on the density and denier for three fibers. The den-
sity of Thornal 50 and 75 increased by 4.47 and CX-2
increased only 1%. Conversely the denier decreased
by 4% and 7% for Thornel-50 and Thornel-75, respecti-
vely. The denier of CX-2 decreased by 35%.

It was found that the measured tensile strength of
the fibers decreased as the gauge length of the test
increased (Figure 1). HM-1000 was affected most by
longer gauge length, -727%7 (1.27cm to 81.3cm) compared
to -29% for VS0022. When the tensile strength of
Thornel-50 was measured at elevated temperature (Fig-
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ure 2), it was found that the strength dropped off
by 10% at 1100°C but increased at 2200°C to 10% more
than the room temperature value. After the maximum,
the strength dropped to 457 of room temperature
strength at 28000C, The modulus of Thornel-50 (Fig-
ure 3) was a constantly decreasing function of test
temperature with only 20% of the room temperature
modulus remaining at 2800°C.

The tensile strength (at 24°C) of Thornel-50 was
measured on fiber which had been heat treated by 1,
2, 3 and 4 cycles to 2800°C. Figure 4 shows that
the modulus was unaffected by even four cycles.
tensile strength, however, decreased by 35% after
four cycles. On similarly heat-treated fiber samples
of Thornel-50 the thermal expansion along the fiber
axis was measured. Figure 5 shows the thermal ex-
pansion of a fiber sample heated by four consecutive
cycles to 2800°C. Thornel-50 shrinks sharply on the
first cycle and then expanded normally for the second,
third and fourth cycles.

The

Discussion

As was shown in Table 2 the density of Thornel-50
increased by 4.4% and the denier decreased by 47.
This corresponds to an 117 decrease in filament di-
ameter and a 21% decrease in filament cross-sectional
area after four 2800°C cycles. Table 2 showed that
the density of CX-2 increased by 1% and the denier
decreased by 35% which translates into an 187 de-
crease in filament diameter and a 327 decrease in
filament cross-sectional area after four 28000C
cycles.

Figure 1 showed the effect of gauge length on the
bare fiber tensile strength. As expected the tensile
strength of each decreased as the gauge length in-
creased; however, some fibers had a larger negative
slope than others. HM fiber had the largest slope
and Thornel-75 the smallest.

When the tensile strength of Thornel-50 was measur-
ed at various temperatures up to 2800°C, it was found
that the maximum strength occurs at 2200°C. Above
that temperature the strength drops sharply as the
graphite crystallites become plastic. However in the
case of the modulus, which is a constantly decreas-

ing function of temperature, the slope of the line
from 0° to 1950°C was -0.40 and -1.85 from 1950° to
2800°c.

It was seen in Table 2 that Thornel-50 experienced
an increase in density after four cycles to 2800°cC,
Figure 5 indicates most of this increase occurs dur-
ing the first cycle when the fiber undergoes shrink-
age.

Summary

It can be concluded from this study that on heat
treatment to 2800°C Thornel-50, Thornel-75 and CX-2
increase in density and decrease in denier. The
tensile strength of all fibers tested decreased as
the gauge length of the test increased. When the
Thornel-50 was tested at temperatures up to 2800°C,
it was found that the fiber was strongest at 2200°C.
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