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y I. INTRODUCTION
o
‘i' Processing of carbon-carbon composites is affected both by the stresses
_ that occur during pyrolysis and by the thermal expansion anisotropy of the re-
5‘ inforcing carbon fibers and matrix materials. Defects, such as delaminations
?% in two—-dimensional composites and cracks and debonds in three-dimensional

;f composites, appear in the final structure. As the material is heated above

2000°C during processing, stresses begin to relax by means of creep (time-
.
n dependent deformation). The effects of creep on the stresses developed later
\; on cooling have not been fully investigated, in part because of a lack of in-
"3
i formation about the creep behavior of the load-bearing fibers during composite
processing. Some information has been presented in the literature on creep

5i behavior of carbon fibers.1'4 However, the modeling of composite behavior

N during processing has been based mainly on thermal expansion and elastic and
;: fracture ptoperties.5 The high-temperature creep behavior of some carbon
, fibers used in carbon-carbon composites is investigated here.
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’ } II. EXPERIMENTAL
o
5
e Creep experiments were conducted using two types of Union Carbide carbon
s fibers in the form of multifilament yarns: VSB-32 (or P55), a mesophase-
ﬂ"i : pitch-based carbon fiber consisting of 2000 filaments (10 um average diameter)
:E; per yarn with nominal Young's modulus of 55 Msi; and WCA carbon cloth, from
;:é which continuous sections of yarn were removed. Also tested were simple
€ carbon-carbon composite samples produced from yarns impregnated at 400°C with
.l megophase-transformed A240 pitch and calcined at 800°C under argon. A scan-
E?E ning electron microscope (SEM) photograph of a typical section of impregnated
;ifj P55 yarn is presented in Fig. 1. Creep was measured at increasing tempera-
= tures above 2000°C, using a horizontal graphite tube furnace. As indicated in
; ; Fig. 2, the yarn sample was passed through the tube, after one end was
‘is anchored externally. The other sample end was attached to a flexible wire
AN passing over a pulley and connected to a hanging weight at the other end. The
- experiment was conducted in an inert argon atmosphere inside the furnace.
R Displacement of the fiber end was detected by a linear variable differential
322 transformer (LVDT). A feedback controller and automatic optical pyrometer
Ei% regulated the temperature, and a digital data logger recorded data. Scanning
-~ electron microscopy, X-ray diffraction, and electrical resistance measurements
f‘;‘ also were used to determine the changes in fibers caused by high-temperature
;?ﬁ creep.
-
o
5
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Fig. 1. SEM view of mesophase-pitch-impregnated
P55 yarn after 2750°C under load.
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Fig. 2. Schematic of carbon-yarn creep experiment.
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III. RESULTS AND DISCU#SION

A typical experimental result for creep, Fig. 3, indicates that creep
rate increases steadily with temperature from 2060 to 2600°C, then necks down
at 2600°C, as the inset illustrates for a WCA filament. Diameter reduction is
greater than a factor of 3. Filaments became extremely narrow (0.1-0.5 um)
near the point of failure, separating into subfilaments over a region 50 to
100 um in length (original fiber diameter ~ 10 um) before the actual point of
failure. A comparison of the failed ends of dry P55 filaments with pitch-
matrix~impregnated P55 filaments, Fig. 4, reveals that the impregnated fila-
ments have narrowed slightly (to ~ 6~7 um) but have fractured ends with a

rough, serrated appearance.

The observed creep strain rates were influenced by the heat-treatment
history. Figure 5 compares typical elongation rates above 2000°C for P55
yarns, both as-received and heat-treated, and WCA yarn. The indicated elonga-
tion rates are significantly higher for the P55 as~received than the same
material after heat treatment at 2600°C, which is consistent with the increase
in graphitization of the material at high temperature. The elongation rate of
the WCA yarn falls between the two P55 results. This result agrees with the
fact that WCA cloth 1is carbonized from rayon cloth at high temperatures, so
that further graphitization and hot-stretching in the experiment are not ex—

pecced below the previous graphitization temperature.

An Arrhenius plot of log of elongation rate versus inverse temperature is
roughly linear for the WCA and P55 dry yarns. The steady-state creep rate is

typically given by a relation of the form?

€ = A exp(-AH/RT) (L)

Average activation energies were 109 and 66 kcal/mol (see Fig. 6), which con-
trast with the behavior of the impregnated P55 material plotted in Fig. 7. A
drop is observed in the elongation rate of the impregnated yarn sample at

around 2400°C and may be caused by the continuing graphitization of the matrix

11
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Fig. 5. Comparison of elongation rates for three yarn
samples, showing marked difference between
heat—treated and untreated P55 yarns.
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Fig. 6. Thermally activated behavior of dry-yarn creep

(elongation) rates.
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material and the contrasting thermomechanical properties of the matrix and

filaments, though further work is needed to confirm the cause.

= 2.0 r -
z 7
3
s sl o P55-5
2 |
i)
8| |
E 1
= | o‘[ ]
& 0 1
5 ° *
% 0.5 o o ° -
o i 1
o o .
9 (o] o 1

0.0 ; .

3.2 3.6 4.0 4.4

INVERSE TEMPERATURE (x104 K)

Fig. 7. Temperature dependence of impregnated P55 creep
rate, showing marked departure from linearity.

X-ray diffraction revealed slight evidence that graphitization increases
during heating, but not as a result of the applied stress. Unstressed fiber
samples heated along with creep specimens exhibited similar changes in c=
spacing and electrical resistivity. P55 yarn showed a decrease in the d(002)
spacing from 0.3447 to 0.3392 mm; the WCA showed a decrease from 0.346 to
0.339 nm. Both c~spacings remained above the ideal graphite value of
0.335 mn.® Measurements of the resistivity ratio [p(77 K)/p(300 K)] increased
from 1.12 to 1.67 for P55 after heat treatment at 2500°C, for both unstressed
and creep samples. The WCA showed no change in resistivity ratio (less than
1%2). X-ray diffraction indicated higher preferred orientation in P55 than WCA
but little change in preferred orientation after heating or creep.
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IV. CONCLUSIONS
|
S
f::: Unimpregnated yarns of rayon-based and mesophase-pitch-based fibers
3 ::::: demonstrated basic thermally activated creep behavior, whereas the creep-rate
) temperature dependence of matrix-impregnated yarns was more complex. Compari-
“'.';: son of the failure behavior of samples indicated that necking was substantially
:';:} less in impregnated than in unimpregnated yarns. Finally, the preferred
ey
~.$-, orientation and crystallinity were altered by treatment at high temperature
but were not affected by the degree of creep strain.
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LABORATORY OPERATIONS

The Laboratory Operations of The Aerospace Corporation is conducting exper-
imental and theoretical investigations necessary for the evaluation and applica-
tion of scientific advances to new military space systeams. Versatility and
flexibility have been developed to a high degree by the laboratory personnel in
dealing with the many problems encountered in the nation's rapidly developing
space systems. Expertise in the latest scientific developments is vital to the
accomplishment of tasks related to these problems. The laboratories that con-

tribute to this research are:

Aerophysics Laboratory: Launch vehicle and reentry aerodynamics and heat
transfer, propulsion chemistry and fluid mechanics, structural mechanics, flight
dynanics; high-temperature thermomechanics, gas kinetics and radiation; research
{a envircnmental cheaistry and contamination; cw and pulsed chemical laser
developaent including chemical kinetics, spectroscopy, optical resonators and
beam pointing, atmospheric propagation, laser effects and countermeasures.

Chemistry and Physics Laboratory: Atmospheric chemical reactions, atmo-
spheric optics, light scattering, state-specific chemical reactions and radia-
tion transport in rocket plumes, applied laser spectroscopy, laser chemistry,
battery electrochemistry, space vacuum and radiation effects on materials, lu-
brication and surface phenomena, thermionic emission, photosensitive materials
and detectors, atomic frequency standards, and bloenvirommental research and
monitoring.

Electronics Research Laboratory: Microelectronics, GaAs low-noise and
power devices, semiconductor lasers, electromagnetic and optical propagation
phenomena, quantum electronics, laser communications, lidar, and electro-optics;

ifcation sci , applied electronics, semiconductor crystal and device
physics, radiometric imaging; millimeter-wave and microwave technology.

Information Sciences Research Office: Program verification, program trans-
lation, performance-sensitive system design, distributed architectures for
spaceborne computers, fault-tolerant computer systems, artificial intelligence,
and microelectronics applications.

Materials Sclences Laboratory: Development of new materials: wmetal matrix
composites, polymers, and new forms of carbon; component failure analysis and
reliability; fracture mechanics and strese corrosion; evaluation of materials in
space environment; materials performance in space transportation systems; anal-
ysis of systems vulnerability and survivability in enemy-induced environments.

Space Sciences Laboratory: Atmospheric and fonospheric physics, radiatfon
from the atmosphere, density and composition of the upper atmosphere, aurorae
and airglow; wmagnetospheric physics, cosmic rays, generation and propagation of
plasma waves in the magnetosphere; solar physics, infrared astronomy; the
effects of nuclear explosions, magnetic storms, and solar activity on the
earth's atmosphere, ionosphere, and magnetosphere; the effects of optical,
electromagnetic, and particulate radigtions in space on space systems.







