INFLUENCE OF PYROLYSIS PRESSURE ON MICROSTRUCTURE OF
CARBON-CARBON COMPOSITES

J. S. Evangelides
The Ivan A. Getting Laboratories
The Aerospace Corporation
P.O. Box 92957, Los Angeles, California 90009

Carbon-carbon composites are finding in-
creasing use in thermostructural applications such
as reentry vehicles and rocket nozzles, Although
some increases in composite properties have been
achieved, the development of advanced materials
with improved performance and uniform properties
will require a basic understanding of the macro/
microstructural characteristics that control prop-
erties, Afirst steptowardthis goalis the descrip-
tion of the characteristics and changes that occur
as a result of processing. The aerospace com-
munity has concentrated on the use of various
pyrolysis pressures (6.9 to 103 Mpa) and filament
coatings (with and without chemical-vapor-deposited
carbon, CVD)as a means of improving performance.
The objective of this experimental program was to
study the effect of pyrolysis pressure and filament
surface treatment on the resulting matrix structure.
The description of the microstructural character-
istics and thermal and physical properties of the
constituents is essential to an understanding of
processing stresses and is a vital part of the input
data to analytical processing models. Ultimately,
the correlation of performance to properties and
structural characteristics can aid in establishing
the optimum processing procedure.

The experimental approach has been to ex-
amine composites and bulk matrix after selected
processing steps. After appropriate metallographic
preparation and ion etching, the methods of optical
and scanning electron microscopy were utilized to
characterize microstructure. The xenon ion etch-
ing provided a simple means of observing the ori-
entation of the graphitic layer planes with respect
to the filament surfaces (Fig. 1). A well-defined
etched lamellar structure in the matrix phase
occurs when the graphitic basal planes were ori-
ented within approximately 30 deg of the polished
surface [1-4]. If the planes were parallel to the
surface, a flat planar appearance was obtained
while intermediate orientations yielded a fish-scale
appearance.

The majority of the carbon-carbon composite
samples were fabricated with Union Carbide Thornel
50 fibers and either Allied Chemical CP277 15V or
Ashland A240 pitch. In order to supplement these
specimens and represent extremes in processing
pressure, miniature unidirectional samples were
fabricated by low- (6.9 Mpa) and high-pressure
(103 Mpa) procedures,

The effect of impregnation and pyrolysis
pressure on matrix microstructure was most strik-
ing between individual filaments of a fiber bundle.
Composites fabricated by the pyrolysis of coal tar
(15V)or petroleum (A240) pitches under pressures
of less than 6.9 Mpa resulted in the graphitic layer
planes of the matrix being aligned parallel to the
filament surface (Fig. 2). This highly aligned
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sheath of graphite basal planes formedirrespective
of the type of filament (high- or low-modulus rayon,
pitch, or polyacrylonitrile) or whether or not the
filament had a CVD coating. Progressing away
from the filament and sheath, the matrix structure
became more complex or intertwined and, as such,
more isotropic.

The pitch microstructure developed under
high-pressure procedures (103 Mpa) was found to
be significantly different. In the interfilament re-
gions of a composite that had received an initial
CVD coating, the graphite basal planes were ran-
domly oriented to the filament surface (Fig. 3).
Although regions of parallel orientation existed, the
transverse orientation predominated. This random
matrix had a characteristic structure indicative of
inhibited mesophase spherule coalescence. In
addition, this structure did not possess the long-
range order of the composites fabricated by low-
pressure procedures. Immediately at the CVD
pitch interface, the basal planes were aligned at
angles of 0 to 90 deg with the 0 deg or parallel
alignment occurring the majority of the time. Ex-
amination of transverse sections of this composite
indicated that the pitch matrix had penetrated those
regions where the CVD coating had separated from
the Thornel 50 filament [5].

The unidirectional composites fabricated by
high-pressure impregnation procedures without an
initial CVD coating also had the random basal plane
orientation with respect to filament surface (Fig. 4).
However, a qualitative assessment of the amount of
random or transversely oriented matrix suggested
that a slighly less random structure was obtained
than when a CVD coating was present.

Since the pitch matrix microstructure is es-
tablished during the mesophase pyrolysis occurring
below 600°C and the interior of filament bundles
density early in liquid impregnation procedures, the
alignment of the graphite basal planes between fila-
ments will be determined by the pyrolysis pressure
employed during the initial densification cycles.
Therefore, in those composites where initial low-
pressure pyrolysis procedures are followed by high-
pressure procedures, the graphite basal planes will
be aligned parallel to the filament surfaces within
the fiber bundles.

These microstructural observations indicated
that high-pressure impregnation and pyrolysis re-
sults in a random orientation of botryoidal spheres,
as was discussed by Marsh [6]. The effect of this
pressure, then, appears to be to inhibit the coales-
cence of the mesophase spherules. Under low-
pressure procedures, this coalescence results in a
highly anisotropic sheath.



Although pressure was primarily responsible
- - imparting the random structure, it appears that
=2 CVD coating increases the amount of random
~erules or decreases the amount of coalescence.
2.zce fiber surfaces promote parallel alignment be-
—=een planes, the effect of the CVD coating may be
:: reduce the pitch wetting of filaments, thereby
r=izcing coalescence [7].
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Fig, 1. .Scanning electron micrograph of etch
pattern orientations.
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Fig, 2, Scanning electron micrographs of matrix
structure due to low-pressure
processing.
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Fig. 3. Scanning electron micrographs of matrix
structure due to high-pressure
processing,

Fig, 4. Scanning electron micrograph of matrix
structure due to high-pressure
processing, No CVD,




