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Introduction

A carbon-carbon composite material developed for
re-entry applications utilizes a 3-D orthogonal preform,
comprising about one-half of the volume, which is initially
CVD infiltrated and surface ground before adding a
graphite matrix. Impregnation with pitch and carboniza-
tion above 600oC at 100 MPa, followed by graphitization to
2?50oC, provides adequate densification in 4 to 6 cycles.
Ablation tests have shown that performance varies with
matrix quality, particularly residual porosity, which can
vary due to thermal history during the pressure bake.
Procedures were developed to monitor the material during
successive process cycles and to evaluate porosity distri-
bution in the finished billets nondestructively.

Gradients in Density and Porosity

The isothermat CVD infiltration of the preforms (typ-
ically 10x10x20 cm) results in an initially high density at
the surface, which develops a lower final density compared
with the billet core, because CVD films on the filaments
block penetration of pores in the fiber bundles by the pitch.
Figure 1 illustrates porosity data obtained on samples cut
from different locations in billets, using either liquid or
gas permeation. Normally, open porosity as well as den-
sity is lower near the surface. However, in some samples
(upper left in Fig. 1), low density in the core was associ-
ated with high open porosity, apparently as a result of
bubble formation in the impregnant within the billets dur-
ing the autoclave processing.

Ilf easurements during Processing

Most of the processing discussed here was conducted
at the Y-12 Plant, Union Carbide Corp. Nuclear Div., Oak
Ridge, Tenn., where the cycles were first developed, and
at the Battelle Columbus Laboratories. Later cycles at
GE-RESD were accoÍrplished with thermocouples placed
within billets or adjacent pitch; these data showed a signi-
ficant thermal lag compared with autoclave chamber tem-
peratures, which had been used to control the pressure-
impregnation- carboniz ation cycles in earlier proce s sing.

Weight and dimension data on each billet, provided to
GE-RESD after each process step, provided a basis for
evaluating the adequacy of autoclave heating in the absence
of accurate material temperature data. The density in-
crease in each cycle followed a consistent trend with the
available open porosity, as illustrated by Figure 2. The
billets in one run had abnormally high densities, shown in
the figure, because of a heater failure, and weight loss
during subsequent graphitization was high. The Itcokeil
lost in graphitization, calculated by dividing the weight
lost during graphitization by the weight gained in the

Work sponsored by the Air Force Materials Laboratory,
Wright-Patterson Air Force Base, Ohio.

preceding autoclave cycle is shown as Vo CLIG in the figure
Even in normal runs, this factor varied with location of
billets in the autoclave and with the size of the load, indi-
cating differences in maximum temperature in the maüerial
even though cycles were nominally the same. When the
cycle was modified to provide additional time at maximum
temperature and pressure, lower rCLIGrt values confirmed
that billets had reached higher temperatures.

3-Dimensional R adiometry

Unusual heating conditions in one autoclave resulted in
abnormalities not adequately detected by changes in weight
and density. Subsequent studies with many thermocouples
in a can have shown that significant temperature gradients
can occur. In one set of runs the top half of billets set on
end in the can contained a porous core, but the pitch dis-
placed remained in outer portions of the billet, leaving the
average bulk density unaffected. This condition was first
identified by precision radiometric density apparatus and
a 3-dimensional analysis of the data.

Figure 3 illustrates the normal density gradient found
in blocks cut from a slab through a billet. rrCoretr and
t'edgerr average densities represent this gradient, Such
densities were calculated from the relative absorption of
radiation in a well-cotlimated 0.64 cm diameter beam,
centered at stations representing the centers of equal-
sized prisms in the billet, equated to the measured bulk
density (Figure 4). For the 10x10 cm section billets, 4
rows on both trXr and ilYrr faces were normally used,
although 8 rows combined withfZtt direction data have
been used to establish the gradients with better precision.
The reproducibility of the procedure and adequacy of the
counting statistics at each station have been established
by evaluating billets without CVD in which the true gradi-
ents are small. A simple analysis of the in-line density
gradients üo evaluate core vs. edge density has been
refined by an iterative computer proglam which provides
the best set of densities for all of the internal prism posi-
tions (usually cubes) matching the measured absorptions
at each station.

Figure 5 illustrates core vs. edge density averages
down the length of both normal and abnormal billets,
which also provided samples for some of the density and
porosity comparisons in Eigure l. Good agreement has
been found between measured densities of core samples
and those predicted from the radiometry, providing confi-
dence in the nondestructive evaluation of porosity gradients
in this material.
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