June 1970

NASA TECH BRIEF

Brief 70-10100

NASA TechBriefs announce new technology derived from the U.S. space program. They are issued to encourage commercial
application. Tech Briefs are available on a subscription basis from the Clearinghouse for Federal Scientific and Technical
Information, Springfield, Virginia 22151. Requests for individual copies or questions relating to the Tech Brief program may
be directed to the Technology Utilization Division, NASA, Code UT, Washington, D.C. 20546.

Tensile Creep-Rate of Pyrolytic Carbon

Pyrolytic carbon, also called pyrolytic graphite,
has high strength at high temperature and is of con-
siderable interest to industry. This material is de-
posited from thermally decomposed methane on a hot
substrate at 1900-2300°C in a very pure form having
near-theoretical density with layer planes approxi-
mately parallel to the substrate. Although the as-
deposited structure has disordered layer stacking, it
graphitizes quite completely under the influence of
high-temperature thermal and mechanical treatment.
Pyrolytic carbon in fundamental studies serves as a
model material representative of the broad class of
graphitizing carbons and graphites.

The parallel;to-substrate tensile creep behavior
of an as-deposited (2200°C), substrate-nucleated,
pyrolytic carbon was investigated over the te'fnpera-
ture range 2500-2900°C and the stress range S5000-

30,000 psi under deadweight loading. A stress-change’

technique was combined with a graphical-interpola-
tion analysis to obtain data on the stress ¢ and tem-
perature T dependence of the creep rate ¢ over broad
strain ¢ and stress or temperature ranges on individ-
ual specimens. These data were used to determine the
stress exponent n and the activation energy AH in the
empirical expression ¢ = A oNexp (-AH/RT). .

" Two distinct deformation regimes were confirmed.
After 1-2% gage elongation, an increase in ¢ indicated
a change in deformation mechanism. In the same
range, n dropped from an initial value of ~ 4 to 1.5

_+ 0.4, where it remained to at least 30% elongation

independent of T and o. In agreement with other

results on deformation and graphmzatlon of graphitiz-

ing carbons and graphite, AH 250 + 40 kcal/mole.
. Durmg the first 8% elongatlon several changes
occurred in structure and properties. A density in-
crease of ~ 2% and a large increase in Young’s modu-
lus were produced by the graphitization and pre-
ferred orientation increase (reported elsewhere) that
occur in this range. The reduction in area showed
that, aside from the graphitization volume decrease,
the deformation occurred at constant volume to at
least 30% elongation. After the early anomaly, ¢ de-
creased regularly with increasing e. Creep recovery
was small, and appeared to decrease with mcreasmg
preferred orientation.

The first stage of deformation was dominated by
breakdown of the as-deposited structure, .evidently
involving dislocation glide and climb. Among various
mechanisms considered for the second-stage deforma-
tion, which occurs in highly oriented, well-graphitized
material, self-diffusion mass transport was most con-
sistent with the observations.
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