Wear it,
launch it,
drive it—
the many
shapes of
carbon

by Holly Bigelow
MTS, Energy and Resources
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Whal is as thin as an egg-
shell, yel streng encugh lo
withsland a space taunch?

What has been used to
make both car springs and
artificial human heart valves?

What do burnt toast and dia-
monds have in common?

Answer: Carbon, and car-
bon-based malerials.

Dr. Robert Meyer, head of
the Materials Sciences Labor-
atory's Carbon and Polymers
Department, discussed this
versalile material at an Aero-
space Coliogquium recenlly.

Carbon has a variety of
forms and properties which
make it uselul in darmaging en-
vironments like nuclear reac-
tors and space vehicles. Dr.

WIGYE o warser nmadyp voaon
spent studying the many ways
you can ‘'beal upon" carbon
without destroying il. He has
also devoled time to under-
slanding why carben has such
amazing properlies and to de-
velop uselul things to do with
this miracious material.
"'Carbon takes on different
slales depending on its raw
material, lemperafure and
pressure at |he lime it was
lormed," he said. Al relativ-
ely low temperatures and
pressures il turns into the
black stuff on burnt toasl. Al
very high lemperatures and
pressures il becomes a dia-
mond. Somewhere in be-
tween, it 1akes on the form of
graphite, which constitules the
lead in your pencil.
""Graphile’s unique proper-
ties result Irom its structure,"
Dr. Meyer conlinued. V'Carbon
atoms line up in flat planes,
with very strong bonds be-
tween atoms. The planes are
siacked, which creates weak
bonding forces between
planes. Planes can be perfect-
ly stacked or they may be
twisted or crosslinked. Differ-
ent orientations of the stacked
planes result in different
material properties."
Graphite that is highly arien-
ted, that is, with all the stacks
lined up, comes in the form of

“fibers about 4 the thickness of

a hair, he explained. These
fihers are stronger than steel
at very high temperatures,
Also, for the same strength as
steel, thay weigh much less.

Carbon composites are
made hy embedding these
fibers in a matrix. Different
matrices produce matenals
that can be used in an im-
mense variety ol products.
Carbon fibers in an organic
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malrix can be used Jor skis
and other sports equipment. In

a ceramic malrix, they can be.

used as reinforced concrete.

Carbon fibers in a carbon
matrix, called carbon-carbon
composites, are used in surgi-
catimplants, like hearl valves,
and space applications, like
reentry vehicle nosetips and
exit cones.

“Carbon-carbon exit conas
four teel in diameter and only
80 mils (0.08 inch) thick have

survived more than 20 space
launches," said Dr. Meyer.
*Only two carbon-carbon
cones failed on being faunch-
ed ftrom the shuttle. The
failures were traced io a pre-
cessing stage where the cone
is graphitized, or heated to
very high temperatures umlil
graphite forms in the matrix
between fibers."

Dr. Meyer and the Carbon
and Polymers Department
were asked 1o determine what

LAUuLSU i eiuieg. odlpies
cut ofil ol each cone after
graphitization were tested lor
microstructural changes. Dr.
Meyer found that since these
particular cones were located
near the lurnace’s botiom dur-
ing graphitization, they didn't
stay hot enough and/or long
enough o produce a high per-
centage of graphile in the
matrix.

“Those cones with more
graphite in the matrix were
more plastic,” DOr. Meyer ex-
plained. “Under stress lhay
tended to crack in numerous
tiny branches, using up mare
enerqy, rather than storing up
all the energy until a catastro-
phic crack accurred, resulling
in a failure. This is simitar to
comparing the damage from
several small earthquakes to
one large one.”

Dr. Meyer developed a
method to determine if future
exit cones will be graphitized
enough. His scale for classify-
ing the pfasticity of samples is
called the “'Relative Plastic In-
dex." The Iwo failed cones
had an index of around 0.7,
while several others has anin-
dex of around 0 4.

Based on this research, Dr.
Meyer selected the exit cones
with a Relative Plastic Index
very close 1o 0.4 to be used in
the next taunch afier the fail-
ure. These cones survived, Dr,
Meyer will continue his re-
search to determine just how
far away from 0.4 \he indexes
can go and remnain failure-free.

Other uses of carben and
graphile in space include a
boom for a space telescope
and a FLTSATCOM antenna.
According to Dr. Meyer, appli-
cations of these materials in
space will continue to grow in
the fulure.



