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MATERIALS

_G—raphite fibers
coming of age

Lighter and stronger than steel, capable of withstanding
tremendous heat, the graphite fiber is ready to make
its big push as an engineering material

by Edward Gross

Glass fibers created an engineering
revolution when they were introduced
as a strength-without-weight engineer-
ing material in the 1950’s. And although
they are still a material of choice in the
aerospace and aviation industries, they
are being hard pressed by boron fibers
which, in turn, are being pursued by a
newcomer to the field: graphite fibers,
from which engineers expect another
revolution.

Graphite fibers are only four years
out of the laboratory, and only a few
tons a year are being produced for still-
developmental use in turbine fan blades
and aircraft wings. But there is every
reason to believe they are about ready
to take off.

“The potential,”” says Dr. Edward
Epremian, general manager of the car-
bon products division of Union Car-
bide’s advanced materials department,
“js measured in hundreds of tons per
year in the next decade.”

He sees the areas of immediate ap-
plication limited to jet engines, aircraft
load-bearing members such as wing and
tail assemblies, missile nosecones and
helicopter rotor parts. “But down the
road, as volume builds and the material
gets cheaper,” he contends, “it should
be found in trains, buses and trucks as
well as in equipment for the chemical
process industries.” By the 1980,
graphite fibers could be in anything
from bridges and ships to skis and deep-
sea submersibles.

The fibers now market for between

$325 and $400 a pound, though they
were over $500 two years ago. So far
Union Carbide and HiTco of Gardena,
Calif., are the principal U.S. producers.
They caught the fiber fever from—or
with—British companies like Morganite
and Courtaulds, which, along with Rolls
Royce, are establishing connections with
U.S. companies like Lockheed Aircraft,
the Whittaker Corp. of Los Angeles and
Hercules, Inc., of Wilmington, Del.,
who will make the material by the
British process (SN: 5/10, p. 462).
“Graphite fibers, with a tensile
strength of 250,000 pounds per square
inch and an elastic modulus of 50 mil-
ilon pounds per square inch, are the
highest strength-to-weight ratio engi-
neering materials man has yet made
commercially,” says Carbide’s Dr. Wil-
liam H. Dresher. He gives them 15
times the strength of steel and six times
its stiffness, and the ability to reduce an
airplane’s weight by up to 30 percent.
The fibers owe three of their im-
portant properties, high heat resistance,
electrical and heat conductivity and
strength, to the atomic and crystalline
make-up of graphite. The high heat
resistance is due to the strong carbon-
to-carbon bonds on the atomic level,
bonds which can absorb a great deal of
energy before breaking. At the crystal-
line level, heat and electrical conductiv-
ity depend on the line-up of graphite
crystals, which fall in flat layers like
pages in a book. Heat and electricity
are then conducted along the longitudi-
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nal axes of the layers rather than cutting
through them.

Graphite’s heat-conductive property
has been put to work in missile nose-
cones, where it disperses the heat upon
reentry; its electrical conductivity has
been put to work in a suit for linemen
who repair high-voltage transmission
lines. Composed of graphite and glass
fibers, the suit conducts electricity away
from the lineman’s body.

The secret of graphite fiber strength
lies in the small diameter of the fiber
(6.6 microns). The thinness means that
there is less opportunity for a flaw, or
break, to occur. Similarly, the shorter
the fiber, the stronger it will be. For
that reason, the so-called whiskers,
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BOOKS

MUSHROOMS AND FUNGL
lists. LEW’s, 2510 Van Ness Avenue,
Francisco, Calif. 94109.

Comprehensive
San

ASSAY MANUAL—Qualitative Chemical Analy-
sis for Gold, Silver, Mercury, Lead, and Plati-
num in Minerals $2.00 K/N MINERALS, Box
631, Redlands, California 92373.

MICRO ADS

TIME-TRAVELLER! Trilobites ruled Earth. Fos-
sil Trilobite in pocket case, fact sheet: $2.00.
Collins Lab, Box 5746-L, Santa Monica, Cali-
fornia 90405.

UPDATE YOUR AMINO ACID ANALYZER. Our
low cost and inert Kel-F components fit the
120 and other Analyzers. Supplies for liquid
chromatography: Teflon discs, screens, flow-
cells, colorimeters, miniature valves and con-
nectors. Free Catalog. MER CHROMATO-
GRAPHIC, P.O. Box 1119, Menlo Park, Calif.
94025.

PHOTO DEVELOPING KIT. Develop, print YOUR
photographs. Includes trays, chemicals, paper,
print frame, safelight. $3.90, guaranteed. Aero-
dyne, Box 221, Palm Beach, Florida 33480.

PREDICT WEATHER—Barometer, thermometer,
hygrometer in one case. Money back guaran-
tee. Only $19.95 pp. Brochure 25c. Auldaney,
1659 Mar Vista, Pasadena, California.

STROBES, COLOR ORGANS, THE INCREDIBLE
STROBIT. See your music in_dazzling color.
Factory prices, Save 25-50%. Catalog 25c, re-
funded first order. Teletronics, Box 1266, South
Lake Tahoe, CA 95705.

CHEMICALS, Biologicals, Botanicals, $1.00
Quantities Pricelist $1.00 Deductible from First
Order. Dept. S Spectro. 1354 Ellison, Louisville,
Ky. 40204.

MINIATURE ALUMINUM EXTRUSIONS, Cross
sectional area as small as .010. Send prints
for immediate quote. Mann Made Inc.,, Box
307, Fate, Texas 75032.

GOVERNMENT SURPLUS 80-page electronic-
optical catalog showing hundreds of bargains
galore. Pennies on the dollar. Meshna, Nahant,
Mass. 01908.

PLASTIC BINDERS—Bind 25-100 page reports,
resumes, theses, etc., WITHOUT staples (nho
equipment needed). Eight colors, easy to use.
Send $1.00 for eight samples, catalog sheets,
prices. Complete line covers, plain or im-
printed. INKWELL PRINTING, 1220 Hertel,
Buffalo, N.Y. 14216.

LIVE SEAHORSES, marine specimens, aquar-
ium supplies. lllustrated catalog 15c. Marine
Box 248-206 Dania, Florida 33004.

HEY, FELLOWS AND GIRLS, for 75c (plus 25c
for postage and handling) you can get a
“Things of Science” kit on Crystal Growth,
containing 5 different chemicals and an in-
struction manual describing 27 experiments.
It's an introductory offer for one unit. Send
$1.00 to Crystal Growth/Things of Science,
1719 N St.,,” N.W., Washington, D. C. 20036.
Your unit will be mailed the same day we
receive your order.

INTRODUCTORY OFFER . . . one Things of
Science Unit on Touch, 75c, plus 25c for han-
dling and postage. Send $1 to Touch/Things of
g&;ggce, 1719 N St.,, N.w.,, washington, D. C

. . . Graphite fibers
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which are really short crystals, are the
strongest of all fibrous materials. How-
ever, they are costly, aligning them is
difficult and so is quality control.

Graphite is capable of withstanding
temperatures as high as 5,000 degrees
F. without melting or vaporizing. This
allows graphite fibers to retain their
form at temperatures twice that of the
melting point of steel, an attribute in-
valuable for rocket or jet engines. It
enables light-weight plastic composites
of graphite fibers to replace metals, and
Rolls Royce has been using a graphite
fiber and epoxy resin in place of tita-
nium in its jet engine turbine fan blades
since September.

But graphite fibers are not all per-
fect, and they do have limitations. The
major drawback to them is that they
can’t be used with most metals because
they react readily with them. The re-
sult is an unstable composite. Nickel is
one metal, however, that is suitable and
research is being conducted to develop
graphite-nickel composites at Union
Carbide and also at the University of
Nottingham in England.

“A real problem with graphite fi-
bers,” says Dr. W. Denney Freeston of
Fabric Research Laboratories, Dedham,
Mass., “is the difficulty in bonding the
fiber to the resin to give the composite
good shear strength.” In making the
composite, the yarn is either run
through a bath of resin or woven into
a fabric, which is impregnated with the
resin. Bonding is then accomplished by
heat. “Without good shear strength, the
composite would be unsuitable for most
structural applications,” notes Dr. Free-
ston. “A second drawback is its very
poor abrasion resistance. You can pul-
verize graphite fibers with your fingers.
This poses a handling problem.”

There are two processes for making
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graphite fibers. In the United States the
Union Carbide process dominates. It en-
tails taking a rayon precursor (a cellu-
lose fiber containing carbon) and heat-
ing it to temperatures as high as 2,600
and 2,800 degrees C. Everything volatile
in the rayon is boiled away, leaving only
a graphitic carbon framework in the
shape of the original rayon fibers. The
fibers are stretched under tension to
align the graphite crystals in a direction
parallel to the fiber axis, giving the fiber
its remarkable stiffness.

In the British process, developed by
the Royal Aircraft Establishment at
Farnborough, polyacrylonitrile fibers
are used as the starting material. They
are heated to 3,000 degrees C. As in the
Union Carbide process, the heating
causes the carbon atoms of the fibers to
crosslink and form graphite crystals,
which are lined up one behind the other
parallel to the fiber axis. In the RAE
process, however, there is no separate
drawing or stretching step. The fiber is
merely restrained to keep it from shrink-
ing because of the heat, and this causes
the crystals to align themselves.

The present British commercial pro-
cess has advantages over the American.
For one thing, it produces a fiber with
a higher breaking point and greater
stiffness. Its tensile strength is between
250,000 and 300,000 pounds per square
inch, while the U.S. fiber ranges from
200,000 to 250,000 p.s.i. And the
Young’s modulus (stiffness measure-
ment) of the British material is from
55 to 65 million p.s.i., while the U.S.
product measures 50 million p.s.i. How-
ever, Union Carbide and Celanese
Corp. have just reported new fibers with
higher strengths and moduli.

Also the British are better able to
tailor their fiber. With the U.S. fiber, as
it increases in strength, it also increases
in stiffness, and after a while the fiber
becomes brittle. The British are able to
make a trade-off between strength and
stiffness because as their fiber increases
in strength, it decreases in stiffness.

The chief disadvantage of the British
fiber is that because of the starting
material, it is difficult to make it into
filaments longer than three or four
feet—although lengths of 1,000 feet
have been recently reported—while
U.S. fibers are continuous.

Regardless of the process, the mate-
rial has promise. “Studies we’ve made
in the field indicate to us that the ulti-
mate market and potential is astro-
nomical,” says Donald W. McGuffin,
manager of the HITCcO materials divi-
sion. “The lower we can make the cost,
the more applications there will be.
There doesn’t seem to be an end except
for the cost factor.” <



