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by Kikuko Tagawa

Although carbon fiber has been used
in airplane manufacturing for some
time, its use in the manufacturing of
the Boeing 787 Dreamliner has been
instrumental in bringing carbon fiber
performance to a new level.

Stronger than steel, 1 o 1
lighter than aluminum
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Super fibers

orldwide demand for super fibers is on the increase,
due not only to the fibers’ high tensile strength and
high modulus, but also because these wonder fibers
provide energy and resources savings, as well as meet

environmental and safety demands. Fiber manufac-
turers report that despite the price of super fibers, shipments of these
materials are increasing greatly to meet demand, and most manufactur-
ers are expanding production capacities. (See Table 1, page 34.)

The term super fiber refers to fiber having high tensile strength and high
modulus. While no single definition exists, fibers with approximately a 2 GPa or
higher tensile strength and a 50 GPa or higher modulus are generally considered
super fibers, according to the Japan Chemical Fibers Association (JCFA). Super
fibers, part of the industrial fabrics industry for many years, are valued for a variety
of high-performance properties, in addition to their high strength and modulus.
Fibers with other distinctive technological features and performance are called
“high performance fibers.” In superfiber and high-performance-fiber technologies,
many Japanese fiber manufacturers and IFAI members lead the world.

Super fibers include para-aramid fiber, carbon fiber, liquid crystal polymer fiber,
ultra-high molecular weight polyethylene fiber, PBO fibers and polyketone fiber.
Table 2 (page 35) provides an overview of the properties and characteristics of
many of these fibers.

Para-aramid fiber

Para-aramid fiber is one kind of aromatic polyamide fiber or aramid fiber. Meta-ara-
mid fiber, which has different properties, is another type of aramid fiber. Compar-
ing relative strength on an equal weight basis, the tensile strength of para-aramid
fiber is about eight times as high as that of steel fiber and three times as high as
glass, polyester or nylon fibers, according to JCFA.

Today a number of commercialized para-aramid fibers are familiar names in the
fabric industry. Kevlar® by DuPont (USA) is perhaps the most well known and was
the first para-aramid fiber marketed worldwide. (In Japan, DuPont-Toray Co. Ltd. is
in charge of Kevlar production and sales.) Next to be introduced to the worldwide



market were Twaron®, originally developed by Akzo (the Netherlands) and now
developed and produced by Teijin Aramid B.V. (the Netherlands), and Technora®,
developed by Teijin (Japan). The Kevlar and Twaron material is a hard structure
of high molecule PPTA (polyparaphenylene terephthalamide) having numerous
benzene rings with amide bonds. Those fibers are spun from a sulfuric-acid-solvent.
Besides excellent strength and modulus, they offer dimensional stability and heat
resistance. Technora, with a diamine copolymerized as the third component, can
be drawn after spinning, which gives it high fatigue resistance and high chemical
resistance. Applications for para-aramid fibers include ballistic vests, protective
clothes, aircraft components, concrete reinforcement, tire cords, automotive belts,
and asbestos substitutes for brake pads and gaskets.

PAN-type carbon fiber

Although carbon fiber, a super
‘\}- fiber, has been used in air-
plane manufacturing for
some time, its use in the
manufacturing of the Boe-
ing 787 Dreamliner has been
instrumental in bringing carbon fiber
performance to a new level. The Dreamliner, which debuted in July 2007, dem-
onstrates unprecedented performance levels for fuel efficiency, due to its use of
lighter weight materials. Approximately 30 tons of carbon fiber is used in one 787.
The prepreg material, a combination of carbon fiber and epoxy resin, was used in
major sections of the 787, including the wings and fuselage. When compared to
conventional airplanes, this weight reduction translates into a 20 percent improve-
ment in fuel performance, according to Boeing. Toray Industries (Japan) has the
contract to supply the composites material for 16 years, from 2006 to 2021.

Carbon fiber consists of carbon with a micro graphite crystal structure and is
classified into PAN-type fiber and pitch-type fiber. PAN-type carbon fibers, the larg-
est in production and usage, are produced by carbonizing PAN (polyacrylonitrile)
precursor fibers. More than 125 years ago, in 1879, Thomas Edison made carbon
filaments by heating natural fibers such as cotton and bamboo for use in electric
lamps. He may have produced the first carbon fiber in modern history. In 1959,
Dr. Akio Shindo, of the Government Industrial Research Institute, Osaka, Japan,
applied for a basic patent for manufactur-
ing PAN-based carbon fibers. Since then,
Japanese companies have continued to
develop and improve the manufacturing
process, making great strides in PAN-
based carbon fiber performance.

With high tensile strength and great
elasticity, PAN-type carbon fibers are used
extensively for structural material com-
posites in aerospace and industrial fields
and in sporting and recreational goods.
In 2007, the global demand for carbon
fiber was estimated to be 30,000 tons, ac-
cording to Toho Tenax Co. With the mar-
ket growing at a rate of approximately
15 percent per year, Japanese companies
are planning to expand production capacities. Approximately 70 percent of world
carbon-fiber production is supplied by the Japanese companies Toray Industries
Inc., under the trade name, Torayca®; Toho Tenax (Japan), with the trade name
Tenax®; and Mitsubishi Rayon Group (Japan), under the trade name Pyrofil™.

In addition to aircraft body applications, carbon fibers are used in golf club
shafts, tennis rackets, CNG tanks, automobiles and blades used in wind power
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Table 1. Major Super Fibers by Japanese Companies’

Applications

Para-aramid | Twaron® | Teijin Aramid B.V. 23,000 ton | 15% expansion planned Ashestos substitute
fiber at the end of 2008 Bullet-proof jackets
2 Protective clothing
Kevlar® Dupont-Toray Co. Ltd. 2500t0n | estimated Automative (tires, belts)
Aerospace
Technora® | Teijin Techno Products Lid. 2,000ton | 50% expansion planned Concrete reinforcing
PAN-type Torayca® | Toray group? 13,900 ton | 4,000-ton expansion planned Aerospace
carbon fiber by the end of 2008 Sports/recreation
Tenax® Toho Tenax Co. Ltd. (Teijin Group®) | 9,100ton | 2,700 ton converted large tow (lT]- Hlectronics
into reqular tow (RT) in 2008 Reinforcement materials
Pyrofil™ | Mitsubishi Rayon group® 8,150 ton5 | 2,700-ton expansion planned by Wind power generator
the end of 2009 blades
Liquid crystal | Vectran™ | Kuraray Co. Ltd. 600 ton 1,000 ton/year from October 2007. | Rope
polymer fiber Goal is 3,000 ton. Fishing nets
Sports/recreation
Electronics
Aerospace
Protective gloves
Ultra-high Dyneema® | Nippon Dyneema Co. Lid. 1,000 ton | 600-ton expansion planned in Bullet-proof jackets
molecular March 2008, and another 500 - | Protective garments
weight 600 tons expansion reviewed Mooring rope
polyethylene Fishing line
fiber Protective gloves
Fishing nets
PBO fiber Iylon ® Toyobo Co. Ltd. 400 ton Firefighter clothing
Protective heat-proof suits
Protective material
Belts, rope, sailcloth
Reinforcement material
Heat-resistant cushions
Polyketone | Cyberlon™ | Asahi Kasei Fibers Corp. Pilot plant | 2000 ton/year in 2009 Under development
fibers
Notes:

1. Fiber name, trade name, company, production capacity and expansion plan data are from Sen-i News;
Applications data are from Japan Chemical Fiber Association and Sen-i News.

2. The Toray Group includes: Toray Industries Inc. (JPN); CFA (Toray Carbon Fibers America Inc. (USA);
Soficar (Societe des Fibres de Carbone S.A.) (FRA). Data from Toray news release.

3. The Teijin Group includes: Toho Tenax (TTJ) (JPN); TTA (USA); TTE (GER). Source: Toho Tenax.

4. The Mitsubishi Rayon Group includes: Mitsubishi Rayon Co. Ltd. (JPN); Grafil (USA); Outsourcing

to SGL (UK).Source: Toho Tenax.
5. Production data from Seni shinbun.

generators. After the great Kobe, Japan,
earthquake in 1995 that damaged many
highway bridge beams, carbon fiber
prepreg sheets were wrapped around
bridge supports to repair and reinforce-
ment them. According to Mr. Seiichiro
Nohara of the Japan Carbon Fiber Man-
ufacturers Association, “If the bridge
reinforcement had been done using
steel, the thickness of the reinforce-
ment would be several centimeters, but
by using carbon fiber, it was about 1/10
[of the thickness].”

Liquid crystal polymer fiber

Vectran™ fiber, used in airbags to protect
the NASA Mars Pathfinder, Spirit and
Opportunity landings on the surface of
Mars, is a high-performance multifila-
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ment yarn spun from liquid crystal poly-
mer (LCP, or polyarylate fiber, or wholly
aromatic polyester fiber). Technologies
developed by Hoechst Celanese Co.
(USA) were further developed by Kura-
ray Co. Ltd. (Japan) and released into
the market for the first time in 1990.
Vectran was the first and is still the only
commercially available melt spun LCP
fiber in the world.

Initial production began with a ca-
pacity of 400 tons. Excellent mechanical
properties, including strength, creep
resistance and abrasion /flex resistance,
enabled Vectran use in early maritime
cable applications. In 2005, Kuraray
purchased Vectran assets from Celanese
Advanced Materials Inc. (USA). After
several plant expansions, capacity will

reach 1,000 ton/year in October 2007.
According to Kuraray, a capacity goal
of 3,000 tons is expected in the next
few years.

Vectran has comparable levels of
strength, modulus and heat resistance
to para-aramid fibers, and lower mois-
ture absorbance than para-aramid fi-
bers. Vectran is engineered into yacht
cables, marine nets and heavy-lift ropes,
military and aerospace applications,
composites, electronic and thermal
uses, and industrial applications.

Fabric applications include inflat-
able airships, and marine transport-
able water bags for disaster relief.
Vectran gloves exhibit cut-, chemical-,
thermal- and abrasion-resistance. Fi-
beroptic engineers use Vectran as a
protective strength member with creep
resistance.

Thermoplastic resins reinforced with
Vectran short fibers exhibit excellent
impact resistance. FRP (Fiber Rein-
forced Plastics) incorporating Vectran
are lighter weight and retain the same
bending strength of fiberglass.

According to Kuraray, new Vectran
fibers with improved properties are in
development.

Ultra-high molecular weight
polyethylene fiber

Another super fiber with high strength
and high modulus, ultra-high molecu-
lar weight polyethylene fiber is made
from a polyethylene polymer of large
molecular weight, produced by a gel
spinning process. Its low density of 0.97-
0.98 g/cm.sup.3 makes it very light,
and it actually floats on water. Other
features include high impact resistance,
chemical stability, abrasion resistance
and weatherability.

DSM Dyneema (Netherlands) and
Toyobo (Japan) market the fiber
under the name Dyneema®. Nippon
Dyneema Co. Ltd. (Japan), a joint
venture established by DSM Dyneema
and Toyobo, has production in Japan.
(DSM has production facilities in the
Netherlands and in the USA.) Honey-
well International Inc. (USA) manufac-
tures and markets the fiber under the
name Spectra®.






