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High Tensile-strength Pitch-based Carbon Fibers
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Table 1. Prospect of carbon fiber demand
(t/year).
1987 1988 1989 1990 1995

North America 2 300 2 640 3040 3500 5650
Europe 780 900 1035 1190 2 400
Far East 740 850 950 1000 1250
Japan 850 880 980 1030 1280
Others 50 60 80 100 300
Total 4720 5330 6085 6820 10880

By Toray Inds., from Kagaku Kogyou Nippou, June 16, 1988
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Pitch based Carbon Fiber
(Coal Tar Pitch , Petroleum Pitch)

T
[ Filtration ]
¢

PAN based Carbon Fiber
(Polyacrylonitrile)

Firation [Polymerizabon]
isotropic Pitch) (Polyacrylonitrile)
| Melt Spiﬁ |
100-400°C 200-400°C
] Infusibilization ] Infusibilization | in Ar , Ozon ete. in Air, X3, HCL
1-6 Hr. 10 Hr=10 min.
© 700-1800°C
Carbonization arbonization | 1000-1600% in Njfor Ar) b 1550%0)
(Carbon Fiber) (Carbon Fiber) (Carbon Fiber)
Graphttization [Graphitization ] >2000C in Ar(or Np) [Graphitization ] >2000%C in Ar{or N
(Graphite Fiber) (Graphite Fiber) (Graphite Fiber)
(GPCF) (HPCF)
Fig. 1. Preparation process of carbon fiber.
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a) Mesophase spheres in isotropic pitch matrix b) Anisotropic pitch (mesophase pitch)

Photo. 1.
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Fig. 2. Mesophase content wvs. softening point
(heat treated at 430-450°C in vacuum).
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Fig. 3. Analysis of pitch qualities (from refer-
ence 7)).

C : Spinnability factor
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Fig. 4. Preferred orientation parameter (HWHM)
-diameter relationship of pitch fibers.
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a), b) : Capillarys with enlarged outlet
¢), d) : Capillarys with enlarged middle path

Fig. 5. Side views of nozzles.
= A

Fig. 6. Shapes of nozzle cross sections.
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a) Radial
¢) Random

Photo. 2.
(heat treated at 2500°C).
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b) Onion

d) Quasi-onion

SEM micrographs of transverse structures of pitch-based carbon fibers
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pitch fiber:
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a) Normal type

Fig. 7. Mono-hole spinning apparatus.
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Fig. 8. Tensile strength-transverse magneto-
resistance relationship (at tensile modulus 588-735
GPa).
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Photo. 3. SEM micrographs of transverse structures of pitch-based carbon fibers
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Table 2.  Nippon Steel Corp.’s high strength type carbon fibers derived from coal tar pitch.

High strength type

Properties

NT-20 NT-40 NT-60
Specific gravity 1.95 2.07 2.15
Filament diameter (um 10 10 10
Tensile strength (MPa 2740-3040 3230-3530 3140-3430
Young’s modulus (GPa 196 392 58
Elongation (%) 1.45 0.85 0.55
Electric resistance {(pQm) 12.6 8.9 6.6
Specific heat(25°C) (J/kg*K)-10° 1 1 1
Thermal conductivity(25°C) (W/m-K)-10? 0.1 0.3 0.8
Carbon content (wt% ) >98 =99 >99

Elongation : 2%
Q PAN (catalog)
A Pitch (catalog)
@ Nippon Steel

[ viginl umithiiiiata bbb

Tensile Strength , GPa

0 260 400 600 800
Tensile Modulus , GPa

Fig. 9. Mechanical properties of carbon fibers.
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Fig. 10. Oxidation resistance in air (heating
rate 10°C/min).
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Fig. 11. Compressive strength-density
relationship in carbon fibers.
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