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Properties and Applications of Pitch-based Carbon Fiber GRANOC™
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Abstract

Pitch-based carbon fibers have excellent mechanical and thermal properties, which can be
controlled by adjusting the properties of the pitch raw materials and the manufacturing conditions
of its precursors. In recent years, it has become an indispensable material for the design of advanced
components in the industrial, sports and leisure, satellite, and thermal management fields. Nippon
Graphite Fiber Corporation is the only company that provides pitch-based continuous carbon fiber
GRANOC™ from ultra-low modulus grades with a tensile modulus of 55 GPa to ultra-high modulus
grades up to 920 GPa. This paper introduces the properties and applications of GRANOC™.
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(a) Isotropic Pitch Type (b) Mesophase Pitch Type

top: TEM image (inset: polarization microscope image of pitch),
bottom: SEM image
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TEM and SEM images of pitch-based carbon fiber
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Typical grade
GRANOC Fiber Tensile Tensile . Thermal
. Density . CTE Form
Grade diameter modulus strength conductivity
(um) (GPa) (MPa) (@om’) | (WImK) | (109K) Yam | Chopped/ | Fabric
Milled Prepreg
XN-05 10 54 1100 1.65 5 +3.4 O O
XN-10 110 1700 1.70 - 0.1 O O
XN-15 155 2400 1.85 6 -0.8 O O
XN-60 620 3430 2.12 180 -14 O O
XN-80 780 3430 2.17 320 -1.5 O O O
XN-90 860 3430 2.19 500 -1.5 O O O
XN-100 - - 2.22 900 - O
YSH-50A 7 520 3830 2.10 120 -14 O O
YSH-60A 630 3830 2.12 180 -14 O O
YSH-70A 720 3630 2.15 250 -1.5 O O
YS-80A 785 3630 2.17 320 -1.5 O O
YS-90A 880 3530 2.18 500 -1.5 O O
YS-95A 920 3530 2.20 600 -1.5 O O
®2 (EEMERRFEMEE I, TOMEEOMEIK
Properties of low modulus carbon fiber and other fibers
. L GRANOC PAN-CF GF Aramid
Fiber designation
XN-05 XN-10 XN-15 230GPa T-glass Kevlar 49
Fiber properties Tensile Strength (MPa) 1100 1700 2400 4900 4600 3400
Modulus (GPa) 54 110 155 230 83 130
Elongation (%) 2.0 1.7 1.6 2.1 5.5 -
Density (g/em?) 1.65 1.70 1.85 1.80 2.49 -
Composites properties |0° Tensile Strength (MPa) 640 1050 1400 2800 1900 1380
Modulus (GPa) 34 72 93 137 49 76
Strain to failure | (%) 1.8 1.5 1.4 1.8 39 -
0° Compression |Strength (MPa) 870 1070 1150 1400 970 276
Modulus (GPa) 32 64 85 129 55 -
Strain to failure | (%) 29 2.1 1.8 1.4 1.8 -
Comp. strength/Tensile strength ratio 1.36 1.09 0.79 0.50 0.51 0.20

Composites properties are based on epoxy resin prepreg for fiber volume of 60%.
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Specific modulus (10 m) = Elastic modulus / density
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* Bending modulus of composite laminates
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Specific modulus of CF laminates in comparison with dif-
ferent materials (XN-80 and XN-60: Pitch-based high
modulus CF laminate)

[] Deflection by own weight
[] Deflection by load
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* Simulation data; Load 1.5kg on plate (50mm x 20mm x 1500m)
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Comparison of the deflection of beams made of different

materials (XN-80 and XN-60: Pitch-based high modulus
laminate beams)
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Vibration damping properties of pitch-based, and PAN-
based laminate

PAN CF (230GPa) laminate
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Bottom bracket YSH-60A is used in these sections
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Example of using YSH-60A fiber to stiffen ultralight road
bicycle frames
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Relationship between the tensile modulus and the thermal
conductivity in the fiber direction of carbon fibers
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Comparison of heat dissipation properties of pitch-based
laminate
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Ultralight and high stiffness laptop with XN-80 fiber (LAVIE High thermal conductive silicone sheet with high thermal
PRO MOBILE)® conductive pitch-based carbon fiber
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Properties and applications of GRANOC

Grade Property Application
Industrial Sports & Leisure | Satellite & Aerospace Thermal management
Low Light weight Golf shaft
Tensile modulus Flexibility Fishing rod
Excellent impact resistance Badminton racket
Tennis racket
Hockey stick
High Light weight Roller Golf shaft Antenna, reflector | Thermal interface material
Tensile modulus Low deflection Robot hand Fishing rod Solar array Laptop case
Low vibration Drive shaft Ski pole Optical bench C/C brake
Dimensional stability Construction repair Bicycle frame Telescope tube Ceramic brake
High thermal conductivity | and reinforcement Bus, payload
Radiolucency Acoustic diaphragm Support structure
Sliding characteristic X-ray medical tabletop
X-ray cassette
(=PI o7, b= LT E) EOMIZHREL T L TH MRHEBL S KL [ NS-TEPreg® |
= nIE S DL T ENTE B, https://www.nscm.nipponsteel.com/carbon/ns-tepreg.html
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