G H &% & % %374 5] (2001)

UDC 661 . 666 - 487

EEES XUOSMMEEE v FRIK R

Pich-Based Carbon Fiber with Low Elasticity and High Heat Conduction
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Abstract

Quite a wide variety of properties can be given to pitch-based carbon fiber by controlling its
graphite crystal. Herein introduced are characteristics and applications of the low elasticity carbon
fiber and the high elasticity, high heat conduction carbon fiber, both of which could not be produced
from the PAN carbon fiber. These new fiber products manufactured and marketed by Nippon
Graphite Fiber have unique characteristics hitherto unseen in other materials.
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Strong covalent bonds
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Granoc PAN-CF | Fiberglass
Fiber designation XN-05 XN-10 XN-15 (230GPa) | (T-glass) | Kevlar 49
Tensile strength (MPa) 1180 1750 2500 4900 4600 3400
Tensile modulus (GPa) 55 106 155 230 83 130
Elongation (%) 2.0 1.7 1.6 2.1 5.5 —
Fiber properties Density (g/cm?) 1.65 1.70 1.85 1.8 2.49 —
Electrical resistivity (107¢Qm) 28 110 20 16 —_ —
Thermal conductivity (W/(m-K)) 5 — 6 9 — -
CTE (107%/K) +3.4 -0.1 -0.8 -04 +2.7 —
Strength (MPa) 640 980 1460 2 800 1900 1380
Tensile Modulus (GPa) 34 64 92 137 49 76
Strain to failure (%) 1.8 1.5 1.4 1.8 3.9 —
Composites Strength (MPa) 870 1070 1150 1400 970 276
properties |Compression [Modulus (GPa) 32 64 85 129 55 —
Strain to failure (%) 2.9 2.1 1.8 14 1.8 —
Comp. Strength/tensile strength raito 1.36 1.09 0.79 0.50 0.51 0.20
Matrix resin 130°C epoxy unknown
Impact hammer 2500 . : - . . , .
with load transducer g i Specinen®
2 5000l = (Test-3)
Load =
%D
UD-CFRP specimen g 1500
g
E
g 1000F Specimen®
A (5]
ﬁngle tranceducer Deflection}—> gﬁiszs—deflectlon = ) / (Test-2)
§ 500 Specimen®
l l- l =) % (Test-1)
XN-05:3Ply XN-05:3Ply 0 . . . . L
10 15 20 25 30 35 40 45
T700S:17Ply T700S:12P1y T700S:15Ply Displacement v
XN-05:3Ply 7 Uyl —HERMTHRICKDEMN - TER
1) 57 A F-1(BEEQD) 2)F & b-2(REQ) 3) 7 A +-3(FED)
S > o5 = Quter reinforcing layer (0%)
B6 vl E—HBmE RS o s
O PAN-based 230GPa-CF
£2 LrAE-HESRER O Fiberglass
T700S | T700S/ | T700S/ Straight layer (0%
XN-05 XN-05 Angle layer (+45°)
(Specimen | (Specimen | (Specimen )
- @D 8 NAT Uy A TOEEHBR
Test-1 Test-2 Test-3
Flexural strength (MPa)| 1697 1663 2303 600 .
Relative Flexural
strength (=) 1.00 0.98 1.36 = 500 ]
Flexural modulus (GPa) 111 63 91 9 400 Fiberglass
(=] r .
Fractures deflection (mm) 5.3 10.1 9.8 - gﬁ‘gc?asﬁg /
© a-
Ul (kJ/m? 107 217 250 % 300 \7 7
i - . . - 2. = /
Relative Ul (=) 1.00 2.02 34 = 00} / = i
U2 (kJ/m?) 50 433 19 § 7
U3 kI/m?)| 157 650 269 & 1001 // 1
Note 1) Flexural properties were measured in charpy impact 0 \ o
tests 0 10 50
Note 2) Ul: Fracture initiation energy, U2: Fracture prop- Deflection (mm)
agation energy, U3: Absorbed impact energy
Note 3) Fiber volume of CFRP was normalized to 60 % 9 NATV)y RIRATOEEMITHEBER

HOH % B W H3T4F/F  (2001)



ERMEELUEREEE v FRIRREE

Eie, EEMRREREOT TOXN-051F, RFEMHMETIIME—E
DRREERTDHI L, C/CaAVRIy FOXDIZ, BIRTH
MEZITIXIBMIETS, WikR, MRERLEO/HEN
3 000CEEQBUETOHREE ML LENWRLORBLELTS
D, BIZRFMEM, H2VWEHFHRC/CalRYy MABEMELT

ML THILETIOMBEEBMTZZ L 2T T3, HI0IZRT
EDIMERDE v FRIRFGHEL, TOBHERNI0LMTH DI
#UNGF OEMBERDREHHEL7 b TH B, 7Dy THlBRE
BEN 2 HETHECTR DN E LTS LR NSRTL DI, #
DEVNT—ERATH . ZOENLEWMDEFOEN S BEHRESR

DRBHHBHOLBDOND,
4. EHEM, SRGERREGHE

SEERIA I BAMERS B 2 FRE S B2 v F RIS RS
HEICE NSRS B REA T B LS5, BEERIISE
EEMIBADL 000W/ mKBEDOLDBB/SN, Hik, Mk
5 DB BT BRI R M 4 3 5 950GPaigE D b D ASH
HL, ZOX>RETHVREES, BIERERET S EMIM
RS 570, 0K S I flio TREMZEE 4T 5 mEE
BRFMHETH B, BRI < 25 LTk DEHEOMNI/N
<Y, BHOMVENIZEL <25, B, mREERREE
BB BAORL NS5, RESEETSH LD, HEEORS
AT D T B BN EL 5.

NGF i3z OMEERMIRT BERE LT, REGEOSHEES

1) YS-90A THEISN
B

2) fEREEE R R B8N
oy Tl

2) FAER
12 ERIEER AT

1) NGF YS-BUB#HE - TumiB 2) GESREEHE  10umiB 1) BA&RAN

10 NGF-YSI U — X RS & &L U RO ITE

#3 NGFSBUERREWES LURERORE
YS-95A YS-90A YS-80A YSH-70A | YSH-60A | YSH-50A
Fiber Tensile strength (MPa) 3530 3530 3630 3630 3830 3830
properties Tensile modulus (GPa) 920 880 785 720 630 520
Elongation (%) 0.3 0.3 0.5 0.5 0.6 0.7
Density (g/cm?®) 2.20 2.19 2.17 2.14 2.12 2.10
Filaments per yarn 1.5K/3K/6K|1.5K/3K/6K| 1K/3K/6K | 1K/3K/6K | 1K/3K/6K | 1K/3K/6K
Yield (g/km) |125/250/520 |125/250/520|75/250/520(75/250/520|75/250/520|75/250/520
Electrical resistivity  (10-8Qm) 2.3 2.7 5 5 6 7
Thermal conductivity (W/(m-K)) 600 500 320 250 180 120
CTE (1075/K) -15 —-15 —15 -15 —-14 -14
Composite |{0deg Strength (MPa) 1900 1900 1960 1960 2150 2150
laminate |Tensile Modulus (GPa) 540 520 470 430 380 310
properties Ultimate elongation (%) 0.3 0.3 0.3 04 0.5 0.6
90deg Strength (MPa) 25 25 25 37 37 43
tensile Modulus (GPa) 5.5 5.6 5.9 6.2 6.5 3.8
Ultimate elongation (%) 0.5 0.5 0.5 0.6 0.6 0.6
Odeg Strength (MPa) 640 640 640 720 770 920
flexural Modulus (GPa) 460 440 390 360 320 245
Odeg com- |Strength (MPa) 340 360 380 460 490 530
pression Modulus (GPa) 540 520 460 410 350 260
In-plane shear modulus (GPa) 5.1 5.1 5.0 5.0 4.9 4.8
ILSS (MPa) 60 60 64 68 70 85
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Grade Product FAW Count Yarn Remark
g/m? Yarn/1l-inch
SF-YSH50A-75 75 12,5/12.5 YSH-50A-10S(1K) | Plain fabric with spreading
520GPa S5HS-YSH50A-110 110 18.5/18.5 YSH-50A-30S(3K) | 5-harness stain weave
5HS-YSH50A-140 140 23.5/23.5 YSH-50A-10S(1K) | 5-harness stain weave
PF(S)-YSH50A-200 200 10/10 YSH-50A-30S(3K) | Plain fabric with mild spreading
SF-YSH70A-75 75 12.5/12.5 YSH-70A-10S(1K) | Plain fabric with spreading
PF(S)-YSH70A-75 75 12.5/12.5 YSH-70A-10S(1K) | Plain fabric with mild spreading
700GPa PF-YSH70A-100 100 16.5/16.5 YSH-70A-10S(1K) | Plain fabric
5HS-YSH70A-140 140 23.5/23.5 YSH-70A-10S(1K) | 5-harness stain weave
5HS-YSH70A-300 300 15/15 YSH-70A-30S(3K) | 5-harness stain weave
800GPa SF-YS80A-75 75 12.5/12.5 YS-80A-10S(1K) | Plain fabric with spreading
500W/(m*K) | SF-YS90A-100 100 10/10 YS-90A-155(1.5K) | Plain fabric with spreading
(900GPa) SF-YS90A-125 125 6.25/6.25 YS-90A-30S(3K) | Plain fabric with spreading
SF(4HS)-YS-90A-200 200 10/10 YS-90A-30S(3K) | 4-harness stain weave with spreading
600W/(m-K) | SF-YS95-100 100 10/10 YS-95A-1558(1.5K) | Plain fabric with spreading
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