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Fabrication and Characteristics of CFRC(Carbon Fiber Reinforced Carbon Composites)
Fabricated with Carbon Fiber and Coal Tar Pitch Matrix

H.J. Joo, D.M. Choi, 1.S. Oh
Dept. of Polymer Science & Engineering, Chungnam National University.
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Abstract In this research, we attempt to fabricate an excellent CFRC(Carbon Fiber Reinforced Carbon), which
has good thermal and mechanical properties, with 8H/satin woven fabric prepreg, high modulus and high
strength type continuous carbon fiber and raw coal tar pitch(RCTP) matrix or THF soluble fraction(THFSP)
matrix which has good graphitizability. Green bodies were fabricated with hot press molding technique and
CFRC samples were made after carbonization, impregnation, recarbonization and graphitization steps. For the
purpose of characterization of the physical properties, SEM, polarized light microscope, TGA were observed, and
tested flexural strength, modulus and ILSS. After heat treating the THFSP matrix up to 2300°C, the value of C,
/2 was 3.380 A, which is analogous to the structure of natural graphite and the value of 26 is 26.27° approached
to the Bragg’s angle of natural graphite. As a result of TGA to test the high temperature air oxidation, the
THFSP matrix, graphitized up to 2300°C, exhibited the best air oxidation resistance. And mechanical properties
were increased up to 65~70% as fiber volume fraction increased. Because of the good orientation

graphitizability, the fracture surface of THFSP matrix CFRC is very good.
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Table 1. Properties of various carbon fibers used for the fabrication of CFRC

Fiber \ Fllament TD1am;<; ]::T;V N T ?I\ZZT :f T)HY;M*%\T DensHy

_tpes | omoo | Gm) | (MPa) | (GPa) | (%) @@9@“1}@ (g/em?)
_ T-300 ufoﬁ‘?,; T ,,35)394L7 20 | 15 | 396 | 176
CHM-50 | 2000 [ 65 | a4 | 480 | 059 | a0 | 24

T.S : Tensile Strength T.M : Tensile Modulus U.E : Ultimate Elongation

1—2. 22329 1(Prepreg) 3 GRS A HHAA Azt
ou}k3k(UD) % 2D woven fabric 2] ) 2D woven fabric-& 8H/Sating] Az 3 ehg =+
= 95 FAE THFe} 50:509 Fekn|= W O FAR (RN DEE AL Apestgde
¢l RCTP &3 THF rjgARalg 22 v 7]E EA).e Table 29} 7t}
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Table 2. Characteristics of 2D-woven fabric prepregs used for the fabrication of CFRC

"~ Fibe ﬁﬁfa;e?e;ﬁr Filament | Woven V‘ ~ Matrix | Matrix
type (ym) \ no. L type | Precursor coments(wt %)
H¥T\ZT3MO7W\L 685 7172})657“ 8H/Satm LRaw or THFS pltch C 45
1—3. A& A (matrix) glol o, THFSPi RCTPZ &l Zd3}Ao)
Aer#d CFRCE A Fsk7] stod A& ¥& THF 71847 9& THFEW 2 FE3
RCTP= A-3tsh(F)9] AMutA AAE A4 He g B Table 33+ e}

Table 3. Characteristics of raw coal tar and THF soluble pitch used for the fabrication of CFRC as

a matrix and impregnant

~ Pitch | HI [ Q@ [ BI I 1; " | 'SP [Fixed carbon

__types ﬂ@bwt-%ﬂ ) LT o) ey
'RCT pitch ¥¥51§8¥¥+¥\§.74¥6¥¥4¥¥2¥7.§77 7# 180 j ~ 115 | 3881
CTHFS pitch | 6233 771@@77L771§.4717 e g5 T 2684

H.I : n-Hexane insoluble Q.I : Quinoline msoluble Benzene msoluble SP: Softemng pomt

AlS al Als{gid
HT or HM type continuous CF Raw coal tar or THFS pitch 2. é a-l -~ é d < Q
or 8H/Satin woven fabric CF solutjon CFRCQ] X“;’LL.%" 7‘3 U,—l }ésé °“ EH—S}‘ 0:1 Flg 1
— o Mo &8kt
Winding of prepreg & 2 —1. 7:!2“03 A] 33 (HOt press moldmg)

green fabrication

T MebAl A= S el 2] o Ee
FA o] Lrore HE7) Eo 7

Ist Carbonization

up to 1000°C M58 Z728 AE 22 green body A3 A)
] AT FolE doF Beh wy AAE o
Liquid impregnation with 300C A FHE HEAEAES SEsiwy
TS T e 93FUC] A2 as0THAE 3549
T vz el a7k @AYl 480C7HA 2 AT
Carbonization up to 1000°C st Fasvh s7)Hel AR ' g
slofsiz Wi mEAeke 7AWk el
Interediate graphitization Recarbonization pR zelzaad ASY o Aiesz <
up to 2300°C up to 1000°C 5} o:} H 635 t# o T Tr;%';—}g]l; ﬁi{}xﬂ = y_}\L
1 s 57 getol Zelmela Abele] of#e

| [ oo ) 30AS S g, o5 CrrCa
~ Q4 es 24T Sdoz YuTe ofuy
Final graphitization w( e H kel wlel Euigk AL 7
up to 2300°C 2] Ast(stop block) & Fol &8 % A7 A

I W5 o Fehbed g asck
Test of mechanical properties Fig. 23= MelA A5 ZAIJQR2 2} L5}
green body % A &3 2x ¢} 9+ profileo]r}.
Fig. 1. Flow chart for the preparation of CFRC Az oA 480C H Folx A &H
with coal tar pitch matrix and tests of their me- L u37] 9sto] 1208 o & Skg/em’e 7}

chanical properties. e a] oo Az WA AYE Wto T



e}

3I00

Fig. 2. Temperature profile of hot press laminating

molding process and coal tar pitch matrix.
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Fig. 3. Apparent viscosity of matrix pitches as a
function of heat treatment temperature.
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Fig. 4. Polarized light micrographs of RCTP ma-
trix for various heat treatment conditions[ (a)400
C, (b)440°C, (¢)500C ]
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Fig. 6. X-ray diffraction patterns of the THFSP
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Table 4. X-ray data of matrix precursors ac-
cording to the heat treatment temperature

“Matrix J‘ ‘T*HFSEEH‘ I “RCTpitch

CHIT(C) Cy/2(A), LA) [Co/2(A)] L(A)
500 | 3560 | 103 | 3564 | 9.91
800 3.481 } 151 | 3501 | 137
1000 | 3447 | 221 | 3452 1 20.1
1500 3.432 ) 50.1 | 3.443 | 380
1800 3418 | 116 | 3424 | 105
2000 | 3400 | 148 | 3413 \ 139
2300 L3.38O ( 176 | 3390 | 167
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Fig. 9. Flexural strength of the coal tar pitch ma
trix CFRC according to the fiber volume fraction
after intermediate graphitization and 4th carboni-

zation.
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Fig. 11. Interlaminar shear strength of the coal tar
pitch matrix CFRC according to the fiber volume
fraction after intermacdiate graphitization and 4th

carbonization.
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Fig. 12. Flexural strength of the CFRC according
to the densification conditions. A ¢ 1st car., B : 3rd
Car., C : Gra./4th Car., D : 4th Car./Gra.

Aol el rst w202 qlaloy ApAE 7|F e
odgF o g FT7ly = 370MPa=
Zluk &3 % Aekgl pEE w



FHE - HEZ . 24 HuA AAE

<]

EEIB',
3

o,

g}

\q(
o

slo] 22k §AF 37 whspgh CFRC
7}Ei= 590MPa® A F74E 34
S7F FAdst AAE AFAA Fa 4z
#HEHo2 F3 A& § CFRC
FE}5 = 680MPa® 3z wstF F7
TAsts g vhg FHEHoE 43} w3
CFRCe] 730MPael #H]sle] 10% Hx ot
t}. THFSP #Hitalel] 744 = Ad-f(hgh
modulus)g 274§ CFRCY vh3trx] 2 574
s AL ANFE HFHoE 43 ws}
£ & CFRC7} 700MPa® 713913 33 &
A7) ¢re CFRCe 630MPaitt ZH73%
7F Ekeh

Fig. 133} Fig. 14 Fig 129} & 14
3l 2Ao2 Az CFRCY FiutXdE
G g A1 Atojrt

{
=
i

1o
i

o

'_‘O_r‘“A
m—lﬂ'ﬁ'ol)x

o)

K
F

)-

o)lr

[ e pm ey L -
D HM - THESP VO UD )T TUFST
@ UD M RCTP g 2pHT-THFSP }

140} o . '
3 [ L3 : i
B i
g i
- : i
s
g 00 L ] .
E |
T i
z o
z
& ) . " L] ,
e !
! []
i \ {
| I . . :
A 8 [+ D
Beneification conditions

Fig. 13. Flexural modulus of the CFRC according
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(a)

(b)

Flg 15. SEM micrographs of the UD CFRC fabricated with PAN based HT type carbon fiber and THFSP
matrix after flexural test(a) after carbonization up to 1000°C, (b) after graphitization up to 2300°C .

(a)
Fig. 16. SEM micrographs of the UD CFRC fabricated with pitch based HM type carbon fiber and THFSP
matrix after flexural test(a) after graphitization up to 2300°C, (b) magmfied photo.(a).].
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