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Effects of Carbon Fiber Precursors on the Fabrication
and Wear Properties of Carbon-Carbon Composites

H.S. Ha*, D.G. Kim*, D. Cho® and B.I. Youn"

ABSTRACT

In this paper the effects of carbon fiber precursors on the fabrication process and the wear
properties of carbon-carbon composites which were fabricated by a liquid impregnation method
using the resol-type. phenolic resin as a matrix precursor and pitch-based and PAN-based carbon
fibers as a reinforcement were investigated. It was observed that the surface properties of the
carbon fiber used were influenced on the physical characteristics of carbon-carbon composites
occurred at each fabrication process step. Recarbonization followed by the first carbonization
and two times repeated impregnation/curing process was judged to be more effected on fabricating
carbon/carbon composites using the phenolic resin identical with a matrix precursor as an im-
pregnant. It was also concluded that high temperature treatment process plays a very important
role not only in the densification of the carbon-carbon composites but also in the reduction of
their wear rate.
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2-1. A B

AAA B2AFE A3 Z2] 28 2(PREPREG
¥ =5 Fiberite Co ol A Zﬂ”-‘%‘?&-&—, PAN(Po-
lyacrylonitrile) Al =AARFE AR Tz
(PREPREG 2)+& ewma@ow ATk A
25 R e g@aAd5-(HT-Type,
Type—-11)9} #EHe] slE5# (Resol-type Phe-
nolic Resin) & Al-&-8}o3 Zﬂ—xﬁ}“ﬂr 2Ee] B4
Table 1o velfsdch 4 FAEE EHL
precursorst EU& Jﬂ“é:*r?]% Agsbeda, 1o
B¢ 3%(Solid Content)®] 59.8wt%, 25T

ol 412] =7} 900cps, ¥IEe] 1.072, 1000C7HA] 2]
k44§ (Carbon Yield)©] 60wt % {ith.

2-2. Green body A=

/5 B RS AZ3817] 918 green body
£ EZ#H2(MTP-14 Press, Tetrahedron Co.)E
AR dEAEYHeR Azsech. 38mmEe]E
kg 2] ZH 1S 0CE d g5 sle &9 el
FAAEA & oh, Fig. 1o Yehd A8 cycle®
green bodyE AZ3slgr}. AEEH green body2)
=Z71%¥ 100mm % 100mm % 10mm{t) it}

Table 1. Physical Characteristics of Prepreg Used in This Study.
Carbon Fiber Resin Prepreg
Filament Surface | Density Chop Resin Volatile
Precursor Counts | Treatment | (g/em® | Type [Length(cm)|Solids(wt%) |Content(wt%)
PREPREG 1 | Petroleum | 4 nq NO 1.9 |Phenolic | 3.8 | 38.5~42.5 | 3.5~5.0
pitch-based
P.A.N- .
PREPREG 2 based 6,000 NO 1.80 Phenolic 3.8 35 4.8
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Fig. 1. Cure Cycle of Green Body Used in This

Study. Heating and Cooling Rate were
4°F/min, Respectively. Pressing Rate
was 5 Klb/min.
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AzH green body2] 12 BkEh= box¥9) fur-
naced ARt F71FeA FalEinh. olw, 4]
He) AstE wA[slr] $8led green body AlHE
BAETR 283 "olA] Fo15e] Akl X Hwte)
&S w3l wglelddn. 12 shslgae 10t/
hro] &4 5% A2oli 1000T7R] 58 AR
A7l F 2] Ysle 278 AREskgr.

F3/7A5 A1) ARSkE tube ¥ furnace®
AREste] AaR-917] stellA AAlsklnh, A=kst 3
L AellA 200C7HE 240C/hr, 200C A
600C 7=l 20C/hr, 600CT)4 1000C7H<1= 60
T/hre] 2 £ e3ld g, AQudsis =
ZAE ARgsledch

2-4. I3 2 A3} Y

12} 521 A8 30mm x 40mm x 10mm(t) 2] =
712 Adgl o AL siodch. gRAFARe
60mmHg®] 7kt 3lellA] 9087t FA7e 2718
ARgERd R, AREA] R A= 25T 4 900cps
ek B3R 319 HsE 140TN4 108, 160T
o 4] 30853t air convection oveng AME-sled A}
Sfell A Aspsle 278 AMgsidc). Ast & Als9)
Exe] Eelsle Asd $AE ] AAste] B

BE5HEE T F o A¥e Akt
2-5. 32 4x=] A¥

32 ®BEtAHe] medAEe E9XF2(Ther-
mal Technology Inc. )& AME-8}e] 4T F-917]e) 4
AAlslgel. Z&dAe] FHL 20C/ming £&4
ER 1200C7H] A7) 3087 A% o,
HE 4x7 2%4] 2100C7HA] 15C/ming] 4£e%
22 293 A7 FRE F AdUgsie 270
ARgEtech wE, A 9 zedAe] Alme] 1
E(Bulk Density)s} #®~] 7]5-8(Apparent Po-
rosity) = ASTM C-373¢) &A% $5x)ah4-g A}
B3te] HAsigl)
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Fa/eka SR vlREAS AdvR 7 9sle
pin-on-disk¥ 2] vLEAIE7]E AMgsle] vlEAE-S
stgdch. o9, Pin®} DiskZ A% AaEs =%
FUY wha/via EA) AREE Y AL
4Kg®] A& 7lsle] whag AelA 11 x 10%Kg/
m?2] o] 71 A %S 51913, diskE 400pmoE
34A1A mlmela £=(Sliding Velocity) S 0.29
m/sec® FAAA 2A17H5e kAl gL slolc)

AN AHE 3alkEel. meg ] AFe] &
dF-HedlA ARt en, A9 Zrle disks)
23mm % 23mm x 6mm{t) 93, pine 6mm x 6mm -
x 5mm(t) $iv}. Diske} pine] Z7|eldwie] A
TU3HA 3198 wbEE-g sand paper( #1200) 2
duigl ok eREAIE-S slgic).
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3-1. Green body ®B]x
AR A 't H-E A3 green body(SPECIMEN
Do} PANA k2445 A3 green body(SPE-

CIMEN 2)¢] W& 77 1.54g/cm®9} 1.46g/cm3
R, BRI NFELE 27 4,9% 9} 3.2% o]tk



4 }A% - BETF -

=E3 - 3

TR AR

A 204 AzE T AANAL] BElele

Yol x AXA7}F PANA B} 7] wlqd HeR
A% 4= 9lvh. Green bodyell 2] ¥ 7] 7]5-8-&
2AgE FAYE ZAeE ujFe] E o, PANA
B 452 AH8-3F SPECIMEN 271 344 &445
£ AM8% SPECIMEN 1o ®lsl 71-(Voids) o]t
crack 5°] 28 o 4 919v}. Green body Hd<]
BaHdul AbAE Fig.2¢) vebigdch. 5 Al =
Foll A wlAgt crackEe] FE G2ARS tow diel
A4S F2Y = AUk ol AskE FA9) v
LA Atele] GAAAG AolE Qlsle] AR
ol Ao WZEe AA4H Fo® HaEct
[71.

£

Fig.2. Optical Micrographs of Green Body(x100),
(A : SPECIMEN 1, B:SPECIMEN 2)
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SPECIMEN 13 SPECIMEN 2] 13} =3} ZHx}
AEE B3)45-8(Volume shrinkage) ¥ 1x}k3}
A Wz} 2R 718-8-& Table 29 Hegisich

Table 2. Volume Shrinkage, Bulk Density and Apparent
Porosity of the first Carbonized Specimen.

Volume Bulk Den- Apparent
Shrinkage( %) |sity(g/cm®) | Porosity(%)
SPECIMEN 1 5.5 1.37 28.1
SPECIMEN 2 10.9 1.30 24.9

128 g Al HAE BeE-5-2 PANA d24dF-E
ARg3t SPECIMEN 27} XAl ©2A{E ARX
SPECIMEN 1 Hr} <F 28] Axe] & 5%
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Table 3. Changes in the Volume Shrinkage, Bulk Density
and Apparent Porosity and Weight Loss Oc-
curred by High Temperature Treatment.

Volume | Bulk Apparenq Weight
Shrinka- | Densigy | Porosity| Loss

(%) [(gem®| (%) | (%)

3% Cah - 1.51 | 14.9 -
SPECIMEN 1
HT.T| 24 | 1.52 | 22.0 | 1.4
3¢ Cah - 1.42 | 116 -
SPECIMEN 2
HT.T| 48 | 1.45 | 14.9 | 3.0
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Fig. 3. Apparent Porosity Change According
to the Fabrication Process of Carbon/
Carbon Composites,
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Fig.4. Bulk Density Change According to the
Fabrication Process of Carbon/Carbon
Composites.
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Table 4. Changes in the Volume Shrinkage, Bulk Den-
sity, Apparent Porosity and Weight Loss Oc-
curred by High Temperature Treatment.

Bulk |Apparent] Friction| Wear

Densigy | Porosity | Coeffici-| Rate
(gfem® | (%) lent (kg/m)

3¢ Carb 1.47 | 17.7 - -

SPECIMEN 1 L84 x| 3.1x
HT.T| .52 | 23.0 100 | 1070

g 1.74 X | 36.0 x

3% Carh 1.39 | 14.9 107 | 1070

SPECIMEN 2 143 % | 2.3%
H.T.T | 1.52 | 23.0 10t | 107
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Fig.5. S.E.M. Micrographs of the Surface of Ca-
rbon/Carbon Composites Before Wear Test
(%200). (A : 3% Carbonized SPECIMEN 2,
B : High Temperature Treated SPECIMEN 2)
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Fig.6. S.E.M. Micrographs of the Surface of Ca-
rbon/Carbon Composites After Wear Test
(x10). (A:3% Carbonized SPECIMEN 2,
B: High Temperature Treated SPECIMEN 2,
C: High Temperature Treated SPECIMEN 1)
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Fig.7. S.E.M, Micrographs of the Friction Surface
of Carbon/Carbon Composites (x100),
(A: 3% Carbonized SPECIMEN 2, B: High
Temperature Treated SPECIMEN 2)
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Fig.8. S.E.M, Micrographs of the Friction Surface
of Carbon/Carbon Showing the Friction Film
(x100). (A : SPECIMEN 2, B : SPECIMEN 1)
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