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A Study on the Mechanical Properties of the Carbon/Carbon
Composite Filled with Graphite Powder

Hyeok-Jong Joo* and Yong-Keun Kim*

ABSTRACT

In order to fabricate the Carbon/Carbon composites, first of all green bodies were made
of PAN(Polyacrylonitrile) fiber and phenolic resin containing graphite powder (0-6.6vol%)
and these were heat-treated up to 1000°C at a heating rate of 12°C /hr. And then they were
impregnated and carbonized from one to five times. The shrinkage, density, impact
strength, flexural strength and modulus of Carbon/Carbon composites were examined.
Volume shrinkage of sample(V;: 60%) was increased according to the containing amounts
of graphite powder, but it was almost constant more than 1.9vol%.

The mechanical properties of sample(V:609%) linearly increased according to the
increase of the density. In the case of CFRCI(V:60%), the mechanical properties of the
uncontaining graphite powder samples were decreased because of the servere shrinkage
during the carbonization process and the formation of crack. But the mechanical proper-
ties of the excessively containing graphite powder samples were decreased because of the
interlaminar debonding. Accordingly, the mechanical properties of 1.9vol% containing
graphite powder samples(V:60%) were best.

Bhdr kb E3bA B A 28)l7) 915kl PAN Al sb44dfok Sl 258 & 71(0-6, 6vol%) 3t ==
3% green body & wHE9l.on, o A&
1-5% 34 ¥ RSN F AHE2) 555, U5, $AAE, FIFE, FF B4 E-§ A
AR (Vi1 60%)8) #5788 S350 gafo] Fo1ael] whel Zraslolsl 1 9vol% o] Aol =
Aol dFgsdch

Cox A9, Sd Faue adaEea



24 B2 1989. 12 ZAEUS AU va /e

A9 Z1AA B Oig 47 29

AR (Ve 60%)2) 71AR 282 DEA FAYe] whet H4" ez Frbstgch. CFRCUV,:
60%)2) 7o Felwe] AEA 2e AR (CFRCI-DS 7AH 24E dai) A3t 5502
A7) A o] 29w Woi g on, Hodgde] Bol F7hel 4@ (CFRCI-4, 59 71414 54
e anIgolqe) S70ed wI e el Stk mebd BEAe] 5] HA vehd 1 9vol%e]

(

Fdtde] HobE AR

T

1. A

EgA B F5F o)A 430 AR o2 &
2 z3%telel Eeld - HeE 4AS AFY FH2
2 e Aoli, dAAEEAE AT de F
¢ B4 B dFA e, % BadRE 2
FA 2 J el A S-S gk hE St
& (CFRP: Carbon Fiber Reinforced Plastics)
olgka H-Er},

B iR 22 REjlReolnsgt w
Foll o adA g e oekd e
Ao glck, 958 vl e} §F7) Hofell A 7EFH
L2 27EE 3%, 234 Age o 9=
1950 e8] o] Fofl A AlZE]glom, Ehadd-fo
&34 ool oA SHelA FF STl
HuiH <l &g sk E Aolghs Fdfo] A7)
o] A o8 FaE 3 Qo1

g f-oF Bl B Fele] Aaet vlas] &
o w3, B8 E 5 J1AE Ada diE 24, 2
T Aol st Ayl AExA, Aok sEldE
FHAvkn a4, HebEsd, XA Fapgdoel Fom,
abgAlFIE a, 5ok AE g4l gde] L)
W, 4t £ A -E JH o A2,

b4 /eb A B3 (CFRC: Carbon Fiber Rein-
forced Carbon)s B4 H-2 27350 7] &
o v]ZE, w4 -Eo] 3, HERL 3 Bl F
Aojx 2 %3} (sublimation) 2% ¢ -84 (abla-
tion)oll SH&F A Fdol Fow, upE Y npr E4o]
S3ka, FEPges oinls] g s3],

Z2AEE 43R Al/ALO;Y super alloy =
1,000Co A, SiC+= 1,500CelA HE7L 2=
Hol A A gt Bl Bs H-2olMe FRE 1229
A a2 fA s 548 s A L4, 5], o)
B & B o] CFRC+& 24 =%, AE]] =1y

Vi160%)2 714 E4do] 71 3t3ich

]2} ablation M &, k& 2, kX E Eo] 9= 3
Btokel HdA R, 339t BFE e B
=2 oA, ne Asgr), s3vgrl, e
Ao WAAE st e 2 ER o]gE}

E & 514 g4 (solid carbon)= 43 = (blood,
soft tissue, bone)e} = 3H4] o) —?-#fs}-ﬂi ElAA]
s CFRP = 4 A, o, 24 W 2% 7¢
of AR AL Qo2 6-10], wEkd mol A9
CFRC ¢} $-29-& aejs] Bo o ds) ygle A
chE-ghAf o] o},

ghao /Rb B3 Azl wHER]0) dlEy s
precursor & AM8-E 7§-9, ERELAP o] 4] E o]
dojuiA] gk, olzigt Ao g s shad-got
LS4 o] Bhi/ghb HgAlo] B4o) Aty 2
Beg s gel e £58 Folv) fake] 9
22 o) Y HAFUE FoSY FEo] o}
A gk oljel, 3o Yye o AR gAY 5
QoA CFRC 2] E4 Asks A8 5 & A=
&2 ol 4g o

Kimura 5-& £%9] F<-#4& H7+e CFRC
o] - gFo] Fistn BFAEE 40 FARC
3 ogEgo11, 12],

2 o F-oll A &= EFELA 2] matrix precursor 91 #)
EEe d9F-E £017] Astd ST Hob
Bhe Lol whE gl /A B &I} 7] AH
244 FotumA ok, ‘

2.4 ¥
2-1. A¥A=E
g /Rha S3PA Aol A" B Y2
3

Toray 4}e) PAN Al 7= A-folod, 4ol
43¢ Table 1 viebd wpe} 2k,



30 8% -

BRI

Matrix 3+ U Z334 (&) a4
novolac® sj&<%=x]o)nd, ole] 7)x 24-2 Table
20 vtebd wbe} Zoh,

FAAZ 438 Ad 42T Q22 Nipp-
on graphite 419 A &2 8 E4-2 Table 3¢} v}t
W whe} ok

PAN based Phenolic resin and

Carbon fiber graphite

1 l

[ Preparation of prepreg ]

I

] Green fabrication [

l

Table 1. Properties of carbon fiber T
[ 1st Carbonization up to 1000°C ]
Fiber Filament - Density
tyoe o T.3 ™o uE |
Impregnation with phenolic
T 300 6,000 3,530 230 1.5 1.76 resin solution
* T.S : Tensile strength (MN/m?) ‘ 5
* T.M: Tensile modulus (GN/m?) l Times
* U.E: Ultimate elongation (%) [ Curing and recarbonization
Table 2. Properties of phenolic resin l
Phenolic Melting Curing tem-~ Fixed [ Carbon/Carbon-composites
resin type point (°C) perature (°C) carbon (%)
Fig. 1 Flow chart for the preparation of
Novolac 76-86 120-160 59:2 carbon/carbon composites.
Table 3. Properties of natural graphite powder Table 4. Recipe of prepreg (unit: vol%)
P.S s.P Density Cc.Y v.C Q.l Carbon Phenolic Graphite
(um) (°C) (g/em?) (%) (%) (%) fiber resin powder
1 60 40.0 0(0)
5 3,980 2.26 97.46 0.63 1.90 2 50 35.0 1(5)
* P.S : Particle size CFRC 1 3 60 38.1 1.9(10)
* S.P : Sublimation point 4 60 36.3 3.7(20)
* C.Y: Carbon yield 5 60 34.7 5.3(30)
* V.C: Volatile component
* Q. : Quinoline inscluble 1 50 50.0 0(0)
2 50 48,7 1.3(5)
CFRC 2| 3 50 47.6 2.4(10)
4 50 45.4 4.6(20)
5 50 43.4 6.6{30)
2-2. Agypy
1 70 30.0 0(0)
2 70 29.2 0.8(5)
. _ CFRC 3 3 70 28.5 1.5(10)
Bhat /B & =
/S SR o) A2 3L Fig 19 =48 a1 o 200
9} 5 70 26.0 4.0(30)
() : Graphite powder weight ratio of phenolic
resin
2-2-1. B34 H A3 B3 e AT
Prepreg A=A bgwh £A8Ae oA@E 51 o) A=A Y=S Buslel resin bath & Fa

25 60 408 A IBIE BaAI 7] So] Fol

¥ ‘Q-— 3 7tste] wbEgich, ol prepreg e 242
Table 4ol vlebyc)

Prepreg = ¥ A% Aol #1735t prepreg A=

219 resin bathe] 5= 8-g t3, Sy

o

wetting o] ZEl 5, A-H 4folo) R
o] |58 mandrel 7 guider &) €55 z
Azskgich, o] prepreg & 24413t < A
sl ehgo] 2kH 5] F) 4% 150mm X 40mm
7| 2 A ehsled WRE el 2 P54 Bgs}

t

B oo
4
£ o

X
X

1
FU



24, 55288, 1989. 12

FdEde A7 vk /wa

EA L AAH S o A7

31

%ok,

CFRP &= Ydu4sre g gt 649 prepreg &
mold el @i Fig, 2] viebd A 22 &5 ¢
g profile & H & 49 3ke] ghEol# ok

F2e Hx 7} *ﬁ-‘-’—aﬁ PAlel b g shebd
prepreg Afol el sk B2 7F wkd em A o
e g Bﬂ‘é H AFot FoA g dAgeg 15
kgi/cm®e] 48 & 7HE ol 255 A3 g o
ERL X9 AErF #HAHQA 80C H-Zellx 50
kgs/cm®e] 44-g spgch

HEerx] 9] 7 Zubgo]l A& E 120Tel4 14
2y, 2Ela A Ekgo] Bk 160°ColA 247 &

(=

T HE ABAR

2-2-2, i /eka BgAe) A=TA
Bl /b 4= HE 438 CFRP 9
HE5A 7t ks o] ghEol x|, AW o]

ok Fr)8be] HEo 2 odg CFRC &)
U= 3t7] #8ted ghakE -8 AFo B Flo]
AATL &, JEE H4z AN A
& 100cc/min o] {22 flA|51H A 127C/
hr e} sld<5 2 1, 000C7HA EkskAZ o),

A& W e AH-E da 107 %torr ol 4 34]
7k FG #AE F HlerHE et A48y

ufj B

e
Absh

o] &l & AR E
kge/cm?2] ¢fH o 3*]
AlF ok, FHel B AH
kgi/cm?e °Jéi£i ZH
18°C/hr 2] 7t1EE5E 8

2 34 AR 20
2 FT FHrsk] THE
£ autoclavee] g3 20
7ZEA e, Aeds
YA} 819 o,

2-3. CFRC ¢} B35}

Bha /et Bdbaje] $4 7% E = ASTM-25601
A5k 22E WA Y= A # o] pendrum-type
wEA A o] o #] &) Al 2] Z3
A 24E A 4ESL o),

ghi/RrA B3 e BF AR B 24 ES
ASTM-7900] &) 8le] three point bending ¥ 2
2 Agstg 29, o]w]e crosshead speed =
2mm/min o} glt}h, A#Me) Fr e} 2=
e 1! 3224 3319k
CFRC 2] etching -2 polyester & mounting §+

hammer &

2t} A= (su-

pport span)2}2]

2] -& sand paper % 20.3, 0.054m 2]' alumina
powder & polishing 8le] Z-gu} AR A2 AH %5
% orthophosphoric acid 50ml 2 K,Cr,0, 10g ¢}
EFg-gN g 150CAAH 3043 4 A 8k o),

CRFC 2] SEM(Scanning Electron Microsco-
py) AFA-2 ol A8 A& gold coating sl QB
o}7}A] A} DS-1302. % &g 3}9) o},

2001

-1 60

50

7

i /////////////{_ i

150

Temperature (°C)

g

Pressure (kgf/cm?¥)

!
160

Time (min)

Fig. 2 Temperature and pressure profile of
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Fig. 3 Volume shrinkage of CFRC (Vf: B0%) according to the addition of graphite powder.
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Fig. 7 Bulk density vs flexural modulus of carbon/carbon composites (Vf: 60%).
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Fig. 8 Impact strength of CFRC (Vf: 60%) according to the impregnation and cabonization
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14 SEM photographs of CFRC after 1st carbonization.

(a) CFRC unfilled graphite powder (CFRC1-1)
(b) CFRC filled 1.9 vol% graphite powder (CFRC1-3)
{c) CFRC filled 5.3 vol% graphite powder (CFRC1-5)
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