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Carbonization Process of Carbon Fiber,” Phenolic Resin Composites
II. Morphological Study of Different Carbon Fiber Type and Shape

# %

Chul Rim Choe™, Jyongsik Jang”™ and Byung 1I Yoon

ABSTRACT

Carbonization and densification processes of carbon fiber,” phenolic resin system have
seen performed by resin impregnation method. Mechanical performance of carbonized
specimen was dependent on the type and shape of carbon fiber and curing method
for reimpregnated phenolic resin. During the carbonization process, morphological as-
pect of these parameters has been studied in terms of carbon fiber,” phenol resin inter-
face and fractured surface of carbonized specimen.

In the case of resin impregnation process, interfacial adhesion of carbon fiber, phenol
resin system has been improved as increasing the number of carbonization process.
Compared to the chopped fabric, the densification of carbonized specimen with plain
fabric system has been carried out more effectively and better interfacial bonding bet-
ween carbon fiber and carbonized phenolic resin was observed. In addition. morphologi-
cal phenomena of different types of carbon fibers have been studied for the mechanical
promotion of carbon, carbon composite. .
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Fig. 1 SEM micrograph of untreated and
treated carbon fiber.
a) Untreated carbon fiber
b) Treated carbon fiber
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Fig. 2 Typical curing cycle of carbon fiber/
phenolic resin green body.
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a) Untreated

b) 300°C

d) 700°C

f) 1100°C

Fig. 3 SEM micrograph of

first carbonized specimen (WCA Chopped fabric).
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Fig. 4 SEM micrograph of WCA chopped fabric {x 1000).
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3k, 258, 1990. 12 R B!

SgAe daFAel B¢ A7 17

13} =t3bg2] =lb-S chopped fabrich FAHEE
Fe & RaFm e, ot uIHFAHE F
w24 el Al PEHEe] ZA A2
7] 7118 (Fig. 5b). 3%, 53 ©@3lyAge]
ggo] wel shdw-e oS 2hUE S B
3 9.2, chopped fabric®} #]lwsle] w34
A7} A% e 4§ Uk (Fig. 5e, . 53

"

N
<

RSTAF N o AT PP 8]
2 flem, ol AEEAL AL F9) 7
Fol g V¥t AFHoE FAALEE o)

o}, olel e AR wEMA Y 7)AH E“"ﬂ
ale] chopped fabricell Bl#] plain fabric® E"é o]
o &2 A A& 95t gt g fo] TRl

£ g3l dejst 2a-& 9149 PANA G—30
fabricg ©]4-3}ed green bodyZ® Alsksich.

Fig. 6 celaneseA} G—30 chopped fabric®] &
HFAG e A4S A EeA] 7E3A e
ga-& el 9o, Fig. 6at PANA G—30
chopped fabric/ &5 4 green body®] shH-&
HoJF3 glet. RayonA WCA A-fol wis) =t
o] tj& 2 gAE HolFL glen, ol
PANA skd5-9] &7¢] rayon ol vlsl] Hon,
Afgedwel el rayonde eFdedd ubs)
PANA Afre 4¥E o1 F3 V) b2 Al
=

df-2] =2} A7 green body A £ compa-

a) Green body

c) third carbonization

- o6

b) first carbonization

d) fifth carbonization

Fig. 8 SEM

jcrograph of G-30 chopped fabric (x 1000).



18

B

B
=

94 - #4d

RS e HBEEE

ctionol] FE-E A He, o] A% HE A o

Am gaare)e] zpole A "ok, 13 wHakEo)
shdae W ’éw"r/%i}% S M AR A3
Apel 7} Vil sher

718+ =H(Fig. Gb) 154
WE 95 2247} 3R et 2A A8
134& & 4 slch

Fig. 6ck 33} €834 59 sggdS Yo,
Fig. 6de 5% w3l e] subd g ¥o) F3 gt
3z} EHE-T AL gghw o] 7)) 2o W2 A%
AEFA o5 Falsden, os 22 dA
52} ¥t3}4E ol & 413ts] o] shebw e o-FA A

27 AadAEE 5 dh olAY Awy

1]

o

i

rle
ook ok
Node oo

=

Aol e} wEA i €933 HE
char®e] 7t €29k EEARe
FEE AA FAAAFIA Eo. ole 2
plain fabricol X $-o]3HA #AE o gich.

Fig. 72 G—30 plain fabricg °]-4% green
body2} 3R Fol] whE SEM Apzlelth, Green
body2] 7% plain fabric choppedd E.t} 8¢
23 P § BdFe, dgyds Fd3A ol F
1A sle% #AL ¢ U (Fig. 7a). F2HFH
Z4-& green body A ZEA] compaction® £°]%&
ZA #5344 =d, ol Al e X
o] & ofr)8}A ®r}. Fig. 7bi 13 ©H3H5-2] plain
fabrice] s}k =-8 vehdi =, chopped fabricell B}l

]

7

g,

o
)
o & o

a) Green body

c) third carbonization

b) first carbonization

d) fifth carbonization

Fig.-7 SEM micrograph of G-30 plain fabric (x 1000).



3

a3, Ha

%, 1990. 12 il f A EeA] EER

1o} wbshEAlel A 19

B f/HmeA e Ad A o
slch, whE-FA4r) 33, 53R Al ot
A o) £A) sk whshE HlESA] chard] o
Zo¥elA =HH, ol shkAabel ﬁ%d?ﬂ o] F-o]
Az gskA R Al A P4 R
T4 320 Zag oprsA A (Fig. 7c, D).
Fig. 8& AEFAE ol&3te] watAE AT
g &, 907]9te2 st A3eled whsAlA v
A2} shebdg veldch, G—30 plain fabricg ©l
S3te] 22471A] Ak AskE B AE *'33
stgi e, 32 Ayl sHgt 733’1}
=3hgdch. ole 24 ©ERFAAE ﬂ
A7) whgA Zeos Ue s dae
Ul gkgked, 33 A AsARE B

ko] ok 3 ¥

ﬁ 2Ll

_Jus.x,
_,Ld
 odr >

& el
AeaAs} e ZHez xEseiAE Aol
DA dEoleh. o9 e WAL WA
o] salge] wel Wbl el oA el
Fad) 92, o2 Aste] AE5AE AL
= AFAAAAL Jeie olE ANG HHem

7Ht AsE I 8}‘;%1:}
7EkA) 7t Akl s =)
zﬂ%?\‘? bmm 7) Ao whet

)

ki

%iﬁ}&i%-% & 5 9k 7}%}' 73}3321% 3 HE
T < wsA e JAA B4 2A F
Ao g A4-e Part
Z’J} @4[33]

_.9._, L
r_?‘;
(2]
3
5;;
s
1“4'
i

Fig. 8 SEM micrograph of G-30 plain fabric
(pressurized resin curing, x1000).
a) third carbonization
b) fifth carbonization

el e 3-8 stoich wEEASE sAi 452
22 9 zzx, o1z dEeA e Ay =
s o) AW gadel R ZRES TR 4L
F7 H=l, SEM #4& B9 st 2 AE2E
Ao

k)
1
i

27} gk ule} Bl o] 3ol
2 X Fo] R gl

3. Chopped fabricell ¥1%] plain fabrice] E 53 <l
ZUE7} o] FoiFch

w2 gl o
i
.
rm 0&1‘
o,
4
o
o

4

R
A

it

Jl



%0 HAg

- & BEE AR

4. Rayon?) BhaAdfroll vls} PAN A7} &g

1. S. Awasthi and J.L. Wood, Ceram. Eng.
Sci. Proc., 9, pp.553(1988).

2. L.L. Stimson and R. Fisher, “Design and
Engineering of Carbon Brakers,” Phil, Trans. R.
Soc. Lond., A. 294, 583(1980).

3. J.P. Ruppe, “Today and the Future in Airc-
raft Wheel and Brake Development, " Canadian Ae-
ronatics and Space Journal, 27, 209(1981).

4. L.. Newman, “Friction Elements for Airc-
rait,” a Chapter in Friction Materials-Recent Adva-
nces, Noyes Data Corporation(1978).

5. E. Fitzer, A. Gkogkidis and Morgenthaler,
International Carbon Conference, Baden-Baden,
FRG(1986).

6. Lamicq Sep and P.]. Sept., Internation Car-
bon Conference, Bordeaux, France(1984).

7. C. Burri and R. Neugebauer, Replacement
of Legaments by Carbon Fibers, Springer(1985).

8. L. Claes, E. Fitzer, W. Huttner and L. Ki-
nzi, Carbon 18, 383(1980).

9. W. Huttner, A. Cloos, G. Keuscher and R.
Weib, Microfractographic Investigations of Carbon
Fiber Reinforced Composites, Carbon Conference,
Bordeaux, France(1984).

10. G. Hastings, “Carbon Fibers and Their Co-
mposites, " in E. Fitzer Ed., (1985).

11. W. Huttner, Ph. D. Thesis, Univ. of Karls-
ruhe(1980).

12. E. Fitzer, B. Terwiesch, Carbon 10, 383
(1972).

13. G. Bathia, E. Fitzer, and D. Kompalik,
International Carbon Conference, Bordeaux, Fra-

nce(1984).
14. W.V. Kottensky, Chemistry and Physics of

Carbon, 9, 173(1973).

15. M.A. Kanter, “Diffusion of Carbon Atoms
in Natural Graphite Crystals,” Phys. Rev., 107,
655(1957).

16. W.V. Kotlensky, “Deposition of Pyrolytic
Carbon in Porous Solids in Chemistry and Physics
of Carbon,” Vol. 9, P.L. Walker, Jr. and P.A.
Thrower Ed., Marcel Dekker, pp.173(1973).

17. W.L. Lachman, J.A. Crawford and L.E.
McAllister, “Multidirectionally Reinforced Carbon-
Carbon Composites,” in B. Norton, R. Signorelli,
K. Street and L. Phillips Ed., Proc. of Internat.
Conf. on Composite Materials(Metallurgical So-
ciety of AIME, New York), (1978).

18. V. Markovic and S. Marinkovic, Carbon,
18, pp-329(1980).

19. J.L. Perry and D.F. Adams, J. of Mater.
Sci., 9, 1764(1974).

20. E. Fitzer, K.H. Geigl, and W. Huttner,
Carbon, 18, pp-265(1980).

21. L.E. Jones, P.A. Thrower,and P.L. Wal-
ker, Carbon, 24, pp.51(1986).

22. R. Lum, C.W. Wilins, M. Robbins, A.M.
Lyons, and R.P. Jones, Carbon, 21, 111(1983).

23. L.M. Manocha and O.P. Bahl, Carbon,
26, 13(1988).

24. M.A. Forrest and H. Marsh, J. of Mater.
Sci., 18, 991(1983).

25. R.W. Siebold, “Carbonization of Phenolic
Resins,” SAMPE National Symposium, Vol. 20,
pp. 327, San Diego, California(1975).

26. E. Yasuda, Y. Tanabe, and L. M. Moncha,
Carbon, 26, 225(1988).

27. C.R. Schmitt and J. M. Schreyer. “Carbon
Composites Structures,” U.S. Patent 3, 632, 385
(1972).

28. H.A. Mackay, “Characterization of Carbon
Fabric and Filaments,” U.S. A.E. C., SC-RR-68-
651, pp.30(1969).

.29. D.A. Zitman, L.B. Greszcznk, and J. Jort-
ner, Fiber Matrix Interactions in Symposium, 19,
pp- 346(1974).



#3E, 295 199%0. 12 B8 HAeea] B

21

30. R.E. Sheldahl and G.F. Wrigth(Sandia),
“Effect of Fabric Orientation on the Ablation Perfo-
rmance of Carbon Phenolic,” Report Conference
760513-4(1975).

31. Forcht(LTV Aerospace Corp.), “AHP Cyli-
nder Fabrication-LTV Carbon-carbon Composites, ”

Technical Report AFML-TR-70-225(1971).

32. C.R. Choe, J. jang and B. Yoon, J. Korean
Society for Composite Materials(submitted).

33. C.R. Choe, J. Jang and B. Yoon, J. Korean
Society for Composite Materials(submitted) .




