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Abstract . Carbon/carbon composites were fabricated using stabilized PAN fiber which is an interme-
diate material of PAN-based carbon fiber. According to the results on physical properties occurred
during fabrication process, the volume shrinkage and weight loss of OXI-PAN C/C composites were
significantly profound up to 450T and these changes were larger than those of C/C composites made
by PAN-based carbon fiber. The density of composites decreased with increasing temperature up to
450C and then increased with increasing carbonization temperature above 450C. The density of fina-
lly carbonized composites was higher than that of green body. The open porosity was maximum at
4507T and pore size conversion occurred from large to small pores. The diameter of OXI-PAN fiber
changed from 11.5 um to 8.0 ym at 1300C. The dw: and Lc values of composites which were measu-
red by XRD were 35A and 11.24, respectively. Differently from carbon/carbon composites made of
carbon fiber, OXI-PAN carbon/carbon composites showed that both of the matrix and the fiber shrank

simultaneously so called co-carbonization, and interface bonding was dense.
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Table 1. Properties and Chemical Composition of
OXI-PAN Fiber

Characteristics OXI-PAN fiber

Density(g/cm®) 1.35~1.44
Diameter{um) 11.0~13.0
Elongation( % ) 10~16
Tensile strength(MPa) 200~400
Tensile modulus(GPa) 90~ 100
Chemical Composition( %) C(64), H(4),

N(20), 0(12)

Polymer (Korea) Vol. 17, No. 1, January 1993



Oxidized PAN Fiber/Phenol 8§ <] €3} a3

Table 2. Properties of Phenolic Resin Used in This
Study

Characteristics Phenolic resin

Non-volatile content 59.8%
Viscosity 180 cps
Density 1.072(g/cm?*)
Methanol tolerance 800%
Gelation time(150C) 60 sec
Free phenol 6.0%

tes, Inc.)& AM83ted aJatduh. A48 AEd=A
o8E 2858 2C/min, o] 110CoA 308
FAAZ - 160Tol 4] 2A12F FAAA 7818 ch
olwe] gt e 107I¢te 2 110C A7 BYe A
oA 7IRFs Ak th

etst3 A

A Z= green body¢] €3l Tube furnaceE A}
£8te] 12C/ hre] S24x9 24 £9)7] dhojlA
FEskglc), ©@3lA] FF 55 2z 300T, 450C,
600T, 800T, 1000T 2 1300TE W3IAAH 719 5
Pt o T3 £ ztzte] 2ol Lol B
o] BEAE ot AT 71715 AMESt £4, 37}
3ot

¥ 4
H3}A S A z3}7] A Thermogravimetric analy-

sis(Dupont 2100)E %3)4 OXI-PAN df¢ 2%
Hslol| & FFPALE BASH T Green body St
2t oA Aol &g} A|Hel thate] W, 55
8 &43%or 7¥E 2 VI3AVIRERE
mercury porosimeter(Poresizer 9310, Micromeri-
tics Instrument Corporation) 2 24 = %ltl. Green
bodys} ©alEeo] oAtz d4E F&AR (NI
konh 3} ZAlaie) Z(SEM, Q¥ JEOLAL, JXA-
840A) 2 X-ray3]"(XRD, JEOLA}, JDX-8030)-&
o] &3t {HI Tt

E2| A17d A1E 19939 1€

A% 9 22

OXI-PAN A+ =3

Fig, 1& OXI-PAN {2 dahHS S, E. M.
oz #FF Ao}, o] AR AL H 11.0
pum=z S35 o FAd = core’}t EA3tn T
Zo= i lym FA £ sheath +3%, 281 U
2 BEE e 728 Yepn sloh OXI-
PAN 4#+ PAN 4 %% ﬂ'i}"é 9171 8ke] 200~
300C Atolofl Al HAdte] AZEH ojmf Aozl
AR AAL @A AFol vEhe 1.6~1.989 F=
Atk o]#fd 5A4& 7= OXI-PAN H i+ e3le
=7t FolAa AR HUgor ATz &7
#(basal plane)©] H?-EE] 5 37 98t Q1S
bl E AR A2 7l 6~8 umel| o]2 4] ¥
I u Nz ¥, Zx, ZA4E 9 2xrt 37t
st ok, €3} 2% o) 2 OXI-PAN 44 279
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Fig. 2. TGA curves ; a) Green body b) Phenolic resin

c¢) OXI-PAN fiber.
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Fig. 3. Optical micrograph of OXI-PAN green hody.
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Fig. 4. Comparison of weight losses of OXI-PAN-ba-
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Fig. 5. Change in open porosity during carbonization
of OXI-PAN composites.
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Fig. 6. Pore size distribution of OXI-PAN composites with various carbonization temperatures : a) Green
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Table 3. Average Pore Diameter of Carbonized OXI-
PAN Composites

Temp.TC 300 450 600 800 1300
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Fig. 7. Volume shrinkages of OXI-PAN composites

during carbonization.
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Fig. 8. Change in the bulk density during carboniza-
tion of OXI-PAN composites.
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Fig. 9. Optical micrograph of carbonized composites
hybridized with (a) OXI-PAN fiber (b) carbon fiber
(carbonized temp ; 900C).
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Fig. 10. Fracture surface of OXI-PAN C/C composites
carbonized at 450T.

Fig. 11. Fracture surface of OXI-PAN C/C composites
carbonized at 1300C.
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Table 4. X-ray Diffraction Data of OXI-PAN Composi-
tes Observed at Different Carbonization Temperatu-
res

Carbonization temp.

300TC 800C 1300C

Characteristics
Interlayer spacing(A) (dwy) 352 358 349
Half-with(20) 84 8.2 6.8
Peak max.(20) 25.28° 24.84° 2552°
Dimension Lc(A) 970 993 1120
7 £
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