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Impfovement of Oxidative Resistance for C/C Composite Coated
with Silica by Sol-Gel Process

H.J. Joo*, Y.K. Kim™} D.M. Choi*and J.I. Kim*

ABSTRACT

To improve the oxidative resistance of the carbon/carbon composites, tetra-ethyl-ortho-silicate
or tetra-methyl-ortho-silicate sol was coated on the surface of 2D-carbon/carbon composites and
the effects of that were studied.

The optimum condition of catalysts for alkoxide is 0.05 mole ratio and that of mole ratio
of HyO/alkoxide is 30.

Through the dynamic TGA analysis with the heating rate of 20C/min, oxidative initiation
temperature was enhanced about 80C. The oxidative effects of alkoxide sol according to the
times of coating were good. Also 20% weight loss time by TGA analysis, coated samples were
40% better than that of uncoated samples in the oxidative resistance effect. '

The activation energy(E) of uncoated samples at 5% conversion is 36.1 Kcal/mol, silica
uncoated specimen is 40.4 Kcal/mol.
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Table 1. Characteristics of 2D-woven fabric prepreg
used for carbon/carbon composite

w74 % e wineed 1 | oo | o] T [ Ut | Ron
s z20]3 9l
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Table 3. Characteristics of various chemicals
Compound Chemical formula M, d m.p b.p Purity(%)
TMOS Si(OCH3), 152.22 | 1.032 ~4 122 99
TEOS Si(OC,Hs) 208.33 0.934 - 168 98
Ethylalcohol C,H:0H 46.07 0.790 —114.5 78 99.8
Hydrochloric acid HCl 35.46 1.170 - 110 35
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Table 4. Mole ratio of various chemicals to prepate
silicon alkoxide sol

TMOS | TEOS | Ethanol| H,0 | HCI
TM10 1 - 4 10 | 0.05
TM30 1 - 4 30 | 0.05
TM50 1 - 4 50 | 0.05
TE10 - 1 4 10 | 0.05
TE30 - 1 4 30 | 0.05
TE50 - 1 4 5 | 0.05
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Fig. 1. TGA thermogram of C/C composites coated
with TMOS according to the H,0/TMOS
mole ratio under isothermal condition at
700T for 60 min.
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Fig.2. TGA thermogram of C/C composites coated
with TEOS according to the H,0/TEOS
mole ratio under isothermal condition at
700C for 60 min.

(a)

(b)

- SEM photographs of 2D C/C composite
coated with SiO, according to the H0/
TEOS mole ratio [(a) : 10, (b) : 30]

Photo.
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Fig. 3. TGA thermogram of C/C composites coated
with TEOS according to the HO/TEQS
mole ratio heat treated up to 1000C .

BT F-A9o2 AstEe B9 3
St rlee BeAL AsERe] 29 f}aﬁ, Aolsh
2 AA7} GEgelne Auke B
o wElA el A7) ¥R W =xAA A
AFoma Fdo] Qe Ay} Aeke B 9
sle] £, Az % £2FA 23], 35 Polel
B39 23heh,

Fig. 4= TMOS €2 7 Enel] oe} =%3
F77IEA A AAESE 3ET éi’#ﬂt}.
2o A B 5 olRe] 44 BHlE 2 dsiviEis
ZxI7L SV wel $9F gl Faske
A% HER Sleh ol A4E Tl R
Z2 <lste] WA A AAH o2 T4 A EEFH o
g JAEA) AEE Aes A4EE, TMI10

2 A% AL vl velAR, TRt H2
TM3001vF TM503 22 7ol ubsE %9 &
7t 98 Ao el

Photo. 2= TM302] SEMAM 22 13 =235 A
2rt 33 =X Alo] Fdo] A, TUH ol

Fig.4. Weight loss of C/C composites coated with
TMOS according to the coating cycles and
H0/TMOS mole ratio.

(a)

G))

Photo. 2. SEM photographs of 2D C/C composite
coated with TM30 according to the coa-
ting cycles [(a) : 1, (b):3].
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Fig.5. TGA thermogram of C/C composites coated

with TEOS 3 time up to 20% weight loss

under isothermal condition at 500C .
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Fig.6. TGA thermogram of C/C composites coated
with TEOS 3 time up to 20% weight loss
under isothermal condition at 600T
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Fig. 7. TGA thermogram of C/C composites coated

with TEOS 3 time up to 20% weight loss
under isothermal condition at 700C .
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(b)
Photo. 3. SEM photographs for the coating thick-
ness of 2D C/C composite coated with TM
30 according to the coating cycles [(a):1,
(b):2].
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Photo. 4. SEM photographs for the pore structure
of 2D C/C composite coated with TE101
and TE302 [(a) : TE101, (b): TE302].
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Fig.9. TGA thermogram of uncoated C/C compo-
sites according 1o the thermal shock cycles.
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Fig. 10. TGA thermogram of TE303 according to
the thermal shock cycles.
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Table 5. Activation energy(E) for various specimen.
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