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ABSTRACT: Phenolic resin used as a precursar of carbonized matrix for carbon-carbon com-
posites was modified by addition of molybdenum disilicide (MoSi,) in various concentrations of
0, 4, 12 and 20% by weight to improve the anmti-oxidation properties of the composites. The
green body was manufactured by a prepreg method and was submitted to carbonization up to
1100 C. In this work, the oxidation behavior of carbon-carbon composites with MoSi, as an
oxidation inhibitor was investigated at the temperature range of 600-1000 C in an air envi-
ronment. The carbon-carbon composites with MoSi, showed a significantly improved oxida-
tion resistance due to both the reduction of the porosity formation and the formation of mobile
diffusion barrier for oxygen when compared to those without MoSi,. Carbon active sites
should be blocked, decreasing the oxidation rate of carbon. This is probably due to the effect
of the inherent MoSi, properties, resulted from a formation of the protective layer against ox-
ygen attack in the composites studied.

Keywords: carbon-carbon composites, MoSi,, oxidation resistance, carbonization, brittle-to-duc-
tile transition.
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Figure 1. Weight loss of C/C composites in air at
different heat treatment temperatures as a function
of MoSi, content. (a) in air at 600 C, (b) 800 °C, and
(c) 1000 C.
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Figure 2. Weight loss rate of C/C composites in air at
different heat treatment temperatures as a function of
MoSi, content.
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Figure 3. Scanning electron micrographs (SEM) of the CfC composites as a function of MoSi, content (heat-treat-
ment tempeature : 1100 C). (a) 0 wt% MoSi,, (b) 4 wt% MpSi,, (c) 12 wt% MoSi,, and (d) 20 wt% MoSi,.
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Figure 4. Interlaminar shear strength (ILSS) of C/C
composites as a function of MoSi,.

& 7IAgE ZEla Te g4 255 Yehdoh
AuelA & ¢ AFe] MoSi7t #71EFE, 1

oko] gold4E A3} duUAE Z7tskdc) ole
213l AAA 2 AFRE MoSi, 7t BhA /A B3 E

Eolof A247 A23 20009 39

Eua 7]go) EAste] b 9 BigAzo
FEA Tl FHE EA4EE AdAEe Hed
3le] Wataldo] SAE v dEolH, A3t
257} wold 48 1 e #2aded, o
Ubbelhode$} Lewis7}? #|QFst Zx® o &
diAe] Ahstdice] A@e atsid] o8 COg CO,
WEshs B UEYazRElY surface oxide
, B 2RAME B4 Ul
| Age 7tH Q= Absld] oF FRAiEe W
| 2o} #9)=)7] W &o)g} At
B A7 4 #97) & @a/dEAs B
o] MoSi, 7l We A3} oA && dotrazt in-
hibition factor (f) &% A}g-&du}

i
hi

ot
fo

My HUoMr o 2 e fo
i

1o
ul
.
o
)
(T
o

o

(o3
=3

e |m

I= Yo (4)
i

oA7ldll A, L= MoSi, & H7hstA @2 =3A=

241



Ow% MoS,
4% MoS,
12w% MoS,
20W% MoSi,

4ren

'
-

In oxidation rate (ghr ')
o

.
w
.
//%

0.8 0.9 1.0 11 1.2
T'(x1073, K™Y
Figure 5. Arrhenius plots for the oxidation of the C/
C composites.

Table 1. Activation Energies of C/C Composites
as a Function of MoSi, Content
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Table 2. Inhibition Factor (%) at Different Levels
of Burn-off as a Function of MoSiy Content

inhibition factor ()
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4 12 20 4 12 20 4 12 20
10 15 20 25 13 1.8 23 11 16 20
20 16 18 22 14 16 20 12 15 18
40 15 17 21 13 15 18 11 14 17
60 17 21 25 15 19 22 13 18 20
80 16 27 34 14 24 31 12 21 29

burn-off
(%)

3.0
2.4 1
S
8 1.8
-— A
s /"
kel
B 1.2 "
=
=
0.6 —s—inairat 600°C
1 —e—inairat 800°C
—aA—in air at 1000°C
0.0 T T T T
0 5 10 15 20 25

MoSi; content (wt%)

Figure 6. Variation of the inhibition factor (%) of the
C/C composites as a function of the MoSi, content.
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