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Preparation of Carbon Composite with High Oxidation
Resistance by MoSi, Dispersion
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Carbon composites with MofSi, dispersion were prepared by hot-pressing at 1700°C under 30 MPa for 1 h using
polysilazane as binding material. The composites consisted of C, Mo.sSi:Ces and 8iC. Bulk density and perosity of
the carbon composites with 10 vol% MoSi; was 1.8 g com™ and 34%, respectively. This composite was oxidized
about .05 mm. from the surface of the carbon composite after oxidation test at 1500°C for 10 h 1n air. Formation of
the 8i0; glass layer was observed by SEM. When this composite suffered damage in the eoating layer, it had
hardly farther oxidation becanse of its self-repairing property The eomposite prepared in this study indicated good

oxidation resistance.
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I. Introduction

arbon composites are promising materials for use
C at ultra high temperatures, such as gas turbines,
spaceplane airframes or engines, because carbon composites
are useful materials at more over 2000°C in anti-oxidation
atmogphere,” But in air, the carbon composites oxidize
at relatively low temperature of about 500°C. So oxidation
registanice of the carbon compeosites is a significant
problem. At present the surfaces of carbon composites
are gometimes coated with anti-oxidation reagents such
as silicon earbide by CVD, PVD and so on.*” But as for
using only coating system on the surface of the carbon
composites, when a crack or even a pinhole occurs in the
coated thin layer, carbon composites react with oxygen
and carbon will be burnt out immediately.

In this study, oxidation resistant carbon compesites
were prepared by dispersing with MoSi; particles which
possess @elf repairing of anti oxidation layer.™® These
also contained polysilazane as the gintering additives
and were prepared by hot-pressing at 1700°C with 30
MPa for 1 h.” Then the oxidation resistance, mechanical
and thermal properties of composites were investigated.

I1. Experimental Prodedure

Artificial graphite was mixed with MoSi, particley (0~
10 vol% that is 0~21 mass%) and a polysilazanefxylene
sclution. Artifieial graphite was supplied by Tovo 'Tanso
Co., LTD. Mo8i, particles were obtained from Japan New
Metals Co., LTD, and the polysilazane/xylene solution was
procursd from Tonen eorporation.

After zylene was volatilized in N; atmosphere from the
mixtures, they were calcined at 800°C for 1 h in N,
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atrmoszphere. They were then hot-pressed at 1700°C under
30 MPa for L h in N, Full load was applied at 1000°C.
The heating rate from 500°C to maximum temperature
wag §'C/min.

The phases formed were identified by using a X-ray
diffractometer (MXP*, MAC Scienee Co., I'TD.). The chemical
composition of specimens was analyzed hy X-ray fluoresence
analysis (3080E, Rigaku Co., LTD.). The morphology of
the composites was observed by SEM (JSM-25S8, JEOL,
LTD.). Bending strength was measured by three-point
flexure method using a universal testing machine (AG-
500A, Shimadzu Co.,, LTD.}; at a room temperature,
Specimens were rectangular bars with dimensions of 3x
4x40 mm (JIS). Thermal expansivity was measured by
using a S8L~-2000M, Shinagawa Refiactories Co., LTD. in air

Oxidation resistance was diseussed with the results of
weight change by heat treatment at temperatures of
1300°C, 1400°C and 1500°C for a certain time in air. The
samples had a dimengion of 3% 4x 20 mm. These weight
changes were measured in two ways. One was treated at
a temperature for one eyclic duration and the other was
treated at temperatures between a high temparature
and room temperature with several eycles. The weight
changes during cyclic treatment are useful for discussion
of the ahility of self repairing of oxidation resistance
layer produced. Weight changes data were converted to
the oxidized depth (mm) from surface of the carbon
composites. The morphology of the specimens after heat
treatment was observed by SEM.

III. Results and Discussion

1. Phases in the composites
The carbon composites of 390x 90 4,5 mm in size were
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Table 1. Crystalline Phases of the Carbon Composites Pre-
pared by Hot-pressing at 1700°C

Amount of MoSi,
as additives (val%)

0 C, o-Si;N,
3~10 C, SiC, Mo, ;Si:Cos

Crystalline phases
in composites

prepared by hot-pressing. Table 1 presents results of the
X-ray diffraction analysis. The phases existing in the
composites without MoSi, addition were (¥ and SN,
The phaszes existing in the MoSi;-containing composites
(3~10 vol%®) were C, B-8iC" and Mo, Si,Coe ™ The
composites with MoSi, consisted of SiC, instead of Si;N,
in the composites without MoSi,, and Mo,:Si.Cq. instead
of MoSi,. MoSi, reacted with C to produce Mo, 431.C;; and
3iC during hot-pressing, ag shown in equation (1). These
5iC should act as the seeds for the conversion of SiaN, to
Sic.

4.8 MoSi,+7.2C — Mo, 8i,C,+6.6 SiC (1)

2. Strength and porosity

Fig. 1 shows the effect of the MoSi, addition on the
bhending strength and porosity of the composites. Three-
point bending test were carried out for 3 specimens at
each samples, but sample with MoSi, 10 vol% were only
1 specimens. Bending strength of the carbon composites
increased with increasing of the amount of MoSi; (0~10
vol%) from 4 to 8 MPa. Porosity also increased with the
increased amount of MoSi, Therefore it is presumed
that degree of sintering did nol increase but honding
strength was fortified by the addition of MoSi,. Vickers
hardness using a 5-gf load of the carbon composites with
0~10 vol?% MoSi, dispersion was 350~450 MPa. The
average value of Vickers hardness was 390 MPa.

3. Thermal expansion
The thermal expansion was measured up to 1450°C.
The values of expansion of the carbon composites were
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Fig. 1. Bending strength and porosity of the carbon
composites with MoSi, dispersion.

Vol.5, No.2

almost same even though MoSi, particles having a high
expansion were increased, the value was ahout 5.0 10° K.

4, Weight change by heat treatment

At first, the samples with size of 3x4x 20 mm were
heated from room temperature to 1200°C with an
increasing rate of 10°C/min in air. All carbon in the
composites even when it contained 10 vol% MoSi;: was
burnt out completly. In this case, no resistance to
oxidation occured. Next, the samples were put into the
furnace held at a high temperatue of 1500°C. Carbon in
a sample without MoSi; wag burnt out completely, but
samples with MoSi, dispersion had good resistance to
oxidation. The oxidation residue of the composites with
and without MoSi;, heated at the temperatures of 1300~
1500°C for 1 h were shown in Fig. 2. All samples with
MoSi, up to 10 vel% did not have any oxidation resistance
at 1300°C, but at 1400°C, samples with MoSi, more than
6 vol% showed a good registance but one with MoSi; 3
vol% had peor resistance at 1400°C, while all samples
with MoSi, showed a good resistance for oxidation at
1500°C in air.

The changes in oxidation residue {(mass%) are influenced
by the size of samples, while the oxidized depth from the
surface of sample does not depend on the size. Then the
data of weight change were converted to the oxidized
depth (mm). The results were shown in Fig. 3. The
oxidized depth of all specimens were about 1.5 mm at
1306°C for 1 h. Because of the sample size of 3 mm
thickness, the depth of 1.5 mm means whole carbon in
sample was burnt out. On the other hand the composites
with MoBi. (6 vol%~) were oxidized only 0.3 mm at
1400°C for 1h as shown in Fig. 3. Further, the composites
with MoSi, 10 vol% addition were oxidized only 0.05 mm
at 1500°C for 1 h. This can be proved from the observation
of the thickness of S8i0; glass layer by SEM.

Fig. 4 shows oxidized depth of cyclic heat treatment
test at 1500°C for 2 h. In the case of MoSi; 3 vol%
addition, oxidized depth increased gradually from 0.3
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Fig. 2. Ozidation residue of the carbon composites with
MoSi; after oxidation test at 1500°C for 1 h in air.
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Fig. 3. Oxodized depth of the earbon composites with MoSi,
after oxidation test at 1300, 1400 and 1500°C for 1 h in air.

1.5 MoSiz addition
- Ovolbe
— d P
g
put 1
=
T
e
B
g 0-5 o e o o . YO
3 || ot .. Bvol
iy
i L 10vol

60 80 100 120
Time (min)

Fig. 4. Cyclic oxidation of the carbon composites with MoSi,
dispersion at 1500°C in air.

mm for 15 min to 0.5 mm for 120 min. In contrast, the
composgite with MoSi; 10 vol% was oxidized 0.14 mm
thickness for 15 min but it was almost constant by
further mare cyclic treatments. It was a proof of the
ahility of self-repairing of oxidation resistance layer due
to MoBi,. That of 6 vol% were located between those of 3
vol% and 10 vol%. The sample without MoSi; was burnt
out completely by the heating treatment for 15 min.

5. Characterization of the oxidation resistance layer

The structure of the oxidized composites was ohbserved
by SEM. Fig. 5 shows the fracture surfaces of oxidized
samples with MoSi, 3 and 6 vol% and without MoSi,. Fig.
H(a) shows a structure of oxidized layer of the sample
without MoSi, treated at 1500°C, which seems very porous
and does not have any resistance against to the oxidation.
Fig. 5(b) and {c} show the oxidized and unoxdized layer
for the sample with MoSi, 3 vol% and 6 vol%, respectively.
The oxidized layer of sample with MoSi, is clearly divided
from unoxidized layer and seems significantly denser than
that without MoSi. This dense structure should lead to
have a good resistance to the oxidation.

The oxidation resistance layer is principally considered
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Fig. 5. SEM observation of the sample after heat treatment
at 1500°C for 1 h in air; (a) without MoSi; addition, (b) 3
v0l% MoSi; addition and (c) 6 vol% MoSi; addition.

10 be Si0, glass. According to EPMA, the layer mainly
composed of Si0, But a small portion of Mo was obgerved.
In arder to make clear the behavior of Mo, the intensity
of X-ray diffraction of MoSi, (Peak: d=0.2026 nm) after
the heating treatment at 1500°C in air was measured.
And the ratio of Mo to Si were also determined by X-ray
fluoresence, The results are shown in Fig. 6. This figure
shows that the (Mo/S8i)/(Mo/S1), ratio had a linear relation
to the amount of MoSi, after heat-treatment, where Mo/Si),
ig the initial ratio of Mo/Si. Therefore, it can be explained
that most of all Mo component does not remain in
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Fig. 6. Relation ship between contents of Mo and MoSi; in
cornposites after oxidation test. *1: measured by XRF, *2:
measured by XRD (Mo/Si)y: the initial ratio of Mo/3i.

oxidized layer because Mo easily volatilizes as MoO,
when MoSi, was oxidized.™

Thus, it was found that the oxidized layer hardly
contains Mo. Whether composites contained MoSi; or not
significantly affected to the development of the structure
of oxidized layer, as shown in Fig. 5. This shown that
most of all Mo volatilized as MoQ,. Therefore, it seemed
that a very small amount of Mo significantly affected to
the viscogity of the 8i0, glass produced.

IV. Conclusion

Carbon composites with MoSi, dispersion were prepared
by het-pressing at 1700°C under 30 MPa for 1h using
polysilazane as the binding material. The composites
consisted of C, Mo,sSi5Cos and SiC. The oxidation resistance,
mechamical and thermal properties of composites were
investigated with the following results:

1. The composite prepared in this study indicated good
oxidation resistance under some test conditions.

2. The composite with 10 vol% MoSi; addition was

Vol.h, No2

oxidized about 0.05 mm from the surface after oxidation
test at 1500°C for 10 b in air.

3. It was found that the composite has the ability of
self-repairing of oxidation registance layer due fo MoSi,
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