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" Strengthening of Materials by Ceramic Coatings
Minoru MoRIYAMA and Kiichiro KAMATA

One of the methods most frequently used for strengthening ceramics or glass
materials (substrates) is to introduce compressive stresses at the surface. We prepared
amorphous SiN,C, (Si;N,-SiC, SiN, SiC,) films at a low temperature of 400°C by the
plasma CVD method for application to protecting coating materials. The prepared films
showed a strong compressive stress at the vicinity of SiC composition. As an application
of the study on the internal stress of these films, we examined the flexural strength of
crown glass substrates coated with the films. SiC film (52zm thick) has been observed to
increase greatly the flexural strength of the glass substrate (1.2mm thick) to twice that
operating by compressive internal stress in itself.
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Table 1 Gas flow rates (F), gas flow rate ratio of C;H,(R,) and composmon
* for Si;N,-SiC and SiC, films prepared by P-CVD.

F(SIH4“90%A!') F(NH:;) F(Cz H4) F(Hz)

System Spec. Rx* Composition

(ml+min~?) (mlemin=!) (mlemin~!) (mlemin™!)
SisN, 1 91.0 20.0 0.0 30.0 0.0 SiNy..
i, 91.0 16.0 4.0 30.0  0.20 SiNyz Coss
3 91.0 . 12.0 ... 6.0.0 . 30.0 . 0.33 SiNsso Coar
4 91.0 8.0 8.0 30.0 0.50 SiNg.es Cosz
5 91.0 4.0 - 9.0 - . 30.0 0.69 SiNo.o Corz
6 91.0 0.0 10.0 30.0 1.00 SiCi.4
SiC, 1 101.0 - 0.0 6.0 30.0 - - SiCo.z2
2. 91.0 - .00 - 10.0 : 30.0 .- SiCi.04
3 91.0 0.0 ~16.0 30.0 - . SiCis.
4 87.0 . 0.0 20.0 30.0 - - SiCras
* Gas flow rate ratio of C,H,: R,=F(C.H,)/(F(NH,)+F(C,H .)]
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strate (crown glass) was coated with P strength (o7) and film thickness for the
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side was loaded at the descending rate -CVD SiC,;.0. (®) and SiN,,, (0) films,

of 0.5 mmemin-:.
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Fig. 3 Optical micrographs for the as-deposited SiC, o, (a) and SiN, .., (b) film
surfaces. Both films are 4.9 zm thick.

Fig.4 SEM micrographs for the fractured surfaces across the film in the
case of SiC,,, (a) and SiN,,, (b) coatings after flexural test.
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Fig. 5 Relationships between flexural
strength (o¢) and gas flow rate ratio of
C.H, (R,) for the crown glass substrate
coated with P-CVD Si;N,-SiC films.

240

=
-
160
by
£
£ 120}
.2
s gof
2
[
[
40 |-
Film thickness : 5 im
0 1 1 i L
0.6 0.8 1.0 1.2 1.4 1.6

Atomic ratio of C/Si

Fig. 6 Flexural strength (o;) vs. atomic
ratio of C/Si for the crown glass sub-
strate coated with P-CVD SiC, films.
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Fig.7 Variation of the flexural strength
(o7) as a function of surface roughness
(R;) of the crown glass substrate in
both the cases of SiC.q coated (@)
substrate (bum thick) and uncoated
(o).
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