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Abstract

Our high-silica ceramics are fabricated by sintering high purity powder. They exhibit excellent

properties of not only chemical, thermal and fracture resistance, but also freedom of shape.

Currently, we have proposed application of the products to several markets.
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1. Introduction

Recently, SiO.-materials have been used in
manufacturing semi-conductor and liquid crys-
tal display equipment, where they contact cor-
rosive gas. This SiO. has excellent high purity,
chemical resistance and low thermal expansion
properties. These materials are often used under
a high-temperature corrosive environment.

However, SiO. glass has demerits in mechani-
cal properties which promote low fracture
toughness or brittle fracturing. SiO. glass is also
expensive compared with commercial ceramics,
and not available in complex shapes. There is
a real need for alternative materials to solve
these problems.

Our high-silica ceramics have been fabricated
by sintering high purity powder. They show
excellent chemical and thermal resistance prop-
erties, and high fracture resistance compared
with SiO. glass.
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Fig. 1 X-ray diffraction pattern of the high-silica

ceramics.
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SiOx-glass High-silica ceramics

Fig. 3 Fracture cross-section of SiO,-glass and
-ceramics.
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Fig. 2 SEM image of high-silica ceramics.

This sintered body was made through gen-
eral ceramics processes, such as CIP process
and sintering processes. These processes allow
sintered bodies to be made in complex and large
shapes.

This paper reports an application and charac-
teristics of high-silica-ceramics.

2. Characteristics

Silica is composed of silicone di-oxide, and is
classified into amorphous and crystalline which
show a variety of polymorphism.

Fig. 1 shows an X-ray diffraction pattern of
high-silica ceramics. SEM image of a fracture
surface is shown in Fig. 2. The Diffraction pat-
tern has no-peak, and this ceramic is amorphous
as a consequence. Additionally, this material is a
porous ceramics composed of particles smaller
than 10 um, which sintered just at the contact-
neck.

Fig. 3 shows an optical images of fracture
surfaces of SiO; glass and high-silica ceramic.
This glass surface is smooth in shape. On the
other hand, the high-silica ceramic shows a com-
plex fracture surface. This result suggests high
fracture toughness and resistance compared
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Table 1 Characteristics of high-silica ceramics
Property Unit HSC-4N HSC-2
Appearance Porous
Purity % 99.99 99.5
Na - 0.3ppm
Impurities Cl - 0.2ppm <0.5%
Fe - 6.7ppm
Bulk density x10%g/m’ 1.4 1.8
Apparent porosity % 3b 18
Three-point bending strength MPa 7 10
Coefficient of thermal expansion x107° 0.4 0.4
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Fig. 4 Production flow of high-silica ceramics.
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Fig. 5 Application of high-silica ceramics.

with densified SiO.-glass.

Table 1 shows the properties of high-silica
ceramics. There are two purity varieties of
commercial products. All products are porous
ceramics, and suitable for application as heat
resistant materials due to low heat expansion.
The purities are higher than 99.5%, and they
show a chemical resistance equivalent of SiO,
glass.

3. Fabrication Process

Fig. 4
ceramics. It is a general ceramics process, such

shows process-flow of high-silica

as CIPing and subsequently sintering. Green
machining and final grinding can be applied in
this process. It is possible to fabricate products
of large and complex shapes.

4. Application

Fig. 5 shows examples of two products. They
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are predicted to be effective for use where
chemical pollution, except for silicone and
oxygen contamination is a problem. We have
proposed application of this material as follows,
(D high-temperature reactors

(2 heat-resistant insulator

(® Parts of equipments for manufacturing semi-

conductors

5. Conclusion

The characteristics and applications of our
high-silica ceramics are as follows,
(1) Amorphous porous SiO, ceramics sintered

with particles of >99.5% purity.

(2) Excellent properties in fracture toughness
and resistance are exhibited compared
with densified SiO. glass.
(3) Predicted to be effective for use as a heat-
resistant material in corrosive environ-
ments due to high-purity and low-thermal
expansion.
(4) General ceramics processes are used so
products are available in large and complex

shapes.
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