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Abstract

Electrically-conductive a-SiAlON ceramics are sintered bodies of a-SiAION in which electrical

conductive titanium nitride (TiN) particles are finely dispersed. In addition, this ceramics show

excellent durability for abrasion due to their high strength and hardness. Recently, the applications

of these ceramics have increased mainly for devices which require the removal of electrostatic

charge.
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1. Introduction

Sialon is a generic term for ceramic materi-
als named SIAION which is a solid-solution
composed of SizN; and Al:O;. In a type sialon
crystals, substitution of Al and O for Si and N
and penetration of metallic ions such as rare
earth elements or alkaline earth metals into
the interstitial sites of the crystal lattice occur
simultaneously ".

Shinagawa fine ceramics is the first company

in Japan to develop the “SAN-2 ceramics” which
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Fig. 1 Electrical resistivity of a-SiAION/TiN

ceramics.
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are a composite of a type sialon (a-Sialon)
and [ type silicon nitride (S-Si;Ns). This
material is widely used for various structural
applications?.

“SAN-2 ceramics”

for liquid crystals device sliding parts or semi-

However, is unsuitable
conductor manufacturing equipment since it
stores the electrostatic charge. Hence, we have
developed “SAN-3", which is a-sialon ceramics
which finely dispersed TiN added as a conduc-
tor. This paper reviews the material properties

of “SAN-3" ceramics and its applications.
2. Characterization of SAN-3 Material

2. 1 Material properties

Fig. 1 shows the change in electrical resis-
tance of a-sialon/TiN ceramics as a func-
tion of TiN content. The electrical resistance
decreases from 10° to 10°Q-m as increase in
TiN contents.

Table 1 summarizes the material properties
of “SAN-3” such as density, porosity, flexural
strength and electrical resistivity in compari-
son with “SAN-2" which is a-sialon ceramics
without TiN. The electrical resistivity and
bulk density are 10°Q-m and 3.5x10°kg/m’,
respectively. Low open porosity (less than 0.1%)
is evidence that a dense structure is main-
tained. Though the 3-point bending strength
is decreased by the addition of TiN, the value
(600MPa) is considered to be sufficient since it
is 1.5 times higher than the strength of dense
alumina ceramics (400MPa).

2. 2 Microstructure

Fig. 2 shows a SEM image of a fracture
surface of “SAN-3". Spherical particles of TiN
smaller than 1um disperse in a-sialon ceram-
ics. Although sialon sintering is slightly pre-
vented by the addition of TiN, a dense structure
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Table 1 Comparisons of properties between a-SiAION,”TiN (SAN-3) ceramics and a-SiAION
(SAN-2) ceramics

Properties,”Materials SIAION

Brand and Codes Unit Method SAN-3 SAN-2

Chemical Composition a -SIAION/ B -SisN«+ TiN a-SIAION/ B -SisNa

Bulk Density x10%g/m’ JIS R1634 3.5 3.2

Apparent Porosity % JIS R1634 =0.1 <0.1

Flexural Strength (RT) MPa JIS R1601 600 980

Electrical resistivity (RT) Q+m JIS C2141 10° 10"
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with high complexity composed of columnar
sialon grains of over 10um is achieved in its
microstructure. Dispersed TiN particles make
zigzag cracks to propagate resulting in an
increase the work-of-fracture which enhances
the fracture toughness of the material.
2. 3 Electro-discharge machining
Electro-discharge machining is one of the
physical-machining methods used to remove a
part of the surface of materials by means of
arcing between electrode and material. This
method is suitable for machining hard-to-grind
electrically conductive ceramics. While applica-
tion of electro-discharge machining to a-sialon
ceramics is impossible due to its non-conductive
property, “SAN-3” can be machined in a
complex shape by electro-discharge method as

shown in Fig. 3.
3. Application

“SAN-3" ceramics are our original products
which show excellent mechanical properties and
electrical conductivity. Fig. 4 shows an example
of “SAN-3" ceramics products. Some examples
of applications will be described in the next
subsections.

3. 1 Roller of conveyor and robot hand

High voltage static electrical charge would
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Fig. 2 SEM image of SAN-3 ceramics.
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Fig. 3 Appearance of electrical discharge
machined SAN-3 ceramics.

Fig. 4 Applications of SAN-3 ceramics for antistatic uses.
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occur in the sliding surfaces of the roller and
robot hand operating in clean room under low
humidity condition when the insulator is used
as the material.

This electrical charge attracts the particles
in the

surrounding area. Moreover, in the case of

that would contaminate the source

semiconductor manufacturing equipment, the

charged electricity induces a short circuit
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current causing serious troubles.

This trouble can be inhibited by using
“SAN-3" ceramics as a material since “SAN-3"
ceramics remove the electric charge as soon
as the charging phenomena occur at sliding
surfaces.

3. 2 Powder shaping punching die

Punch/die of powder shaping is one of the
applications for sialon materials which show
excellent durability in abrasion resistance. When
the punching die presses powder repeatedly, a
static electrical charge is caused by the friction
between the surface of the punch and powder
particles. As a result, continuous pressing
becomes difficult due to powder adhesion and
abnormal fixation. Also in that case, application
of “SAN-3" ceramics to the powder processing
punch is effective.

In this case, brazing of ceramics which have
high abrasion resistance to the end of metal
sleeve is also possible.

3. 3 Powder-spraying-nozzle

In comparison with metal and/or cemented

“SAN-3” exhibits  the

advantages as light weight, feeble magnetism,

carbide, ceramics
and excellent abrasion resistance. Therefore,
“SAN-3" ceramics have been utilized for vari-
ous powder-spraying-nozzles. This can eliminate
ignition caused by static electricity even if the
powder is composed of flammable materials
such as organics or metals. This ceramic nozzle
is expected to show a long life-span compared
to the previous materials as well as reduce
target contamination. Thus, nozzle replacement
frequency can be reduced resulting in total

production cost reduction.
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Conclusion

We supply “SAN-3" ceramics which are
a composite of dispersed-particles of TiN
as conductive particles and a-sialon
matrix-structure.

“SAN-3" ceramics show high strength,
toughness and excellent durability in
abrasion resistance. Also, precision machin-
ing is achieved by the electro-discharge
machining process since SAN-3 is a con-
ductor.

The application of SAN-3 ceramics has
increased mainly for devices which require

the removal of electrostatic charge.
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