Vol. 51 2008

s 7 >4 v

Shinagawa Technical Report

+ 35 3o 2 ALt
fa-14 75 3

w7 Aa—5—|

Shinagawa Fine Ceramics Co., Ltd.

“a-Sialon Ceramics Rollers”

= ik 1 — &%
Masahiro YOSHIKAWA

Jife} oG e AN He
Terumitsu ICHIMORI

Atsushi MAKIYA

Abstract

Recently, instead of conventional metallic material parts, ceramic materials have become to

be used to prevent dust generation in clean room in the electronic industrial field. Our

a -sialon ceramics are original ceramics which have complex microstructures consisting of

a type and B type silicon nitride crystals. These ceramics can be used for ceramic rollers

because they are excellent in abrasion resistance and the rolling fatigue properties.
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1. Introduction

Recently, ceramic machine parts have come
to be used for dust prevention. Especially, the
dust generation influences the product yield
in the semiconductor industrial field with
severe conditions such as high temperatures
and high vacuums.

We recommend conversion of conventional
metal parts to a -sialon ceramics with high
durability. This paper reviews the material
properties of sialon ceramics and application
as ceramic rollers.

2. What are a-sialon Ceramics?

Sialon 1s a silicon nitride ceramic (Si;Ny)
with a small percentage of Al and O added.
Sialon is a generic term used to refer to the
ceramic materials shown by the chemical
formula S1AION. Sialon is kind of a silicon
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nitride ceramic system and has the Si-Al-O-N
composition where Al and O substitute for a
part of SizN,.

In sialon, there are two kinds of crystal
structure (a type and B type) due to the
different state of solid-solutions'’. In the case
of the B type sialon, a part of Si and N in
Si;N, are substituted by Al and O. This sialon
commonly exhibits excellent oxidation resis-
tance and corrosion resistance due to the
dissolved aluminum oxide in silicon nitride
although sialon belongs to in nitride ceram-
1cs.

In the case of the a type sialon, not only
Al and O substitute for a part of Si;N, but
also metallic ions (rare earth element or
alkaline earth metal) penetrate into the
interstitial sites of the crystal lattice.
Depending on the kind and amount of the
interstitial ions, the material shows various
properties. Especially, the a type sialon are
characterized by higher hardness than silicon
nitride or the S type sialons.

Shinagawa is the first in Japan to develop
the “SAN-2 ceramics” which combins a type
sialon (a -Sialon) and B type silicon nitride
( B-Si;Ny). This material is widely used for a
variety of structural materials. SAN-2 is

Table 1 Properties of «-Sialon ceramics
Properties,”Materials Sialon
Brand and Codes Method SAN-2
Chemical Composition a -Sialon/ B -SisN,
Bulk Density g/cm? JIS R1634 3.23
Apparent Porosity % JIS R1634 <01
Mechancal Properties
Flexural Strength (RT) MPa JIS R1601 980
Elastic Modulus (RT) GPa JIS R1602 300
Poisson's Ratio - 0.29
Vickers Hardness Hv JIS R1610 1620
Fracture Toughness MPa « m'? JIS R1616 6~7
Thermal Properties
Thermal Expansion ﬁ§$ﬁf§8§;§> X10° /K | JIS R1618 3.2
Thermal Conductivity W/(m-k) JIS R1611 16
Thermal Shock Resistance (4T) C JIS R1616 650
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Fig. 1 Results of sand blast abrasion test for
various ceramics.
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Rolling fatigue life (N)

Fig. 2 Results of roller life test for various
ceramics and metals.

superior to silicon nitride ceramics in hard-
ness and shows good balance in the mechani-
cal properties. Properties of this material are
shown in Table 17

3. Tribology of a-sialon Ceramics

a -sialon shows excellent properties in the
abrasion resistant test and the rolling fa-
tigue behavior compared with other ceram-
1cs. These properties of sialon ceramics are
compared with those of various ceramics, as
follows.

3. 1 Abrasion resistance®

Fig.1 shows the result of the sand blast
type abrasion test. In this test, hard inor-
ganic particles are forced to impact the sam-
ples at high speed. Abrasion resistance was
evaluated by the thinning behavior of the
samples. Here, silicon carbide (50 4« m) was
used as the inorganic particles. Sialon (SA1),
zirconia (ZR), and alumina (AL2) were used
as samples.

Fig.1 suggests that abrasion resistance is
more excellent in the order of «a -sialon >
zirconia > alumina. This suggests that a -
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Fig. 3 Appearances of ceramics rollers.
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sialon material shows excellent durability as
an abrasion resistant material compared
with other ceramics under such abrasion
environment.
3. 2 Roller type rolling fatigue behavior®
Fig.2 shows the roller type rolling fatigue
behavior. The vertical axis shows load the
normal Pn/b for each width of the unit. The
horizontal axis shows the longevity of the
rolling fatigue (rotational speed N). «a-sialon
(SA1), zirconia (ZR), and silicon nitride (SSN)
are used as target materials. The roller made
of the bearing steel (SUJ2) was used as refer-
ence material. The longevity of the rolling
fatigue of « -sialon ceramics i1s the most
excellent in Fig.2. This result suggests that
a -sialon has more suitable mechanical prop-
erties for ceramic rollers than other ceram-
ics.

4. Application as Rollers

Our a -sialon ceramic rollers are an origi-
nal product with high accuracy, mechanical
properties, and high durability are described
above. Especially, It has very high durability
compared with those made of a resin or a
metal, and a result, it shows less dust gen-
eration. Fig.3 shows the appearance of this
ceramic.

However, a -sialon ceramics are a kind of
ceramics with brittle behavior. In applying
the following use, 1t is important to avoid
mechanical impact.

4. 1 Structure of sialon roller

Fig.4 shows the standard shapes of sialon
rollers. There are two kinds of the standard
shapes (Types A and B). Type A contains V
type channel in outer surface. Bearing is
placed in the inner part, and rotary shaft
passes through the bearing. Type B also
contains V type channel in outer surface. The
rotary shaft passes directly through the
inner part. Additionally, we can produce
on-demand roller shapes. For example, it is
possible to join metal to the inner part of the
sialon ceramic roller.
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Fig. 4 Standard shapes of «-Sialon ceramic rollers.
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4. 2 Applications
1) Roller for clean room

Our a -sialon ceramic roller can be used
under the dust free environment such as
clean rooms. By converting metallic or resin
rollers to « -sialon ceramic roller, diffusion
of the dust particles can be prevented.

This sialon ceramic roller is especially
popular for manufacturing devices used for
the liquid crystals or semiconductor manu-
facturing.

2) Roller for hot rolling®

The hot rolling of nonferrous metals 1s a
method utilizing continuous compression by
two rolls. In the previous manufacturing
process, a super-hard alloy and the hot work
tool steel were used as a guide to send rod-
like materials to the rolling mill. However,
there 1s the problm of high temperature
abrasion when metallic rollers are used for
the hot rolling roll. As a result its perform-
ance 1s short, and the worn particles become
dust.

Our «a -sialon ceramic guide roller can
solve these problems by the excellent heat-
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resistance, wear-resistance, and welding-
resistance. Shinagawa has promptly achieved
the practical use of the ceramic guide roller.
Furthermore we have successfully fabricated
other ceramic rollers such as the roux par
roller and the turn down roller used in a
similar hot rolling roll. These products are
very popular as guide rollers.

. Summary

The material properties of a-sialon ceram-
1cs and their application as rollers were
reviewed.

1) Our a-sialon ceramics are original dense
ceramics that combine a type sialon (a -
Sialon) and B type silicon nitride (5 -
Si1:Ny) crystal.

2) «a -sialon ceramics show excellent prop-
erties in wear-resistance and the rolling
fatigue behavior compared with other
ceramics, so they are suitable as roller
materials.

3) a -sialon ceramic rollers are original
products with high durability and excel-
lent mechanical properties.

4) a -sialon ceramic rollers are applied as
rollers for clean rooms for the manufac-
turing of liquid crystals and semiconduc-
tors.

1) K. Ishizawa, N. Ayuzawa, A. Shiranita, M. Takai, N. Uchida, M. Mitomo ; J. Ceram. Soc., Japan 94, 183-185

(1986)

2) Shinagawa Fine Ceramics Co., Ltd. ; Products Catalog (2007)

3) K. Nagamori ; Shinagawa Technical Report 35, 111-128 (1992)

4) A. Yoshida, M. Fujii, Q. Zhang, K. Nagamori, H. Haishi ; Traibologist 37 (1) 54-60 (1990)
5) Shinagawa Fine Ceramics Co., Ltd. ; Roller Products Catalog (2007)



