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Abstract

Our SNB is a silicon nitride based composite ceramiccontaining hexagonal boron nitride. It has
both the superior mechanical characteristics of SisNs and superior thermal spalling resistance and
machine workability of BN.

The properties of this material are controllable by changing the amount of BN. It is also easy
to machine. By utilizing these characteristics, the applications as heat-resistant materials are
spreading.

1. FLBHIC 1. Introduction
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high-temperature strength properties, thermal-
shock-resistance, abrasion resistance and corro-
sion resistance, has been used as a heat-
resistant material in many fields". Hexagonal
boron nitride (h-BN) shows excellent thermal-
shock-resistance and machinability. Si;N,/h-BN
composite ceramics have high potential for
heat-resistant materials under harsh thermal

*L 774273y 7 ARG MILFEEF FHiTB%%=  Okayama works, Shinagawa Fine Ceramics Co., Ltd.
*2 uu}ll T4 kT vy 2R SAL WL T Manager, Okayama works, Shinagawa Fine Ceramics Co., Ltd.
G774 %53y 7 A E4E #: K President, Shinagawa Fine Ceramics Co., Ltd.



Shinagawa Technical Report Vol. 56 2013
Table 1 Properties of SNB ceramics
Properties . SisNs SisN:-BN composite
unit JIS NO.
Codes SSN SNB1 SNB2 SNB3 SNB4
BN content % 0 10 20 30 40 -
Bulk density g/cm’ 3.2 2.2 2.0 1.8 1.6 JISR1634
Flexural strength MPa 590 320 120 80 60 JIS R1601
Thermal expansion coefficient X 10%/K 3.2 3.1 29 2.6 2.5 JISR1618
Thermal conductivity W/mK 21 16 15 14 12 JISR1611
Thermal shock resistance AT K 600 650 700 800 850 JISR1615
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Properties of SNB ceramics.

environments such as repeated heat-soaking,
contiguous molten metals and so on.

This paper reports on the characteristics
and applications of the Si;N; / h-BN composite
ceramic SNB which is a suitable material for
molten-metal-processing. Additionally, We also
introduce the machinability properties of SNB,
which can be machined by cemented carbide
tools.

2. Characteristics and Production Process
of SNB Materials

2. 1 Material characteristics
Table 1 and Fig. 1 show the properties of
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Fig. 2 SEM image of SNB2 ceramic.
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Fig. 3 Appearance of dry-machined SNB
ceramic.

SNB. The bulk density, flexural strength, ther-
mal expansion coefficient, thermal conductivity
and thermal-shock resistance can be controlled
by changing the h-BN content of 10-40 % (mass
fraction).

Flexural strength decreases with an increase
in h-BN content. However, it retains a larger
than 120MPa even with an h-BN content of 20
% (mass fraction). On the other hand, thermal-
shock resistance increases with the increase in
h-BN content. The thermal-shock resistance of
SNB with 30 % (mass fraction) h-BN is AT=800K.
We can provide SNB with a variety of h-BN
contents as a heat-resisting material according
to usage environments requirements.

2. 2 Microstructure

Fig. 2 shows a scanning electron micrograph
image of SNB2 which contains 20 % (mass
fraction) h-BN. The sintering of Si;N, grains is
inhibited by the h-BN grains in the matrix. The
microstructure contains fine pores. The size of
the f-silicon nitride particles (columnar shape)
stays at a few microns. The h-BN particles
(sheet-shape) disperse uniformly in the matrix of
[-silicon nitride. This microstructure improves
material strength and thermal-shock resistance
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Fig. 4 Production flow of SNB ceramics.
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because the fracture energy is increased by
complex crack propagation in the fine micro-
structure.

2. 3 Machinability

The dense sintered silicon nitride material
requires a long time for processing. However,
SNB ceramics containing more than 15 % (mass
fraction) h-BN are workable because the porous
structure and solid-lubricating ability of h-BN
increase machinability.

Fig. 3 shows the appearance of dry-machined
SNB2 ceramics. These ceramics are easily pro-
cessed by using a Machining Centeror turning
machine with cemented carbide tools.

SNB ceramics are suitable for meeting the
demands of a short delivery time and various
kinds of small productions which are accompa-
nied by market changes.

2. 4 Production process

Fig. 4 shows the process flow chart for SNB.
The production process is similar to general
non-oxide-ceramics processing, as follows.
(DRaw powders and sintering additives are
mixed. Subsequently, the mixed powder is
granulated. @ Granulated powder is shaped and
powder compacts are sintered in an inert gas
atmosphere. The sintered bodies are machined
with a variety of mechanical equipment.

Cold isostatic pressing (CIP) has been used in
our production process. Not only CIP but also
pressing in a rigid die and slip casting can be
used as shaping processes. Sintered bodies are
machined with a high degree of accuracy by
Machining Centers if necessary.

3. Applications

SNB ceramics have excellent heat-resis-
tance properties and mechanical workability.
Fig. 5 shows some applications of SNB ceramics.
Details are explained as follows.
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Fig. b Applications of SNB ceramics.
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3. 1 Level-sensor-case for continuous
casting process

The molten metal level in the continuous
casting mold is controlled by a current sensor
based on the principles of an eddy current. A
level-sensor case is used to protect the sensor
against damage caused by molten metals.

SNB ceramics show high thermal-shock-
resistance, heat-insulating and non-molten metal
wetting properties. These properties are suit-
able for the material of the level-sensor case.
Previously, the level-sensor case was produced
using silica and other insulating materials. SNB
ceramics show a long life-span compared to the
previous materials.

3. 2 Heatresistant materials for molten-
metal-processing such as aluminum,
copper, brass, silver and gold

SNB ceramics can be utilized as nozzles,
drain-pipes, gas-blowing pipes, molten crucibles
and gas-atomized nozzles because of the good
non-wetting property. Contamination in the
metal-manufacturing processes is expected
to be reduced because SNB ceramics will not
be dissolved. SNB ceramics also show a long
life-span which contributes to the reduction in
production costs.

3. 3 Heat-resistant materials with electrical
insulation

SNB ceramics can be machined to specifica-
tions in a short time because of their excellent
machinable properties even though they have
been sintered at high temperature.

Additionally, SNB ceramics have the electri-
cal insulation that advanced ceramics provide
and are often utilized as insulators for newly
developed equipment.

4. Summary

(1) The bulk density, flexural strength, thermal
expansion coefficient, thermal conductivity
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and thermal-shock-resistance properties of
SNB can be fine-tuned by adjusting the 10-
40 % (mass fraction) the h-BN content in the
Si;Ny matrix.

(2) SNB sintered bodies containing not less
than 15 % (mass fraction) h-BN can be eas-
ily worked with hard metal tools. Require-
ments such as quick delivery and various
kinds of complex-shapes can be achieved.

(3) SNB ceramics are being received well as
level-sensor cases, heat-resistant materials for
molten-metal-processing and heat-resistant
materials with electrical insulation.





