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Abstract

SSNB is made by adding hexagonal boron nitride (h-BN) to silicon nitride (SizN,) and has the
excellent mechanical properties of SisNs and excellent thermal shock resistance and machinability
of h-BN.

By improving the microstructure of this ceramic, the strength and thermal shock resistance of
the conventional SNB material are improved by 35 % and 15 %, respectively, on average.

We are promoting the application of this material as a molten metal and heat resistant material
in a harsh thermal environment. This report outlines the SSNB characteristics and applications.

1. FLBHIC 1. Introduction
2 b7 A % (SEN) (X imeseE, el Es:, Silicon nitride (Si;N,) is used in various fields
FEFEVE K O B ICEBEN T WD 2 biitEt 5 as heatresistant ceramics because it has
Iy AELTHA RGBETERHEINTWASY excellent high-temperature strength, thermal
ZDOSLENAZ AT EE LR Y FE (h-BN) =m0 shock resistance, wear resistance and corrosion
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Fig. 1

Examples of SSNB product. Detail will be
described in Sec. 3.
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resistance.”

By adding hexagonal boron nitride (h-BN)
to this Si;Ns, SNB, which has the excellent
mechanical properties of Si;N, and excellent
thermal shock resistance and machinability of
h-BN can be obtained.*”

However, because the strength and thermal
impact resistance of SNB are insufficient, it
sometimes breaks or cracks and cannot be
used. Especially when used in a harsh thermal
environment such as repeated rapid heating
or rapid contact with high-temperature metal
melt.

Therefore, we have developed Si;N,/h-BN
composite material SSNB (Super SNB), which
has 35 % higher strength and 15 % higher
thermal shock resistance than conventional
SNB on average, and are expanding the range
of applications of this material (Fig.1 : details
are explained in section 3) This report outlines
the SSNB characteristics and applications.

2. Characteristics of SSNB and
Manufacturing Method

2. 1 Material properties

Table 1 shows the material properties of SSNB
materials. The bulk density, flexural strength,
coefficient of thermal expansion, thermal con-
ductivity and thermostable impact resistance of

Table 1 Properties of SSNB ceramics
Properties Unit SisN~BN composite JIS No.
Codes SSNB1 SSNB2 SSNB3 SSNB4
BN content mass% 10 20 30 40 -
Bulk density g/cm’ 2.8 2.5 1.9 1.7 JIS R 1634
Flexural strength MPa 340 280 145 90 JISR 1601
Thermal expansion coefficient x10°/K 3.2 2.8 2.3 2.2 JISR 1618
Thermal conductivity W/mK 46 38 34 30 JISR 1611
Thermal shock resistance (AT) K 750 850 950 1000 -
Machinable - X A O O -
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Fig. 2 Comparison of flexural strength and thermal shock resistance characteristics of SSNB and SNB.
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Fig. 3 Comparison of strength of SSNB and SNB
after thermal shock.

SSNB are controlled by adding 10-40 mass%
h-BN to Si;N.. The bending strength decreases
as the amount of h-BN added increases, but
even when 20 mass% is added, the strength is
280 MPa or more.

On the other hand, the thermal shock resis-
tance improves as the amount of h—-BN increases,
and AT (thermal shock temperature) increases
to 850 C by adding 20 mass%. Further addition
of 40 mass% increases AT to 1000 C.

Fig. 2 shows the results of comparing these
characteristic values with SNB. The results
show that SSNB is on average 35 % and 15 %
better than SNB in strength and thermal shock
resistance, respectively, in the range of 10-
40 mass% BN addition.

Fig.3 shows the residual strength after
the thermal shock test. SSNB2 maintained a
strength of 250 MPa or more after thermal
shock at 800 C.

After further raising the temperature and
thermal shock to 850 C, the residual strength
decreased, but 150 MPa or more remained. This
strength value is equal to the material strength
of SNB2. On the other hand, SNB dropped
sharply after a thermal shock at 750 C and
the residual strength reached 50 MPa. This
strength value is one-third the residual strength
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of SSNB2 after thermal shock at 850 C.

In this way, SSNB is superior to SNB in
strength and heat impact resistance, so SSNB
can be used as a heat resistant material even
in a harsh thermal environment where conven-
tional materials would break.

2. 2 Microstructure

Fig. 4 shows the SEM images of the fracture
surfaces of SSNB2 and SNB2. These ceram-
ics are porous bodies containing fine pores in
which 20 mass% h-BN is added to suppress the
sintering of Si;N, particles.

The microstructures of these ceramics are
different. Since SSNBZ uses a sintering aid
that promotes grain growth, f-Si;N; columnar
particles grow more than SNB2, forming a fine
structure with higher strength.

In addition, the uniform dispersion of the
h-BN plate-like particles of this microstructure
complicates the crack growth and increases the
fracture energy of the material, thus improving
the thermal impact resistance.

2. 3 Machinability

Dense Si;N, sintered body is a material that
is difficult to grind, and it takes a long time to
process. However, if h-BN is added in an amount
of 30 mass% or more, the SSNB sintered body
can be dry-machined using a cutting tool. The
reason why dry machining is possible is due to

Fig. 4 SEM image of SSNB2 and SNB2 fracture surface.



Fig. 5 Appearance of dry-machined SSNB3
ceramics.
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Fig. 6 Production flow of SSNB ceramics.

the solid lubricity of the micropores and h-BN
particles formed by the addition of h-BN.

Fig. 5 shows an example of dry machining of
an SSNB3 sintered body containing 30 mass%
of h-BN. As shown in this example, this mate-
rial can be easily machined and threaded with
a cutting tool using a machining center or NC
lathe. It is suitable as a heat-resistant material
that can satisfy requirements such as a wide
variety of products in small quantities and a
short delivery time due to the rapid market
changes in recent years.

2. 4 Manufacturing process

Fig. 6 shows the manufacturing process flow.
The manufacturing process is as follows, similar
to general non-oxide ceramics. (1) Granulated
by uniformly mixing the main powder (SisNj,
h-BN) and sintering aid, etc. (2) The obtained
granulated powder is molded, fired in a non-
oxidizing atmosphere, and machined.

Our molding is mainly hydrostatic pressure
(CIP) molding, but it is also possible to apply
mold molding when producing a large number
of simple shapes and slip casting molding when
producing complex shapes. In addition, the fired
body can be machined with high precision using
a machining center.



Fig. 7 Applications of SSNB ceramics
a) Gas atomize nozzle
b) Thin film nozzle
c) Ladle
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3. Application

SSNB is our original product and has excel-
lent heat resistance and high processability. An
application example of this ceramic is shown in
Fig. 7.

3. 1 Gas atomize nozzle

Laminated modeling technology using 3D
metal printers is widespread in the aerospace
industry, molds, and biomaterials.

The gas atomizing method is used as a
method for producing the metal powder used in
this modeling method. In this method, molten
metal is poured from a ceramic nozzle and a
cooling gas is blown onto the molten metal to
crush and solidify the metal.

Fig.7 a) shows the appearance of the gas
atomizing nozzle. We provide SSNB nozzles
that can be used stably with this method.

3. 2 Nozzle for thin band

In order to improve the performance of
magnetic core materials for various motors of
transportation machines such as automobiles,
quenching solidification strip materials of alloys
having high saturation magnetic flux density and
excellent soft magnetic properties have become
widespread. A thin band nozzle is used to make
this material. Fig.7b) shows the appearance
of the thin band nozzle. The SSNB nozzle has
excellent heat impact resistance, heat insulation
and wettability, so it can be used stably.

3. 3 Casting ladle

SSNB has excellent corrosion resistance to
molten aluminum and can be applied as a ladle
for molten metal. The application of this mate-
rial is expected to reduce the contamination
of molten metal with different metals, improve
yield, extend the life of the ladle, and reduce
maintenance.

Fig. 7 ¢) shows the appearance of the ladle.
Although there is room for improvement in
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terms of shape, this product has been confirmed
to be usable in practice.

4. Summary

(1) We have developed SSNB, a composite mate-
rial with 35 % and 15 % higher mechanical
strength and thermal shock resistance
than SNB, respectively, with a range of 10
mass% to 40 mass% h-BN added to SizN..

(2) SSNB sintered body with h-BN addition
amount of 30 mass% or more can be
machined using a cutting tool, and the
desired shape can be obtained in a short
time.

(3) SSNB has been used as molten metal
parts and heatresistant insulating parts
in harsher thermal environments, and has
been well received by many users.
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