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Abstract

We have been proposing SNB, which is a composite ceramic consisting of silicon nitride (SisNy)
and boron nitride (h-BN), as a material for metal atomizing spray nozzles. SNB has superior
thermal shock resistance which can be controlled by changing the amount of h-BN (BN) because
of excellent thermal spalling resistance of BN. The thermal shock resistance of SNB was improved
by using ultra-fine BN powder of 50nm in diameter instead of conventional BN powder. Thus, the
amount of BN in the SNB could be reduced in terms of thermal shock resistance. Reduction in the
amount of BN, in other words, increase in Si;N., improves corrosion resistance. Thus, improvement
in SNB corrosion resistance for metal atomizing spray nozzles without deterioration in thermal
shock resistance is possible.

1. FC&IC 1. Introduction
B AR A ] B A O B 2 T4 B A /%y Sputtering target materials for forming the
YU LTy NRERBR RO Ry T L fine wiring used in semiconductor integrated cir-

- cuits are produced by hot pressing fine metallic
ABERFIS LD B S Do MIERAE 2 % }% powders. These metallic powders are produced
BB ARILT b~ A R LIS iR & 15 by an atomization method, that is, molten metal

BESE2 TR L YV RESN L. Towam spraying followed by rapid solidification. For
BEBEMRIZIG—LRENS 2D I EARDLN high quality metallic powders, uniform particle

bo BRMEIEREWEHZETLHE, Th~A X Xk size is one of the important characteristics.
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Table 1 Properties of SNB series and SSN

Properties Unit SisNs SizNs / BN composite

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
Open porosity % 0 10 20 25 30
Flexural strength MPa 590 320 120 80 60
Thermal expansion coefficient x10° K 3.2 3.1 2.9 2.6 2.5
Thermal conductivity W/(m+K) 21 16 15 14 12
Thermal Shock resistance AT K 600 650 800 850 900
Corrosion resistance index - - 100 76 66 -
Machinability - X X @) O O
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Since molten metal is sprayed through ceramic
atomizing spray nozzles, resistance to thermal
shock fracture and enlargement of aperture is
necessary to obtain high quality metallic pow-
der production. We have been proposing and
supplying silicon nitride / boron nitride com-
posite ceramics (SNB) as an atomizing spray
nozzle material. This material has the superior
high temperature strength and corrosion
resistance of silicon nitride (Si;Ny) and supe-
rior thermal shock resistance of boron nitride
(BN). As shown in Table 1, the strength and
thermal shock resistance of this material are
controllable by changing the amount of BN".
The thermal shock resistance was evaluated
by the maximum temperature difference at
which the water-quenched specimen maintains
its initial strength. This is the critical fracture
temperature difference (AT) regulated in JIS
R 1615. While the thermal shock resistance is
improved with increasing BN content, corrosion
resistance tends to be improved with increasing
SisN, content. Although SNB ceramics, that have
excellent thermal shock resistance, are popular
in some applications, further improvement of
corrosion resistance was required.

This paper reports the qualities, especially
thermal shock resistance and corrosion resis-
tance, of SNB ceramics developed by using
ultra-fine BN powder instead of conventional
BN powder.
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Fig.1 Photograph of ultra-fine BN (a) SEM image

and (b) commercial appearance.

Shinagawa Technical Report

2. Ultra-fine BN Powder

BN is a soft substance exhibiting excellent
thermal shock resistance and non-molten metal
wetting properties. Thanks to these desirable
properties, BN is used not only as a raw mate-
rial of single composition ceramics but also as
an additive for hard ceramic materials in order
to improve machinability. Moreover, it is also a
promising material as a filler in heat sink resin
because of high thermal conductivity of BN
material.

Recently, resin / BN composite, which includes
50nm ultra-fine BN powder obtained through
newly developed manufacturing process, was
reported?. It was said that thermal conductiv-
ity became twice that of conventional resin /
BN composite. That means that less amount
of BN is needed to obtain equivalent thermal
conductivity material.

Thus, it is expected that utilization of ultra-
fine BN for SNB permits the production of
high thermal shock resistance, high corrosion
resistance SNB containing less BN. Figure 1
shows a SEM micrograph and appearance of
ultra-fine BN. Approximately 50nm particles are
well-dispersed without aggregation. Since the
dispersion medium was alcohol, the suspension
can be easily mixed with other raw materials.

3. Characteristics of SNB Ceramics
Containing Ultra-fine BN Powder

3. 1 General properties and thermal shock
resistance

Table 2 shows the properties of SNB ceram-
ics containing ultra-fine BN particles. While the
bulk density and bending strength decreased
with the increase in BN content from 10mass%
to 30mass%, all values exceeded 150MPa. That
is considered to be sufficient. Thermal shock
resistance was improved with increasing BN
content. The critical fracture temperature
difference (AT) of SNB3F containing 30% BN
reached 900K. As compared with Table 1, AT
was improved by 50K by using ultra-fine BN
due to the increase in thermal conductivity.
This result indicates that the thermal shock
resistance was maintained with a smaller
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Table 2 Properties of SNB ceramics containing ultra-fine BN as a raw material

Properties Unit SisNs / ultra-fine BN composite
Codes SNB1F SNB2F SNB3F
BN content % 10 20 30
Bulk density g/cm’ 2.4 2.0 1.9
Open porosity % 10 20 23
Flexural strength MPa 269 162 165
Thermal expansion coefficient x10° K 3.1 2.8 2.6
Thermal conductivity W/(m « K) — 18 18
Thermal Shock resistance AT K 700 850 900
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amount of BN. For example, although the AT
of conventional material SNB3 (BN = 30%)
was 850K, the same AT could be achieved for
SNBZF (BN = 20%), which contained ultra-fine
BN. Consequently, BN content could be reduced
in 10% by using ultra-fine BN.

Figure 2 shows the microstructure of SNB3F
with containing ultra-fine BN. For comparison,
it also shows microstructure of SNB3 using con-
ventional BN. Since the BN contents of both are
30%, both microstructures are porous and the
average pore size was evaluated to be approxi-
mately 170nm. As can be clearly recognized
in the microstructures, aggregates the size of
several 10um can be observed in the conven-
tional material. However, the microstructure of
SNBS3F, containing ultra-fine BN, is so uniform
that large aggregates are not observed. This
homogeneous structure clearly contributes to
the improved thermal shock resistance.

3. 2 Corrosion resistance

Figure 3 shows the result of a corrosion test
performed by crucible method. SNB materials
containing 20% ultra-fine BN and 20% and 30%
conventional BN were used as specimens on
which 20mm in diameter 35mm in depth cavi-
ties were created. Fe-Co alloys were put in the
cavities as a corrosion agent followed by melt-
ing at 1720C for 4h in an argon gas flow. After
the test, the cut surfaces of the post-corrosion
test samples were observed. Each sample was
corroded by the alloy. The corrosion degree
was quantified by the corrosion area defined
as changes in the cross-sectional area of the
cavities before and after the corrosion test. In
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Fig.2 Microstructure of SNB3 with conventional BN particles(a) and SNB3F with ultra-fine BN particles(b).

SNB2 SNB3 SNB2F
(Conventional (Conventional (Developed
BN=20%) BN=30%) BN=20%)

10 mm

Fig.3 Cut surface of SNB series sample after corrosion test with molten metal.
The photo on the left shows SNB2 with conventional 20% BN, on the middle SNB3
with conventional 30% BN, and on the right SNB2F with 20% ultra-fine BN.

HEEON FICHET 5 L EbNhb,
3.2 MEM

Fig.312 2 21T & 04T o 722 A illiass R &
R BEEAFURH B G BN N 820% & i BN
WINE20%, 30% % i\ 72 N ££20mmiZE & 35mm
DBHONFTH 5L, REHICFe-Cotax H\WT,
ArZz& A, 1,720C X 4 hOFACTEm L, 3Bk
%, 221Z%gMr L, WMmEELITo72. Wi
DHBLEEICIZBREZZITTHEELTEY,
AEAT RO MmO L LE 2R EmE L LT,
M EMEOFRIE L L7z, ERBNZ M L 728608t
Y, REMmMEIX, BN=20%T132mm*, BN=30%

the case of SNB containing conventional BN,
the corrosion areas were 132mm® and 152mm?*
for the samples of BN =20% and BN = 30%,
respectively. The corrosion tended to increase,
reflecting the fact that porosities of the samples
increased with increasing BN content. On the
other hand, the corrosion area of the samples
containing 20% ultra-fine BN was 125mm?
which is slightly superior to that of the conven-
tional material containing an equivalent amount
of BN.

As previously mentioned, the thermal shock
resistance is improved by using ultra-fine BN,
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and amount of BN can be reduced by 10% in
terms of thermal shock resistance. For instance,
AT of SNB2F containing 20% ultra-fine BN was
850K. That is equivalent to that of conventional
SNB3 (BN =30%). Comparing SNB2F and
SNB3, it was clearly shown that the corrosion
resistance is improved by 18% without dete-
rioration in thermal shock resistance by using
ultra-fine BN.

In the atomization process of fine metal, the
inner area of the atomized nozzle is significantly
corroded due to the flow and spraying of mol-
ten metal. The inner diameter of the nozzle is
important for controlling particle size of metal
powder. Therefore, suppression of inner diam-
eter enlargement during use is required and
the improvement in the corrosion resistance is
strongly required for the material.

The use of BN ultra-fine powder is an effective
method for improving the corrosion resistance
of SNB ceramics.

4. Summary

We have been providing SNB ceramics as
heat-resistant materials, which show excellent
thermal shock resistance. This paper described
the improvement of SNB material properties,
using ultra-fine BN powder, and application as
an atomizing spray nozzle.

(1) By using ultra-fine BN powder as a raw mate-
rial of SNB ceramics, the critical fracture
temperature difference, AT, was improved
by 50K compared to conventional materials.

(2) There was no deterioration in thermal-
shock-resistance even when the BN content
was reduced by 10%.

(3) Consequently, it is possible to maintain
excellent thermal shock resistance of SNB
ceramics with less BN. The improvement of
corrosion resistance of the SNB series was a
result of using ultra-fine BN.
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