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In this study, a novel and interesting method to grow (3-Si;N, whiskers was developed using thermal decomposition of Si;N,
and large pores introduced intentionally during liquid phase sintering. The pore size, pore vol%, pore morphology and
nitrogen pressure were chosen as experimental variables to find proper conditions for growing whiskers. In this experiment,
commercial a-Si;Ny, ALO; and Y,0; were selected as starting materials, and polymer beads with average diameters of 100
and 200 pm were used as pore formers to make intentional pores in the sintered sample. A polyvinyl film was also used to make
a film type of pore. 3-Si;N, whiskers grew well on the inside of pores in the case of a low vol% of pores, 14 and 27 vol% or
closed pores of a film shape, but not for a high vol% of pore, 39 and 50 vol% or open pores of a film shape. The variation
of pore size, pore morphology and nitrogen pressure did not have any influence on whisker growth.
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Introduction Si0,-Al,05-Y,0; have been reported [3-14]. But in this
study a novel and interesting method to grow Si;N, whiskers
SizN,4 is a promising ceramic material having excellent using the thermal decomposition of Si;N, and large pores
mechanical, chemical, and thermal properties at high formed intentionally during liquid sintering was developed.
temperatures and has been widely used for structural The pore size, pore vol%, pore morphology and nitrogen
applications such as cutting tools, mechanical seals, ball pressure were chosen as experimental variables to find a
bearings, and engine components. It has a better thermal proper condition to grow whiskers.
expansion coefficient, fracture toughness, and thermal
shock resistance than another good ceramic material, silicon Experimental
carbide, even if it has less thermal stability and corrosion
resistance. SizN4 products are usually sintered with liquid In this experiment, commercial a-SisNy (o> 90%, M11,
sintering additives such as Al,Os, Y,0;, MgO and SiO, H.C.Stark, Germany) was selected as a starting material,
but have a main problem with the following thermal and Al,O; (AKP-30, Sumitomo Chemical Co., Japan) and
decompositions and densification at the sintering Y,0; (Grand Chemical Co., Korea) were used as sintering
temperature [1]. Therefore, high N, pressures or powder additives. In order to make large intentional pores in a
bed techniques are often used to suppress the thermal sintered sample, polymer beads of two different sizes with
decompositions: average diameters of 100 and 200 um were used as pore
SisNa(s) — 38i(l) + 2Nx(2) (1) for?;ers. IPlad(;.[htlon, ? polyvllzr}yltﬁlftn ]\;vag 'aIl\?o useddfor
SisNu(s) + 3SiOs(s) —> 6Si0(g) + 2Na(g) ) making a film type of pore. First of all, Si;N; powders

were well mixed with 5 wt% AlLO; 10 wt%Y,0; and
distilled water in a polyethylene bottle through wet ball
milling for 24 h. After that, the polymer binder and polymer

SisNa(s) + ALOx(s) — 3SiO(g) + 24IN(s) + No(g)  (3)
SizNa(s) + Y205(s) = 3Si0(g) + 2YN(s) + Na(g)  (4)

On the other hand, Si;N, whiskers have some more beads were added to the SizN, mixture and mixed again
advantages of high mechanical strength, melting point for 24 h to make a uniform slurry. Four different amounts
and elastic modulus due to less defects and have been used of beads, 14, 27, 39 and 50 vol% were added to make
as one of the important reinforcing materials in composites different volume fractions of pores in the sample. The mixed
[2]. Therefore, many studies on the various synthesis slurry was poured into a steel mold and dried in an oven at

methods of Si;N, whiskers using chemical systems such 80 °C for 24 h. In case of the film type of pore, the slurry
as Si0,-Si-N,-H,, SiO,-C-N,, SiO,-N,-Na;AlF;, and without any polymer beads was prepared and a thin
polyvinyl film was inserted in the middle of the poured

*g"lffeﬁgggdég E;Tg’r: slurry. In order to make an open film pore, the dried sample
FZx; 4822958 5479 was cut in half and thus the inserted polyvinyl film was
E-mail: cskim@kist.re.kr revealed to the air. The dried SizN, sheet (15 x 15 x 3 mm)
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(a) (b)

Fig. 1. SEM micrographs of sintered SisN, with (a) 14 and (b)
39 vol% of 200 pum pores.

Fig. 2. SEM micrographs of sintered SisN, with 14 vol% of (a) 100
and (b) 200 pm pores.

was heated up to 500 °C at a rate of 0.3 °C minute™' to
evaporate and eliminate the polymer binder, beads or
polyvinyl film. Finally the samples were sintered at 1,850 °C
for 2 h under three different N, pressures of 3, 5, and 10 atm
in a graphite furnace. After sintering, the phase analysis and
microstructures of samples were investigated with X-Ray
Diffraction (XRD) and a Scanning Electron Microscope

(SEM).
Results and Discussion

Fig. 1 are cross-sectional SEM micrographs of sintered
Si;N, with 14 and 39 vol% of 200 um pores. They show
that artificially large pores were well formed and distributed
inside the sample after the evaporation of the beads as
expected. Pores were isolated at low vol%, 14 and 27 vol%
but interconnected with neighboring pores and the sample
surface at high vol%, 39 and 50 vol%.

On the other hand, the XRD results of sintered Si;N,
showed that the initial B-Si;N, was almost transformed into
[-Si3N, after sintering. Fig. 2 are SEM micrographs of the
inside of 100 and 200 pum pores in SisN, sintered under
10 atm N, with 14 vol% of pores. 3-Si;N4 whiskers grew
well on the inside of pores. They have a diameter of 0.2-1 um
and a length of 10-20 um. Fig. 3 are SEM micrographs
of the inside of 100 and 200 pm pores in SisN, sintered under
10 atm N, with 39 vol% of pores. But in this case SisN,
whiskers were not grown at all on the inside of pores. This
trend was found equally irrespective of size of pore. That
is, the vol% of pores is thought to be a more important factor
in growing Si3N4 whiskers than the size of pores. In order
to find the effect of nitrogen pressure on whisker growth,
three different pressures, 3, 5 and 10 atm, were used for
sintering. But the variation of nitrogen pressure did not

Fig. 3. SEM micrographs of sintered Si;N4 with 39 vol% of (a)
100 and (b) 200 pum pores.

(a)

Fig. 4. SEM micrographs of sintered Si;N4 with a closed pore of
film shape; (a) low magnification and (b) high magnification.

have any influence on Si3;N, whisker growth and so, only
in the case of a low vol%, 14 and 27 vol% of pores, 3-Si;N,
whiskers were well developed on the inside of pores.
Fig. 4 are cross-sectional SEM micrographs of sintered
Si3N, with a closed pore of film shape to show the growth
of SizN4 whiskers inside. On the other hand, Fig. 5 are cross
-sectional SEM micrographs of sintered SisN4 with an open
pore of film shape which do not show any Si;N, whiskers
inside.

From the above experimental results, the most critical
factor in growing Si3N, whiskers on the inside of pores
during sintering is thought to be the pore vol%. The proper
conditions to grow them was on the surface of closed
pores in the sintered sample with a low vol% such as 14
and 27 vol% or a closed pore of film shape. But they did
not grow at all on the surface of open pores which were
interconnected with each other and up to the sample surface.
That is, Si3N, whiskers are very difficult to nucleate and
grow on open pores because the gas phases equilibrated
with the SizN4-AlO;-Y,0; liquid due to the thermal
decomposition at the sintering temperature and diffused out
to the surface through the connected path. On the other hand,

()

Fig. 5. SEM micrographs of sintered Si;N, with an open pore of
film shape; (a) low and (b) high magnification.
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they are well confined in closed pores and so whiskers can
nucleate and grow easily by precipitation during cooling.
Therefore, it is very important to maintain the closed pores
to grow Si;Ny whiskers during sintering.

Summary

A novel method to grow Si;N, whiskers on the inside of
large pores formed intentionally during liquid sintering was
developed. Si;N, whiskers grew well at a low vol% of pores
such as 14 and 27 vol% or on a closed pore of film shape
but not at a high vol% of pores such as 39 and 50 vol% or
on an open pore of film shape. The variation of pore size,
pore morphology and nitrogen pressure did not have any
influence on the trend of whisker growth. The most important
factor to grow SizN, whiskers on the inside of large pores
during sintering was to maintain a low vol% of pores, that
is, closed pores which were thought to confine the volatile
species due to thermal decomposition and condense them
into whiskers during cooling.
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