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preparation and nitridation of silicon whiskers
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Silicon nitride is of great interest as a high tempera-
ture ceramic material for use in engine and turbine

arts. cutting tools and bearings [1]. To fabricate
reliable components out of silicon nitride for these
applications it is essential that tl.1e starting pow;ler of
silicon nitride should have high purity. uniform
particle size and high percentage of a-phase [2].
various methods of preparing silicon nitride powder
have been discussed by many authors [3-5]. The
major problem encountered in the direct nitridation
of silicon is that the product is always coarse,
necessitating prolonged milling. which causes conta-
mination. In the carbothermal reduction of silica. a
very large excess of carbon has to be used, which is
removed later by heating in air, but a small amount
of carbon always remains as an impurity. In the
ammonolysis of silicon halides the intermediate
product, silicon imide, is highly sensitive to air and
moisture, and complete removal of the halide is also
difficult. We have been looking for a process in
which these problems are avoided. In this connec-
tion one of our interests has been to see whether
high purity silicon powder can be prepared from
silicon tetrachloride and whether this powder can be
nitrided in situ. However, our experiments have not
been successful in this regard, but resulted in silicon
whiskers and whisker-like silicon nitride. These
experiments are reported here.

Metals like magnesium, iron, zinc and cadmium
can reduce silicon tetrachloride to silicon. This
principle had been used to prepare semiconductor
grade silicon. Whiskers of silicon have been pre-
pared by the disproportionation of silicon dibromide
[6]. gas phase reduction of silicon tetrachloride with
hydrogen [7] and thermal decomposition of silane
[8]. Our attempts to prepare silicon powder by the
reduction of silicon tetrachloride with iron filings
resulted in ferrosilicon globules. It was realized that
to get silicon powder, a reaction between the metal
vapour and silicon tetrachloride vapour has to be
employed. Zinc, being a metal with low boiling
point, was considered suitable for this purpose.
Recently, magnesium vapour has been used to
reduce silicon tetrachloride for the preparation of
silicon powder [9].

The experiment basically involves production of
zinc vapour by heating the metal to its boiling point
and reacting this vapour with silicon tetrachloride
vapour diluted with nitrogen. A schematic of the
experimental set-up is shown in Fig. 1. It consists of
a two-zone horizontal furnace; one zone, of length
200 mm, is for generating the zinc vapour and the
Other, of length 400 mm, is for reacting the zinc
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Figure ! A schematic diagram of the experimental set-up.
vapour with silicon tetrachloride vapour in the

presence of nitrogen. The reaction tube i1s of fused
quartz with diameter 25 mm and length 1000 mm.
About 10 g of granulated zinc (Analar, BDH) was
put in a quartz tube of diameter 15 mm and length
150 mm with one end closed and the other end
tapered. This was enclosed in a jacket made out of
fused quartz with a diameter of 20 mm and length of
200 mm. This jacket had an inlet through which dry
nitrogen could be passed. This was keptin zone 1 of
the furnace. The temperature of this zone was
increased gradually to above the boiling point of zinc
while passing nitrogen at a rate of 1 Imin~", through
the jacket so that the zinc vapour was carried into
the reaction zone (zone 2 of the furnace). The
temperature of this zone was maintained between
900 and 1200 °C. Dry nitrogen was bubbled at a rate
of 0.5 Imin~! through distilled silicon tetrachloride
liquid in a bottle, and the gaseous mixture of silicon
tetrachloride and nitrogen was passed over the
jacket to the reaction zone. The reaction took place
according to the equation:

SiCl,(g) + 2Zn(g) — ZnCl,(g) + Si(C)

White fumes of zinc chloride were observed from the
outlet of the reaction tube as long as the reaction was
taking place. These fumes also condensed at the
cooler end of the reacton tube. The temperature of
both the zones was reduced after the reaction was
over. The product was taken out of the reaction tube
after it had cooled to the room temperature. It was
observed that the products of the reaction con-
densed in two distinct regions of the reaction tube.
The product that condensed in the cooler region was
pure zinc chloride, and the product that condensed
in the hot zone consisted of only whiskers. These
whiskers were characterized by X-ray diffraction
(XRD) and electron microscopy. The XRD pattern
confirmed that these whiskers were only crystalline
silicon but not silicon nitride. When the temperature
of the reaction was 1200 °C, the whiskers were thick

i 261-8028 (©) /995 Chapman & Hall 31



Figure 2 Scanning electron micrograph of the silicon whiskers.

and had the characteristic lustre of silicon. At lower
temperature the whiskers were finer and the colour
was light brown. When the reaction temperature was
950 °C, the whiskers were very thin and looked like
wool, creamy white in colour. An electron micro-
graph of these whiskers is shown in Fig. 2. The
thickness of these whiskers was about (.5 um and
their length was more than 1 cm.

These experiments were repeated with increased
nitrogen flow to see whether the whiskers could be
nitrided in situ. However, these experiments were
not successful in this regard, but the whiskers
became still finer, down to a thickness of 0.1 um.
Therefore, the silicon whiskers were nitrided separ-
ately using dry ammonia gas [10] in the temperature
range 1200-1300 °C. The XRD and infrared absorp-
tion data showed that the product of nitridation was
a-silicon nitride. An electron micrograph of this
silicon nitride is shown in Fig. 3. By comparing this
micrograph with that of silicon whiskers, it can be
inferred that during the nitridation the silicon
whiskers do not become powder, but become
shorter, probably pseudomorphs. The thickness-of
these pseudomorphs was about 0.5 um.

The length is fairly uniform and is about 12 um.
Such whisker-like particles with uniform aspect ratio
may also be useful in ceramic composites.
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Figure 3 Scanning electron micrograph of the whisker-like silicon
nitride.
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