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Abstract: The important features of silicon nitride (SisN4) such as proper strength, low
dielectric constant, low loss tangent and high wear and thermal shock resistance have
made this ceramic as one of the few suitable ceramics for use in antenna protection. Due
to the difficulties in the sintering of SisN4 samples, in this research, the fabrication of this
body was investigated by nitridating a pressed silicon powder without using any additive;
because the effect of additives on the loss of properties has been proven. In this regard,
silicon powder along with 0, 0.5, 0.7, and 1 wt.% of iron oxide were pressed, and nitridated
at the temperature of 1420 degree celsius for 2 hours under the different nitrogen gas
pressures of 200, 400, and 600 millibars. The density, porosity, phase composition, and
microstructure of the samples were evaluated. Results showed that the minimum pressure

for nitridation is 600 millibars and the optimal percentage of iron oxide is 0.5 wt.%.
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1. INTRODUCTION

The unique features of advanced ceramics respect to
metal superalloys have caused these materials to replace
metal materials in some military industries that require
high temperature and thermal shock resistant [Boberski,
et al. 1989]. Due to its high strength and hardness,
resistance to wear, oxidation, creep, and thermal shock,
silicon nitride has engineering applications in cutting
tools, combustion engine components, corrosive pump
gaskets, bearing parts, and rocket noses. The sintering of
silicon nitride bodies has some problems and because of
the high hardness of these ceramics, the machining of
these parts produced by the usual sintering method will
be a cost-consuming process [Hampshire, 2007].
Therefore, one of the best methods of fabricating these
parts is the reaction bonding method, which produces
parts that are close to the final shape and require minimal
machining.

In this research, the effect of iron oxide additive and
nitrogen gas pressure on the fabrication of silicon nitride
through nitridation process of a pressed silicon powder,
on the phase composition, and on the strength were
investigated. The aim of this research was to make an
optimal sample of silicon nitride ceramic in a suitable
and industrialized way, without using additives whose
negative effects have been proven on the dielectric loss
properties.

2. MATERIALS AND METHODS

Silicon powder (>99% purity, 4.5 um, Sichuan,
China), nitrogen gas (>99.9999% purity, Farafan Gas,
Iran), iron oxide (Merck, 1-03924-0250), and poly vinyl
alcohol (PVA) were used. Silicon powder with 0, 0.5,
0.7, and 1 wt.% of iron oxide were mixed (JR810 mixer,
60 rpm). 0.25 wt.% PVA binder was added to the
mixture. The resulting mixture was passed through a
sieve (Mesh No. of 425) and granulated. The granulated
powder was stored in a nylon bag for 24 h; Then silicon
tablets (30 mm diameter) were by pressing under the
pressure of 50 MPa. The prepared samples were set
aside for 6 h, and then dried at a temperature of 110°C
for 6 h. Nitriding was done in an industrial furnace under
the gas pressures of 200, 400, and 600 millibars. The
samples were cut into 4 equal pieces for the further
experiments.

3. RESULTS AND DISCUSSION

Figure 1 shows the X-ray diffraction (XRD) of the
surface of samples which nitridated at the nitrogen
pressure of 600 millibar. The samples contain silicon
carbide, alpha- and beta-silicon nitride. The maximum
intensity of the beta phase peak was observed in the
sample that was prepared with 0.7 wt.% of iron oxide.
With increasing the gas pressure, silicon remains in
liquid or solid state for a longer period of time and the
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growth of beta phase is higher than samples with the
same percentage of iron oxide. This shows the great
effect and importance of gas pressure in the tendency of
silicon to form alpha or beta phase.
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Figure 1. XRD of the nitridated samples at 600 mbar gas
pressure

4. CONCLUSION
In this research, it was observed that for the
nitridating of silicon bodies, the minimum suitable

pressure is 600 millibars and the low pressure of
nitrogen gas causes a decrease in density and strength.
The presence of carbon monoxide in the furnace
atmosphere will cause the formation of a SiC surface
layer. Iron oxide improves the nitridation process. The
optimal amount of iron oxide in this research was
determined as 0.5 wt%. The results showed that the
simultaneous increase of iron oxide and nitrogen gas
pressure increases the growth of beta phase more than
alpha phase.
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