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ABSTRACT

In order to get the high quality SiC nanopowders, a DC plasma reactor system with adjustable torch has
been developed. SiC nanopowders were synthesized using this system and the synthesized primary par-
ticles have nearly spherical structures, mostly B-SiC phase with a particle size of 10-30 nm. Larger aggre-
gate particles have been produced in our system probably due to longer particle growth times and faster
collisions. The synthesized particles collected from the reactor wall and cyclone bottom have some free
silicon and free carbon. To produce high quality silicon carbide nanopowders, it is highly necessary to
improve the experimental conditions such as lower system pressures, shorter residence time, and higher
quenching rates during powder synthesis.

© 2009 Published by Elsevier B.V.

1. Introduction

Recently, silicon carbide (SiC)-composites produced by silicon
carbide nanoparticles have been considered as one of the promi-
nent candidates for blanket materials in nuclear fusion. SiC pro-
vides outstanding oxidation resistance and mechanical properties
at high temperatures even above the melting point of steels. Also
SiC powders have a wide range of industrial applications such as
raw materials, abrasives, additives, etc. It is highly required for
SiC-based materials to enhance the fracture toughness, high tem-
perature creep strengths, and swelling resistance, especially for fu-
sion applications [1,2]. To improve the mechanical properties of SiC
monolithic and composites, high quality nanopowders have been
used for the better sinterability and smaller grain sizes. It has been
widely considered that nanopowders can provide better mechani-
cal properties primarily due to the higher specific surface areas and
surface activities compared with those of micron powders [3-5]. In
this paper, we will report the results of design and installation of
DC plasma reactor system and characterization of the synthesized
silicon carbide nanopowders.

2. Experimental

The custom-made DC plasma reactor system used for the
synthesis of SiC nanopowders is shown in Fig. 1. Basically, this syn-
thesis system has been designed and built to use thermal decom-
position of target materials and SiC nanopowder formation
reactions during operation of thermal arc plasma. Under certain
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vacuum conditions, these activated silicon and carbon atoms in
the plasma space will interact with each other in the reactor cham-
ber and then can form SiC nanopowders to decrease total surface
energy and therefore reach more stable B-phase crystal structure.
This system is composed of a DC plasma torch, a DC power supply
(60 kW), a cylindrical stainless steel reactor with water cooling, a
cyclone, a bag filter, and a dry scroll pump for vacuum. The posi-
tion of the plasma torch can be adjusted vertically up to about
20 cm. The starting materials used mainly in this experiment were
silicon carbide bars with about 10 mm outer diameters and about
10 cm lengths. Typical synthesis experiments were operated at
system pressures of about 300-400 Torr, Ar plasma gas flow rates
of 15 Ipm (L/min), Ar quenching gas flow rates of about 15-30 Ipm,
arc current of about 80-150 A, and distances of about 10-20 mm
between the torch exit and target materials.

For SiC nanopowder synthesis, three operation parameters have
been carefully decided to optimize plasma conditions and to
improve crystalline nanopowders quality; arc current, working
pressure, flow rates of Ar quenching gas. Higher arc current can in-
crease plasma temperature and thus enhance thermal decomposi-
tion rates of target materials and SiC nanopowder synthesis
reactions. But, sometimes, it does not work properly and make
serious damages on target, such as, big cracks and fracture. Higher
vacuum pressure can improve the crystallinity of as-grown SiC
nanopowders but restrict the amount of synthesized nanopowders
and flow rates of Ar quenching gas in our plasma conditions. The
temperature of thermal arc plasma has not been experimentally
measured in our reactor system due to extremely high plasma
temperature. Type K thermocouple is located at about 15 cm away
from DC plasma torch and temperature of plasma reactor chamber
has been measured at about 290-350 °C under certain vacuum
conditions during nanopowder synthesis experiments, indirectly.
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Fig. 1. DC plasma reactor system for the synthesis of SiC nanopowders.

It takes several minutes to stabilize DC arc plasma and reactor
pressure by setting Ar quenching gas flow rates and adjusting the
exhaust valve in the operating procedures. After plasma ignition,
thermal decomposition of target materials has been started and
then evaporated silicon and carbon atoms have begun to form
crystalline SiC nanopowders under vacuum pressures at about
300-400 Torr. SiC nanopowders have been synthesized for about
20-30 min in the plasma reactor, and after plasma shutdown, cool-
ing procedure has been done for about 30 min in our vacuum
chamber, and then dry-air venting procedure has been started in
the final stages of operation. The quenching rates of synthesized
nanopowders have not experimentally determined yet and possi-
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Fig. 2. XRD patterns of the synthesized SiC powders.
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bly can be measured after upgrading system components and reac-
tor performance.

After synthesis experiments, the synthesized nanopowders
were collected from the reactor wall and cyclone bottom of the
plasma reactor system. A dark grey or black color has been ob-
served in the collected nanopowders probably due to excess free
carbon. In the energy dispersive X-ray analysis (EDX) and Bruker
D8 X-ray diffraction (XRD) measurements, the excess free carbon
and free silicon have been measured and estimated about 20.8%
and 10.4% in the synthesized SiC nanopowders, respectively. There
are three major XRD peaks positioned at 20 angles of about 35.6°,
59.9°, and 71.8°, assigned to the (111),(220), and (311) planes of
the cubic B-SiC structures, respectively. Hitachi S4800 scanning
electron microscope (SEM) image shows that primary particles
have nearly spherical structures, mostly -SiC phase with a particle
size of 10-30 nm and larger aggregate particles have also been ob-
served. Figs. 2 and 3 show the XRD patterns and SEM images of the
synthesized SiC powders, respectively.

3 Results and discussion

Spherical polycrystalline SiC powders have been synthesized
and then characterized by using XRD and SEM to evaluate the per-
formance of the custom-made plasma reactor system. Based on
these measurements, the primary particles could be formed from
the evaporated silicon and carbon atoms after thermal decomposi-
tion of SiC target materials. Some of silicon and carbon atoms did
not react with each other and thus not participate in the formation
of polycrystalline silicon carbide nanopowders, which could induce
the excess free silicon and free carbon during powder synthesis as
estimated by the EDX and XRD measurements. After nucleation
and growth of the primary particles, larger aggregate particles have
been produced in our system probably due to lower quenching
rates, faster particle-to-particle collisions, longer particle growth
times, etc.

As thermal decomposition and vaporization rates increase, the
atomic concentrations of vaporized silicon and carbon atoms in-
crease around DC arc plasma, the accidental collision rates of these
reactive atoms will increase rapidly, and also there is certainly en-
ough possibility to form Si-C chemical bonds due to activation en-
ergy or driving force supplied by thermal plasma energy. Newly
formed SiC nanoparticles have much higher specific surface areas
and surface energy than those of micron-sized particles. Therefore
it is likely to minimize their specific surface areas and surface en-
ergy by aggregating nanoparticles and forming larger aggregates
during synthesis experiments. It is somewhat difficult to measure
and analyze the intermediate nanoparticles in each growth stage.
Therefore no experimental data has been obtained in the interme-
diate SiC nanoparticles of our reactor system. As shown in Fig. 3,
SEM images clearly show the spherical-shaped SiC nanoparticles
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Fig. 3. SEM images of the synthesized SiC powders.
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and larger aggregates at system pressure of about 350 Torr as de-
scribed previously.

It is widely considered that the formation of ultrafine SiC nano-
powders can be possible under higher quenching rates, shorter
particle growth times, and swirling turbulent flow patterns in the
nanopowder synthesis system [6-12]. To improve the SiC synthesis
efficiency and minimize the larger aggregate particles, the coarsen-
ing and aggregations of the primary particles should be controlled
by using the quenching methods and system pressures during
nanoparticle growth. Argon gas quenching methods maybe possi-
ble in the transverse or counter-flow directions to increase the
swirling turbulence and quenching rates of synthesized SiC pow-
ders under certain vacuum pressures [6,7]. Further investigations
are necessary to reduce the amounts of free carbon and free silicon
in the synthesized powders and thereafter to produce high quality
SiC nanopowders.

4. Conclusions

Spherical polycrystalline B-SiC nanopowders were synthesized
by using a plasma reactor system and the primary particles have
a particle size of 10-30 nm. Larger aggregate particles have been
produced probably due to longer particle growth times and faster
collisions. The synthesized SiC powders collected from the reactor
system have excess free silicon and free carbon. To produce high
quality SiC nanopowders, it is highly necessary to improve the
experimental conditions such as lower system pressures, shorter

residence time, swirling turbulent flow patterns, and higher
quenching rates during nanopowder synthesis.
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