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Synthesis of ultra-fine SiC powders in a d.c.

plasma reactor
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Laboratory for Ceramic and Reaction Engineering, Department of Chemical Engineering,
State University of New York at Buffalo, Buffalo, NY 14260, USA

Synthesis of SiC powder in a 15 kW d.c. plasma reactor by using the reaction systems of
SiCl,+CH, and CH;SiCl; + CH, was studied. The powder produced was characterized by
X-ray diffraction and electron microscopy (SEM and TEM). Specific surface area was
determined by the BET method using a sorptograph. The oxygen content was analysed by
thermogravimetric method. Powder characteristics with respect to plasma conditions were
analysed. The SiC powder generated was sintered in the presence of boron and carbide.

1. Introduction

During recent years, increasing attention has been
given to the production of ultra-fine powders. This is
based on the fact that metal or ceramic compacts
made by sintering ultra-fine metallic or ceramic pow-
ders exhibit improved mechanical, physical and chem-
ical properties. The ultra-fine powders of tantalum,
molybdenum and tungsten were produced in a ther-
mal plasma system in our laboratory [1]. In this work,
our attention was focused on silicon carbides. It is well
known that silicon carbide powder has promising
applications in high-temperature technology [2], be-
cause of its unique properties such as high thermal
shock resistance, good mechanical strength (high
hardness and high resistance to wear, etc.), good
chemical resistance (resistant to corrosion against
acids and alkalines), especially its high thermal con-
ductivity and low thermal expansion coefficient, and
if SiC powder is ultrapure and ultra-fine, then its
sintering characters can be improved.

In order to produce high-quality SiC powder the
problem has been approached recently in different
ways. Ishizaki et al. [3], Frederick et al. [4], Kong
et al. [5], Nariki et al. [6] and Inoue et al. [7]
produced ultra-fine B-SiC in d.c. plasma reactors.
Kijima et al. [8], Cleaver et al. [9], Dow Corning
Corporation [10], Kameyama et al. [11], Hollabaugh
et al. [12] and Vogt et al. [13] generated ultra-fine
B-SiC powder in r.f. plasma reactors. Kato et al. [14]
and Okabe et al. [15] produce ultra-fine B-SiC in an
SiC resistance furnace. Different starting materials
were used by the above authors.

In the present work, the formation of SiC powders
by the vapour phase reactions of SiCl,~CH,-H,-Ar
and CH;SiCl;—-CH,—H,—Ar systems in a 15 kW d.c.
plasma reactor was investigated. We attempted to
produce ultra-fine SiC powder using industrial grade
starting materials, SiCl,, CH,SiCl,, H, and Ar, for
further scale-up. The powder produced was character-
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ized by X-ray diffraction and electron microscopy.
The specific surface area was determined by the three-
point BET method using a sorptograph (Quantasorb,
Quantachrome Corporation). The oxygen content
was analysed by thermogravimetry. The SiC powder
was well sintered in the presence of boron and carbide.

2. Comparison of the different reactions
For production of ultra-fine SiC powder by vapour
phase reactions, the following four reactions are usu-
ally used

SiH, + CH, — SiC + 4H,

reaction temperature 1300-1400°C (N
(CH3),Si — SiC + 3CH,
reaction temperature 900-1400 °C (2)

CH;SiCl; — SiC + 3HCI
reaction temperature greater than 2000°C  (3)
SiCl, + CH, — SiC + 4HCl
reaction temperature greater than 2000°C  (4)

The reactivity of the silicon source increases in the
following sequence: SiCl,, CH;SiCl;, SiH,, Si{CH; ),.
The equilibrium constants of the above reaction sys-
tems are presented in Fig. 1 [15]. From this figure we
can see that the value of log K, or the formation of
B-SiC increases in the following order: SiCl, + CH,,
CH;SiCl,, SiH, + CH,, (CH;),Si.

Reactions 3 and 4 have low equilibrium constants at
low temperature, the nucleation rate to produce sili-
con carbide will be low [17]. A fairly high temperature
must be required, for example greater than 2000 °C,
for the production of SiC powder. It is more difficult
for the forward reactions of Reactions 3 and 4 to
proceed than those of Reactions 1 and 2. It was found
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Figure I Equilibrium constants of B-SiC formation in several reac-
tion systems: (1) SiCl, + CH, — SiC + 4HC]; (2) CH,SiCl; —»
SiC + 3HCI, (3) SiH, + CH, - SiC + 4H,; (4) (CH;),Si - SiC
+ 3CH,.

that systems of Reactions 3 and 4 can generate SiC
powder just in the plasma condition.

The costs of the reactants decrease in following
order: SiH,, (CH;),Si, CH;SiCl;, SiCl,. In the pre-
sent work, Reactions 3 and 4 have been studied to
produce the SiC powder. The purity of the reactants
used is listed in Table L

TABLE I The purity of the reactants

Reactants Grade Purity Company

Ar High purity 99.996% Linde

H, Extra dry 99.95% Linde

N, Dry 99.7% Linde

CH, Technical 97.0% Linde

SiCl, Industrial 99% Johnson & Matthey
CH,SiCl, Industrial 98% Johnson & Matthey

3. Experimental procedure

3.1. d.c. plasma CVD system

A block diagram of our d.c. plasma chemical vapour
deposition (CVD) apparatus used is schematically
drawn in Fig. 2; photograph is shown in Fig. 3.

The plasma gas is argon or a mixture of argon and
hydrogen. The maximum values of the arc current and
voltage are around 230 A and 59.4 V, respectively. The
advantage of using the mixture of argon and hydrogen
as plasma gas is that we can ensure a plasma gas with
higher enthalpy (a pure hydrogen plasma can have an
enthalpy of between about 11000 and 33000 kcal
kg~1), and a stable discharge and a reducing atmo-
sphere can be formed.

In addition to silicon tetrachloride and the organic
compounds, it is generally advisable to introduce
hydrogen into the reaction zone. Hydrogen may, if
desired, be introduced by passing through the d.c.
torch (in this case, hydrogen will work as a plasma gas
also) or by injecting it into the reactor from the down-
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Figure 2 d.c. plasma system for the production of SiC powder. 1, Plasma torch; 2, reactor; 3, thermocouple; 4, collector; 5, cyclone separator;

6, bag filter; 7, feeding system; 8, evaporator.
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Figure 3 Photograph of d.c. plasma system for the production of
SiC powder.

stream of the plasma, i.e. plasma tail flame. What is
most important is that we must ensure the reactants
reach the central hot zone, and also that the reactants
are mixed uniformly. The reactants sprayed into the
reactor should have a suitable velocity so that an
appropriate resident time will be achieved. This can be
done by adjusting the flow rate of the plasma gas,
argon, or the argon amount in the plasma gas.

Four feeding ports (1.5 mm diameter) were kept
radially just above the reaction chamber, equidistant
from each other, to feed the gaseous or liquid reactants
into the reaction chamber. The reactants can be kept
separately or can be premixed before they are injected
into the reactor, but the chemical reaction between
reactants should be prevented outside the reactor,
such as in the feeding tube as this would induce
blockage of the feeding tube and feeding ports of the
reactor due to the deposition of product. It is also
necessary to heat the feeding tube of the reactants to
an appropriate temperature. This will prevent con-
densation of the reactant vapour on the wall of the
tube.

The reactants are placed in or are introduced into
the feeding chamber and reaction chamber. The walls
of these chambers should be resistant to the chemicals
and should withstand high temperature. Graphite has
been found to be very suitable for that purpose. The
feeding chamber (25 mm inside diameter and 40 mm
long) and the reaction chamber (50 mm inside dia-
meter and 250 mm long), both made of high-quality
graphite, are surrounded by a water jackets made with
two concentric stainless steel tubes. Two observation
windows are mounted radially opposite each other on
the feeding chamber just below the torch exit, and are
regarded as “O” section. Three thermocouple holes
were provided. The first one located on the “A” section
which is 62 mm from the “O” section. The second one
located on the “B” section and the third one located
on the “C” section which are 130 and 260 mm from the
“A” section, respectively. The plasma characteristics
and the situation of powder formation can be ob-
served through the observation windows. Obviously
the motion of the powder cloud near the observation
windows can be seen when the reactions are taking
place.

Our feeding system consists of an evaporator of the
silicon source which is a glass bottle. It was kept in
a water container at a constant temperature which
could be adjusted to a desired value. The carrier gas,
argon, passed through the bottle to carry the vapour
from the silicon source into the feeding chamber. If the
evaporator temperature, carrier gas flow rate and the
pressure in the feeding chamber are fixed, the feeding
rate of the silicon vapour source can be monitored.

The hot reaction mixture is cooled on exit from the
reaction chamber. The method which we are using is
to spray the inert gas, such as nitrogen or argon, as
quenching gas into the reaction mixture in the
quenching chamber. The gases with powder then
passed through cyclone, bag filter and exhaust line,
and finally went through a scrubber. To avoid con-
tamination by adsorption, the temperature of the
mixture gases should be above 100 °C on exit from the
quenching chamber. This will assist in degassing of the
product during collection.

A sampling collection device is connected to the
bottom of the quenching chamber through a 4.0 cm
valve. The powder sample can be kept in an inert
protecting atmosphere to avoid oxygen contamina-
tion upon exposure to air.

Although the basic particle size is between 15 and
80 nm, it is much too small to be separated by a
cyclone and bag filter separator. However, there is
enough agglomeration for efficient separation and
collection. We could see that a small part of powder
escaped with the gases into the scrubber when the
operation starts, then the escaping powder was
lessened with the operation (we once passed the ex-
haust gas into a water tank; a very small amount of
powder was observed to deposit into the water). This
verified that most of the powder formed in the gas
mixture (even though it is ultra-fine) could be collected
by the combination of the cyclone and bag filter.

3.2. Powder preparation

Ultra-fine silicon carbide powder was made by injec-
tion of SiCl,, CH, and H, or CH,SiCl;, CH, and H,
into the reaction chamber, ie. the tail flame of the
plasma. Experimental conditions for the production of
silicon carbide powder with Reactions 3 and 4 are
summarized in Tables II and III, respectively. The
typical temperatures in the different sections of the
reactor are shown in Table IV.

It was shown from the experiments that the molar
ratio of hydrogen and silicon sources must be greater
than 2, because the hydrogen promotes the decompo-
sition and reduction of SiCl, and CH,SiCl; to pro-
duce more silicon nuclei. The silicon nuclei formed
subsequently react with the carbon generated from the
decomposition of CH, or CH;SiCl; at high temper-
ature and form SiC powder. The excess carbon in the
SiC powder may be controlled by adjusting the
amount of hydrogen and methane in the reaction gas
mixture. An excess amount of pure hydrogen is always
necessary in production of SiC powder.

The composition of the silicon carbide powder
could vary over a wide range from excess silicon to
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TABLE II Experimental conditions for the production of silicon carbide powders by Reaction 3

Run Plasma gas, Plasma gas, Power CH,/CH,SiCl, Colour of
Ar (fth~1)2 H, (ft’h~1)® (kW) powders
1 50 1.1 9.0 0.00 Yellow—grey
2 50 1.1 9.0 0.05 Grey
3 50 1.1 9.0 0.11 Dark grey
4 50 1.1 9.0 017 Light black
5 50 1.1 9.0 0:21 Black
6 50 1.1 9.0 0.32 Dark black
7 50 1.2 11 0.05 Black
AP h™1~28317x1072m3h ™1
TABLE III Experimental conditions for the production of silicon carbide powders by Reaction 4
Run Plasma gas, Plasma gas, Power CH,/SiCl, Colour of
Ar (ftPh=1)? H, (ft3h~1)? kW) powders
8 50 1.1 9.0 0.69 Yellow i
9 50 1.1 9.0 0.93 Yellow—grey
10 50 1.1 9.0 1.08 Grey
11 50 1.1 9.0 1.15 Light black
12 50 1.1 9.0 1.39 Black
13 50 1.1 9.0 1.60 Dark black
14 50 1.2 11.0 1.15 Black

1P h 1~28317x 10" 2m*h™".

TABLE IV Typical temperatures on the different sections of the
reactor

Run Temperature (°C)
O A B C
2 > 2000 1600 1360 1200
10 > 2000 1550 1300 1150

excess carbon. The only change made here was the
methane flow rate in Runs 1-6 in Table I1. The colour
of the powder clearly showed the difference. The B-SiC
powder with excess silicon was yellow in colour; the
B-SiC powder without excess silicon or carbon was
grey in colour. The colour changed from grey to light
black, black and to dark black as the excess carbon
present in the SiC powder increased. Then in Runs 2
and 7, the plasma power was changed from 7 kW to
11 kW and the corresponding change of hydrogen
content in the plasma gas (argon was kept constant as
shown in the table) was from 1.1 ft*h~ ' to 1.2 ft* h™!
(~3.114x1072m3h™! to 3.398 m*h™"), as shown
in Table II. The colour of the B-SiC powder changed
from grey to black. The possible reaction is that more
carbon was generated by the decomposition of CH, in
Run 7 than in Run 3. This is because in Run 7 higher
plasma power afforded a higher temperature in the tail
flame than in Run 3, and both the higher temperature
and higher hydrogen atmosphere promoted the de-
composition of CH,. A similar situation occurred in
Runs 10 and 14.

*10° p.si = 6.89 Nmm ™2
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From our experiments, we observed some: inter-
esting phenomena. There was some solid deposition
on the wall of the feeding chamber, especially near the
feeding ports. However, this phenomenon appeared
more often in the SiCl, + CH, system than in the
CH,SiCl; + CH, system. Another interesting phe-
nomenon was that in some cases an SiC tube formed
by crystal growth on the exit from the plasma torch.
Its inside diameter is the same as the anode inside
diameter. Its wall thickness and length could reach
upto 2 and 20 mm, respectively. This could be elimin-
ated by improving the inlet condition and reaction
parameters. These phenomena will be discussed in
another paper in detail.

3.3. Sintering of SiC powder

The SiC powder was sintered using additives of boron
and carbon in the graphite furnace in an argon atmo-
sphere. First, the SiC powder was mixed with amorph-
ous boron and phenolic resin in the isopropyl alcohol
in the appropriate composition. The mixture was
dried at 60°C. The dried slurry was pulverized by a
mortar and the pulverized powder was filled into a
stainless steel die. Then it was pressed at room temper-
ature to a compact disc (green density > 60% theor-
etical density, TD) under a pressure between 15000
and 25000 psi.* Finally the disc was sintered in the
graphite furnace at a peak temperature about 2100°C
for about 1-3h in argon atmosphere. The heating
time from room temperature to 2000 °C was about
4 h. The sample was allowed to cool to room temper-
ature in the furnace.



4. Results and discussion

4.1. Characteristics of SiC powder

The typical X-ray diffraction patterns of B-SiC powder
produced from Reactions 3 and 4 are shown in Figs 4
and 35, respectively. Typical transmission electron
micrographs are shown in Figs 6 and 7, respectively,
and typical electron diffraction patterns in Figs 8 and
9, respectively. The specific surface area was deter-
mined by the three point BET method using a sorpto-
graph. The oxygen content in the SiC powder was
measured by thermogravimetry. Table V shows the
characteristics of the B-SiC powder.

Table VI shows the yield of SiC powder under
different conditions. The yield was calculated from the
total feeding rate of SiCl, and CH;SiCl; and the
weight of the collected powder. These figures are
approximate values, because some powder escaped
into the scrubber through the bag filter. The yield
obtained for the system of Reaction 3 was slightly
higher than that for Reaction 4, because the reactivity
of CH;SiClj is larger than the reactivity of SiCly, as
mentioned earlier.

In Figs 4 and 5, the major peaks of SiC powder
appeared at around diffraction angles of 35.6°, 41.3°,
60.1°, 72.1° and 75.5°. These peaks are associated with
a cubic crystal structure of B-SiC. Sometimes a peak
appeared at around diffraction angles of 33.7° on
Fig. 4. This peak is a characteristic of «-SiC with 4H
and 15R structures. The higher temperatures favoured
the production of high-temperature stable o-SiC. The
peaks from the excess silicon produced can be seen on

the X-ray patterns. When the silicon peaks did not
appear on the X-ray patterns, it indicated that there
was no excess or only a very small amount of excess
silicon present in the SiC powder. Most of the cxcess
carbon did not produce peaks on the X-ray patterns;
presumably the excess carbon in the SiC powder is
amorphous. Through high-temperature treatment in a
protecting atmosphere, some excess carbon might
transform to the crystalline form, so it could produce a
carbon peak at a diffraction angle around 26.5°.

The particle diameter of the SiC powder can be
estimated from the Scherrer equation, D = 0.894/
Bcos(B), where A is the wavelength of the characteristic
X-rays, 0 is the Bragg angle, B is the calibrated width
of the half-height of the diffraction peak. The particle
diameters are 32 and 28 nm associated with Figs 4 and
5, respectively.

Figs 6 and 7 show that the particle diameter of the
SiC powder is in the range 16—80 nm for Reaction 3,
and 16-60 nm for Reaction 4. The average particle
diameter is about 48 and 38 nm, respectively. The
specific surface area of the SiC powder determined by
the BET method is 42.102 m? g~* (Reaction 3) which
corresponds to a particle diameter of 35 nm, and
45819 m?g ! (Reaction 4) which corresponds to a
particle diameter of 30 nm. The SiC powder particle
diameters from TEM, X-ray and BET are basically
identical. The particles of SiC powder were spherical
and polygonal for Reactions 3 and 4. Some agglom-
eration occurred in the reaction. The chain-like ag-
glomeration is a characteristic of particles in this size
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Figure 4 A typical X-ray diffraction pattern of the powder produced from Reaction 3 (Run 2).

663



1000

Intensity (abs)

5004

O—T T T ¥ T T ¥ T g T l T T Il 1\—"T’ ¥ Al T lw",_/ T T L L
30 40 50 60 70
26 (deg)

Figure 5 A typical X-ray diffraction pattern of the powder produced from Reaction 4 (Run 10).

Figure 6 A typical transmission electron micrograph of the powder Figure 7 A typical transmission electron micrograph of the powder

produced from Reaction 3 (Run 2). (Magnification 50 000). produced from Reaction 4 (Run 10). (Magnification 50 000).

TABLE V Characteristics of the B-SiC powders

Reaction 3 Reaction 4 Sample in air Sample in Ar

Particle diameter (nm):

TEM 48 38

BET 35 30

X-ray 32 28
Specific surface arca

m? g~ ! (BET) 42012 45.806
Oxygen content (%) 1.2 0.8

Excess silicon content: very small
Excess carbon content: very small
Sintering density: 86.0%~-93.1% T.D.
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TABLE VI The yields of SiC powders

Run Si source Plasma gas Total H, Power Yield of SiC
Ar (standard ft3> h~1)? (standard ft* h~1)® (kW) (%)

15 CH,SiCl, 50 4 9.0 81

16 CH,SiCl, 50 4 11.0 83

17 SiCl, 50 4 9.0 80

18 SiCl, 50 4 11.0 76

A fPh '~28317x1072m®h™ 1,
TABLE VII Sintering results of SiC powders
Blend Boron Carbon® TD® TD®

(%) (%) (%) (%)

1 0.15 2 80.7 86.0
2 0.20 3 89.0 89.5
3 0.25 2 93.1 92.3
4 0.30 3 90.0 91.0

Figure 8 A typical electron diffraction pattern of powder produced
from Reaction 3 (Run 2). (Magnification 140 000).

Figure 9 A typical electron diffraction pattern of powder produced
from Reaction 4 (Run 10). (Magnification 100 000).

range. Figs 8 and 9 indicate that the particles are poly-
crystalline.

Some other obvious differences for the SiC powder
produced by Reactions 3 and 4 were observed: smaller
size and larger specific surface for the powder from
Reaction 4; higher XRD intensity and the appearance
of an «-SiC peak at 26 = 33.7 for Reaction 3.

The oxygen content in the SiC powder sampled in
air is about 1.2 wt % and when sampled in an argon
atmosphere is less than 0.8 wt %. Ultra-fine powder is
considered to be easily oxidized and adsorbs water on
the surface in air. The Si-O bonding was analysed by
infrared spectroscopy. It showed that the surface of
the ultra-fine B-SiC powder was not covered with a

*The carbon was in excess; we did not count the original excess
carbon.

>For Reaction 3.

¢For Reaction 4.

thin film of oxidized silicon; the oxygen content was
considered to be in the adsorbed water on the surface
of the B-SiC powder [10].

The amount of excess carbon in the SiC powder was
usually controlled to about 1 wt %, but sometimes it
was higher than 1%, for example 1-3 wt %. A small
amount of excess carbon in the SiC powder is benefi-
cial because it may act as a scavenger for oxygen or
elemental silicon that may be present in the powder. It
is possible to control the excess carbon content in SiC
powder to between | and 3 wt % by plasma synthesis.

4.2. Sintering of SiC powder
The results of sintering are given in Table VIIL.

A typical X-ray diffraction pattern and a typical
scanning electron micrograph of the fracture sur-
face of a sintered body of SiC powder produced
from Reactions 3 and 4 are shown in Figs 10-14,
respectively.

As shown in Figs 10 and 12, some peaks of «-SiC
appeared. It is assumed that some crystallization
transfer from B-SiC to «-SiC took place in the
sintering process. Figs 11 and 13 indicate that the
microstructure of sintered SiC from the ultra-fine
powder is fine and homogeneous. So it is hoped that
the sintering density could be further increased. Both
figures indicate that some carbon and pores are pre-
sent. However, silicon, carbon and pores are present in
Reaction 4, as shown in Fig. 14. Table VII shows that
the sintering densities are between 86.0% and 93.1%
TD. It is assumed that the density can still be in-
creased if the sintering temperature is higher than
2100°C. Some authors [16] have indicated that at a
maximum temperature of approximately 2538 °C, sili-
con carbide can be sintered to 98% TD. Of course, the
sintering density could decrease due to SiC evapora-
tion when the sintering temperature is too high. The
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Figure 10 A typical X-ray diffraction pattern (Run 9) of a sintered body of SiC powder produced from Reaction 3 (Run 2).

Figure 11 A typical scanning electron micrograph of fracture
surface of sintered body of SiC powder produced from Reaction 3
(Run 2).

key problems for improving sintering density lie in
(1) suitable sintering technology and parameters, e.g.
sintering temperature, sintering time, press pressure of
the sample, (2) suitable treatment of SiC powder be-
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fore sintering, e.g. especially reducing the amount of
oxygen, excess silicon and excess carbon, etc.

It is well known that oxygen and silicon contamina-
tion hinder densification of SiC powder. In particular,
an oxide layer; e.g. a silicon oxide layer, around silicon
carbide particles, forms a diffusion barrier which in-
hibits grain growth. The excess carbon can react with
oxygen at the sintering temperature to produce car-
bon monoxide or carbon dioxide, thereby removing
oxygen from the sintered parts. This means that a
small amount of carbon present in the SiC powder
could improve its sintering characteristics. However,
large amounts of carbon in the SiC powder can appear
to be undesirable inclusions in the microstructure.

From Table VII we can sec that the sintering
characteristics of both Reactions 3 and 4 are basically
identical.

4.3. Control and treatment of contaminations
The control and treatment of the contamination level
in the SiC powder is essential. The oxygen content in
SiC powder can be decreased by (1) careful recovery,
e.g. degassing techniques, (2) limiting the oxygen con-
tent of the starting materials, (3) prohibiting the leak-
age of the plasma CVD system. The clemental silicon
content in the SiC powder can be controlled by moni-
toring the ratio of the source carbon and silicon
reactants. The amount of carbon source reactant
should be in at least stoichiometric quantities. We can
see that the elemental silicon did not exist when the
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Figure 12 A typical X-ray diffraction pattern of a sintered body of SiC powder produced from Reaction 4 (Run 10).

Figure 13 A typical scanning electron micrograph of the fracture
surface of a sintered body of SiC powder produced from Reaction 3
(Run 10).

source ratio was about 1.1. The elemental silicon can
be removed with hydrofluoric and nitric acids treat-
ment even though a small amount of elemental silicon
exists in the SiC powder [16]. The amount of excess

Figure 14 A typical scanning electron micrograph of the fracture
surface of a sintered body of SiC powder produced from Reaction 4
{Run 9).

carbon in the SiC powder is between 1 and 3 wt %.
The excess carbon can be floated off in a water
flotation cell [16], or eliminated by heating the mixed
product in air at 800 °C [6, 9]. However, there was no
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indication of a change in oxygen content in the SiC
powder after the treatment.

The metal impurities, iron and copper, are the
major contaminations for the production of ultra-fine
metal powder in d.c. plasma [1]. Iron comes mainly
from the corrosion of the feeding system of the re-
actants and the collection system of the powder. This
can be decreased largely by improving the system
materials and avoiding or decreasing corrosion. Cop-
per comes mainly from evaporation of the copper
anode in the plasma. It is estimated that the copper
content in the SiC powder was about 70 p.p.m., based
on our carly experimental results [1]. Most of the
other metal impurities were contained originally in the
starting reactants. Metal impurities (analysed as ele-
mental metal) represent less than 1000 p.p.m. of the
silicon carbide powder, e.g. less than 0.1 wt %, and
often represent less than 800 p.p.m. (0.08 wt %) [5].
To avoid contamination by adsorption, the powder
collector can be heated to temperature above 100°C
to assist in degassing of the product during collection
of the powder. In the event, the SiC powder product
contains absorbed chlorine-containing species, e.g.
halides of silicon, which can be removed by heating
the product to about 600 °C, for about 2 h.

5. Conclusions

1. Ad.c.plasma CVD system has been developed to
produce the ultra-fine SiC powder. The characteristics
of the powder can be controlled by the adjustment of
the operating conditions of the plasma flame and the
amount of reactants.

2. Using industrial grade materials SiCl,,
CH;,SiCl;, CH,, Ar and H,, it is feasible to produce
high-quality ultra-fine SiC powder. This is important
progress enabling us to scale-up the plasma reactor for
the industrial application.

3. A high sintering density may be expected by
improving the sintering technology and sintering
parameters for ultra-fine SiC powder produced from
the plasma reactor.

4. The powder characteristics and the sintering
characteristics for these powders generated from SiCl,
and CH,SiCl; are basically identical, but some differ-
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ences were observed, i.e. smaller size and bigger speci-
fic surface for the powder from Reaction 4; higher
intensity in X-ray diffraction and the appearance of
o-SiC peak at 20 = 33.7° for powder from Reaction 3.
However, the powder yields from Reaction 3 are
slightly higher than from Reaction 4.
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