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Abstract – There is the description for an experi-
mental setup and plasma-arc reactor on the basis 
of two-jet plasmatron with immobile electrode 
spots. The working gas medium is argon. The pow-
der from a dosing unit was fed directly into the arc 
discharge. The heat exchanger and product collec-
tor are combined with the reactor. The mixture of 
silicon dioxide and fine graphite was used as the 
test material. The nanopowder of silicon carbide 
was obtained after processing. 

1. Introduction 

The industry of ultrafine and nanopowder materials 
requires new methods for their production and hard-
ware equipment for engineering processes. Among 
them there is plasmachemical synthesis of powder 
materials with the use of electric arc generators of 
low-temperature plasma. Plasma heating of initial 
inputs allows evaporation of almost any material and 
performance of the required chemical reactions in the 
gas phase with following vapor condensation to the 
nanodisperse solid phase. Considering the capacities 
of plasma generators and plasmachemical reactors 
achieved for today (many hundreds of kilowatts), we 
can expect that productivity by the desired product can 
be hundreds of kilograms per hour. Moreover, the 
plasma equipment demonstrates high universality rela-
tive to the initial materials, possible synthesis of com-
plex powders and continuous conditions of operating 
procedure.  

The developed electric-arc plasmatrons and reac-
tors allow different high-temperature processes, in-
cluding powder processing in plasma flows [1]. Now 
the most common constructions of plasma reactors are 
the direct-flow ones with co-axial plasmatron and the 
three-jet ones with three plasmatrons tilted at 30–45° 
relative to the reactor axis and located in 120° inter-
vals on the water-cooled upper lid. 

The plasmatron with sectioned inter-electrode in-
sertion and shaped outlet nozzle-electrode ensure dif-
fuse glow of the anode region of the arc discharge, 
what leads to the uniform temperature field and flow 
velocity at the nozzle edge [2]. These parameters of 
the plasma jet have a good impact on reproducibility 
of powder processing, high coefficient of initial mate-
rial use and production of powder with the given 
physical-chemical properties. 

Application of the three-jet plasmachemical reac-
tor ensures the uniform temperature field along the 
reaction zone, allows easy control of productivity due 

to a change in the unit capacity of plasmatrons [3, 4]. 
At this, mixing of reagent with a plasma flow occurs 
along a short region of reactor ( L = 2 – 3) from the 
point of disperse material input into plasma jet inter-
section. 

Temperature distribution over the cross-section of 
cylindrical three-jet reactor for different ratios 

2 1/Ò Ò Ò= is shown in Fig. 1, where indices 1 and 2 
indicate the cold and hot gas flows. The process of 
plasma jet mixing with the cold air flow is so intensive 
that even at distance L = 2 the temperature field is 
uniform. 

 

 
Fig. 1. The temperature field of gas in the reactor cross- 
  section at L = 2: 1 – Ò = 9.3; 2 – Ò = 11.3; 3 – Ò = 10.5 

The orifice gases in the three-jet reactors are air, 
nitrogen, hydrogen, argon, and their mixtures. The 
production technology for nanopowders of silicon 
carbide and carbonitride was worked out at this 
scheme of multijet reactor [3, 6]. 

2. Plasma-arc reactor 

It is illustrated by numerous investigations that effi-
ciency of powder material processing depends on the 
point of reagent introduction to the reaction zone. It 
becomes high, if the powder is fed to the most high-
temperature zone of reactor (for instance, at the point 
of plasma jet intersection) or directly into the arc dis-
charge. At this, the indispensable condition of this 
engineering procedure is the long zone of plasma flow 
interaction with disperse particles for completion of 
required reaction. 

At the example of technology of silicon carbide 
synthesis let’s consider the plasma-arc reactor with 
application of the two-jet plasmatron [7], where the 
main part of arc discharge length (60–70%) is beyond 
the zone of electrode units. In this case the processed 
powder can be supplied directly into the arc discharge, 
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whose temperature in the merging zone of anode and 
cathode parts of the arc is 6000–8000 K at the arc cur-
rent of 100–150 А in the argon medium.  

The scheme of the plasma reactor is shown in 
Fig. 2. The reactor shell is metal, cooled by water, and 
lined by firebrick 8. Metal water-cooled lid 5 is sepa-
rated from the shell by sand shutter 6. The metal in-
side-lined water-cooled pyramid 3 with mounted elec-
trode units 1 of the two-jet plasmatron is fixed on  
lid 6. Graphite reactor 7 with thermocouple 10 in its 
middle is mounted coaxially relative to vibrodosime- 
ter 12 and pyramid 3. There is water-cooled refrigera-
tor 9 with graphite plates 16 for collection of fine sili-
con carbide in the lower part of the reactor. 

 

 
Fig. 2. The scheme of plasma reactor. Explanations see in  
  the text 

Experiments were carried out with the mixture of 
SiO2 powder with the grain size of up to 45 μm. The 
shape of SiO2 particles after disintegration is shown in 
Fig. 3. According to picture analysis, the sizes of par-
ticles are within 1–100 μm. The particle shapes differ 
and resemble the debris of broken glass. 

The arc current varied from 100 to 150 А, and the 
arc voltage changed from 80 to 250 V. At this, the 
reactor power at plasmatron operation on argon was 
(12÷20) kW. An admixture of ~ 10% of nitrogen into 
plasma-forming argon increased the power by ~ 30%, 
approximately. 

For the flow rate of SiO2 + С mixture of 0.32 kg/h 
and plasmatron power of 12.5 kW about 0.09 kg/h of 
the product was collected in the refrigerator. Some 
part of the product was entrained by the flue gases into 
a bag filter.  The time of SiO2 stay in the reactor was 
9 ⋅ 10–2 s.  

 
Fig. 3. The picture of initial quartz sand 

The temperature of the outer surface of the graph-
ite reactor was controlled by the tungsten-rhenium 
thermocouple. Argon, protecting the high-temperature 
junction from the impact of oxidizing medium, was 
fed into the thermocouple body. The measurement 
limits of this thermocouple vary from 0 to 2200 °С. 
During the experiment the temperature was main-
tained at the level of 1000–1600 °С.  

3. Results of initial material processing 

The product of SiO2 + С processing was collected in 
the refrigerator. The picture of this product is shown 
in Fig. 4, and it can be seen that the size of most pow-
der particles is significantly less than 1 µm. 

 

 
Fig. 4. The picture of final product 

The particle size was analyzed by the scanning mi-
croscope LEO 420, whose resolution does not allow 
definite interpretation for the obtained structure as for 
the nanoformation. According to [8], the size of syn-
thesized powder materials in the three-jet plas-
machemical reactor is 54–65 nanometers. Results of 
[3] prove that at silicon carbide production in low-
temperature plasma the reaction occurs in the gas 
phase because in the plasma jet all elements of proc-
essed material turn to the gaseous state at the tempera-
ture of 4000–7000 K. Therefore, we can expect that 
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the size of particles of synthesized silicon carbide in 
the two-jet reactor varies from 5 to 20 nm. 

According to the X-ray analysis, performed at the 
DRON-3 setup, in samples, processed by argon 
plasma and argon plasma with water vapors, the crys-
talline phase consists of SiС and SiO2, and the main 
mass of the product is roentgen-amorphous. Accord-
ing to IR spectrometry, carried out by the Scimitar 
FTS 2000 Spectrometer, in samples, processed in ar-
gon plasma with nitrogen admixtures, the lines typical 
for silicon carbonitrides and nitrides are observed to-
gether with the lines of SiС and SiO2. 

4. Conclusions 

1. The plasma-arc reactor on the basis of two-jet 
plasmatron with immobile electrode spots was devel-
oped. Its construction feature is combination of the 
reaction zone, heat exchanger, and system of desired 
product collection. 

2. The feeding of initial powder material direction 
to the arc discharge decreases the time pf processing 
and reduces the length of the graphite reactor. 

3. According to examination of the desired prod-
uct, powder processing in the plasma reactor at pro-
duction of ultradisperse silicon carbide is highly effi-
cient. 
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