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The AC plasma torch operating on a mixture of argon and hydrogen
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The article discusses a new model of the AC plasma torch, which can be used to process hydrogen sulfide into
hydrogen gas and molecular sulfur. The dependences of the arc voltage drop and the power on the hydrogen sulfide

flow rate has been established.
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As the requirements for environmental performance of
motor fuels become more stringent, the concentration
of sulfur in them decreases. Since the main method
for removal of sulfur from hydrocarbon fractions is hy-
drotreating, sulfur compounds of petroleum fractions are
converted into hydrogen sulfide. Its amount also increases
with an increase in the sulfur content of oil. The main
method of hydrogen sulfide processing is the Claus process
in which hydrogen sulfide is converted into molecular
sulfur and water [1]. Sulfuric acid, rubber products, and
individual sulfur-containing compounds are then produced
from molecular sulfur. However, hydrogen contained in
hydrogen sulfide cannot be retrieved in molecular form in
the Claus process, although numerous calculations show
that hydrogen and molecular sulfur are formed in the course
of high-temperature thermal decomposition of hydrogen
sulfide (at more than 2000K) [2]. Such temperature levels
may be achieved using plasma sources. The fundamental
possibility of pyrolysis of hydrogen sulfide with various
types of plasma has been established reliably in the second
half of the 20th century [3].

Low-capacity experimental setups decomposing hydrogen
sulfide under the influence of barrier [4], corona [5], and
glow discharges [6] reached relatively high degrees of hydro-
gen sulfide conversion, but the specific energy consumption
for hydrogen production was extremely high. Another
problem with such devices was their low productivity,
whereas the mass of hydrogen sulfide generated in the
petrochemical industry is estimated at millions of tons per
year.

In the 1980s, the processing of hydrogen sulfide with
microwave plasma torches has been studied by a research
group led by Academician V. Rusanov, and the advantages
of high-power plasma sources in this field have been
demonstrated [7]. However, the thermal efficiency and
service life of such plasma torches were limited. Electric arc
plasma torches [8] and a large number of microwave plasma
torch models [9-11] are currently being examined in relation
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to hydrogen sulfide processing. It becomes increasingly
important to enhance the plasma torch unit capacity, since
this is what defines whether plasma pyrolysis is applicable in
industrial processing of hydrogen sulfide. New designs with
a power exceeding 300kW [12,13] are being developed. In
the present study, we report new data for a high-voltage AC
plasma torch running on a mixture of argon and hydrogen
sulfide.

The results were obtained using an experimental setup
that included a three-phase AC plasma torch, a power
supply system with an open-circuit voltage of 10kV, a
system for supplying and measuring the flow rate of plasma-
forming gas, a cooling system with a system for thermal
efficiency measurement, and a system for measuring and
recording the parameters of electric arcs. The plasma torch
diagram is shown in Fig. 1.

The plasma torch body houses three flow discharge chan-
nels with copper rod electrodes mounted with insulators.
Gases are supplied tangentially into different sections of
the discharge channels. Tangential gas injection ensures
axial stabilization of electric arcs. One part of argon
(3-1073kg/s) is fed into the discharge channels at the
electrodes to protect them from the aggressive action of
hydrogen sulfide. The other part (3 - 1073 kg/s) is injected
further downstream in the main arcing zone. The plasma
torch operation is initiated with pure argon, and hydrogen
sulfide is then mixed into the argon flow in the arcing zone.
Arcs are ignited by means of unassisted breakdown of the
minimum gaps between the electrodes and the walls of
discharge channels due to a high open-circuit voltage of
the power source. Electric arcs are extended along the axes
of the discharge channels under the influence of flowing gas
and close together at the exit. When the current strength
passes through zero, arcing resumes in the axial regions of
the discharge channels where conductivity is preserved.

The power supply system includes switching equipment,
a system for measuring and recording electrical parame-
ters, current-limiting inductors in each phase, a step-up
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Figure 1. Plasma torch diagram. / — Discharge channel, 2 — electrode, 3 and 4 — gas inlets, 5 — arc, 6 and 7 — gas flow regulator,

8 — pressure gauge, 9 — valve, 10 — reducer, and 1/ — cylinder.

transformer, and a reactive power compensation system.
Inductors limit the current, dampen the electric arc current
pulsations, and ensure re-ignition in the event of arc
extinction.

The gas supply system features gas ramps with cylinders
and shut-off and control devices (valves, gas cylinder
reducers). Gases are supplied through Bronkhorst mass flow
controllers with an upper measurement limit of 7 - 1073 kg/s
for argon and 0.63-10~°kg/s for hydrogen sulfide; flow
measurement errors include 0.5% of the measured value
plus 0.1 % of the upper measurement limit.

The plasma torch cooling system provides the required
flow of cooling water at an excess pressure of 0.6 MPa.
The thermal efficiency of the plasma torch is determined
by measuring heat losses based on the difference in
temperature of cooling water at the inlet and the outlet of
the plasma torch cooling circuit and its flow rate. The heat
loss measurement device and the measurement procedure
were detailed in [14].
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Figure 2. Dependences of voltage drop (/) and active power (2)
of the plasma torch on the mass flow rate of hydrogen sulfide;
the argon flow rate in the electrode zone is 3 - 107°kg/s, the

argon flow rate in the arcing zone is 3 - 107> kg/s, and the average
effective current value is 31.8 A.
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The power supply system includes a system for measur-
ing and recording the electrical parameters of the plasma
torch, which was constructed on the basis of an Advantech
IPC-510 industrial computer with 12-bit analog-to-digital
converters (500kHz) produced by National Instruments
with a sampling rate of 32kHz in each channel for
processing signals from current and voltage sensors. The
software developed in LabVIEW allows one to calculate
the effective current and voltage values and the plasma
torch power based on their instantaneous values and
record oscilloscope patterns of current and voltage to a
computer storage device. LA 55-P (LEM S.A.) current
sensors with a measurement range from —70 to 70A,
an accuracy of +0.65%, a nonlinearity of < 0.15%, a
delay time of < lus at 90% of the maximum value
within the measurement range, and a frequency range of
0—200kHz are used for current measurement. 150 voltage
transformers (nominal transformation ratio, 10000/100 V;
accuracy class, 0.2) and LV 100/SP51 (LEM S.A.) voltage
sensors with a configurable measurement range from +100
to £4500V, an accuracy of +0.7%, a nonlinearity of
<0.1%, a delay time of 20—100us at 90% of the
maximum value within the measurement range, a fre-
quency range of 3kHz are used for voltage measure-
ment.

Figure 2 shows the experimental dependences of the arc
voltage drop and the active power of the plasma torch on
the mass flow rate of hydrogen sulfide at a fixed argon flow
rate.

An increase in flow rate of plasma-forming gas normally
leads to an increase in arc voltage drop and active power.
This is attributable to an arc temperature reduction and
a corresponding reduction of electrical conductivity. The
decrease in arc temperature is caused by the intensification
of gas—arc heat exchange and dissociation (in the case of
polyatomic gases). It should be noted that an increase in
argon flow rate in the arcing zone to 3.5- 1073 kg/s has
virtually no effect on the electrical parameters if hydrogen
sulfide is not supplied. The arc voltage drop and the
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Figure 3. Oscilloscope records of voltage drop without hydrogen sulfide (a) and with a hydrogen sulfide flow rate of 0.4 - 107> kg/s (b);
the argon flow rate in the electrode zone is 3 - 107> kg/s, the argon flow rate in the arcing zone is 3 - 107> kg/s, and the average effective
current value is 31.8 A. Each curve corresponds to the voltage drop between the phases of the three-phase power supply system.

active power increase approximately by 2%. This is
attributable to the relatively low heat capacity and thermal
conductivity of argon. It can be seen from Fig. 2 that
the arc voltage drop increases significantly as a result of
a relatively small increase in hydrogen sulfide flow rate.
Specifically, with a fixed total argon flow rate of 6- 1073
kg/s and the hydrogen sulfide flow rate increasing from
0 to 0.55- 107 kg/s, the voltage drop grows from 146 to
297 V. The active power increases from 7.4 to 15.4kW in
the process. The dependences are near-linear in nature.
When hydrogen sulfide is supplied, hydrogen and elemental
sulfur are produced under the energy influence of electric
arcs. A part of the electric arc energy is consumed in this
endothermic process. Since hydrogen has high values of
heat capacity and thermal conductivity, the heat exchange
with the arc is intensified and the voltage drop and power
increase significantly. This may also be traced in the
oscilloscope records of instantaneous voltage drop values.
Figure 3 makes it clear that the injection of hydrogen sulfide
alters the shape of oscilloscope records; both the amplitudes
of arc ignition peaks and the voltage drop values within
arcing intervals increase.

The oscilloscope records of instantaneous current values
have a sinusoidal shape and are not shown, since their shape
and the current values are virtually independent of the flow
rate of argon and hydrogen sulfide (due to the fact that the
power supply system is the source of current).

The thermal efficiency was measured for two plasma
torch operating modes and was found to be 84 % (without
hydrogen sulfide) and 90% (at a hydrogen sulfide flow
rate of 0.4-1073kg/s). The mass-average temperatures
were calculated under thermodynamic equilibrium in the
indicated conditions: 2280 and 2790 K.

According to [15], electrical discharges at a gas tem-
perature of 2000—4000 K (optimum levels for hydrogen
sulfide pyrolysis) create a preferable environment for plasma
dissociation of hydrogen sulfide. Thus, the proposed plasma

torch may be used for plasma pyrolysis of hydrogen sulfide
to produce molecular sulfur and hydrogen.
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