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Abstract The gliding arc can offer high energy efficiency and selectivity for chemical reactions

and has been widely applied in material processing, environmental protection and other industrial

areas. But the discharge properties, measurement of plasma parameters and related physical pro-

cesses of the gliding arc discharge still need to further studied. In this study, the gliding arc was

driven by the transverse magnetic field to produce the non-equilibrium plasma at high pressure.

The parameters of the plasma at our observed point were measured by optical methods. The

experimental result shows that the electron temperature is about 0.6 eV and the heavy particle

temperature is approximately 2987+250 K.
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1 Introduction

One of the critical challenges in modern plasma
chemistry is to generate the non-equilibrium cold
plasma by powerful gas discharge at high-pressure 1~
The gliding arc is an important approach to producing
non-thermal equilibrium plasma at high pressure 1. Tt
can offer high energy efficiency and selectivity for chem-
ical reactions and has been used in material process-
ing, methane steam reforming, environmental protec-
tion and other industrial applications [5~10],

The gliding arc can be driven by a transverse gas flow
or a transverse magnetic field [78:10~12] " The properties
of the gliding arc are severely influenced by the trans-
verse gas flow driving it, which is discussed in many
articles 78101 But the properties of the gliding arc
are only discussed qualitatively or semi-quantitatively
mainly due to a lack of plasma parameters, e.g., elec-
tron temperature, heavy particle temperature and par-
ticle densities. In this paper, the gliding arc driven by
the transverse magnetic field is taken into account, and
the electron temperature and heavy particle tempera-
ture measured by optical methods are also discussed.

2 Experimental device

A schematic diagram of the experimental device is
shown in Fig. 1. A transverse magnetic field, perpen-
dicular to the arc current, was produced by a mag-
netic coil inside which the annular soft-iron core was
set. The transverse magnetic field was mainly used to

drive the arc upwards. In order to observe the arc in-
side the annular soft-iron core, a slit whose width (ds)
is about 2 mm was left between the S-poles of the mag-
net. There was a gap with a width (ds) of 12 mm in the
annular soft-iron core. The magnetic inductance in this
gap was about 3194 Gs while the magnetic inductance
out of the gap was negligibly small. The direction of
the magnetic field (B) in this gap is shown in Fig. 2.
The gliding arc discharge reactor, which was placed in
air, consisted of two electrodes as is shown in Fig. 2.
The left electrode was negative, and the right one was
positive. The reactor was placed in the gap, and the
distance of the smallest gap between the electrodes was
about 1.5 mm. The gas injected into the reactor was
argon, which was mainly used to dilute the air in the
reactor. The flow rate of argon was about 3.3 L/min.

1 Reactor, 2 Oscillograph, 3 Magnet, 4 Lens, 5 Spectrome-
ter, 6 PC
Fig.1 Schematic diagram of the experimental device
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Fig.2 Schematic diagram of the reactor

The power was supplied by a DC high-voltage source
with an internal resistor (rg) of about 1032 Q, and an
open circuit voltage (V) of about 6.75 kV. The self-
inductance (L) was about 7 H. When the high-voltage
supply was switched on, the gliding arc was first struck
at the narrowest gap between the electrodes. Then the
arc moved up, driven by the magnetic field, and the arc
voltage increased. When the high-voltage supply did
not satisfy the increasing arc voltage, the gliding arc
would be extinguished. And the next discharge cycle
would begin.

The signals of the arc voltage and arc current were
sampled from R;(20 MQ) and Ra(1 Q) respectively.
Then the signals were recorded by a four-channel digi-
tal storage oscilloscope (TDS2014, 100 MHz, 1 GS/s),
and the electric wave-forms were transferred to PC for
data processing. The point where we observed the
plasma parameters was the midpoint of the arc col-
umn in the axial direction, above the soft-iron core at a
distance of about 75 mm (d; shown in Fig. 2). The op-
tical signals of the plasma from the observed point were
collected by a spectrometer (AvaSpec-2048-USB2-RM,
calibrated by Avantes Corporation) with a 10 pm slit
entrance width.

3 Results and discussion

3.1 Electron temperature

In our experiments, argon atomic lines were recorded
by a spectrometer. Seven atomic lines were chosen for
calculating the plasma electron temperature. The pa-
rameters of the seven lines, which are presented in Ta-
ble 1, will be used in the following calculation of the
electron temperature.

The electron temperature is calculated by the Boltz-
mann plot method. According to the Boltzmann for-
mula, we have

I\ 1
1 n/A\n -
n(gnAnm) kBTe

E, + D, (1)

where I, is the intensity of a line, A, is the wavelength
of a line, g, is the statistic weight of state |n >, A, is
the transition probability from state |n > to |m >, E,
is the energy of state |n >, kp is the Boltzmann con-
stant, T, is the electron temperature or temperature
of electronic excitation, and D is a constant. The left
side of the formula (1) is known, as I,, is the measured
intensity for a selected argon atomic line, and A, gn
and A,,,, can be obtained from Table 1. If the left side
of formula (1) is plotted as a function of E,, this plot
should be a straight line with the slope —1/kgT.. The
temperature T, is known if the slope is measured.

According to the measured intensities of the seven se-
lected argon atomic lines, we obtain a straight line by a
linear fit as shown in Fig. 3. The electron temperature
T, is about 0.6 €V from the slope of the fitting line. But
we should note that the temperature obtained from the
Boltzmann plot is the excitation temperature Tyycis. If
the plasma is in a thermal equilibrium or partial ther-
mal equilibrium state, the excitation temperature Texcit
obtained is close to the electron kinetic temperature 7.
If the plasma departs from equilibrium, the excitation
temperature Teyeit is commonly less than the electron
kinetic temperature Tg.

Table 1. Parameters of selected Arl lines; transition is presented in Paschen’s notation

An (nm) Transition Apm (s71) E, (eV) In Ref.
763.5106 2p6-1s5 2.45e+07 13.172 5 NIST 3
794.8176 2p4-1s3 1.86e+07 13.283 3 NIST
826.4522 2p2-1s2 1.53e+07 13.328 3 NIST
852.1442 2p4-1s2 1.39e+07 13.283 3 NIST
866.7944 2p7-1s3 2.43e406 13.153 3 NIST
912.2967 2p10-1s5 1.89e+07 12.907 3 NIST
922.4499 2p6-1s2 5.03e+06 13.172 5 NIST
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Fig.3 Boltzmann plot for seven selected Arl emission lines

3.2 Heavy particle temperature

The heavy particle temperature (gas temperature)
is commonly low and less than the electron tempera-
ture in the ‘tail’ of the gliding arc plasma. In an ar-
gon gliding arc discharge plasma, the spectrum of OH
radical is easy to be found. The rotational tempera-
ture of OH radical is often close to the heavy parti-
cle temperature (gas temperature) (141" The OH band
(A2Y v =0— X2[[,»' = 0) was used in our experi-
ment. In order to enhance the intensity of the OH band,
argon passed through a vessel filling with water before
argon was injected into the reactor. Fig. 4 presents a
typical spectrum of the UV band recorded at the ob-
served point (i.e., the ‘tail’ of the gliding arc plasma)
in our experiment. The OH band (i.e., 306~310 nm)
is very strong in our observed spectrum. FWHM (i.e.,
Full Width at Half Maximum) in the UV band (i.e.
300~400 nm) of our optical system, measured by us-
ing a spectral mercury-argon lamp provided by Avantes
Corporation, was about 0.23 nm.
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Fig.4 UV spectrum recorded at the observed point in our
experiment

The spectrum of the OH band extracted from Fig. 4
is shown in Fig. 5. Fig. 5 shows the presence of two
groups of unresolved rotational lines, Gy and G;. The
amplitudes of Gy and G; are very sensitive against the
rotational temperature of OH radicals !5, We theoret-
ically calculated the values of Go/Gyer and G1/Gyer at
different rotational temperatures for FWHM =0.23 nm
according to reference data . Fig. 6 presents the
amplitudes of Go/Gref and Gi/Grer as a function of
the rotational temperature which varied from 600 K
to 8000 K. The values of Gg/Gyer and G1/Gyer have
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a higher sensitivity against the rotational temperature
when the temperature is from 600 K to 4000 K. When
the temperature is higher than 4000 K, this sensitivity
decreases. Fig. 6 also demonstrates that the tempera-
ture difference is small for the same values of Go/Gyet
and Gi/Gyer under the temperature of 4000 K
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Fig.5 UV spectrum of OH radical at the observed point
in our experiment
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Fig.6 Ratios of the amplitudes of unresolved lines Gg and
G1 versus Grer as a function of the rotational temperature
for FWHM=0.23 nm

According to the experimental results shown in
Fig. 5, we subtracted continuum from the OH radi-
cal spectrum. The values of Gg/Gyer and Gi/Gyer ob-
tained were equal to 0.786 and 0.809, respectively. We
find the temperature values of 3242 K for Go/Gyer and
2987 K for G1/Gyer through linear interpolations ac-
cording to Fig. 6. There is a roughly 255 K differ-
ence between the temperature values corresponding to
Go/Gref and Gi/Gyer. We should pay attention to the
fact that the wavelength of the peak Gy is approx-
imately 306.357 nm. There is a copper atomic line
306.341 nm near the peak Gy because our electrode ma-
terial is copper. If FWHM is not high enough, these
two lines will not be distinguished. So the amplitude
of Gg is perhaps influenced by the Cul line in our ex-
periment for FWHM=0.23 nm. And the temperature
obtained according to the values of Gg /Gyt perhaps has
a bigger error than that obtained according to the val-
ues of G1/Gyer. Therefore, the heavy particle tempera-
ture (gas temperature) is approximately determined as
2987 K in our gliding arc discharge conditions.

Because the gliding arc radius is commonly very
small at about 1~2 mm, the spatial resolution of tem-
perature in the radial direction is very difficult to be
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achieved. Therefore, the spectra obtained in our exper-
iments were thought as a value of the average inten-
sity of the plasma in a certain space at our observed
point. And each spectrum obtained had been averaged
100 times automatically by the spectrometer. Through
many analyses of the spectra, the error of the temper-
ature measurements, mainly caused by the gliding arc
motion, was about +250 K.

4 Conclusions

The gliding arc was driven by the transverse mag-
netic field in our experiments, and the working gas was
argon. The spectra of the argon atomic lines and OH-
radicals were recorded by the spectrometer at our ob-
served point. We utilize the Boltzmann plot method
to determine the electron temperature, which is about
0.6 eV. And the heavy particle temperature (gas tem-
perature) is 2987+250 K obtained by analyzing the
spectrum of OH-radicals.

Therefore, we see that the electron temperature is
higher than the heavy particle temperature. The glid-
ing arc plasma in our experimental conditions departs
from thermal equilibrium. The electron temperature
obtained by the Boltzmann plot method is the elec-
tronic excitation temperature and is perhaps less than
the real kinetic electron temperature. In this paper,
the electron temperature is only an approximate value.
But it is a very difficult task to measure the real kinetic
electron temperature in the non-equilibrium state, and
it still needs further studying.
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