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Abstract. This work elucidates the evolution of Arc plasma and its characterization in terms of different
plasma parameters under atmospheric pressure. The [-V traits of Langmuir probes are plotted from the
experiment for a single probe approach in Arc plasma. It is discovered that the silica seed alters the electron
temperature of the plasma substantially, while the temperature of the gas in the surrounding remains nearly
unchanged. The single probe traits were applied to find the electron temperature, floating potential, Debye
length and electron density. It is perceived that electron density increases substantially, while electron
temperature is reduced after seeding the Arc plasma. A large fall in electron temperature an unusual growth
in electron density which is discovered after mixing the plasma with silica aggregate in comparison to
those before mixing. The effect of discharge voltage on plasma frequency and Debye length is also

mentioned.
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Introduction

Arc plasma has a large number of applications in plasma
research (Lobbia and Beal, 2017). Cold atmospheric
pressure plasma (CAPP) is important for its anticancer
properties (Bania ef al., 2021). Measurement of Plasma
Parameters (Thakur et al., 2019; Dolai and Prajapati,
2017; Mishra et al., 2004) is very important for industrial
actions such as plasma processing (Ben Salem et al.,
2014; Brockhaus ef al., 1994). Mixing of heterogeneous
catalysts and their role in a regular operation for plasma
waste treatment (Olszewskia et al., 2014; Mizuno et al.,
1992), plasma methane conversion (Francke et al.,
2000) and other applications of plasmas (Lupan et al.,
2010; Bromberg et al., 1998; Kizling and Jaras, 1996;
Schmidt-Szalowski et al., 1990). Electron temperature
(Te), electron density (ne), ion density (i) and floating
potential (Vf) are estimated using Langmuir Probe
(Gruenwald et al., 2018). In this work, low voltage Arc
discharge has been utilized for the estimation of electron
temperature under the influence of silica seeding. In
this paper, we have presented the evidence for non
equilibrium of low-temperature plasma with silica (SiO;)
in presence of ALO; (2% by weight). Arc plasma is
commonly called low temperature and high density
plasma. But inner temperature is enough to melt the
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probe and kept in it for some time. This problem is
solved by using an oscillating probe so, that it may
remain in the Arc for a fraction of a second. Single
probe characteristics have been employed to determine
the plasma parameters in the Arc plasma before and
after seeding. Plasma parameters before and after
seeding, the Arc plasma are compared and dependence
of Te, ne, Debye length (Ap) and plasma frequency (f) on
discharge voltage, in the seeded Arc plasma are also
studied.

The experimental arrangement is described in Material
and Method. Theory, results and their discussions are
presented in separate parts. Finally, a brief summary is
given in the Conclusion.

Material and Methods

Experimental design and setup. The basic circuit of
the experimental arrangement is depicted in Fig. 1. An
Arc plasma is ignited between horizontal copper
electrodes when a dc voltage (0-600 V) is applied across
the electrodes. The probe (tungsten wire) is kept oscilla-
ting between the electrodes through the Arc plasma.
The oscillation is done with the help of an electric motor
of 25-watt power. A significant part of the probe is
covered by an insulating fibre and a biasing dc voltage
of (0-60 V) is applied, which is used for dragging
electrons and ions for the I-V curve. The values of
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electron current (I.) and ion current (I;) are noted with the
help of deflection on a ballistic galvanometer.

An empty quartz vessel (small bowl) is placed just
below the Arc. For the measurement of parameters in
Arc plasma before seeding, the bowl is kept empty
throughout the experiment. During the seeding, the
vessel is filled with a dry sample of silica mixture. In
the beginning, there was a fluctuation in the probe
current after seeding but after 35 min, the stability in
the probe current was observed. A new set of data was
then taken for the I-V curve of the single probe method
in silica seeded Arc plasma. The detailed descriptions
of the electrodes and the probe are given in Table 1.
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Fig. 1. Basic circuit for single probe method.

Table 1. Specifications of the electrodes and probe

Electrode material Copper
Length of the probe 1.60 mm
Average diameter of the probe 0.90 mm
Diameter of each electrode 5.52 mm
Surface area of the probe (A) 5.16x107m?
Average diameter of the Arc 8.23 mm
Average speed of the probe 20.07 mm/s
Passage time of the probe through the Arc 041s
Maximum probe current 0.52 mA
Probe material Tungsten

Theory. The fundamental equations of cylindrical
Langmuir probe for single probe method (SPM) are as
follows (Fauchais, 1984):
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where:

V =0 and I, = (I¢)r and so, we can write

(Ie)r 27tme 1”2
Ne=——— | ———| oo, ()
eA kTe

In the above expression; I is the current in the probe
due to electron; I; the current in the probe due to ions;
n. is the electron density; e is the charge on the electron;
A is the surface area of the probe; k the Boltzmann's
constant; Te the electron's temperature; me is the mass
of the electron; m; is the mass of ions and V the probe's
potential. Equation (1) is used for calculating the value
of Te by drawing a tangent to the In I, versus V curve
of the probe. By knowing Te, one can obtain the value

of . using equation (2). For a sufficiently negative probe
potential, a stage comes when I just cancels I,

where:

V= Vj; Vs represents the space potential. The Langmuir
probe technique is suitable for the study of plasma of
moderate density.

Results and Discussion

Figure 2(a) shows the plot of probe current (In I) with
probe potential (V) before seeding the Arc. The current
(D) is in pA. The positive part of this curve represents
electron current while the negative part of the curve
represents ion current for different voltages applied to
the probe. The floating potential is found to be =39 V.
Fig. 2(b) shows the linear fit for the determination of
electron temperature before seeding. The best-fit equation
for this line is given below:

InI=0.16V +6.23

The slope of this line is used for calculating T.. The
values of T, and 7 in the Arc plasma are estimated to be
6.25 eV and 2.11x10" m™, respectively.

Figure 3(a) shows the I-V characteristics of the single
probe method for the Arc plasma seeded with a silica
mixture. From this curve, the floating potential is
observed to be about -34 V after seeding.

Figure 3(b) shows the linear fit for the determination
of electron temperature after seeding the plasma. The
best fit equation for this line is given below:

InI=0.85V+29.13
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Fig. 2a. 1-V Characteristics for single probe
method before seeding.
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Fig. 2b. Linear fit for electron temperature before
seeding.

After seeding the Arc plasma, the value of T, decreases
to 1.18 eV, while the value of n; increases to 1.84x10'*/m’.
In other words, there is an appreciable fall in electron
temperature after seeding and an increase in electron
density to 99.9% as compared to that before seeding.
The silica enhanced non-equilibrium of cold plasmas
is related to the promoter alumina (AL,Os) loaded into
the silica. It is clear that the silica mixture effectively
enhances the non- equilibrium of the plasma.

The dependence of T on discharge voltage in silica
seeded Arc plasma is plotted in Fig. 4. As discharge
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Fig. 3a. I-V Characteristics for single probe
method after seeding.
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Fig. 3b. Linear fit to calculate electron temperature
after seeding.

voltage increases, the value of T, increases. The increase
in electron temperature is due to the gain in kinetic
energy of the electrons from the electric field.

The electrons gain more energy if the discharge voltage
is higher. The ionizing activity increases inside the
plasma due to dominant inelastic collisions between
electrons with a gradual increase in discharge potential
and finally, it results in the increment of electron
temperature. The electron temperature in the Arc
plasma, therefore, rises with the increase in discharge
potential.
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Fig. 4. Dependence of electron temperature on
discharge voltage.
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Fig. 5. Dependence of electron density on dis-
charge voltage.

A typical variation profile of electron density with
discharge voltage is shown in Fig. 5. When discharge
voltage increases, the speed of electron also increases
due to which electron concentration also increases.

Figure 6 shows the plot of plasma frequency with
discharge voltage. The plasma frequency is the frequency
at which the electron cloud aways with respect to the
ion cloud. This property totally depends upon the number
of electrons per unit volume. As there is an increase in
discharge voltage, the electron concentration also
increases. Subsequently, plasma frequency increases in
case discharge voltage increases.
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The reliance of Debye length on discharge voltage is
shown in Fig. 7. It is a measure of the distance that the
potential of a charged object penetrates into the plasma.
It depends upon the temperature and concentration of
electrons.

At higher discharge voltage, electrons become more
energetic. A few of them can enter the positive sheath
region and reduce the number of positive ions. Conse-
quently, there is a decrease in the Debye length of the
plasma with the increase in discharge voltage.
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Fig. 6. Dependence of plasma frequency with
discharge voltage.
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Fig. 7. Dependence of Debye length with discharge
voltage.

Conclusion

From the present research, it is obvious that the single
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probe method is a reliable method for characterization
of Arc plasma. The plasma parameters obtained before
seeding the Arc plasma are in agreement with the order
of those obtained by other researchers at atmospheric
pressure. The very large decrease in electron temperature
and increase in electron density in the Arc plasma as a
result of silica seeding is really interesting. An increase
in electron temperature, electron density and plasma
frequency but a decrease in Debye length with an
increase in discharge voltage is found in the experiment.
This study can be extended with modifications for
measuring of useful plasma parameters to improve the
various plasma processing and other industrial appli-
cations of plasma, such as the production of efficient
plasma torch. The study of Arc plasma is also important
for fusion technology.
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