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Abstract

Under atmospheric pressure, an argon plasma stream was sustained and its
plasma characteristics were examined. The emission spectra of plasma created in a
plasma jet system using argon gas were observed for three metals (Ag, Zn, and Cu)
for the anode and varied flow rates ranging from 1-4 L/min. at constant voltage, and
normal atmospheric pressure. The spectral lines of excited Ar, Ag, Zn, and Cu
species were identified at a wavelength of (650-900) nm .The Debye length, sphere,
and temperature of an electron are all measured. Optical emission spectrometer
(OES) equipment was used to capture the spectrum produced by the plasma at
various argon gas flow rates.The temperature and density of the electron (T.) and
(ng) ranges for Ar-gas, Ag, Zn, and Cu-anode increased as the stream pace of argon
gas to the plasma made by the release current (D.C.) expanded.(1.241- 1.473)eV and
(1.93 x10*-6.38 x10'®) cm™, (1.187— 1.245) eV and (4.32 x10%°-6.23 x10™°) cm?3,
(1.374 -1.631)eV and (4.01 x10™ — 12.1 x10*® ) cm™ respectively . The intensity of
spectral lines, on the other hand, increased.

Keywords: Cold atmospheric pressure plasma jet (APPJs), Argon gas (Ar), Silver
(Ag-metal), Zinc (Zn-metal) , cupper (Cu-metal) spectral characterization
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1-Introduction

[1]. Atmosphric pressure plasma jet (APPJ) is a non-thermal plasma. It has acquired a lot
of interest because of its flexibility, its ability to create reactive chemical temperatures in
adition of its low-cost operation[1].An interesting feature of APPJs is their capacity to
infiltrate and spread inside little openings and adaptable dielectric tubes [2]. These facts make
the plasma jet very attractive for applications in the biomedical field. Delivery of cold plasma
through a flexible tube in a specific location can be very useful for endoscopic applications in
medicine, such as the treatment of colorectal and pancreas cancers [3,4].

Plasma Jet is a promising technique used for generating cold atmospheric pressure glow
plasma. Cold atmospheric pressure plasma is utilized widely in a variety of plasma processing
methods, including surface modification of various materials, medical application, air
treatment, water treatment, gas treatment [5].

To spectrally resolve and detect plasma light, a spectrograph and a detector are needed. The
plasma spectrum that results can give quantitative and qualitative data, such as element
composition. Emission line lengths, forms, and variations of the plasma spectrum can tell you
about the temperature of the plasma and the density of electrons[6]. Plasma temperature is a
crucial thermodynamic parameter because it may be used to define and forecast other plasma
properties such as relative energy level populations and particle speed distribution.The ratio
technique with two lines of hydrogen was employed in this work which presupposes that
local thermodynamic equilibrium (LTE) is attained inside the plasma. Estimates show that
LTE is typically achieved within a few hundred nanoseconds after plasma arrangement
utilizing laser induced breakdown spectroscopy (LIBS)with higher irradiances of 10® W/cm?
in vacuum with pressures up to 2.5 10 mbar.

A typical approach for determining plasma temperature is the intensity ratio of two spectral
lines from a similar ionization stage of an atom or ion ,the plasma temperature in local
thermal equilibrium is given by the following equation [7]:

_ (Ez—Eq)
Te = m .................................................... (1)
12224191

Where E; is the energy of first line in the spectrum of plasma , E; is the energy of second line
in the spectrum of plasma, k is boltzmann constant , I; is the intensity of first line ,

I, is the intensity of second line , A; g; is the transition strength of the first line and A,
02 is the transition strength of the second line. Density of electrons(ng) refers to the quantity of
free electrons per unit volume. Plasma spectroscopy, microwave and laser interferometry, and
Thomson scattering are some of the techniques used to determine electron density.The
technique used in this work to determine electron density is the linear Stark broadening of
spectral lines. Line broadening in APPJ is caused primarily by Doppler width and the Stark
effect. The temperature and atomic mass of the emitting species determine Doppler width;
this sort of widening is ignored in this experiment because the Doppler width of the hydrogen
line utilized is typically between 0.04 and 0.07 nm.

The Stark effect is a form of pressure broadening that occurs when radiators and adjacent
particles interact. Collisions of ions and to a lesser extent, electrons, create these interactions
in plasmas. The widening of the hydrogen line utilized in this experiment is primarily due to
the Stark effect [6,8].
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In the Saha-Boltzmann equation, the same element's spectral lines and successive ionization
phases are utilized [7]. The following is the Saha-Boltzmann equation:

I 21 7\3/2 (E1-E3—Xz) _3
n, = E6.04 X 10%4(T)>/%e &t (EM™) i )
Where
« _ s
I; = G, T 3)

X, is the species ionization energy during the ionization stage, E in eV, T, denotes the line
force as it descends from level-2 to level-1, and Te is the electron temperature. The addendum
z represents the species' ionization phase for the reference. On the other hand, the plasma
frequency is calculated using the following equation:

FR8.98 /N, (HZ) ooveeoeeeereeeeecec s (4)

One of the essential characteristics of plasma is its frequency, which is solely dependent on
the plasma density. [9]

Debye shielding is the response of charged particles to lower local electric fields, and it is this
shielding that gives plasma its quasi-neutrality feature . Ap often known as the Debye length,
is defined as [10]:

1/2
o= [‘90 KT, ] =743 % (Te/Ne) oo, (5)

where :- Ap is the Debye length (cm), ne is the number of electrons, Te is the electron
temperature, e is the electron charge (C), and Np is the number of particles in the Debye
sphere, which is dependent on electron density and temperature [11]. As shown in [12], Np
[1] is the second need for plasma presence.

Nb :%nezg ................................................................ (6)

2-Experimental Setup

2.1 Plasma jet system

Using an atmospheric plasma jet, cold plasma was created with varying argon gas flow rates
at a fixed voltage. Plasma technology is made up of the following parts:

o Ar-gas which is employed for the production of cold plasma..

o A gas flow meter, with a range of about (1-4)L/min, to measure the gas intake and it
is linked to a hollow metal tube.

o Cu, Ag, and Zn sheet metal with a 3 cm length.

o High voltage (D.C.) power supply of voltage between (10 to 14) kV

2.2 Experiment setup

Figure 1: shows a flowchart illustrating the processes involved in this research.

-

Parameters of Parameters of Plasma Jet for Ar gas { T.,n., A, ,Np, fp l

Plasma Jet for

different Metals Parameters of Plasma Jet for 1 (
different Metals }

T.,n,, A, ,Np,

e’ e !

Figure 1- Scheme of the experimental work of the plasma jet
One of the most successful oxidation approaches for polluted water cleanup is the cold plasma
jet. A gas that has been electrically charged by passing it through a strong electric field is
referred to as a non-thermal plasma jet. The bulk of the electric field energy is employed to
form energetic plasma species rather than just heating the gas. These species include positive
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ions, electrons, negative ions, free radicals, electrically neutral gas atoms, molecules, and
electromagnetic radiation. Plasma species are powerful oxidizers that break down organic and
inorganic pollutants in the environment when they come into contact with contaminated
media and mix with them.

In this work, Ar-gas with different flow rates was used.The high voltage power supply was
designed to give about (10-14)kV. The anode was made of three distinct metals (Ag, Zn, and
Cu). Figure 2 shows the configuration of D.C. atmospheric Plasma Jet system.

10kV
_Hp
I
Gas supply
Cathode
Anode Plasma jet
Water sample

)UIIJ«' r"l
Optical fiber-" ~ $— —IL
Spectrometer ~ Computer

(a) (b)
Figure 2- a) A schematic diagram of DC plasma jet with accompanying optical emission
spectroscopic diagnosis.b)The plasma jet system configuration during the OES diagnostic
procedure.

At 3,648 pixels responding to a range of the wavelength from (200-900)nm, the spectrometer
offers a high resolution. Within a wavelength range of 690-780 nm, the spectra of Ar plasma
for the three anode metals and for various gas flow rates were discovered.Finally, the findings
were evaluated and compared to data from the National Institute of Standards and Technology
(NIST)[13] in order to determine plasma parameters.

3-Results and Discussion

3.1 Calculation of plasma parameters

3.1.1 Optical emission spectroscopy(OES)

The plasma jet device recorded plasma emissions generated at atmospheric pressure at varied
flow rates. The amplitude distribution spectrum that resulted was then plotted versus
wavelength. The spectra of the optical emission of argon gas cool plasma were recorded using
the OES method. A spectrum is made up of spectral lines that are unique to each atom and Ar
ions (Figures (3-5)), in comparison to crisp standard lines for Arl and Arll, show the outflow
spectra of argon gas with different metals of the anode to create cold plasma in the center
frequency range of (685-900) nm with stream rates of (1-4) L/min. The OES method was used
to record the optical emission spectra of Ar, Ag, Zn, and Cu.Figures 3-5 show that the flow
rate of argon has a consistent and substantial effect on the emission line intensities. The
intensity of the spectral lines grow as the gas flow rate increases i.e. as more molecules move
through the tube. The vast majority of gas molecules that pass through the plasma needle
ionize the gas that passes through it, increasing the number of excited atoms and, as a result, a
spectral line intensity peak is registered on the spectrum.
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Figure 3-Cold plasma spectrum at atmospheric pressure for Ag anode at different Ar gas flow

rates.
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Figure 4-Cold plasma spectrum at atmospheric pressure for Zn anode at different Ar gas flow

rates.
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Figure 5-Cold plasma spectrum at atmospheric pressure for Cu anode at different Ar gas flow
rates.

3.1.2 Evauation of electron temperature and density

Figures 6-9 show how Eq (1) from the line strength ratio was used to determine the
temperature of the electron (T,); Using spectra from the OES, the relevant upsides of a few
barriers were obtained from the NIST data set [13]. In Eq. 1, the Saha—Boltzmann equation
(Eq.(2)) was used and the measured electron temperature and the electron density were
determined.

The graph in the figures depicts the effect of a change in gas flow rate on the temperature
(Te) and density (ne) of the electron. As seen [14] T, and n in the cold plasma system grow by
increasing the flow rate. At 1 L/min flow rate, electron temperature and density are 1.241 eV
and 1.93x10™® cm™®, respectively, but at 4 L/min, the values are 1.473 eV and 6.38 x10*® cm™®,
respectively.
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Figure 6 -Electron temperature and density for Ar-gas as a function of gas flow rate.
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Figure 7-Changes of electron temperature and density as a function of gas flow rate for Ag-
anode.
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Figure 8-Changes of electron temperature and density as a function of gas flow rate for for
Cu-anode.
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Figure 9- Changes of electron temperature and density as a function of gas flow rate for Zn-
anode.
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Tables (1-4) list the electron temperature (Te), the electron density (ne), plasma frequency (fy),
Debye length (Ap), and Debye number for Ar gas and Ar-plasma at various flow rates and for
the different metals used for the anode. From these ,(Np)was calculated for the different flow
rates.The plasma requirements were met by all computed plasma parameters (Ap, fp, and Np).
It demonstrates that f, decreases as the laser energy increases since it is proportional to ne, But
Np has the reverse tendency; it increases with the decrease of ne. This is consistent with the
findings of Aadim [15].

Table 1- Plasma properties at varied flow rates (L/min) of Ar gas

q 3 18 fp (HZ) D (cm) Np
Flow rates (L/Min) Te (V) ne (cm™) x 10 x 105 x 10° x 10°
4 1.473 6.38 2.3 3.3 0.97

3 1.353 3.61 1.7 4.2 1.1

2 1.297 2.67 15 4.8 1.2

1 1.241 1.93 1.2 55 14

Table 2- Ag anode plasma characteristics at various flow rates (L/min)

. ne (cm™) f, (Hz) Ao (cm) Np
Flow rates (L/Min) Te (eV) % 10 x 1012 % 10 % 10°
4 1.245 6.23 2.2 3.1 7.7
3 1.196 4,59 1.9 35 8.4
2 1.176 4.01 1.8 3.7 8.8
1 1.187 4.32 1.9 3.6 8.6

Table 3- Zn anode Plasma characteristics at various flow rates (L/min).

: ne (cm’®) f, (H2) Ap (cm) Np
Flow rates (L/Min) Te (V) % 1016 % 1022 % 1074 % 10°
4 0.785 291 1.5 3.6 5.6
3 0.756 1.91 1.2 4.3 6.5
2 0.744 1.59 11 4.7 7.0
1 0.734 1.35 1.0 51 7.4

Table 4- Cu anode plasma characteristics at various flow rates (L/min)

. ne (cm™) f, (Hz) Ap (cm) Np
Flow rates (L/Min) Te (V) x 1018 x 101 x 108 x 10°
4 1.631 121 3.1 25 0.82

3 1.499 7.16 2.4 3.2 0.94

2 1.437 5.42 2.1 3.6 1.0

1 1.374 4.01 1.8 4.0 11
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4-Conclusions

It was found that the intensity of cold plasma emission spectra lines produced by a plasma
jet is greatly dependent on external circumstances. According to the data, the increase in the
emission intensity of the spectrum produced by the argon gas passage shows that the number
of gas molecules is growing. This indicates that the energy of the electrolyte field is strong
enough to cause secondary ionization of molecules, ionizing the vast majority of gas particles
passing through the plasma tube. As a result, the flowing gas turns into plasma, with the
lowest force and maximum power at 1 L/min and 4 L/min, respectively. It was concluded that
the increase of the gas flow rate has a substantial impact on plasma properties such as electron
density and temperature. The Debye length, the recurrence of plasma, and the number of
particles on Debye's surface all rise as the gas stream rate increases.
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