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2.

ABSTRACT

The electron density (n.) and temperature (T,) of the cold argon plasma jets are
determined at normal atmospheric pressure using the Stark expansion analysis method for
two emission lines. This method depends on the Stark expansion for different lines having
unlike lines depending on both the electron temperature (T¢) and the electron density(ne).
So, the expansion processes for comparison between two or even more lines let us
determine both the electron temperature and electron density at the same time. In this study,
these parameters which include both electron density (n.) also its temperature (T,) were
calculated at a constant frequency (75 KHz), a constant gas flow rate (50 I/h), and sinusoidal
alternating voltages (12, 16, 20) KV, at different times (10, 20, 30) sec. The results shows
that increasing the potential difference leads to a rise in the electron temperature (T.), Also,
it was found that the electronic density (n.) increased when the alternating voltage increased
and for all times.

Keywords: cold plasma jets, plasma diagnostics, electron density, Optical Emission
Spectroscopy.

1. Introduction

lonized gas is known as plasma. It contains neutral, charged quasi-particles that show
collective behavior. When a solid is heated to a sufficient degree, it turns into a liquid, and by
continuing to heat the liquid, a gas is formed, by heating the gas continuously to a sufficient
degree, the number of particles that are ionized will increase, the ionized gas exhibits a new
behavior, so it is called the fourth state of matter [1-11].

“Corresponding author : Basim A. Zachi®
E-mail address: basimalkafaaje@gmail.com



mailto:basimalkafaaje@gmail.com
mailto:abdulhussain.Khadyair@qu.edu.iq

B. A. Zachi, Z. M. Abood, A. A. Khadayeir / MJPAS - (2) (2)126-133 126
Plasmas are classified depending on the thermodynamic temperature equilibrium of their
parts into thermal equilibrium (TP) and non-thermal equilibrium (NTP) plasmas. TP Plasma
Electrons are at the same temperature as the rest of the species (ions or atoms, molecules),
reaching millions of degrees (107-10° °C). NTP plasma is weakly ionized gases, and it is
called cold plasma because it does not cause thermal damage because it has a low
temperature, usually less than (100 °C). The focus of the research will be on one type of
plasma used in various fields of life, which is cold plasma. [11-16].

Normal atmospheric pressure plasma jets (NAPPJs) is non-thermal plasma. Because of its
flexibility, its ability to generate reactive chemical temperatures, its low-cost operation, and
its ability to filter and diffuse within small apertures, it has the unique advantage of producing
plasma far from the electrodes in the ambient air environment, so the plasma can be delivered
to a target far from the plasma generation area. So, it is attractive for applications in the
medical field. Cold plasma can be delivered through a flexible tube at a specific location for
the uses of endoscopes in medicine, including pancreatic cancer and colon cancer in addition
to rectal cancer treatment, biological treatment, and the treatment of materials and surfaces of
various materials (gas, air, water) [11-20].

Optical Emission Spectrometer (OES) represents some of the electromagnetic radiation
that includes visible, infrared, and ultraviolet radiation with wavelengths that lie between
(130-800) nm OES is one of the simple and uncomplicated methods by which the excited
species emitted by radiation are determined. The importance of OES method for the
determination of plasma parameters, including electron density (ne), electric field strength
(E), and gas temperature (Tg). Characterized by OES as an invasive measurement process,
OES uses radiation to assess the properties of plasma without contact. Using the spectral
emission ratio containing two different spectral intensities, we obtain the electron excitation
temperature that matches the electron temperature, [15, 21-25]. and the following formula is
used to calculate the electron temperature [26]

_ —(Ek—Ei), (Akgkli Ai)‘l
Te= k In (Ai gi Ik Ak 1)

Where is E energy level, (k,i) the lowest and highest energy level, respectively, K the
Boltzmann constant, A the transition probability, g the statistical weight, and A the
wavelength, {Ex, Ei,Ai, Ak, ¥i, Ok} values can be obtained by (Atomic Spectroscopic
Database) NIST [27]. A stark broadening analysis of the two lines of the emission spectrum
results in the electron density. The principle of the above method is that for different lines,
the Stark expansion depends on temperature and electron density in different ways. By
comparing two or more-line extension lines, we can diagnose the temperature and electron
density simultaneously [28]. The electron density(n,) is obtained using the following relation
[29]

nezexp(44.2476+1.201nA?\ ¥%—0.6InTe) 2)
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Where ne represents the electron number density measured in cm™, ALY represents the full
line width at the intensity mid-maximum (FWHM) for any spectral line, and T, represents the
electron temperature in K.

2- Experimental Setups

The cold plasma jet system, which was used to obtain cold plasma jets at normal
conditions of pressure and temperature, was manufactured locally and contains a large
sinusoidal voltage source higher than (40 KV) also the highest frequency up to (80 KHz),
where both can be controlled, and a cathode electrode Made of tungsten with a length of (6
cm). It is dipped in a cylindrical piece of Teflon, and at the other end, a glass tube with a
length (10 cm) and a diameter (1 cm) is fixed. The other electrode is a circular ring
surrounding the glass tube from the outside and a far way of (2 cm) from its end. From the
side, the plastic gas tube enters the Teflon, and from there to the glass tube, the argon gas
bottle, and the needle valve. Where the work was done in the laboratory of the University of
Al-Qadisiyah, College of Education, Department of Physics, the plasma laboratory for
postgraduate studies, as in Figure (1).

——

Figure (1) The locally manufactured cold blasma jetting system
3- Result and Discussion

The temperature of the electrons was determined visually using the ratio technique
between the intensities of two different spectral lines from relation (2), and the two spectrum
lines are Ar I (311.9, 766.4)nm from Figure (2), at a constant flow rate of gas (50L/h) and
frequency Constant (75KHz), with different voltages (12, 20,16) KV and times (10,20,30)
sec, and using the values of equation (1) the temperature of the electrons and the parameters
(A, E and g) were calculated from a database Atomic Spectra Web site (NIST) [27].
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Figure (2), the two lines of Ar | (311.9, 766.4) nm represent the spectrum used to calculate
the temperature of the electrons.
3-1 Electrons temperature

From shape (3) notice, the emission spectrum of cold plasma jets at a constant flow rate
of the used gas (50 I/h) and a constant frequency (75 KHz) and a different voltage ranging
between (12,16, 20) KV and for different periods of time (10, 20, 30) sec. which represents
the three intensity curves. When the voltage difference increases, the peak values increase to
fixed values for both the gas flow rate and the frequency. It appears that the intensity of the
spectrum line varies from one line to another, and it also shows an increasing number of
peaks, at all times. The explanation for this is that when the applied voltage increases,
ionization increases, and thus the number of peaks increases.
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Figure (3) depicts the emission spectrum of NAPPJs.
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The emission spectrum of NAPPJs, for a constant gas flow rate (50 I/ h) and frequency (75
KHz), with a different alternating sinusoidal voltage of (12,16,20) KV and different times
(10, 20,30) sec. Figure (4) shows the temperature of an electron (Te) on the vertical axis as a
result of changing the voltage once and changing the time again on the horizontal axis at a
constant frequency and flow rate of gas. When the voltage applied increases, we observe an
increase in the electron temperature (Te), because an increase in ionization degree is caused
by an increase in voltage, degree in addition to the electron energy. there is a difference
occurs in both processes of ionic excitation and atomic excitation If the energy levels
increase, different spectral lines will be produced, and this result agrees with the result of the
source [30].

1.32 —h
13

1.28

1.26 =@ 10sec
1.24 —fid— 20sec
1.22 =—fr—30sec

Te(eV)

1.2

12 14 16 18 20
V(kv)

Figure (4) Temperature electron is shown on the vertical axis and voltage on the horizontal
axis for a fixed gas rate (50 I/ h) and frequency (75 KHz), with a different alternating
sinusoidal voltage of (12,16,20) KV and different times (10, 20,30) sec.

3-2 Electron Density Calculation

Using the FWHM approach, electron density was determined using relation (2) at a gas
flow rate (501/h) and frequency (75KHz) constant, when voltage was applied {(12,16, 20)
KV}, and different times (10, 20, 30) sec. The FWHM was calculated using the analysis of
the origin data and the temperatures' respective values were derived from the ratio of the two
spectral lines' intensities, (FWHM) for the spectral line (Ar I — 311.9 nm) as shown in Figure

(5).
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Figure (5) Ar I - 311.9, the spectrum line that was used to calculate the FWHM
The electron density is depicted in Figure (6), on the vertical axis as a function of changing
the voltage once and changing the time again with a fixed frequency and flow rate of gas. It
was noticed that the density of electrons increased with the voltage applied, and This happens
because an increase in the applied voltage and electric field strength causes the electrons to
heat up and accelerate. this leads to a collision of active electrons (high energy) with
molecules and atoms, and this result is in agreement with [31], also agreement [3, 32-34]
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Figure (6) show the density electrons as a component of applied voltage for a consistent gas
stream rate (50 I/ h) and frequency (75 KHz), with a different alternating sinusoidal voltage
of (12,16,20) KV and different times (10, 20,30) sec.

The effects of a different alternating sinusoidal voltage on cold plasma jet features are in the
following Table 1.
Table 1: Plasma parameters at not similar alternating sinusoidal voltage.

t(sec) sinusoidal voltage electron temperature electron density
(kV) Te(eV) ne*10(cm™)
10 12 1.218 1.262
16 1.252 1.334
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20 1.288 1.386
12 1.224 1.353
20 16 1.270 1.702
20 1.298 2.182
12 1.248 1.431
30 16 1.299 1.881
20 1.319 2.257

4- Conclusion

When studying the plasma parameters (electron density and temperature) using OES for
cold plasma jets at normal atmospheric pressure and both electron density and temperature
were calculated, the following can be concluded:
1. Operational status is the basis on which spectrum lines are emitted from the jet plasma.
2. Because of the increased electric field, increasing the applied voltage causes the electron
temperature to rise.
3. The electron density increases when the applied voltage is raised.
4. The intensity increases with increasing voltage.
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