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Abstract Key words 
     In this study, method for experimentally determining the electron 

density (ne) and the electron temperature (Te) in the atmospheric 

Argon plasma jet is used; it is based on optical emission 

spectroscopy (OES). Boltzmann plot method used to calculate these 

parameters measured for different values of gas flow rate. The results 

show that the electron temperature decreasing with the increase of 

gas flow rate also indicates an increasing in the electron density of 

plasma jet with increasing of gas flow rate.  
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عنذ الضغط الأرجوى نفث  أثير هعذل تذفق الغاز على درجت حرارة والكثافت الإلكترونيت لبلازهات

 الجوي

انتصار هاتو هاشن
1

، كاظن عبذ الواحذ عادم
2

علً، هحوذ رستن 
1

 

1
لسن الفٍشٌاء، كلٍت التزبٍت، الجاهعت الوستٌصزٌت، بغذاد، العزاق  

2
بغذاد، العزاق لسن الفٍشٌاء، كلٍت العلوم، جاهعت بغذاد،  

 الخلاصت

فً هذٍ الذراست، تن استخذام طزٌمت لحساب الكثافت الإلكتزوًٍت و درجت حزارة الالكتزوى لبلاسها ًفج      

باسخخذام طزيقت رسىم بىلخشهاى . بالاعتواد على  لٍاساث طٍف الاًبعاث الضوئًالاركوى عٌذ الضغظ الجوي 

وأظهزث الٌخائج أى درجت حزارة الإلكخزوى حخٌاقص . هختلفت هي هعذل تذفك الغاسحن حساب هذٍ الوعلواث لقين 

 .سيادة هعذل حذفق الغاس هع سيادة هعذل حذفق الغاس في حيي بيٌج الٌخائج سيادة في الكثافت الإلكخزوًيت للبلاسها هع

 

Introduction  

     In recent years, Atmospheric Cold 

Plasma (ACP) achieved increased 

attention among advanced non-thermal 

technologies an alternative approach 

for the elimination of spoilage micro-

organisms and pathogens from 

contaminated objects, including fresh 

and processed food surfaces and 

medical devices. It has numerous 

advantages over more conventional 

methods such as low process 

operational costs, short treatment time 

at low temperatures, nontoxic         

nature [1]. 

     Plasma Jet a promising technique 

used for generating cold atmospheric 

pressure glow plasma. Cold 

atmospheric pressure plasma is 

extensively used in several plasma 

processing techniques, such as the 

surface modification of different 
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materials, medical application, air 

treatment, water treatment, gas 

treatment [2].  

     The electrons in the plasma jet are 

quickly influenced by the external 

electric-field due to their small masses. 

In addition, they cannot transfer a large 

part of their kinetic energy to the heavy 

particles and hence, they possess 

higher average kinetic energy when 

compared with the heavy                 

particles. Electron-impact dissociation, 

excitation and ionization account for 

the preliminary reactions in the 

hierarchy of chemical kinetics. 

Subsequently, the other chemical 

processes between heavy particles are 

initiated. Since electron collisions play 

an important role in the plasma-

chemical kinetics, it becomes 

necessary to determine the electron 

density in the active plasma       

volume [3]. 

     The Boltzmann plot is a powerful, 

simple and widely used method for 

spectroscopy measurement, especially 

for measuring the electron temperature 

of plasma from using the relative 

intensity of two or more line spectra 

having a relatively large energy 

difference. However, in order to 

practically apply the Boltzmann plot 

method for the measurement of 

electron temperature, the excitation 

level needs to be reached under             

a local thermal equilibrium (LTE) 

condition [4].  

Boltzmann equation can be explained 

as:  

  
                  

                
  

  

  
                     (1)  

 

where      : wavelength of the emitted 

light  

Aji:  transition probability  

Ej:   upper energy level  

gj:  statistical weights of the respective 

state  

Ɛji: emission coefficient of spectral line 

Eq.(1) can be expressed as:  

                                            (2) 

 

where 

         
 

  
                           (3)  

 

Determination of both the electron 

density and temperature 

simultaneously in cold Argon plasma 

jet by analyzing the Stark broadening 

of two different emission lines is 

presented. This method is based on the 

fact that the Stark broadening of 

different lines has a different 

dependence on the electron density and 

temperature. There for, a comparison 

of two or more line broadening allows 

us to diagnose the electron density and 

temperature simultaneously [5].  

     Plasma diagnostics is crucial to the 

understanding of the discharge physics, 

optimization and the electron density is 

one of the most fundamental 

parameters in gas discharges. Typical 

methods to measure the electron 

density include the Langmuir probe, 

Laser heterodyne interferometry, and 

Laser Thomson scattering, as well as 

optical emission spectroscopy (OES). 

The probe method is not suitable for 

electron density measurements of non-

thermal atmospheric pressure plasmas 

because of the limited size of the 

discharge and strong collision 

processes. The complicated and 

expensive laser system also limits the 

use of laser diagnostics in real 

application. In contrast, OES is easy, 

convenient, and inexpensive and 

widely used in scientific and applied 

research [6].  

So the electron density can be given by 

the formula [7, 8].  

 

                            
       )                                           (4) 

 

where, Te is the electron temperature in 

K and ne is the electron number density 

in cm
-3 

and    is the line width at half 

maximum intensity of any line, where 
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the electron density proportional with 

   (the line width at half maximum 

intensity of any line).  

 

Experimental  

     Atmospheric cold plasma produced 

using homemade plasma jet system 

indicates in Fig. 1. Homemade AC 

power supply used in this work, it 

produce high voltage reach to 

maximum value 20 kV with frequency 

45 kHz.  Electron temperature and 

electron density determined for 

different values of gas flow rate. 

 

Fig. 1: Plasma jet system. 

 

     Optical Emission Spectroscopy 

(OES) has been used to detect plasma 

jet composition by observing 

electronically the excited species and 

their intensities in the discharges 

generated by Argon plasma jet. The 

spectra were recorded in the range 

(160-1010) nm directly from the 

plasma jet in axial and radial 

directions. The electron temperature is 

determined from the slope of 

Boltzmann’s plot that uses the intensity 

of several spectral lines versus their 

corresponding excitation energies. 

(S3000-UV-NIR) spectrometer used 

for this purpose is shown in Fig. 2.  
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Fig. 2: Optical emission spectroscopy image. 

 

Results and discussion  

     At applied voltage 16 kV, current 

5mA, frequency 43 kHz, and distance 

3cm for different value of gas flow      

rate   (5, 10, 15, 20 and 25) l/min,  the  

 

intensity distribution of plasma 

spectrum obtained using OES indicates 

in Fig. 3. 

 

Fig. 3: Variation of intensity with wavelength for different values of gas flow rate. 

 

      Many peaks appear in the figure; 

most these peaks belong to the ArI 

which agree with NIST data [9]. ArII 

weak peaks appear in this spectrum. 

Highest peak appears at 696.5431nm 

for different values of gas flow rate, 

which indicates the active species 

generated in the Argon plasma 

represented by ArI, which agree with 

[7].  All peaks detected in the visible 

region (650-800) nm. Also, from the 

same figure one could be note the 
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increasing of peaks high and sharpness 

with increasing of gas flow rate. 

For highest peak as in Fig. 4, it is seen 

that the increasing of peak intensity 

with increasing of gas flow rate that is 

means increasing of ArI species 

emission in the Argon plasma. While 

at high value of gas flow rate there is 

small decreasing in the intensity which 

may due to the saturation of plasma 

ionization.  Also, the peak half width 

decrease with increasing of gas flow 

rate. 

     For highest peak and by plotting 

  
           

         
 verses Ej, electron 

temperature could be calculated from 

the slope of the linear fitting of the 

result curve indicates in Fig. 5 using 

Eq. (3). Also, electron density can be 

also calculated by using the Eq. (4). 

 

 

Fig. 4: Variation of intensity with wavelength at highest peak for different values of gas 

flow rate. 
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Fig. 5: Boltzmann plot for different values of gas flow rate. 

 

     Plotting the term   
          

          
 in the 

vertical axis with Ej in the horizontal 

axis, the electron temperature Te which 

is related to the slope of the linear 

fitting by using Eq. (3), after that the 

electron density can be also calculated 

by using the Eq. (4). So we can clarify 

the results in Fig. 4.  

     Variation of electron temperature 

and electron density with gas flow rate 

indicates in the Fig. 6, from this figure 

electron temperature decreasing with 

the increase of gas flow rate, Also 

same figure indicates an increasing in 

the electron density of plasma jet with 

increasing of gas flow rate. These 

results agree with [7].   
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 Fig. 6: Variation of electron temperature and electron density with gas flow rate. 

 

     That means the increasing of gas 

flow rate causes an increases in the 

number of collisions between the 

electrons and the gas atoms. As a result 

of these collisions the energy 

transferred from the electrons to the 

gas particles increases causing an 

increase in the gas temperature by 

decreasing the electron temperature. 

Also, the mechanism of excitation and 

ionization of atomic and ionic species 

in argon plasma is supposed to occur 

mainly by electron impact. When the 

gas flow rate increased, the high-

energy tail of the electron energy 

distribution function was contracts to 

the lower energies. Therefore the direct 

ionization, which results from the 

energetic electrons impact with gas 

atoms, is reduced while the increasing 

of electron density with flow rate 

increasing due to the stepwise 

ionization [7,10].    

  

Conclusions 

     Optical Emission spectroscopy 

measurements indicate that ArI acts as 

active species generated in the Argon 

plasma. The results indicates that the 

electron temperature decreasing with 

the increase of gas flow rate, that 

means the increasing of gas flow rate 

cool down the plasma. Also there is 

increasing in the electron density of 

plasma jet with increasing of gas flow 

rate. 
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