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Abstract  

    This work is an experimental study conducted to study the effects of iron oxide 

dust particles (Fe2O3) on the characteristics of DC discharge plasma in argon gas 

under vacuum. Electron temperature (  ) and electron density (ne) were calculated 

by Boltzmann plots and Stark broadening, respectively. The results show that both 

the electron density and plasma frequency (   ) increased with the operating 

pressure. While,    and Debye length (  ) decreased with pressure. The glow 

discharge is more stable with the Fe2O3-dust particles; all dust plasma parameters 

have lower values  than those of the dust-free plasma. 
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 على خصائص البلازما في منظومة ترسيب التيار المستمر Fe2O3تأثير غبار جسيمات 
 
قصي عدنان عباس ،*شهد عماد الدين عبد الغني  

العخاق, بغجاد ,جامعة بغجاد, كمية العمهم, قدم الفيدياء  
 

 الخلاصة
عمى  Fe2O3عبارة عن بحث تجخيبي أجخي حهل تأثيخ غبار دقائق اوكديج الحجيج(  )هحا العطل     

( و كثافة Teتم حداب درجة حخارة البلازما ).خصائص بلازما تفخيغ التيار الطدتطخ في الأرجهن تحت التفخيغ 
التهالي. أظهخت ( بهاسطة طخيقة بهلتدمان وطخيقة ستارك لتهسع الخطهط الطيفية ، عمى neالإلكتخونات )

( يدداد مع زيادة ضغط الغاز. بيظطا ωpeالطعمطات الطقاسة أن كلا من كثافة الإلكتخون وتخدد البلازما )
( مع زيادة ضغط الغاز. تكهن البلازما أكثخ ثباتًا مع غبار λDانخفضت درجة حخارة الإلكتخون وطهل ديباي )

مقارنة بالبلازما الخالية  Fe2O3في حالة وجهد غبار  ، وكل معاملات البلازما لها قيم أقل Fe2O3جديئات 
   من الغبار.

1. Introduction 

      Plasma containing suspended charged particles of micron or nanometer size (in addition to 

electrons, ions and neutral atoms) is called dusty plasma or complex plasma. Dusty plasma is 

usually a low-temperature plasma in which the gas is partially ionized and contains relatively 

large suspended particles compared with electron or positive ions. [1]. It has the ability to 

self-regulate. It has gained much interest in recent research. The presence of these large 
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charged particles considerably changes the equilibrium of charge within the plasma, causing 

distinctive features. The essential characteristic that distinguishes dusty plasma is the mutual 

interaction between charged dust particles, which leads to their growth inside the plasma to 

form larger grains, which results in the granular plasma and the formation of structures 

arranged with crystal structures [2]. 

   The micro-particles become the dominant class of plasma so that they can be considered a 

single-species system, where the greatest influence on the properties of the plasma is the 

energy or momentum of these particles. The crystallization, wave and defect propagation can 

be studied for dust plasma [3]. 

   since electrons have higher mobility than ions, this leads to a negative dust charge. A 

micrometer-sized dust particle can have a negative charge of thousands of electron charges. 

This means that the dust is trapped by the electric field inside the plasma due to its large 

surface negative charge which represents the bulk of the plasma [4]. Grain dust particles can 

be grown by sputtered particles or reactive gasses [5]. 

   Dusty plasma is abundant in many phenomena, as it is considered a component of the 

Earth's magnetosphere and the cosmic plasma in comets or the heliosphere and others. [6]. In 

addition, it consists in laboratory plasma, plasma applied in industrial material for 

microelectronic processing and plasma in fusion devices [7]. The prevalence of dusty plasma 

systems, their ease of generation, their special diagnostic methods [8] and control of its 

parameters [9], and many unique transport features make the dust plasma a subject of much 

research, which are not only for general physical but also a technological benefit. Different 

methods are used to produce dust plasma under laboratory conditions [10]. 

   In many important industrial processes, such as chip production or in plasma fusion, sputter 

deposition of complex materials dust particles are produced within plasma reactors, the effect 

of these dust on plasma must be known, hence on its effectiveness [3].  

   Knowing plasma properties is vital for understanding the techniques by which its properties 

can be controlled, which are essential in the different applications in which this plasma is 

involved. Plasma can be diagnosed by electrical probes or optical emission spectroscopy. 

Plasma spectroscopic diagnosis is one of the most important diagnostic techniques, which 

gives important information about the state of the plasma; it is a simple technique in addition 

to its lack of impact on the plasma due to the immersion of probes inside it [11].  
   α-Fe2O3 is a promising magnetic material due its many technical applications. It exhibits a 

nonlinear relationship between applied magnetic field. It is employed in different uses as a 

magnetic substance. Furthermore, it used in other devices such as in photovoltaic application 

[12]. 

   Samsonov et al. [13] studied the aggregation of magnetic particles in dust plasma with the 

existence of magnetic attraction between particles. Particle analysis showed the interaction 

between the particles; agglomeration can occur if the energy of the particles exceeds the 

potential barrier. Rosenberg et al.[14] studied the possibility of  using dusty plasma for 

surface-enhanced vibrational spectroscopy. They found that the plasma reduced aggregation. 

This allows the use of many dust substances which have resonances in the IR or visible. Jabur 

et al. [15] the sample of O2/Ar gaseous mixture by plasma-based DC magnetron sputtering 

with niobium metal as a target material Plasma diagnosis via the Optical Emission 

Spectroscopy (OES) method was used to achieve Te and Ne mixture values of 20 %, 30 %, 

50%, and 70% in the Ar/O2 system. Hameed and Kadhem [16] constructed a gliding arc 

discharge (GAD) with a water spray system. A non-thermal plasma generated between two V 

shaped electrodes in an ambient argon driven by 100 Hz AC voltage with different gas flow 

rates (0.5, 1, 1.5, 2 , 2.5 , 3  1/min)was investigated using optical emission spectroscopy 

(OES). 
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2. Theoretical part 

   In order to determine the plasma parameters, such as plasma temperature (  ), electron 

density (  ), Debye length (  ), and plasma frequency (   ), optical emission spectroscopy 

was used. Boltzmann distribution is fulfilled in situations of local thermodynamic equilibrium 

[17]. The Boltzmann plot method is widely used for spectroscopic measurements and for the 

determination of     [18]:  

   (
      

         
)   ( 

  

    
)                                              (1)    

Where: Iji, is the intensity, Aji is the probability of transition, gj is a statistical weight of upper 

levels of the selected lines, h is Planck’s constant, λji is the wavelength corresponding to the 

transmission down from upper level j to lower level i for the same species in the same 

ionization degree.     

The Stark broadening effect was used to calculate     according to the line broadening Δλ 

[19]:  

  (  
  )  *

  

   
+                                                     (2) 

Where:    is the electron-impact value and Nr is the reference density which equals 

         for atomic lines and          for singly ionized ions lines. 

Plasma frequency can be given as [20]: 

     √
      

     
                                                         (3) 

Where   is the free space permittivity,    is the electron mass. 

Debye’s length can be calculated by the formula [20]: 

    √
        

      
       √

    (  )

   (    )
                                      (4) 

Where:    is Boltzmann’s constant. 

   In this study, the influence of Fe2O3 powder, dusted within plasma, on its characteristics and 

on plasma parameter, in dc discharges of argon, were studied at different vacuum pressures.  

3. Experimental setup 

   A schematic diagram of the dust plasma DC discharge system is shown in Figure 1. It 

consists of two parallel aluminum plane electrodes of 6cm in diameter. Both electrodes were 

fixed and isolated by Teflon caps to prevent any sparks with the chamber walls. Two 

concentric circular magnets behind the cathode were utilised as a magnetron to confine the 

plasma. 

The discharge system was operated in DC mode across a high purity argon gas under vacuum. 

Normal glow discharge was produced using 10kV DC across the electrodes, and then the 

voltage of the electrodes was dropped. The system was operated under different pressures 

from 0.06 to 0.4 Torr 

Micrometer sized Fe2O3 particles with a weight of 100 g were dusted between the electrodes 

inside the chamber by a duster device; the dust cloud could be observed by the naked eye. The 

fall-down particles on the electrodes were removed after each experiment.  

Spectroscopic analysis of the emitted plasma was done using an optical emission 

spectrometer. 
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Figure 1-Schematic diagram of the dust plasma DC discharge system. 

 

4. Results and Discussions 

    Ar plasma emission spectra of the DC discharge system at different gas pressures (0.06, 

0.08, 0.2 and 0.4 Torr) with and without Fe2O3 dust particles are shown in Figure 2 A and B. 

The figure shows many atomic and ionic argon emission lines (Arl and ArII) of different 

intensity peaks according to their probability of the corresponding transition, the statistical 

weight of the upper levels, and plasma temperature. The additional peak corresponding to Hα 

electronic transmission at 656.7 nm comes from the residual light hydrogen atoms due to the 

chamber evacuation.  

   All peaks intensity increased with increasing the pressure (between 0.6-0.4 Torr) inside the 

chamber, due to the increase of the excitation collisions probability between  electrons and 

atoms of higher density. While, the presence of dust particles between the electrodes caused a 

decrease in the peak intensity in the plasma emission spectrum. The mean free path of 

electrons was reduced as a result of their collisions with the dust particles which reduced their 

energy, hence reducing the probability of excitation collisions. In addition, dust reduced the 

emission intensity further due to plasma confinement by the suspended charged particles. 
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Figure 2-Ar plasma emission spectra at different gas pressure: (A) without and (B) with dust 

particles. 

 

     Electron temperature (Te) is responsible for various excitation and ionization processes that 

occur in the plasma, so the lines intensities vary according to the (Te) as described by 

Boltzmann plots. In this method, the relation of Ln(Iijλij/ hc gj Aij) against the upper-level 
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energies (Ej) is plotted for parameters of observed lines from the same atomic species. The 

value of Te is equal to the reverse of the slope for the best fitting line of this plot. The 

parameters of the used line are illustrated in Table 1. Figure 3 shows Boltzmann plots 

employing the selected atomic argon peaks (ArI) for the DC discharge system in the two cases 

of dust-free and with dust under the different gas pressures. 

 

Table 1- Wavelength λij, Aij.gj, upper level energy Ej, and lower level energy Ei for ArI lines 
λij (nm) Aij.gj Ej (eV) Ei (eV) 

550.6113 2.50E+06 13.094873 15.346003 

555.8702 7.10E+06 12.907015 15.136848 

560.6733 6.60E+06 12.907015 15.117746 

591.2085 3.15E+06 12.907015 15.003566 

603.2127 2.21E+07 13.075716 15.130544 

675.6163 1.80E+06 13.302227 15.136848 

687.1289 8.34E+06 12.907015 14.710898 

696.5431 1.90E+07 11.548354 13.327857 

706.7218 1.90E+07 11.548354 13.302227 

714.7042 1.90E+06 11.548354 13.282639 

720.6980 7.44E+06 13.302227 15.022088 

727.2936 5.49E+06 11.623593 13.327857 

 
 

Figure 3- Boltzmann plots for Arl peaks for the DC discharge system at different gas 

pressures (A) with and (B) without Fe2O3 dust particles. 

 

   Figure 4 shows the variation of Te with the operating gas pressures in the two cases: with 

and without Fe2O3 dust particles. The electron temperature decreased with the increase of the 

pressure for the two cases. The graphs show two regions: a sharp decrease in the electron 

temperature from 1.8 to 1.4eV for the dust-free plasma and from 0.9 to 0.65 eV for the dust 

plasma when the pressure increased from 0.06 to 0.08 Torr. The second region, Te decreased 

slowly from 1.4 to 1eV for the dust-free plasma and from 0.65 to 0.4eV for the dust plasma as 

the pressure increased from 0.08 to 0.4 Torr. The decrement in Te with the increase of the 

operating pressure is due to the increase of electron-atom inelastic collisions; some of the 

electron energy is transferred to the gas atoms causing the increase of their energy while the 

average kinetic energy of the electrons decreases. On the other hand, Te in the dust plasma is 

A B 
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less than in the dust-free due to the existence of the Fe2O3 particles, which alters the charged 

particle equilibrium that affects the electron energy by complicating the plasma. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4- the variation of Te against the gas pressure with and without dust. 

 

    One of the most common methods for determining electron density (ne) is Stark's principle 

of spectral lines broadening. The full-width half-maximum values were employed to calculate 

the electron density using the standard values of the broadening. 

     The 476.48 nm wavelength ArII line was used to measure ne. The line broadening was 

measured using Lorentzian distribution. The used parameters for this line are according to the 

review of Konjevic and Wiese [21]. The line broadening was found to be (0.54, 0.64, 0.68, 

and 0.73) nm for the dust-free plasma, while for dust plasma, it was (0.43, 0.48, 0.51, and 

0.58 nm) when the pressure varies as 0.06, 0.08, 0.20 and 0.4 Torr, respectively. 

     Figure 5 illustrates the effect of the pressure on the electron density for the dust-free and 

dust plasma. One can observe that the electron number density increases with the rising of 

argon pressure from --- to---Torr in the two cases. The electron number density increased 

from 7×10
16

 to 9.5 ×10
16

 cm
-3

 and from 5.5×10
16

 to 7.5×10
16

 cm
-3

 for the dust-free and dust 

plasma, respectively. The increase of gas pressure at this range led to increase the electron-

atom ionization collisions and hence increasing the electron number density. While, the 

ionization collisions (which is an electron-atom collision with sufficient energy for ionization) 

decreased remarkably for the dust plasma at all pressures due to reducing the average kinetic 

energy of electrons, as shown in the previous section. 

 
 

Figure 5- The variation of ne against the gas pressure with and without Fe2O3 dust. 
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   Using Eq. (4), the Debye length (λD) was determined. Figure 6 shows the variation of Debye 

length with the operating pressure for the dust-free and dust plasma. It can be observed that λD 

decreased with increasing the operating pressure in the two cases. Furthermore, the existence 

of the Fe2O3 dust particles caused further reduction in λD. These behaviors are due to the 

increase of electron density with pressure.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-The variation of λD against the gas pressure with and without dust. 

 

   Figure 7 demonstrated the variation of plasma frequency with the operating pressure in the 

two cases, with and without Fe2O3 dust particles. Plasma frequency increased with increasing 

gas pressure in both cases with a higher rate in the absence of the Fe2O3 dust particles. 

Without dust, the plasma frequency was increased from 150×10
11

 to 174×10
11 

rad/s. While 

with Fe2O3 dust particles, the plasma frequency increased from 133×10
11

 to 155×10
11 

rad/s. 

The plasma frequency mainly depends on its electron density, as shown in Eq. (3), so it has 

nearly the same behavior. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7- (   ) against the gas pressure with and without dust 
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5. Conclusions 
     In this work, the effect of Fe2O3 dust particles in a DC discharge plasma was studied.  

Without Fe2O3 dust particles, it was observed that the intensity of the emission lines increased 

with rising the operating gas pressure. Though, with the Fe2O3 dust particles, the emission 

intensity decreased with increasing the operating pressure as a result of the effect of the Fe2O3 

dust particle, which alter the space charge due to plasma confinement in a region of a strong 

electric field. In addition, the effect of operating pressure and the presence of Fe2O3 dust 

particles on plasma properties were studied. Electron temperature and Debye length 

decreased, while the electron density and plasma frequency increased with rising the 

operating gas pressure. While, the plasma temperature and density were lower with Fe2O3 

than in the case of dust-free plasma. 
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