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Abstract: Production and optimization of DBD plasma inside a closed package made of 

polyethylene and filled with gas mixtures of Ar/O2 and Ar/CO2 at atmospheric pressure is reported. 

The UV-VIS emission spectrum was monitored through a small quartz window. Preliminary results 

on polymer surface treatment and microbial inactivation by plasma produced inside the package 

show promising results. 
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1. Introduction 

The ability of cold plasma to inactivate bacteria and 

spores is expected to have a positive impact on biomedical 

applications [1, 2]. So far, the effect of the applied power 

and frequency, treatment time, the method of plasma gen-

eration (glow discharge, corona discharge and barrier 

discharge) and gas composition (particularly the presence 

of oxygen) on the inactivation efficiency have been inves-

tigated. However, studies on plasma treatments inside a 

closed package are very few [3, 4].  

The present work focuses on the optimization of plasma 

inactivation properties using optical emission spectroscopy. 

The final objectives of this study are to evaluate the effect 

of cold plasma on inactivation of important shelf-life lim-

iting bacteria (Photobacterium phosphoreum, Lactobacil-

lus sakei and Listeria monocytogenes) in modified at-

mosphere packed fresh and lightly preserved seafood and 

to optimise cold plasma processing with respect to micro-

bial inactivation (high) and negative sensory changes (low) 

in selected fresh and lightly preserved seafood products. 

 

2. Experimental Set-up 

The experimental set-up consists of a dielectric barrier 

discharge (DBD) with plane-parallel geometry. Two di-

electric plates, each of 3.8 mm in thickness, are placed 

between the electrodes as shown in Fig 1. The inter di-

electric gap providing the discharge volume could be 

changed from 3 mm up to 10 mm using spacers with dif-

ferent thickness. The electrodes surface was 50 x 50 mm
2
. 

In order to avoid edge effects and a poor contact between 

the electrodes and the dielectric plates, facts that induce 

local heating and power loss, a thin film of copper was 

deposited on each dielectric side facing the electrode by 

magnetron sputtering. The discharge was excited by AC 

voltage waveform, with frequency in the range of 10-20 

kHz. The electrodes temperature was kept constant by 

water cooling. All experiments were made at atmospheric 

pressure in Ar or mixture of Ar with O2 or CO2. 

The closed container of 75x75 mm
2
 in size and thickness 

correlated with the discharge gap was made of polyethyl-

ene by sealing the edges at regulated temperature. The 

package was purged with working gas before sealing it 

completely. An additional design preserved the size but  

 

Fig. 1 Scheme of the DBD reactor. 

 

Fig. 2 Photograph showing the closed package with gas inlet 

and outlet and details of the observation window.  



included gas inlet and outlet controlled by valves. These 

arrangements made it possible to investigate the difference 

between discharges operating in trapped or flowing gas 

mixtures in the same setup. The gas filing slightly ex-

ceeded the atmospheric pressure so that we could have 

almost no space between the dielectric plates and the 

package walls. A quartz window of 4 mm in diameter was 

mounted on the lateral side of the container, as shown in 

Fig. 2, for monitoring the UV-VIS emission spectra.  

 

3. Plasma Diagnostics  

The discharge was operated in two modes, namely the 

trapped gas atmosphere (TGA) and the flowing gas at-

mosphere (FGA). For both modes the applied voltage was 

kept constant at 15 kV peak-to-peak and 15 kHz. The 

working flow in FGA mode was 500 sccm. Both modes 

exhibited filamentary operation as shown in Fig. 3 where 

the photograph of the (a) FGA and (b) TGA modes are 

shown. One can notice that the TGA mode presented less 

filaments than the FGA mode.  

   

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Comparison between emission spectra of argon DBD 

plasma produced inside the package in continuously gas flow 

(black lines) and in argon filled package (red lines). 

The emission spectra produced by TGA and FGA modes 

are shown in Fig. 4 with red and respectively black colors. 

In both cases, besides Ar excited species, which form the 

majority, other excited species such as OH, O, N2, N2
+
, N, 

originated from polyethylene package were identified. 

Results also show that the emission spectrum of TGA 

mode is less intense than the FGA mode. Furthermore, 

after 20 minutes of operation of the TGA discharge the 

intensity of all excited species decreased with a factor in 

the range of 1.2-3.3 as is shown in Fig. 5, where UV-VIS 

emission spectra of Ar plasma are shown as function of the 

running time of plasma discharge. 

 

 

Figure 6 presents the spectral intensity of nitrogen lines, 

hydroxyl and molecular nitrogen bands as a function of 

plasma running time. It can be observed that the behavior 

of each curve is the same for species which have the same 

gas nature. For example, the intensity of all molecular 

nitrogen species identified in our spectra has decreased 

with a factor of 2.2 after 20 minutes of plasma running (see 

Fig. 6 (b)). However, the intensity of all the atomic species 

originated from polyethylene package, namely, oxygen 

and nitrogen has decreased with a factor from 1.7 up to 2.5 

after 20 minutes of plasma running. 

Under our experimental conditions, the majority of argon 

lines observed in DBD plasma spectra are produced as a 

result of transitions on metastable levels or resonant level.  

Figure 7 shows the evolution of Ar spectral lines emitted 

by plasma produced inside a closed package versus time of 

plasma running. It was observed that the intensity of argon 

lines decreases in time with a factor in the range of 1.2 - 

3.3. 

 

 

Fig. 3 Images of a) FGA and b) TGA modes exhibiting 

filamentary operation. 

(a) 

(b) 

Fig. 5 Comparison between emission spectra of argon 

DBD plasma produced inside a closed package, for 

different time of plasma running. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Treatment Efficiency 

Firstly, the discharge parameters were optimized so that 

not to affect the sensory properties (e.g. appearance, tex-

ture) of the seafood samples. Secondly, in order to inves-

tigate the treatment efficiency by plasma a polyethylene 

foil was placed inside a package filled with argon, as 

shown in Fig. 8. The package was purged with argon be-

fore sealing it completely. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The modifications of the polymer surface properties af-

ter plasma treatment were analyzed by contact angle tech-

nique. The efficiency of the DBD plasma produced inside 

an argon filled package is about 60% after 3 minutes of 

treatment of the polymer foil. Moreover, after 14 days of 

plasma treatment the efficiency is still high, about 40%, for 

3 minutes of plasma treatment as can be seen from Fig. 9 

where the variation of the water contact angle on the 

polymer films as a function of plasma treatment time, after 

1 hour and 14 days from the plasma treatment is presented.  

Preliminary results on microbial inactivation efficiency 

of DBD plasma at atmospheric pressure inside a closed 

package have been obtained by using Photobacterium 

phosphoreum. After 1 minute of Ar plasma treatment the 

number of survivors is about 10
5
 times reduced. The ex-

perimental results show that the plasma treatment time  

 

(c) 

(b) 

Fig. 6 Evolution of spectral lines and bands of: nitrogen 

(a), hydroxyl and molecular nitrogen (b) and oxigen (c) 

emitted by plasma produced inside a closed package 

versus time of plasma running. 

Fig. 7 Evolution of Ar spectral lines emitted by plasma 

produced inside a closed package versus time of plasma 

running. 

(a) 

(b) 

(a) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

needed to produce an efficient treatment is relatively short 

in comparison with the plasma running time (about 10-20  

min) in which the plasma emission spectra decreases 

drastically (see Fig. 5). So, we can conclude that the 

treatment efficiency is not affected by the decreasing in the 

emission spectra.  

 

5. Conclusions 

This study reports on the production and optimization of 

the atmospheric DBD plasma produced inside a closed 

polyethylene package. Spectral diagnostics of plasma 

produced inside a closed package shows that emission 

spectra intensity significantly decreases for plasma run-

ning time of 10-20 minutes. However, it was demonstrated 

that plasma treatment efficiency is not affected by this 

decreasing in the emission spectra. 

Preliminary results on polymer surface treatment and 

microbial inactivation by plasma produced inside a closed 

package are positive. 
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Fig. 8 Photograph of a plastic container with trapped 

gas atmosphere including a polymer film inside of it. 

 

Fig. 9 Variation of the water contact angle on the 

polymer films as a function of plasma treatment time, 

after 1 hour and 14 days from the plasma treatment. 


