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ABSTRACT

(DBD) plasma jet is discharged at atmospheric pressure
degradation efficiency of the DBD plasma jet is evaluated on bacteria of
Staphylococcus aureus with different exposure times. The flow rate of
the gas used is also studied. In addition, the optical emission spectrum of
OES is examined to detect plasma parameters such as electron

In this paper, the insulation barrier of the dielectric-barrier discharge

.Where the

Tel: temperature and electron density. OES is also used to detect active

Introduction

Plasma jet (cold plasma) is the root of intense interest
because of its enormous potential for the processing
of materials and biomedical applications [1].Plasma
jets generate plasma shafts in open space where they
rotate different types of active gases[2].Cold plasma
in the atmosphere are the most important subjects or
projects, the task of researchers to obtain the desired
results for biomedical applications[3][4]. Non-
thermal cold plasma jet in atmospheric are able to
inactivate ~ bacteria ~ or  fungus or  bio-
macromolecules[5][6][7], relying on the jet
configuration and the electrical agitation[2][8][9].
Theoretical part

(K; partially ionized Low-temperature ~(300-1000)
Cold plasma).

Gases. Thermal equilibrium ,the temperatures of the
different plasma

species are not the same; more precisely, the critical
part should be noted that the electrons are
characterized by much higher temperatures than the
heavy particles (ions, atoms, molecules);in the plasma
discharge.

Electron temperature can be determined by using a
ratio method given by[10].
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species within a plasma column such as OI, N, and OH and other. The
percentage of growth inhibition is increased directly with increased time
of exposure from the DBD plasma jet .

Where I, is the line intensity from the ki transition
and I, is that from the nm transition.

The electron density can be determined by using
Saha- Boltzmann equation , given by [10]
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Experimental processes

The locally produced plasma jet was designed and
generated in atmospheric and room temperature
conditions using a pyrex tube. The length of the tube
is essentially 95mm with a wall thickness of 0.90mm
while the external polarity of the tube is 2mm and
3.88mm, respectively. The argon gas is also
recharged at the top of the Pyrex tube . Flow rate by
flow meter model (part number 11420and weight
0.14kg). The gas flow rate is fixed at 4liters per
minute per argon (commercial grade 99.9%). The
plasma jet is constructed on a double-ring structure as
shown in Figurel, with two electrodes made of
aluminum with 0.1mm thickness and 11mm width.
These poles have the same measurement and
specification, the distance between the electrodes is
15mm and the distance between the pipe nozzle and
the tube 3mm.
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Figure 1: (A) Schematic diagram and (B) photograph of the DBD plasma jets .

DBD plasma jet is impelled by using a home-made
high voltage power supply with a frequency of 13
KHz and peak to peak voltage of 8 KV. The
waveforms of the applied voltage and discharge
current, as shown in figure 2, are registered by a two-
channel using pc USB oscilloscope (Hantek6022 be ,
with a 20 MHz bandwidth and a 48 MS/s sampling
rate) a high-voltage probe(Tektronix p6015) and a
current probe(AT-C202)
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Figure 2; waveforms of the applied voltage and current

Results and Discussion

Figure3 shows the plasma temperature against
different flow rate; it is measured by thermometer
using different flow rates at the distance of 2.3 cm
from the nozzle to tube. The emission spectra of the
DBDplasma jet is measured by spectrometer
(Sv2100. K-MAC) with the spectra range of 300-
925nm, whereas the optical fiber is located at 11mm
from the edge of pyrex tube. Figure3 shows the
installed and measured distance between the pipe
nozzle and the objective of which is 23mm with
different flow rate at the plasma condition of 13KHz
and peak to peak voltage of 8 KV . The results shows
that the gas temperature is 53°C at argon gas flow
rate of 1 slm, whereas the gas temperature reached
34°C at argon flow rate of 5 slm,the main reason for
the low temperature and stability at each run is due to
high gas flow rate.
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Figure3; Plasma temperature with different flow rate .
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The length of the plasma column is measured from
the end of the tube to the end of the plasma plume,
where the length of the plasma inflator increases with
the applied voltage increase due to high gas flow rate.
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Figure4: the length of the plasma column shows the
function of the voltages with the gas flow rate

Bacterial suspension are equipped for Staphylococcus
aureus bacteria by a specific concentration. This
concentration is measured by spectrophotometer at
625nm and as 0.4nm which is equal to a bacterial
number 6.6 x 105 cells. Compared to the McFarland
solution. At 0.1 ml of cells are deploys over the
nutrient agar via spreading method by sterile swab
and distributed in standard petri dish .

Making the agar plates
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1. Remove sterile Petri dishes (VWR 25384-208)
from plastic bag

2. Pour of nutrient Agar (~20mL) into each plate.

3. Each plate cool until its solid.

5. Store plates in plastic bags in fridge with: name,
date and contents (note any additive).

10 ml of bacterial culture were transferred to a
sterilized glass petridish, then after plasma treatment
of the plate was applied. Dilutions were made and
10ul for each dilution were transferred to nutrient
agar plates by using spreading technique the sample
plates were incubated over night at 37°C to allow
survivors to grow Plates were incubated overnight
after plasma treatment. Next day, the Colony
Forming Units (CFU) were counted in order to check
the efficiency of bacterial inactivation using cold
plasma treatment.

Through OES, the active particles present within the
plasma column can be obtained by OES analysis. The
spectral lines of the DBD argon are shown at the peak
of the 8KV voltage as in the figure 5.
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Figure 5; Spectra of Ar DBD plasma jet
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The electron temperature (Te) and electron density
(ne) are important parameters to prescribe the
characteristics of the Argon DBD plasma jet. Electron
temperature can be determined by using a ratio
method given by equation (1):

Where I, is the line intensity from the ki transition
and I, is that from the nm transition.

Table: values of transition probability , upper energy level and statistical weight that used to calculate T,

Wavelength A, (ST g E,(ev)
(nm)
Arl Arll Ay Anm ki | 8m | Eu |
750.296 | 434.052 | 4.45x107 | 1.17x10° [ 3 | 6 | 11.8280 | 16.6438
The electron density can be determined by using 16 . . . . 18
Saha- Boltzmann equation , given by equation(2) [10] 14] v =
The electron density was estimated to be n.= 1.88 x s 4, {1 %
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Figure 6: Electron density and electron temperature as
afunctionality of peak to peak applied voltage.
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figure 7 shows the bacterial percentage of inhibition
with a different time exposure of ( DBD) plasma jet.
It was observed in this figure that the size of

inhibition percentage was permanently larger than the
diameter of the (DBD) plasma jet, this was due to the
action of ROS which formed from surrounding air.

The relationship between the percentage of inhibition
percentage with different treatment time can be
shown in (Figure 8). where it is seen that the area of
growth inhibition percentage increased with increased
the exposure time.
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Figure 8; Inhibition percentage as a function of
treatment time.
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Conclusions

The argon gas plasma works in atmospheric
conditions as well as room temperature, to kill
bacteria Staphylococcus aureus, and the high
efficiency plasma jet argon affects bacteria at
increase time.

Acknowledgments

we offer all respect, appreciation and gratitude to the
Dept. of Physics, College of Sciences, University of
Tikrit, Iraq,and Ministry of Science and Technology,
Center of Applied Physics,Baghdad,Iraq.

Plasma Sources Sci. Technol., vol. 17, no. 2, p.
025013, May.

[5]Fridman et al.,G.; (2007) “Floating Electrode
Dielectric Barrier Discharge Plasma in Air Promoting
Apoptotic Behavior in Melanoma Skin Cancer Cell
Lines,” Plasma Chem. Plasma Process., vol. 27, no. 2,
pp. 163176, Mar.

[6]Liang, C.; LiY.; and Luo, J.; (2016) “A Novel
Method to Detect Functional microRNA Regulatory
Modules by Bicliques Merging,” IEEE/ACM Trans.
Comput. Biol. Bioinforma., vol. 13, no. 3, pp. 549-
556, May.

[7]Deng, X. T.; Shi, J. J.; and Kong, M. G.; (2007)
“Protein destruction by a helium atmospheric
pressure  glow  discharge:  Capability and
mechanisms,” J. Appl. Phys., vol. 101, no. 7, p.

159



Proceeding of First International and the Third Scientific Conference , College of Science - University of Tikrit

17 - 18 Dec. 2018 / (P4)

074701, Apr.

[8]Kieft, I. E.; v d Laan, E. P.; and Stoffels, E.;
(2004) “Electrical and optical characterization of the
plasma needle,” New J. Phys., vol. 6, pp. 149-149,
Oct.

[9]Kim, D. B.; Rhee, J. K.; Gweon, B.; Moon, S. Y.;
and Choe, W.; (2007) “Comparative study of
atmospheric pressure low and radio frequency

microjet plasmas produced in a single electrode
configuration,” Appl. Phys. Lett., vol. 91, no. 15, p.
151502, Oct.

[10]Park, H. S.; Kim, S. J.; Joh, H. M.; Chung, T. H.;
Bae, S. H.; and Leem, S. H.; (2010) “Optical and
electrical characterization of an atmospheric pressure
microplasma jet with a capillary electrode,” Phys.
Plasmas, vol. 17, no. 3, p. 033502, Mar.

LS Jsada U (DBD) o) Gl oadd) (asiililly (gl ca il
"aaal Gilgd dana ¢ 2Qils Gulad dana ¢ Fal) B A e plla Gl

Glall ¢ i Gy dnala ¢ aglell LIS ¢ o Ljusl) ani”!
Gball 6 dlsis ¢ Lasleiilly 2 olell 5,057

adlall

L e DBD Lol ¢l Jlas 36 US it oy G . gsall laiall xie (DBD) Lol il Jial) Sala joppii S ¢ Canll 14
Cade and oy dlld ) ALYl L aadieall S 385 Jaee Al Load p AR Gyl Clsl ae Apadl) dgngiiel) <)<l
glsV) e aiSll Laf OES aaiiay o 51 &GSy o5 58N Ba Aoy die LUl claes e iU OES sl Elag)

.DBD Lol ¢l (ge (mpell s 5045 aa pilie IS8 sl A 5045 iy Wyt s OH 5 Ny 5 O e L) 25ee Jals ddaiil

160



