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In this study, plasma parameters in DC glow discharge of argon gas were used for the
pure PE film untreated and exposed of argon gas plasma (10, 20 and 25) min samples
treatment. X-ray diffraction (XRD), Field Emission Scanning Electron Microscopy
(FESEM) were studied for the morphological and structural films. X-ray diffraction

Keywords : patterns of all samples prepared were recorded. The XRD pattern shows the pure PE

unexposed that the polycrystalline nature with strong peak around 20 =21.51° with
,PAéplasma miller indices (110). After exposed with the argon plasma (10, 20 and 25) min and
XRD change the electrode distance (2.5, 3.5 and 4.5) cm, the new peak exhibited and the
FESEM intensity of the all peaks increased with increasing exposed time, indicating that the

orientation of the orthorhombic crystals had changed and also indicate the time exposed
of argon plasma was affected. The increase in grain diameter average and particle size
for pure PE film and exposed of argon gas plasma (10, 20 and 25) min with an increase
in the treatment with dc glow discharge plasma was noted in the FESEM images. The
contact angle of untreated pure PE and PE films after exposed of argon gas plasma (10,
20 and 25) min was measured at room temperature with water appeared of the contact
angle results decrease with increasing time exposed plasma. The antibacterial activity
for the pure PE film untreated and exposed of argon gas plasma (10, 20 and 25) min
shows enhanced antibacterial activity against E. coli and S. aureus due to the changes in
surface chemistry and physical structure, including increased hydrophilicity, surface

Contact angle
Antibacterial activity

roughness, and the generation of reactive species that can damage bacterial cells.

1. Introduction

The plasma activation method has shown great
promise in many different processes that allow
changing the surface of polymers. Some of these
steps are cleaning and etching to get rid of
impurities and polymer material, cross-linking and
branching to deposit polymer and/or hybrid
organic/inorganic multicomponent thin films, and
surface treatment to change the polymer's
outermost layers by adding certain functional
groups chemically [1]. Plasma cutting is often used
in microelectronics. These days, plasma treatment
of polymers has been shown to be useful for tissue
engineering and biomedical uses, like building
scaffolding for body implants (like prostheses,

catheters, and intraocular lenses), biosensors, and
more. Some of these uses are controlled surface
modification, layer deposition no matter what the
surface geometry is, intrinsic sterility, and the
ability to scale up. Plasma treatment also helps cells
stick together and multiply, which both improve
biocompatibility [2]. Plasmas may be the most
common way to change the surface of a polymer.
When a polymer is exposed to plasma, radical
active sites form right away on its surface, typically
only a few nanometres deep. The surface gets
rougher, and holes the size of nanoparticles appear
[3].

The plasma has a lot of energy that can break the
covalent bonds of polymers that touch it. The active
sites are different for each gas that was used to
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make the plasma, and they can react and/or join to
make a lot of different chemical functional groups.
This will change the surface properties of the
material in a big way. In industry, this is often done
to clean parts, activate polymers before painting
and sticking, and change the water-repelling or
water-attracting properties of surfaces, among other
things. Plasma treatment can successfully raise the
surface energy of common hydrophobic polymers
like polyethylene (PE) and polyethylene
terephthalate (PET). This makes them more
wettable and better at sticking to metal coatings,
adhesives, and inks. [4-8].

Plasma technology surface treatments of polymers
offer rapid implementation, ease of integration into
existing production protocols, and cost efficiency.
The procedures are also environmentally
sustainable [9, 10]. The cost-effective alternative
for industrial applications involves plasma
operations conducted in air or nitrogen
environments. However, documentation also
indicates the utilisation of noble gases, potentially
combined with reactive gases such as O2, steam,
and NH3. Plasmas have been utilised for an
extended period to enhance the wettability,
lubricity, and stickiness of polymers. Recently,
however, research has shifted towards employing
plasmas in the preparation of polymer-based
sensors, flexible electronics, and batteries [11].
Polyethylene (PE) possesses the chemical structure
(C2H4)n and belongs to the polyolefin family. It is
mostly produced through the polymerisation of
ethene via radical anionic addition, ion
coordination, or cationic addition reactions. These
technologies produce polyethylene with diverse
compositions, molecular weights, branching kinds,
branching patterns, and densities [12]. Its
straightforward and cost-effective manufacturing
methods contribute to its status as a versatile
biomaterial with significant clinical implications.
Polyethylene (PE) is categorised based on its
density and branching, encompassing a range of
types from ultra-high molecular weight to medium-
and low-density PE, each exhibiting distinct
thermal, mechanical, chemical, electrical, and
optical properties relevant to biological mimicry.
Ultra-high-molecular-weight polyethylene
(UHMWPE) was first utilised clinically for joint
replacements in 1962, using polyethylene cups
articulating with a metal femoral head in total hip
arthroplasty [13, 14]. Polyethylene (PE) is a very
versatile and adaptable biomaterial extensively
utilized in pre-clinical research and clinical
applications, surpassing autografts and other
biomaterial implants, and establishing itself as the
‘gold standard' in numerous therapies [15].

2. Experimental

Surface modification of polyethylene films is
achieved through the application of an incandescent
direct current (DC) glow discharge plasma, utilising
a gas such as argon, as depicted in Figure 1. The PE
samples were cut into small slides with dimensions
of 2 cm by 1 cm for the purpose of plasma
treatment. The samples were positioned within a
vacuum chamber, where a vacuum level of 10-2
mbar was sustained through the operation of a
vacuum rotary pump. The samples were positioned
on a glass stage, maintaining a separation of 2.5 cm
from the cathode. The treatment duration with
plasma was adjusted to 10, 20, and 25 minutes. The
operational parameters are detailed in Table 1.

Table 1. Typical working parameters for plasma
treatment

Parameters Values applied
Working Pressure 6.5 x 10" mbar
Electrode separation 5.5cm

Power Supply 450 Volt

Flow rate of gas 750 cm®/min
Exposure time 10-25 min
Working gas Ar
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The X-ray Spectra were gotten by utilizing copper
filtered Cuka radiation A=1.54060 (A) worked at 40
(Kv) and 20 (mA) kind (SHIMADZU-6000) made
in Japan. The antibacterial was used auger method.
The spherical section height (h) and radius (r) were
determined and the angle was estimated using the
following equation [16].

Contact angle (0) = sin!

[ 2rh
12 + h2
3. Result and discussion

Figure (1) illustrate results for the XRD pattern of
the pure PE film untreated and exposed of argon
gas plasma (10, 20 and 25) min respectively. The
peaks were indexed and found well-matched with
standard data. Furthermore, the crystallite size (D)
was calculated using the Scherer formula. Peaks of
XRD were recorded between 5° - 100°. From these
figures, it seems clear that the pure PE unexposed
that the polycrystalline nature with strong peak
around 20 =21.51° with miller indices (110) and
small peaks were exhibited at 20 = 24.093° and
36.49°
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Figure 1. Experimental Setup of dc glow discharge plasma system

with miller indices (200) and (020)
respectively and indicate that PE used in
this investigation shows orthorhombic
structure.  After exposed with the argon
plasma (10, 20 and 25) min, the new peak
exhibited at 20 =10.23° and 29.62° with
miller indices (002) and (210) respectively.
The intensity of the all peaks increased with
increasing exposed time at 25 min and
becomes sharper, while that of the (110)
diffraction peak decreased and then
increased with exposed time and become
sharper and shift some peaks toward to the
higher and other to the lower degree,
indicating that the orientation of the
orthorhombic crystals had changed and also
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indicate the time exposed of argon plasma
was affected. This behavior agrees with
references [17, 18]. FESEM is employed to
analyse structural morphological changes
before and after plasma treatment of pure
PE films. The surface morphology of the
untreated pure-PE films is illustrated in
Figures (2) (a) at a magnification of 500
nm, revealing a relatively smooth surface.
The surface morphology of the pure-PE
films treated by plasma can be examined
under optimal conditions for surface
adjustment, as illustrated in Figure (2) (b, c,
and d) at the same magnification. Clusters
of particles can be observed connected to
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Figure 2. X-ray diffraction patterns of pure PE and different exposed time

Table 2. XRD parameters Comparison between pure PE and different exposed time

Sample 20 (Deg.) FWHM (Deg.) dhki(A) C.S(nm) hkl
Pure PE 21.519 0.451 2.3525 18.74 (110)
24.093 0.326 2.0387 26.04 (200)
36.490 0.491 2.0321 17.80 ((020)
10 (min) 10.230 0.421 2.3546 19.80 (002)
22.157 0.641 2.0402 13.20 (110)
24.193 0.631 1.4422 13.45 (200)
29.626 0.496 1.2305 17.31 (210)
37.580 0.541 1.2304 16.21 (020)
20 (min) 10.360 0.368 2.3587 22.65 (002)
22.320 0.561 2.0356 15.08 (110)
24.293 0.421 1.4422 20.17 (200)
29.726 0.511 1.2305 16.81 (210)
37.580 0.546 1.2311 16.06 (020)
25 (min) 10.440 0.468 2.3587 17.81 (002)
22.410 0.461 2.0356 18.36 (110)
24.490 0.321 1.4422 26.46 (200)
29.810 0.461 1.2305 18.63 (210)
37.600 0.308 1.2310 28.47 (020)

the surface. Plasma argon was utilised to modify
the surfaces of the PE-Pure film. Plasma has been
observed to alter the surface in terms of its
chemical composition and morphology. The
increase in plasma treatment time for PE-pure films
from 10 to 25 minutes results in greater damage to
the polymer chains, leading to a looser packing of
the polymer, which subsequently elevates the etch
rate. The alteration of the etch-rate is significant at
the outset and diminishes with extended treatment
duration [19]. Table (2) presents the maximum and
mean grain size for both untreated pure-PE and
pure-PE treated with Ar plasma. Contact angle
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measurements can be utilized to ascertain the
surface tension of polymers. Utilizing the sessile
drop method [20]. The water contact angle (WCA)
is a widely recognized method for assessing surface
activation. The angle at the droplet's edge is
measured using a goniometer when microliter-sized
droplets of distilled water are deposited on the
surface [21]. This technique is analogous to the
WCA data computed for composites and polymers
[22]. The contact angle of the treated PE films in
Figure (3) decreased with increasing treatment
time. Following an extended exposure period, the
values remain constant as a result of plasma
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Figure 2. FESEM images of a: pure PE

Table 2. Maximum and Mean Grain size for pure-PE untreated and treated by Ar plasma

samples Maximum Grain size(nm) Mean Grain
Size (nm)
Pure PE 20.19 nm 17.92 nm
10 min 27.6 nm 21.21 nm
20 min 29.15 nm 22.87 nm
25 min 37.93 nm 30.32 nm

saturation effects on the PE films. The contact
angle of the PE film decreased from 73.33° to
36.17° after a 25-minute treatment with argon
plasma. Argon plasma influenced PE films by
generating a significant quantity of active species
that rapidly interacted with the polymer surface.
The contact angle decreases as a result of the
consolidation of oxygen-containing polar groups,
such as OH, C=0, and O-C=0, on the surface of
the treated plasma film [23, 24], as illustrated in
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Table 3. The reduction in surface activation may
decrease the wettability of the surface, potentially
leading to a diminished reduction in contact angle
[25]. The antibacterial properties of the of the pure
PE film untreated and exposed of argon gas plasma
(10, 20 and 25) min as shown in Figures (4) in
contrast to gram-positive Staphylococcus aureus (S.
aureus) and gram-negative Escherichia coli (E.
coli) and the obtained data are presented in Table
(4). As shown in the figure, the inhibition zone rises
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10 min

Figure 3. contact angle measurement of unexposed pure-PE and PE exposed argon with different time (10, 20 and 25)

with increasing with increased exposed time. It's
increased from O mm for unexposed of pure PE to
26 mm and 24 for exposed 25 min of PE for E. coli
and S. aureus respectively.

Table 3. contact angle measurement for unexposed
pure-PE and PE exposed argon with different time (10,
20 and 25) min.

Samples | Contact angle
Pure-PE 73.33°
10 min 65.89°
20 min 41.85°
25 min 36.17°

This result can be explained for unexposed PE. This
is the original, untreated surface of polyethylene.
Typically, PE is hydrophobic and chemically inert,
which means it doesn’t easily interact with other
substances, including bacteria. As a result,
unexposed PE surfaces may not have significant
antibacterial properties. When PE is exposed to
argon plasma, its surface undergoes physical and
chemical changes. Plasma treatment can introduce
functional groups (like oxygen-containing groups)
to the PE surface, making it more hydrophilic,
increasing its surface energy, and potentially
altering its interaction with bacteria [26]. Also,
Argon plasma is a type of cold plasma that consists
of ionized argon gas. When PE is exposed to argon
plasma, the high-energy particles in the plasma can
etch the surface of the polymer and introduce
reactive species. This process can lead to changes
in surface roughness, chemical composition, and
wettability, which are all factors that can influence
antibacterial activity [27]. The plasma-treated PE

min.
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surface might exhibit increased antibacterial
activity against both E. coli and S. aureus due to
changes in surface properties. The increased
hydrophilicity and possible introduction of reactive
species can make it harder for bacteria to adhere
and survive on the surface. Plasma treatment may
increase surface roughness, which can affect
bacterial adhesion [28]. For some bacteria,
increased roughness might lead to enhanced
antibacterial effects due to mechanical disruption of
bacterial cells or the creation of microenvironments
that are unfavorable for bacterial survival. Plasma
treatment can generate reactive oxygen species on
the surface, which can directly damage bacterial
cell walls, leading to antibacterial effects. These
species can be particularly effective against E. coli
and S. aureus by disrupting their cell membranes or
walls [29].

Table 4. Diameter of inhibition zone (mm) for unexposed
pure-PE and PE exposed argon with different time (10,
20 and 25) min. on S. aureus and E. coli

S. Aureus | E. Coli | Sample

0 0 Bo (Pure-PE)
13 16 B1 (10 min)
19 20 (20 min) B2
24 26 (25 min) B3

4. Conclusion

This work conclude from the XRD pattern shows
the pure PE unexposed that the polycrystalline
nature with strong peak around 20 =21.51° with
miller indices (110). After exposed with the argon
plasma (10, 20 and 25) min and change the
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Figure 4. Image for inhibition zones unexposed pure PE and PE exposed argon with different time (10, 20 and 25) min.
on S. aureus and E. coli on S. aureus and E. coli

electrode distance (2.5, 3.5 and 4.5) cm, the new
peak exhibited and the intensity of the all peaks
increased with increasing exposed time, indicating
that the orientation of the orthorhombic crystals had
changed and also indicate the time exposed of
argon plasma was affected. The increase in grain
diameter average and particle size for pure PE film
and exposed of argon gas plasma (10, 20 and 25)
min with an increase in the treatment with dc glow
discharge plasma was noted in the FESEM images.
The contact angle of untreated pure PE and PE
films after exposed of argon gas plasma (10, 20 and
25) min was measured at room temperature with
water appeared of the contact angle results decrease
with increasing time exposed plasma. The
antibacterial activity for the pure PE film untreated
and exposed of argon gas plasma (10, 20 and 25)
min shows enhanced antibacterial activity against
E. coli and S. aureus due to the changes in surface
chemistry and physical structure.

Author Statements:

Ethical approval: The conducted research is
not related to either human or animal use.
Conflict of interest: The authors declare that
they have no known competing financial
interests or personal relationships that could
have appeared to influence the work reported in
this paper

Acknowledgement: The authors declare that
they have nobody or no-company to
acknowledge.

Author contributions: The authors declare that
they have equal right on this paper.

3571

¢ Funding information: The authors declare that
there is no funding to be acknowledged.

Data availability statement: The data that
support the findings of this study are available
on request from the corresponding author. The
data are not publicly available due to privacy or
ethical restrictions.

References

[1] Di Giacomo, R., Bonanomi, L., Costanza, V.,
Maresca, B., & Daraio, C. (2017). Science
Robotics, 2(eaai9251).
https://doi.org/10.1126/scirobotics.aai9251
Gomathi, N., Sureshkumar, A., & Neogi, S. (2008).
Current Science, 9, 1478.

Smirnov, A. V., Atkin, V. S., Gorbachev, I. A,
Grebennikov, A. 1., Sinev, I. V., & Simakov, V. V.
(2017). BioNanoScience, 7, 680.
https://doi.org/10.1007/s12668-017-0397-3

(2]
(3]

[4] Rich, S. A., Dufour, T., Leroy, P., Reniers, F.,
Nittler, L., & Pireaux, J. J. (2015). Plasma
Processes and  Polymers, 12, 771-781.

https://doi.org/10.1002/ppap.201400145

Yang, X. X, Yang, L. X., An, Y. P., Jin, W. P., Li,
Y., & Li, B. (2015). Surface and Interface Analysis,
47, 545-551. https://doi.org/10.1002/sia.5757
Kuzminova, A., Vandrovcova, M., Shemelin, A,
Kylian, O., Choukouriv, A., Hanus, J., Bacakova,
L., Slavinska, D., & Biederman, H. (2015). Applied
Surface Science, 357, 689-696.

Onyshchenko, 1., Nikiforov, A. Y., De Geyter, N.,
& Morent, R. (2015). Plasma Processes and
Polymers, 12, 466-476.
https://doi.org/10.1002/ppap.201400076
Lommatzsch, U., Pasedag, D., Baalman, A.,
Ellinghorst, G., & Wagner, H. E. (2007). Plasma
Processes and Polymers, 4(S1), S1041-S1046.

[5]

(6]

[7]

(8]



Anmar Adel Abdullah, Mohaned A. Abed, Mohammed Khammass Khalaf / IJCESEN 11-2(2025)3565-3572

[9] von Keudell, A., & Corbella, C. (2017). Journal of
Vacuum Science & Technology A, 35, 050801.
https://doi.org/10.1116/1.4983213

[10]Lin, L., & Wang, Q. (2015). Plasma Chemistry and
Plasma Processing, 35, 925-938.
https://doi.org/10.1007/s11090-015-9642-3

[11]Li, C. Y. & Liao, Y. C. (2016). ACS Applied
Materials & Interfaces, 8, 11868-11875.
https://doi.org/10.1021/acsami.6b02106

[12] Zamotaev, P. V. (1989). Photoinitiated crosslinking
of  polyethylene.  Makromolekulare ~ Chemie
Macromolecular Symposia, 28(1), 278-304.

[13]Sarwar, S., Shaibur, M. R., Hossain, M. S.,
Hossain, M. R., Ahmmed, I., Ahmed, F. F., ... &
Shamim, A. H. M. (2023). Preparation of
environmental friendly plastic brick from high-
density polyethylene waste. Case Studies in
Chemical and Environmental Engineering, 7,
100291.
https://doi.org/10.1016/j.cscee.2023.100291

[14] Kurtz, S. M. (2009). Ultra high molecular weight
polyethylene in total joint replacement and medical
devices. In UHMWPE Biomaterials Handbook (2nd
ed.). Academic Press.

[15] Paxton, N. C., Allenby, M. C., Lewis, P. M., &
Woodruff, M. A. (2019). Biomedical applications
of polyethylene. European Polymer Journal, 118,
412-428.
https://doi.org/10.1016/j.eurpolymj.2019.06.005

[16]Law, K. Y., & Zhao, H. (2016). Contact angle
measurements and  surface  characterization
techniques. In Surface Wetting: Characterization,
Contact Angle, and Fundamentals (pp. 7—34).

[17]Parvin, N., Ullah, M. S., Mina, M. F., & Gafur, M.
A. (2013). Structures and mechanical properties of
talc and carbon black reinforced high density
polyethylene composites: Effects of organic and
inorganic fillers. Journal of Bangladesh Academy
of Sciences, 37(1), 11-20.

[18]Wu, X., Pu, L., Xu, Y., Shi, J., Liu, X., Zhong, Z.,
& Luo, S. N. (2018). Deformation of high density
polyethylene by dynamic equal-channel-angular
pressing. RSC Advances, 8(40), 22583-22591.
https://doi.org/10.1039/C8RA03488K

[19] Berman, D., & Krim, J. (2012). Impact of oxygen
and argon plasma exposure on the roughness of
gold film surfaces. Thin Solid Films, 520(19),
6201-6206.

[20]Noda, 1., Story, G. M., & Marcott, C. (1999).
Pressure-induced transitions of polyethylene
studied by two-dimensional infrared correlation
spectroscopy. Vibrational Spectroscopy, 19(2),
461-465.

[21] Abusrafa, E., Habib, S., Krupa, 1., Ouederni, M., &
Popelka, A. (2019). Modification of polyethylene
by RF plasma in different/mixture gases. Coatings,
9(2), 145. https://doi.org/10.3390/coatings9020145

[22] Erbil, H. Y. (2014). The debate on the dependence
of apparent contact angles on drop contact area or
three-phase contact line: A review. Surface Science
Reports, 69(4), 325-365.

[23]Jaffer, Z. J., Mazhir, S. N., Khalaf, M. K., &
Hanon, M. S. (2021, March). Synthesis and surface

3572

characterization of PMMA polymer films in pure
oxygen, argon, and nitrogen glow discharge
plasma. In Journal of Physics: Conference Series
(Vol. 1829, No. 1, p. 012010). IOP Publishing.

[24] Astoreca Alvarez, L. (2022). The use of atomic
layer deposition in hybrid hermetic barriers for
medical devices: ALD nucleation and plasma
activation influence (Doctoral dissertation, Ghent
University).

[25] Bhowmik, S., Jana, P., Chaki, T. K., & Ray, S.
(2004). Surface modification of PP under different
electrodes of DC glow discharge and its
physicochemical characteristics. Surface and
Coatings Technology, 185(1), 81-91.

[26] Popelka, A., Novak, 1., Lehocky, M., Chodak, 1.,
Sedliacik, J., Gajtanska, M., ... & Bilek, F. (2012).
Anti-bacterial treatment of polyethylene by cold
plasma for medical purposes. Molecules, 17(1),
762-785.
https://doi.org/10.3390/molecules17010762

[27]Chen, Y., Hirayama, N., Gomi, M., Kiuchi, K., &
Momose, Y. (1999). Effect of argon and oxygen
plasmas on various polyethylene sheets. Journal of
the Korean Institute of Surface Engineering, 32(3),
344-350.

[28] zhang, W., Chu, P. K., Ji, J., Zhang, Y., Liu, X,
Fu, R. K., ... & Yan, Q. (2006). Plasma surface
modification of poly vinyl chloride for
improvement ~ of  antibacterial properties.
Biomaterials, 27(1), 44-51.

[29] Ojah, N., Borah, R., Ahmed, G. A., Mandal, M., &
Choudhury, A. J. (2020). Surface modification of
electrospun  silk/AMOX/PVA nanofibers by
dielectric barrier discharge plasma: physiochemical
properties, drug delivery  and in-vitro
biocompatibility. Progress in Biomaterials, 9, 219—
237. https://doi.org/10.1007/s40204-020-00158-0



