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Research subject: Polyethylene surfaces are often modified because of
different reasons such as cleaning, etching, change in the performance
of the surface, and surficial precipitation. One of the surfaces in the blow
molded applications that must be treated in order to be ready for the ad-
hesion of the labels is the surface of the bottle of the hygiene detergents,
being the purpose of this research. In this paper, gliding arc plasma de-
vice is used at atmospheric pressure with air gas to modify the surface
of polyethylene sheets in order to change their structure.

Research approach: Various analyzes such as AFM, SEM and XPS tests
have been used to investigate the changes in the chemistry and phys-
ics of polyethylene surface after plasma modification. Optical emission
spectroscopy (OES) has also been used to identify plasma elements.

Main results: The contact angle between the water droplet and the
polyethylene surface reached 46.96° after 40 s of treatment, while this
contact angle was 66.53° before plasma treatment. The decrease in the
contact angle size of the water droplet and the sample surface indicates
the hydrophilicity of the polyethylene surface after plasma modification.
The surface free energy of polyethylene was calculated before and af-
ter plasma modification using the Owens-Wendt-Rabel Kaelble method.
The surface energy of polyethylene has increased from 42.20 mJ.m-2 in
the control sample to 60.32 m].m-2 in the modified sample. The increase
in surface roughness of the modified sample with gliding arc plasma was
confirmed by AFM test. The surface roughness of polyethylene in the
control sample was 47.18 nm, while the roughness in the modified sam-
ple increased to 59.86 nm. The XPS test confirmed the presence of oxy-
genated and nitrogenous functional groups on the surface of the mod-
ified sample. This test also showed the formation of C-C=0 and C-0-C
bonds on PE surface.
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Figure 3 Optical emission spectroscopy of gliding arc plasma
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Table 1 Species and their wavelengths in the OES spectrum of Gliding Arc Plasma

Species (nm) Wavelength Reference
N+ 399.16 [37]
N+ 567.33 [38]
NO 254.56 [39]
N+ 357.11 & 390.88 [19]
N2 336.32 & 374.31 & [38]

380.23
H2 500.3 & 462.79 [40]
(0) 777.27& 844.9 [36]
N 747.77 [36]
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Table 2 Numerical peaks values and percentage of atoms in control and modified samples in XPS spectrum

Atom C1 N1 01

Sample Treated Control Treated Control Treated Control
Peak 285 285 399.6 399.6 531.5 531.5
Atomic Percent | 69.15 74.29 3.48 2.35 27.36 18.67
FWHM (eV) 2.98 291 2.79 3.07 33 3.28
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Table 3 Contact angle and surface energy at different times

Time (s) Water contact Diiodomethane Surface free ener-
angle (°C) contact angle (°C) | gy (mN/m)

0 66.53 58.69 42.20

10 55.83 39.21 54.65

20 51.83 37.60 57.39

30 49.29 36.24 59.21

40 46.96 37.10 60.32

(Average)

50 54.15 44.57 54.01

60 56.66 47.26 51.77
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Fig. 9. Water droplets on the surface of the sample a. before modification. B. Modified sample in s 40
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Figure 11 a) Image of the control sample with Atomic Force Microscopy and b) Image of the modified sample with Atomic

Force Microscopy
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Figure 12 Scanning electron microscopy with magnification of 50 um: (a) Imaging of the control sample surface and (b)

Imaging of the modified sample surface. Scanning electron microscopy with magnification of 200 mp: (c) Imaging of the

control sample surface. (d) Imaging of the modified sample surface

Wi bl )0 Lewdly L S aiges mla o o LS
b bl I —an ol by cul Solas ML
B Lead > ol (e 5o ;500 sladead I iy
Sy Gl B rivo—nd ol Ao )0 9 05,5 0

Dal o)l

S5 e ¥

b Plol (e Sl (pghy ol (ol Sus

L ool (b sla (S 95—t ys—atons Ll
elole (clmog 5 ol o ma s g3 ,l i3l o
il 039 Loy alesngts gl (6 ) i3l g 9ma
i) a8 > olSias Uy Ll s pelaas ¢ s ol o
il ol 55 o ol di i glale; 4o
9 .._j o)_.’aé u»l—.o.: d.__g.j‘)' 6)_¢fo)|d.i| [ c.la_._u: Cy““"
Sloosls dn az g L asd (o) (ol (6550 dilora
O At e o mba s (65, a e § sdeliwod
Ol el Feosl il sl A loy oo a S
Sbposasl by 4y g 035 ;0 LSS i ol
ol 5l plisedsl 51 e 3,5 ), 8 a0l 5,50 S0 e
75 sbopsasl ol sy i Ols—ea To s
oaoboel o 3 (S5 Sy oy s3iot
5 Jsd ol oy b ol 5 ey ot oLl o s
lomdy sl 5l ey 45 59 a0 FPIOY
oslasl o yals ol o w,a >0 FPAF AT s o
gh ot Smgoo] Sl gl ol o8 el asl;
i Swisi g Fes L ol ey ialidl Lo ls
s 55,5l it G O b 655 5 e
FYY e mim™ sl Lol Fros 5l ae o L3l L

plees ;o a5 I, s —egils 5 950 oolde )
A a o Lo ojlw oo 0T iloa s i jey mlaw
G9 (5295—9 0 303 ) (625 e (=S osll
3o w2 Al e lis a S (]
)‘| J_.ol.> )_39La.'{ ) )_4\ Q_ﬂ Wl @L:’_MDL: C)L»o‘
T35 4 5 s 5N (25— See 5]
O3 ss (6 i Calad Lo ol plo ol ogp—iia
53 oaaipdlal sl s pslaw 4S8 5 A n
Ozed 5 g lo sl ()Tl e i S ]
o sl S g g e YLl ol
el 4Bl o (5 S 1Ol
=97 (55 g S gl o 4 (oogee 4SS
ol a5 (it 3 ol osalia 6 oty
Ol b ol o)Ll ()T a (el (59,0 (525509 s ]
blin | ey ol s SIS SIS 5
Csglin 952 3l Loy S 0 nld 0l o xa o
5 o—ysh sloasl og =g« 8l 3l aSlesls LS
3 =2, Jlail al)8 slas; 5 (Amorphous) u_?u)‘
15y S ) il s slacia 3 | e
it 3y 45 ;%05 Jaina s iy oo
B gil S 0 g 1) s (59, il sLoagSdl
4_9).> LgLa_..;)L: e ol u‘)—*] 4_9).> LgLe_.,.;)L: o)_i.l.o.c
G— b 3l (Micro-discharges) S_=oS (glodd > )53
45 ey ig—b oo gl Lasg 58Ul il lga (Lo >
Syl S o0 9)95 p dsiged i L Ladd >
S om0l mh g9, 3 S > il
)92 Sel Ol o l 4 wad g gy 9 05
Clocioud ;o Lrdd > u—" Sl g e C]a—"" o

oy = (oo (i 3135 Slb gy ol ) (e (SidgR (oole aclilad YA



S 4y 3 BEM) oty s 2SI 5Ky S
Gk g 0 ploul A Ll ;o ouizdol 4 ises 4
Jr=uS ages ;o FYNY nm 5l mdas (6 05 Jloae o, Lla]
3l i li8l ool aSses o OA/AF nm a4
D (_gl.o_w)b )‘ ool __wl l_: u...i»_w U_L'"‘(Sl" C.’a_u:
Sl3T 65,1 il o date ay 5 a) a8z (550 il
531&,.\3
LD o8 iolo;l Slas—io Lo (g—bos ol %
30 e (5 S Sl S cwl,y g oL e

Jbe gl
ol 5510 5l Ile SaS aigKonn §dios ol #

sl Lo o )l ( snges sl ize 0 b
el 00, S5 8l o

e Slowdly aliwgas Lol b mabaw pediins Lo

a2l ol aolie o sl a2 lidl YY/ £ mim T a4
RN Y ol—is JEL VRS ¢5’L°_"")L C){_»o‘ sl g, Lo
ey (xS SISk s (e (65 S
a8l il oy b amy S (S (e
0dw ) fmwgdol Al o Cgdlas polae 4y g ol
{039 <0390 o) ale (g molie ogry Ll
odaliwods s 1o Laudly 4o ST g S g 0
03l (L g )95 S (imidie (9l Az ||
(oSl 555 S (il (el @l
A | I0g39 - 9 505t (ele Loy 5 JoSis
S ie—ST ole (slmog )5 LSis ol lis ze—29
olws 3 osliwl 3 50 515 4y argi Ly loy59 5 5
i wib gl el ULl L6 s 4
a5 aes oo Olts (XPS) (o So) (95 0 (09—l 5
sl il s (59 Lomadly ;3B 0 it
5 a8 Sl K0 lacul ele loog)F o
gh 5 9 65 59 et ot bl sl
5 (AFM) (ol (59— (5255 —w3,5e0 Lo ygo3] 09—

YA ol - oo (i 69,5 Gl Jidgls (ol iy (ot (Ao (ol anlilad



e slodly aAbewsay Ll L zslaw s Lol

&=l
1. Namazi H., Polymers in our daily life, 607-613, 2006.
Bioimpacts 7, 73-74, 2017. 12. Valenza A., Visco A.M,, Torrisi L., and
2. Gopanna A., Rajan K. P, Thomas S.P, Campo N. Characterization of Ultra-High-Mo-

and Chavali M., Polyethylene and Polypropylene
Matrix Composites for Biomedical Applications,
In: Grumezescu V. and Grumezescu A.M. (Eds.)
Materials for Biomedical Engineering: Thermo-
set and Thermoplastic Polymers, Netherlands,
Elsevier Inc., pp. 175-216, 2019.

3. Nemani S.K., Annavarapu R.K., Moham-
madian B., Raiyan A., Heil ]., Haque Md.A., Ab-
delaal A., and Sojoudi H., Surface Modification
of Polymers: Methods and Applications, Ad-
vanced Materials Interfaces, 5, 1801247, 2018.

4, Yasuda H., Plasma for Modification of
Polymers, Journal of Macromolecular Science
Part A - Chemistry, 10, 383-420, 1976.

5. Guruvenket S., Mohan Rao G., Komath
M., and Raichur A.M., Plasma Surface Modifica-
tion of Polystyrene and Polyethylene, Applied
Surface Science, 236, 278-284, 2004.

6. Vesel A. and Mozetic M., Surface Modifi-
cation and Ageing of PMMA Polymer by Oxygen
Plasma Treatment, Vacuum, 86, 634-637,2012.

7. Park S.J. and Jin ].S., Effect of Coro-
na Discharge Treatment on the Dyeability of
Low-Density Polyethylene Film, Journal of Col-
loid and Interface Science, 236, 155-160, 2001.

8. Sun C., Zhang D., and Wadsworth L.C,,
Corona Treatment of Polyolefin Films-A Review,
Advances in Polymer Technology, 18, 171-180,
1999.

9. Rocca-Smith J.R., Karbowiak T., Marcuz-
zo E. Sensidoni A., Piasente F, Champion D,
Heinz O., Vitry P, Bourillot E., Lesniewska E,,
and Debeaufort F, Impact of Corona Treatment
on PLA Film Properties, Polymer Degradation
and Stability, 132, 109-116, 2016.

10. Chen J., Iwata H., Tsubokawa N., Maeka-
wa Y., and Yoshida M., Novel Vapor Sensor
from Polymer-Grafted Carbon Black: Effects of
Heat-Treatment and y-Ray Radiation-Treatment
on the Response of Sensor Material in Cyclohex-
ane Vapor, Polymer, 43, 2201-2206, 2002.

11. Khan M.A. Haque N., Al-Kafi A., Alam
M.N., and Abedin M.Z., Jute Reinforced Poly-
mer Composite by Gamma Radiation: Effect
of Surface Treatment with UV Radiation, Poly-
mer-Plastics Technology and Engineering, 45,

lecular-Weight Polyethylene (UHMWPE) Mod-
ified by Ion Implantation, Polymer, 45, 1707-
1715, 2004.

13. Maletic S.B., Cerovic D.D., and Dojcilovic
J.R., A Study of Structural and Spectral Proper-
ties of lon-Beam Modified Polyethylene Tere-
phthalate Membrane, Nuclear Instruments and
Methods in Physics Research B, 441, 1-7, 2019.

14. Kostov K.G., Ueda M., Tan I.H.,, Leite N.E,,
Beloto A.F, and Gomes G.F, Structural Effect
of Nitrogen Plasma-Based lon Implantation
on Ultra-High Molecular Weight Polyethylene,
Surface & Coatings Technology, 186, 287-290,
2004.

15. Fang Z., Yang]., Liu Y, Shao T, and Zhang
C., Surface Treatment of Polyethylene Tere-
phthalate to Improving Hydrophilicity Using
Atmospheric Pressure Plasma Jet, IEEE Trans-
actions on Plasma Science, 41, 1627-1634,
2013.

16. Junkar 1., Vesel A., Cvelbar U., Mozetic
M., and Strnad S., Influence of oxygen and ni-
trogen plasma treatment on polyethylene tere-
phthalate (PET) polymers, Vacuum, 84, 83-85,
2010.

17. Lehocky” M., Drnovska H., Lapcikova B.,
BarrosTimmons A.M., Trindade T., Zembala M.,
and Lapcik L., Plasma surface modification of
polyethylene, Colloids and Surfaces A: Physico-
chem. Eng. Aspects, 222, 125-131, 2003.

18. Darvish F, Mostofi Sarkari N., Khani
M.R,, Eslami E., Shokri B., Mohseni M., Ebrahimi
M., Alizadeh M., and Fu Dee C., Direct plasma
treatment approach based on non-thermal
gliding arc for surface modification of biaxial-
ly-oriented polypropylene with post-exposure
hydrophilicity improvement and minus aging
effects, Applied Surface Science, 144815, 2019.
19. Azar D., Lott].T, Jabbarzadeh E., Shazly
T.,, and Kolachalama V.B., Surface Modification
Using Ultraviolet-Ozone Treatment Enhances
Acute Drug Transfer in Drug-Coated Balloon
Therapy, Langmuir, 36, 4645-4653, 2020.

20. Sateesh A., Vogel ]., Dayss E., Fricke B,
Dolling K., and Rothe U., Surface modification
of medical-grade polyurethane by cyanurchlo-

oy = (oo (owaig 6975 G gl (o Ay o (Ao (oole alilad Y,



ride-activated tetraether lipid (a new approach
for bacterial antiadhesion), Journal of Biomed-
ical Materials Research Part A, 84A, 672-681,
2008.

21. Liu R, Li X,, Hu X,, and Dong H., Surface
modification of a medical grade Co-Cr-Mo alloy
by low-temperature plasma surface alloying
with nitrogen and carbon, Surface & Coatings
Technology, 232, 906-911, 2013.

22. Buhagiar ], and Dong H. Low-Tem-
perature Plasma Surface Modification of Med-
ical Grade Austenitic Stainless Steel to Combat
Wear and Corrosion, Key Engineering Materi-
als, 373-374, 296-299, 2008.

23. Mostofi Sarkari N., Darvish F., Mohseni
M., Ebrahimi M., Khani M.R., Eslami E., Shokri B.,
Alizadeh M., and Fu Dee C., Surface characteriza-
tion of an organosilane-grafted moisture-cross-
linked polyethylene compound treated by air
atmospheric pressure non-equilibrium gliding
arc plasma, Applied Surface Science, 490, 436-
450, 2019.

24. Morent R., De Geyter N., Verschuren J.,
De Clerck K., Kiekens P, and Leys C., Non-ther-
mal plasma treatment of textiles, Surface &
Coatings Technology, 202, 3427-3449, 2008.

25. Friedrich ]J.,, The Plasma Chemistry of
Polymer Surfaces Advanced Techniques for
Surface Design, Wiley-VCH Verlag & Co. KGaA,
Berlin, First ed, 2012.

26. Mansuroglu D., and Uzun-Kaymak L.U.,
Argon and nitrogen plasma modified polypro-
pylene: Surface characterization along with the
optical emission results, Surface & Coatings
Technology, 358, 551-559, 2019.

27. Shiki H., Motoki ]., Ito Y., Takikawa H.,
Ootsuka T, Okawa T, Yamanaka S., Usuki E.,,
Nishimura Y., Hishida S., and Sakakibara T., De-
velopment of split gliding arc for surface treat-
ment of conductive material, Thin Solid Films,
516, 3684-3689, 2008.

28. Kusano Y., Teodoru S., Leipold F, An-
dersen T.L., Sgrensen B.F, Rozlosnik N., and Mi-
chelsen PK,, Gliding arc discharge—Application
for adhesion improvement offibre reinforced
polyester composites, Surface & Coatings Tech-
nology, 202, 5579-5582, 2008.

29. Feng Z., Saeki N., Kuroki T, Tahara M.,
and Okubo M,, Surface modification by nonther-
mal plasma induced by using magnetic-field-as-
sisted gliding arc discharge, Applied Physics

oSl g b s
Letters, 101, 041602, 2012.

30. Pandiyaraj K.N,, Selvarajan V.,
Deshmukh R.R,, Yoganand C.P, Balasubramani-
an S., and Maruthamuthu S., Low Pressure DC
Glow Discharge Air Plasma Surface Treatment
of Polyethylene (PE) Film for Improvement of
Adhesive Properties, Plasma Science and Tech-
nology, 15, 56-63, 2013.

31. Langheinrich AP, and Roberts D.B,
Modern Methods of Geochemical Analysis, R.
E. Wainerdi et al. (eds.) Springer, Boston, MA,
169-204. 1972.

32. Mohammadi F, Isaei E., and Ali F,, Con-
cepts and Principles of X-ray Photoelectron

Spectroscopy (XPS), Iranian Journal of Labora-
tory Knowledge, 5, 29-39, 2018.

33. Vitos L., Ruban A.V.,, Skriver H.L., and
Kolla'r J., The Surface Energy of Metals, Surface
Science, 411, 186-202, 1998.

34. Michalski M.C., Hardy ]., and Saramago
B.J.V, On the Surface Free Energy of PVC/EVA
Polymer Blends: Comparison of Different Cal-
culation Methods, Journal of Colloid and Inter-
face Science, 208, 319-328, 1998.

35. Hebbar R.S., Isloor A.M., and Ismail A.F,
Contact Angle Measurements, Elsevier, 219-
255, 2017.

36. Vujosevi D., Mozeti M., Cvelbar U., Krstu-
lovi N., and Milosevi S., Optical Emission Spec-
troscopy Characterization of Oxygen Plasma
During Degradation of Escherichia coli, Journal
of Applied Physics, 101, 103305, 2007.

37. Qayyum A., Zeb S., Ali S., Waheed A., and
Zakaullah M., Optical Emission Spectroscopy
of Abnormal Glow Region in Nitrogen Plasma,

Plasma Chemistry and Plasma Processing, 25,
551-564, 2005.

38. Tewari S.V, Kshirsagar RJ., Roy A,
Sarathi R.,, Sharma A, and Mittal K.C., Optical
Emission Spectroscopy study on Flashover
Along Insulator Surface due to Particle Contam-
ination, Laser and Particle Beams, 32, 681-689,
2014.

39. Saadati F, Mahdikia H., Abbaszadeh
H.A., Abdollahifar M.A., Khoramgah M.S., and
Shokri B., Comparison of Direct and Indirect
Cold Atmospheric-Pressure Plasma Methods in
the B16F10 Melanoma Cancer Cells Treatment,
Scientific Reports, 8, 7689, 2018.

40. Kobashi K., Diamond Films: Chemical
Vapor Deposition for Oriented and Heteroepi-

Ty roh - oond (i 63, o Gy (sl 4d) o (Shdgy (oole aolilad



e Slomdly abiwgs Ll b zslan puites Mol e
taxial Growth, Elsevier Ltd, Oxford, First ed., pp.
121-153, 2005.

41. Song M. A, Lee YW, and Chung TH,
Characterization of an Inductively Coupled
Nitrogen-Argon Plasma by Langmuir Probe
Combined with Optical Emission Spectroscopy,
Physics of Plasmas, 18, 023504, 2011.

42. Eshaghi A., and Aghaei R., Super-Thin
Layers of Hydrophilic and Antiseptic, Journal of
Iranian Ceramic Society, 48, 59-71, 2016.

oty = (o (piiten (6935 S gy sl ah) (AR ool alidlad Y



