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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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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 & 37431 & [38]

380.23
H2 500.3 & 462.79 [40]
O 777.27& 844.9 [36]
N 747.77 [36]

e oo 0y g gl T SIS (e YLl sl
039 Lo smleaiss (50 i 3 bbby (IS 5l 4y
Crosslinking) —s,c Jlail a3 L L o5 g0
mloisT 1, oS 55 ¢35 Ly LS (Process
0355 B ol 0 e s by (HsSge o35 Ly
sbaw¥ (28, 5l g s eek 02y )3 (S p sl
sele sLog )5 by 51VA] 0yt ge 550 hms
N N R P S TS O S
ity St | ph (SWigt 5 g 00,8

§9= 3 (=39S Igi g8 Zmiials (3903 Y-V
!

5 Jr—=uS asgei mhw (59, (o3l DlS F Cond
—9rSlgigh (b ool 5l ol sa sl
ol 00 00l o= b Sy u.._i:‘ S

Aiged § J S dlgad jo ail sliml ais 0 s las
L;’L"—“")L C)L.a‘ as D9 0 conliwe Y- 5 od_.i':c)Lal
e obile mals 9 NgO ol oo o olidl cels

S
15can, 2m16.0s, 9000: CAE 100.0, 1.00 ¢V

4

.00E+04
7.00E+04
£.00E+04
o1
5.00E+04

4 00E+04

Counts /' s

3.00E+04 CKL

1
g
2.00E+04 (L ? . mi
el -.,-.n-v——-"w"l‘

1
1.00E+04 '| :’;92 D o
0.00E+00 <]
1200 1000 800 600 400 200 0

Binding Energy (V)

a)

laais) b oo iS5l S el (65,0 slmys Sl
3 ol olod slaanl b g0 tlgi 0 O
Ly U claaisS o Sl slaJiSsol, LS_is alox
Al )0 g 909 O loie ioli8l cel Los il
O e slapyg JS—is Jdoa Loy xSl lobe
IRV s o 1) o] amgs BB oly clale
slapsl ol cla o, Langgs «lo,ls wl,d
LoDy Jlxd slnaiss 5l ladigad 0 )ns g 45Xl
g oo S5t Ty any YUy 5Ly Jlael Ly a8 aiin
el ol el Uy JUsd slaisS ooyl )55

ol el glasls ‘Q_L,_'IGL, =S ) ey

Survey
1Scan, 2m 16.0 5, 900pm, CAE 100.0, 1.00 &V
6.00E+04
P
5.00E+04
4.00E+04
"
E 3.00E+04 C KL
+ ¢
z v ;
° 2.00E+04 porr”|
4 oo™ N1
- ﬁ% e
Hrnmetsnr ok j'
1.00E+04 e 2|
|I o2y
0.00E+00 SES N
1200 1000 800 600 400 200 o

Binding Energy (#V)
b)

Fes 50 oadzdol diges (b ., wges XPS.a vl o Energy Element=\Y#\L ioley b 0 S
Figure 5 Survey spectrum with Energy Element = 1361 in XPS spectroscopy of the control sample (a) and (b) modified

sample
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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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mean data in 40 s
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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 pm: (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
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