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ABSTRACT

l l ypothesis: The use of plasma is widely used as a method to change polymer

surfaces. The use of atmospheric cold plasma has more advantages than

other plasma, laser and X-ray methods. This method is simple and it uses
inexpensive equipment. Considering the many uses of polyethylene in industry, it can
be effective to investigate its changes against cold plasma.
Methods: A dielectric barrier discharge (DBD) plasma under atmospheric pressure
was used to increase the hydrophobicity of low-density polyethylene (LDPE). After
studying the optical emission spectrum (OES) of the produced plasma, its effects on
surface and depth changes including surface morphology, chemical composition and
polymer crystal structure were studied through scanning electron microscopy (SEM),
attenuated total reflectance-Fourier transform infrared spectroscopy (FTIR), X-ray
diffractometry (XRD) and positron lifetime spectroscopy (PALS). Moreover, the
Keywords: contact angle analysis (CA) was used to examine the changes in the hydrophobicity
of the polymer.
Finding: Based on the data from FTIR and XRD analyses, it was found that plasma
irradiation for 180 s affects the depth of a few nanometers of the polyethylene surface
and does not cause significant changes in the chemical bonds and crystal structure
of the polymer. In other words, plasma radiation can be used for nanometer-scale
modification of the surface. On the other hand, the SEM images indicate that the
plasma radiation changes the primary flat surface of the polymer into a porous
surface. The results of CA analysis, while confirming this issue, show an increase
in the hydrophobicity of the polymer after plasma irradiation. The results of PALS
spectroscopy also reveal that at micron depth due to the sudden rise in temperature
during plasma irradiation, the free volume of the material increases as a result of pore
merging.
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Fig 2. Optical emission spectrum of the desired plasma.
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Table 1 . Specifications of peaks in XRD test before and after irradiation.

After irradiation for
No radiation Specifications of test peaks XRD
180 seconds
. ; ; Relative
Pulse height (cts) | Pulse height (cts) | FWHM, 26 (°) d-spacing (A) ) ) Pos, 26 (°)
intensity (%)

19812.28+0.01 24224.30+0. 01 0.4093+0.0001 4.15188+0.00001 100.00+0. 01 21.4067+0.0001
3470.68+0.01 4734.83+0.01 0.5117 £0.0001 3.75273+0.00001 19.55+0.01 23.6425+0.0001
573.03+0.01 708.36+0.01 0.4093+0.0001 2.48699+0.00001 2.92+40.01 36.1049+0.0001
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Fig. 6. FE-SEM images of LDPE polymer (a) before and (b) after plasma irradiation.
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Table 2. Changes in radius and volume of holes with plasma

irradiation time.

Plasma
Volume Radius
irradiation T, (sn)
(A% A)
time (s)
5 237.06+1.85 3.84+0.02 | 3.274+0.02
60 244.55+1.89 | 3.88+0.01 | 3.294+0.01
90 248.35+1.92 | 3.91+0.04 | 3.313+0.01
120 252.19+1.93 3.92+0.02 | 3.334+0.01
180 252.23+£0.065 | 3.92+0.01 | 3.334+0.01
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Fig. 7. Changes of T, in terms of increasing plasma irradiation

time.
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