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Investigation of Wetting Characteristics of Polymer Surfaces according to Electron
Beam Irradiation
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The present study uses an electron beam (e-beam) to modify the wetting characteristics of
thermoplastic polymer surfaces. A high energy e-beam irradiated various polymer surfaces
(PET, PMMA, and PC), with variations in irradiation time and applied current. The water contact
angles were measured on the e-beam irradiated surfaces in order to investigate the changes in
the surface energy and the relevant wettability. Furthermore, XPS analyses were performed to
investigate the chemical composition change in the e-beam irradiated surfaces; the results
showed that the hydrophilic groups (C-O) increased after the electron beam irradiation. Also,
water collection tests were performed for various polymer samples in order to investigate the
effect of the surface energy on the ability of water collection, from which it can be seen that the
irradiated surfaces revealed better water-collecting capability than pure polymer surfaces.
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Table 1 Material property of various thermoplastic films

Polymer PET |PMMA| PC
Thickness (pum) 300 800 300
Density (g/cm’) 134 | 118 | 1.21

Glass transition temp. (°C) 76 105 150
Contact angle (°) 71.1 82.5 87.6

aFskaat g

bstrate
E-beam source i
E-beam gun \

Lead shield pipe

Power
supply

IL

Ouone exhaust pipe

Fig. 1 Experimental setup for electron beam irradiation
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Acrylic chamber
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1. Atmosphere condition within chamber
Temperature : 25 °C
Humidity  :99%
2. Sample are placed on plate
3. Sample are kept during dwell time
4. Water collected on the sample is
investigated using microscope

Humidifier

Fig. 2 Configuration of the experimental setup for water
collection on polymer surface
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Fig. 3 Comparison of contact angles on various polymers
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Table 2 Comparison of contact angles for various
irradiation conditions; (a) PET, (b) PMMA, (c)

PC
()
Irradiation Current (mA)
time (s) 0.1 0.2 0.3 0.4

5 82.4+2.8 | 79.4+1.7 | 75.5£2.2 | 68.0+1.3
50 75.2+1.3 | 74.0£2.2 | 68.5+3.3 | 60.7+£3.3
100 71.5+1.8 | 66.4+£2.4 | 50.2+2.8 | 31.7£1.6
150 62.9+2.0 | 38.2+4.0 | 38.8+2.1 | 32.8+2.9

(b)
Irradiation Current (mA)
time (s) 0.1 0.2 0.3 0.4

5 83.3£2.0 | 83.6+1.2 | 77.5+1.0 | 68.5+£3.9
50 71.8+0.7 | 69.2+£2.4 | 69.3+3.3 | 58.8+1.6
100 71.842.0 | 66.4+£2.2 | 60.3+2.1 | 47.9+1.2
150 70.1£2.9 | 53.6+£2.2 | 56.6+2.2 | 46.7£3.6

()
Irradiation Current (mA)
time (s) 0.1 0.2 0.3 0.4

5 84.0+0.8 | 74.6+3.4 | 71.3£2.6 | 67.5£3.0
50 68.8+3.0 | 58.8+4.6 | 61.4+4.1 | 63.2+5.4
100 68.7£2.1 | 64.1£6.4 | 62.3+2.2 | 52.2+£2.3
150 67.5£3.0 | 64.3£5.9 | 52.7+2.6 | 47.4+0.5

Before

(c) PC
Fig. 4 Comparison of droplet shape changes according
to the e-beam irradiation (0.4 mA, 150 s)
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Fig. 5 Comparison of X-ray photoelectron spectra of
various specimens (before and after e-beam
irradiation)
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Table 3 Comparison of atomic percentage of various
polymer specimens (before and after irradiation)

Material | Element | Before After | Deviation
Carbon 83.57 78.24 -5.33
Oxygen 14.48 15.40 +0.92
Silicon 1.95 2.10 +0.15
PET Nitrogen - 1.51 +1.51
Natrium - 0.98 +0.98
Chlorine - 0.67 +0.67
Calcium - 1.10 +1.10
Carbon 85.13 80.20 -4.93
Oxygen 12.41 14.74 +2.33
Silicon 2.46 1.98 -0.48
PMMA Nitrogen - 1.49 +1.49
Natrium - 1.35 +1.35
Chlorine - 0.24 +0.24
Carbon 84.07 76.00 -8.07
PC Oxygen 15.93 21.79 +5.86
Nitrogen - 2.20 +2.2
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Fig. 7 Comparison of the water collection characteristics
on different polymer films (irradiated sample)
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Fig. 8 Comparison of the weight of collected water for

electron irradiation (5 min)
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