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Optical Properties of PVA Polarizing Films Surface-modified by UV Irradiation
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Abstract— Surface treatment using UV irradiation was carried out to improve optical properties of polarizing
films. The effects of UV energy of the UV-treated PVA films were investigated by measuring reflectance, surface
roughness, contact angles, ESCA, and ATR. Reflectance decreased at wavelength of 450 nm or less and surface
roughness increased with increasing UV energy. Water contact angle increased in the irradiated PVA films and
surface energy decreased with increase in UV energy. ATR analysis showed that the OH groups were broken and
some new groups were introduced such as C=C and C=O bonds together with increased Oys/Cy, resulting in the
observed surface modification effect. Surface modified PVA polarizing films showed improvement in light
transmittance of polarizing films at high wavelength region without deteriorating polarization efficiency, which was
not affected by UV irradiation sequence during manufacturing processes such as coloring and drawing.
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Scheme 1. Molecular structure of Solophenyl Black FR
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Fig. 1. Effects of UV energy on the reflectance of
PVA films at visible spectrum region.
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Fig. 2. Subtracted reflectance of UV-irradiated PVA
films.
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Fig. 3. AFM images of UV-irradiated PVA films.

Table 1. Roughness parameters of untreated and
treated PVA films

Roughness| Mean | RMS Peak-to-valley
UV energy (Ra) Ry (Rpv)
untreated 21 2.6 11.0
53 J/cm’ 34 41 18.6
10.6 J/cm® 2.9 34 13.2
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Fig. 4. ATR spectra of untreated and UV-irradiated
PVA films.
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Fig. 5. Subtracted ATR spectra of UV-irradiated
PVA films.
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Table 2. ESCA analysis of UV-irradiated PVA
films on UV energy

UV energy(J/em’)| Ci(%)  Ou(%) Ors/Cis(%)
untreated 68.3 317 46.4
5.3 66.5 335 50.4
10.6 64.3 35.7 55.5
0.
10.6 Jicm? 1s
Cis
‘% ‘\ 5.3 Jiem?
3
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Binding energy (eV)
Fig. 6. ESCA spectra of UV-irradiated PVA films.
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Fig. 8. Surface energies of UV-irrdiated PVA films.
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Table 3. Surface and optical properties of iodine—polarizing films depending treating methods

UV treatment method

Properties untreated S1 52 53

Contace angle on water(°) 13.8 14.9 15.2 14.9
Surface energy(m]/m?) 66.2 64.8 61.6 63.8
400(nim) 341 284 33.0 33.2

Transmittance(%) 500(nm) 29.7 39.9 40.2 383
600(nm) 216 353 35.2 327

700(nm) 240 35.9 36.6 36.3

400(nm) 9.9 95.9 99.7 99.5

PE(%) 500(nm) 99.9 99.8 99.7 99.9
600(nm) 99.9 99.8 99.9 9.9

700(nm) 99.9 99.8 : 99.9 99.9

Table 4. Surface and optical properties of dye-polarizing films depending treating methods

UV treatment method

Properties untreated S1 52 53
Contace angle on water(®) 14.3 154 15.9 15.1
Surface energy(m]J/m?) 65.8 64.8 60.4 64.7
400(nm) 35.8 38.3 39.2 40.6
Transmittance(%) 500(nm) 21.8 20.5 27 249
600(rum) 228 242 26.6 293
700(nm) 28.6 27.6 32.0 33.7
400(nin) 46.0 39.5 35.6 391
PE(%) 500(nm) 728 79.0 79.6 76.8
600(nm) 93.7 97.1 94.2 96.8
700(nm) 78.2 91.8 88.0 90.0
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