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ABSTRACT

Synthesis and Characterization of UV Curable Urethane Acrylate
Oligomer containing Quaternary Ammonium Salts for Anti-fog
Coatings

By Hongkon Cheon

Advisor : Prof. Jinwho Hong, Ph.D.

Department of Advanced Materials Engineering

Graduate School of Chosun University
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Abstract UV-curable urethane acrylate oligomer containing ammonium

salts(AO), suitable for anti-fog (AF) coatings was synthesized. The expected AO

structure was confirmed by FT-IR and 1H-NMR. This AO was then formulated

with reactive monomers and photoinitiator to form coating formulas. In order

to compare the UV-curing behavior of AO with conventional oligomers, the
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photopolymerization of AO and SK cytech EBECRYL(series urethane acrylates

EB 8210 and EB 9260) were determined by photo-differential scanning

calorimetry(Photo-DSC). The anti-fog properties of UV-cured AF coating were

investigated by contact angle test and anti-fog test. Coating properties such

as pencil hardness, pendulum hardness, gloss, and adhesion of the UV-cured

films containing AO were estimated. The results showed that the concentration

of AO in the coating formulation had a great influence on the anti-fog

properties of UV-cured AF coating. Especially, UV-cured AF coating

containing AO 65 wt.% showed excellent anti-fog properties without sacrificing

other desirable properties such as pencil hardness and adhesion.
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Figure 1.1 Application of anti-fog coatings.
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Figure 2.1 A major category of methods to prevent fogging.
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Photo-DSC(Differential Scanning Calorimeter) : TA5000 TA instruments

FTIR-ATR : 6700/continuum (Thermo), SMART MIRACLE (PerkinElmer)

Gloss meter : TRI-MICROGLOSS Sheen (ASTM D523)

Pendulum hardness (Sheen)

Pencil hardness (ASTM D3363-74)

Pendulum hardness Sheen, (ASTM D4366)

Adhesion (ASTM D 3359-83)

Contact angle (SEO, SEO300)

Warm breath test, Steam test, Cold water test



- 10 -



- 11 -

Ethanolamine Alkyl glycidyl ether

Dimethyl surfate

Figure 3.1 Preparation of Ammonium Salt Monomer.
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Isophorone diisocyanate Pentaerythritol triacrylate

[IPDI] [PETA]

Ammonium salt monomer

Figure 3.2 Preparation of Urethane acrylate oligomer containing ammonium salt.
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Table 4.1 Data from photo-DSC studies on EB 8210, EB 9260, and AO.
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Figure 4.1 Photo-DSC exothermic curves for the photopolymerization of EB 8210,

EB 9260, and AO.
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Figure 4.2 Photo-DSC Exotherms for the photopolymerization of formulations

AF-AO_1~4.
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Table 4.2 Curing Parameters of UV-cured AF-AO coatings.
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AO anti-fog(AF)

, AF fogging

Table 4.3 . PC 74 °

PC AF , AO 55 % 70 %

58 ° 5 ° . , AO

65 % 70 % AF-AO_3 AF-AO_4 AF-AO_1 AF-AO_2

(AF-AO_3 = 6 °, AF-AO_4 = 5 °) , AO

PC . AO

OH 4

.

, AF

. ,

AO PC . 70 % AO AF-AO_4 25

1 PC AF-AO_4 AF

AF-AO_3

.

AF-AO_3 steam fog test cold fog test

AF-AO_1 AF-AO_2

(Table 4.3). AF-AO_4 ,

, .

AO

crosslink density

. AF-AO_3

. Figure 4.3 steam fog test

AF-AO_3 PC ( ) .

PC ( ) . AF-AO_3
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PC PC -20 1

, PC ( )

. AF-AO_ 3 PC ( )

(Figure 4.4).



- 28 -

Figure 4.3 Steam anti-fog test of uncoated PC(left) and formula AF-AO_3 coated

PC(right).

Figure 4.4 Cold anti-fog test of uncoated PC(left) and AF-AO_3 coated PC(right)

after removal from 20 freezer to humid environment.– ℃
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Table 4.3 Anti-fog test and coating properties of UV-cured AF coatings.
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Figure 4.5 FTIR-ATR spectra of UV-cured AF-AO films-air interfaces: (a)

AF-AO_1(AO 55 wt%); (b)AF-AO_2(AO 60 wt%); (c)AF-AO_3(AO 65 wt%)
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