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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

dAg WA sgo] A3 dREd-s Fiols UV-43d Sdw of=2d ¢
olE ZZ1HAO)E &4 sHT. ol dEHE A0 F&E+ FT-IR 2 1H-NMRe| <]3 &
A AT o] AO= REEA GEA B BUIAAR AFstH 2" AFE I sk
th AO9] Aol 7 3t 7%%3% 719 &2 E Hlasty] 93 AO % SK cytech Ab
2] EBECRYL series & A9 @@ of=2& dHo]E EB 8210 = EB 92609 % F 32

=

13
Photo-Differential Scanning Calorimetry(Photo-DSC) 2 7J 3} A &2 EIsIAtt. HE52 A
9w owg A9os Asd 48 AF mHel AAY B 542 24 st me.
A0l B B A9 A3 BB du A4E A4 FE AUE 2 4FE9 2o 2
9 542 2AR5UT Atz 2y AAGAY A0S FEst A9 A @
AF 3ol AAY WA S & 43L MATE AL nd FUT. 53, A0S 65
w%d Giale Aed B3 AF 9e A9 4% 9% A%Ee 44y 4 54
2 X YowA $4F A % ERFE AAY PA 54L dein

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 '"H-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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3.1 A ¢

@A = AldrichAFe] A#13<¢] ethanolamine®} 2-butanones 757 st AF-&31A
a1, SY-40M(glycidyl ether dof Ci2 and Ci4 alcohol) Sakamoto Yakuhin Co.,
Ltd.Japan)ol Al F4sked AA glo] AFE3F T Dimethyl sulfatet= AldrichAell A -
wsle] S s AFRE a1, Isoporone diisocynatelPDI): Evonikol 4] -7 8}
A glel A48t} Dibutyltin dilaurate(DBTDL)2 Air producty ol A4 vl s}$ a2,
MerckAte] TLC silica gel 60 F254 A|F=o =2 vtzoz2vlE 1y Ao ALgsl4 o).
Pentaerylthritol triacrylate(PETA)®} Dipentaerythritol hexaacrylate(DPHA)< Miwon
Specialty Chemical Co, Ltd.ol#] -rfjste] A A $lo] AL-&sAth
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Photo-DSC(Differential Scanning Calorimeter) : TAS000 TA instruments
FTIR-ATR : 6700/continuum (Thermo), SMART MIRACLE (PerkinElmer)
Gloss meter : TRI-MICROGLOSS Sheen (ASTM DS523)

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
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3. 3 Ammonium SaltE ¥ 33+ monomer? A4

250 mL 37 Egsde] XA 358 5F7](refluxing condenser), # sk
(dropping funnel)2 #2tsle] 60 T4 Ethanolamine 10.16 g, 0.166 molg x¥A] 7]
. Aky glycidyl ether(Sy-40M) 8655 g2 3] Aslsie] EFE2 70 TolA 2 Al
b FoF Wk A7tk 1 % Dimethyl sulfate 209 g, 0.166 mol®} methyl ethyl
ketone(MEK, 29.8 g)& A3l 9ol 3A17F 5t 60 Tl s AHsirl 7w uwk
strh HEF AAAES 97]= 01 N HCL &0 =2 57 ofyl 1579 AA o3 &<l
ok AAl oW Fe 80 %% 49 ¢EF 1o A#HJLh e AHELS
'"H-NMR CDCls, 300 MHz : 417 ppm (N+-CH:-CH-OH)-CH»), 4.01 ppm
N+-CHz-CH2-OH), 352 ppm CHz-CH-OH)-CH2-O)9| 4] €13} %t

_‘]0_
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Figure 3.1 Preparation of Ammonium Salt Monomer.
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3. 4 Ammonium SaltZ ¥ $3}i= UV-curable Urethane Acrylate Oligomer?]

a4

DBTDL(0.25 g)& il 10 CelA] &8st 2= vE7] 9138 4A7F b agksio
k-] AL ethyl acetate : hexane(1:2 v/v)S A&3te] TLCE E4sF4th
Ammonium salt monomer(96.2 g)-& MEK(20 mL)el 3|43} 9o &fof vfslo] 4
A ZE ol ket ol gl 2nE 20CE FAAIZIY dEsd &8 1H-NMR
CDCls, 300 MHz) and FT-IR: 1H NMR CDCls): 7.9 ppm (-NH-), 635 ~ 6.25 ppm
(-CH=CH>), 5.8175.72 ppm (-CH=CH>), 6.0375.92 ppm (-CH=CHz); FT-IR spectrum:
(-NH stretching 3300 cm-"), ok=2& 7]¢] C-H 7]9] W&2 811 cm ' %3 238}
AT

_‘]2_
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N=C=0

N=C=0
N
(@]
[sophorone diisocyanate Pentaerythritol triacrylate
[IPDI] [PETA]
o
£ [
HN~ —O & /é)l\__.-/’
> O/u\//"
N=C=0
OH. (]
[HO"A“‘ N':C%.: \31?"5 CH30,80;
S

Ammonium salt monomer

v

NH-ﬁ-o CHy-CHy—N—CHy

o]

I
CH=0—C—CH=CH,

Il
NH=—C=—0=CH,—C—0—C—CHzCH,
o]

CHy—0—C—CH=CH,
OH

|
CH;,-CH—CH;—O—(CH2)-CH3
OH n

CH;-CH—CH;—O—(CH;)—CH;,
n

Figure 3.2 Preparation of Urethane acrylate oligomer containing ammonium salt.
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3.5 A8 E9 n)

%

~

g4 84 A PETA @ DPHA (85 @ 15 +%H]) % F7IA A 1-Hydrophenyl

ketone (Irgacure 184 from Ciba Specialty Chemicals, maximum peak of absorption:
245-330 nm). “Zeolst &Fe] AO 55 WA 70 wtoo)E A7) A #HI7Fekar F A

A FEE HE T BE Vo2 5 witE dFsHA A stHTE o] $ mnk ¥
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Table 3.1 Formulations of the Anti-fog(AF) coatings. Data Values are weight

percentages.
Salt Oligomer Monomer Initiator
Sample
AO PETA(85) : DPHA(15) Irgacure 1174
AF-AO_1 55 45 5 of total
AF-AQO_2 60 40 5 of total
AF-AQ_3 65 35 5 of total
AF-AO_4 70 30 5 of total
Unit © wt%
- 15 -
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3. 11 Coating ¥We] ¥ H=7}

Aol At ®@ 528 e B HE72 Surface & Electro-Optics Co., Ltd. 9]
SEO 300A° <J3] SAHEUT. o] A2 sessile drop W el 71 x3t A g2 9]
Lol A Fx=E 47421 C 725 T 2 30 % WA A AgE B2 AT
H Deionize waterZ AF&8Ath. HE27FL uARHe ZSAL YEYE FH oo,
- 1% Hsessile) BWbEO] i SATH 2 HFLS
hydrophilic)¥ ®=& %W oUvxE el
hydrophobic)®} & %™ oUX|E et HE
7he A e A HaHoA e F49 Fd A 2] J
sttt & Aol Z"EET £ HF28 SEOAY SE0300 EE-E o] 835

=
sessile dropWH o2 HAHE7S SAHSA.

flo

I

A HH‘
flo
i)
ho
N
flo

o o ¥
e rlo
o

3.12 A3} g

Hjgt g ol #43 Ase F Z22vH(Photo-DSC)E # Z&d =3 dAA g
TA 5000 / DSC 2920)7} Fab | AR AR AHAE ARSStY A A #
AL 200 W 1 z‘iiv}. AEA el o & A7E 200-440 nme] 3 {9

o A4 35 mW/em gt % 43S Y8 AL Ux &L dFuHF W €A
TA Instruments 2ZE¢|o]E AF&3}o] photo-DSC A8 ZAxaZ A}
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A 44 Ay 2 aF
4. 1 Quatenary Ammonium salt OligomerAQ)2] A3}t A%

dAE St Aste] AdgA FQlsty] flste] B3 AEE SK cytechAH
Ebecryl series®] EB8210, EB 92603} H]xl &} ). Urethane Acrylate Oligomer 4]
22l EBECRYLS 743} Al&=glox dutdom AbgHnt, Zzpe] g2]ame 7)A A
& %% &&stal Photo-DSCE &8st #7483t Ass Attt EB 8210, EB
9260 2 AO9 A 3HEL Figure 4.1 Z=AsSh A, € 4 H ol o
Z A AEe 22 EB 8210, EB 9260 2 AO9] =4 ¥ Heat flowt}. 3 =29
%4, induction time, Peak maximum ¢ FERES AL 4 ow, Zuy o =
=we] HA uE, FAAA BE R AIHEE 75 F O UATRT wEHs €Y
9F(Amount of heat released), induction time, Peak maximum¥ <+ 73} A] w5
T 48Fe Sl AFES AAISIS] Table 4191 %7]stA ) o=, 4350

AR S 72 EB 821001 induction time& 7} #¢kal, Peak maximumeo] 7}4 4

I

Ao, AH(ZF Ha=hH+v 7P 3/ vebdoe® Rol 7 mEsl @2 vhgE Hol
= Aow FFdr fﬁ?ﬂ, g4 "1 A0 EB 92602 induction time W53t He 7}
A AOE Peak maximumZ7FA] 7} Q@ Al7te] A &3 A0 Hskg& AH

9] gho] ol #57] F7F 2Av W& EB 9260 ¥ EB 810Kt vt} o]+ 4% FE
wae dA Wele] 23 d Aoz AmdEu thE oligomers] YATE Bk 43

Eaae dAAR Aa717F A7) witel vl okAad el e olFddd #Huyz
o] dsly] 7hx ko] oA ARt F WL He |7t

s
CE=ALE Akl o], A0S #F TF Ze2 AdSS EB 8210

%9 Ao AnHt
o % 2 mend uA v BAS AY 27 ol A BB 92609 B35 5&T £
A webd, @4 | A0E LI EA 3E AelA AA Agel Agsiths

Aol Wt
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Table 4.1 Data from photo-DSC studies on EB 8210, EB 9260, and AO.

Sample  Functionality M(mg/mol) AH(J/g) IT(s) PM(s) COHZ;SiOH
EB 8210 4 600 310 1.00 1.98 33
EB 9260 3 1500 163 1.08 1.98 b8
AO 3 330 154 1.10 2.58 53

? IT : induction time, PM : time to peak maximum.

_2‘]_
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—e— EBS210(F=)

604 @ EBORBO(F=3)
—v— AQF=3)

00 01 02 03 04 05
Time(min)

Figure 4.1 Photo-DSC exothermic curves for the photopolymerization of EB 8210,
EB 9260, and AO.
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4.2 Wglel e mgels Ba A%

2 ATl e, dskd 28 AFY A3 Asel dist A0 w% Aold WE gHE
x4 g Fdav) ﬁlﬁr. 78 ajgdel A ek wxo AOE HsteE HF 43t Ase
Photo-DSC Ap&3le] veldl 2do] Figure 291 Wb Atk &3 ¥ Heat flow,

induction time, Peak maximum % %&2 Table 4.2¢] A s}

Heat flow$s} A& A0 H %7} 5718to] wie} 7H4 3 cH(Figure 42 % Table
42). 24, AOE 65 %E ¢Fsle AF-AO_3+ 7FY #<2 induction timedt 7}4
#2 Peak maximume 7AW, o]+ 7] A3 £Vl g2 AF AT RU wEos
& WEth o] 7] A3t £x ) mAAYUEE ofF WEehA] FARE v 2

EAEN

b Ao 7RISk Ae® o E ¢ Adrk AO 7F 65 % ooz ol
utel Ask 5o Al "otk sy AlA o fzﬂo}b e e AAH v
T8 A dna s E
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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.

Sample AF-AO_1 AF-AQ_2 AF-A0O_3 AF-AQ 4
AO
55 60 65 70
content(96)
AH(]/g) 302 293 287 208
Induction
) 1.12 1.00 0.96 1.02
time(sec)
Time to Peak
Maximum 2.76 1.93 1.92 2.34
(sec)
Conversion
75 74 70 59
(%)

? IT : induction time, PM : time to peak maximum.
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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 °C freezer to humid environment.
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Anti-fog & Physical

. AF-AO_1 | AF-AO_2 | AF-A0O_3 | AF-A0 4
Properties
Initial 58 50 6 5
Contect
Angle(*) After
ngle Partl
& water b8 49 5 arty
) detached
soaking
Cold- ) some-foggi . )
fogging Anti—fog Anti—fog
after—fog | fog test ng
perform
Steam— some—-foggi
ance fogging 88 Anti-fog Anti-fog
fog test ng
pendulum hardeness 208 213 228 203
Pencil hardeness 1H 1H 2H 1H
Gloss 133.5 134.8 135.2 1355
Adhesion/cross—cut 0 0 0 3

Table 4.3 Anti-fog test and coating properties of UV-cured AF coatings.
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Wavenumbers (cm'1)

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(A0 60 wt%); (c)AF-AO_3(AO 65 wt%)
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