Polymer(Korea), Vol. 38, No. 2, pp. 199-204
http://dx.doi.org/10.7317/pk.2014.38.2.199

}

(1]
2

=JEE

HHAAH
1o

HEH Tx o

L BN - 0|ZE* - IFEH - 0

Shel ek AR ek, el A A T4l

2=

(20139 10¥ 9 A=,

20134 11€ 94 44, 2013d 11€

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

IAI-%* .
—

B, *= o] A Az gdTAlE
9 Al

Preparation of Acrylic Pressure Sensitive Adhesives for Optical Applications and
Their Adhesion Performance

Seung-Suk Baek, Se-Jung Jang, Jong-Hoon Lee*, Dong-Han Kho*, Sang-Hoon Lee*, and Seok-Ho Hwang'

Department of Polymer Science & Engineering, Center for Photofunctional Energy Materials,
Dankook University, Yongin, Gyeonggi 448-701, Korea
*Advanced Materials Research Center, Toray Advanced Materials Korea Inc., Gumi, Gyungbuk 730-400, Korea

(Received October 9, 2013; Revised November 9, 2013; Accepted November 9, 2013)

E8: ¥ A= 2-ethylhexyl acrylate®} 2-hydroxyethyl acrylate 7]¥-7-29l| isobornyl acrylate®} tetrahydrofurfuryl
acrylate(THFA)2] 1S HSIA7IHA F5EE 49 353 E S & 7IwAZ 1,6-hexanediol diacrylate”}
4 AlFHE AlxsIATh g Al Uv-3es ZAMA HAFAE Az § H2E5G Fe54e vEds
Nom AP ZEEAR! LR, FE, 2 2 A4S TSIt THFAS] gHgo] S7H5 Aol k%
< Aot AR R SUeATh ARAY WA Es THFAS gl e vH|EaAE Yeplia
Az FRAUA = BIHBAIE JeEpHATE B3k BE HRA A 92% o 39 - FHEet 1.0%018H] hazedt,
23 1.0 ofste] MxHAIZES BT

Abstract: To prepare acrylic pressure sensitive adhesives (PSAs), quaternary copolymer syrups were photopolymerized
from 2-ethylhexyl acrylate and 2-hydroxyethyl acrylate as default constituents and isobornyl acrylate and tetrahy-
drofurfuryl acrylate (THFA) as variable constituents. After polymerization, 1,6-hexanediol diacrylate and photoinitiator
were added and then crosslinked by UV-irradiation to prepare the PSAs. The characteristics of the syrup such as viscosity,
molecular weight, and solid content were investigated. As increasing THFA contents, the relationship between molecular
weight and solid content of the syrup was reciprocal. Also, the relationship between peel strength and surface energy of
the PSAs showed the same tendency. All the PSA samples showed high transmittance (more than 92%), low haze (less
than 1.0%) and low color-difference (less than 1.0).

Keywords: pressure sensitive adhesive, tetrahydrofurfuryl acrylate, syrup, peel strength, tack.

N B A7F 33 olg AL AE3H] 1920~19303 0= A
Ho]3Z7} Asks]o] Akglitote] de] 22olA HAtt. A o]

dukx o2 71QMA A & A (pressure sensitive adhesives, 3l PSAsE 9|58 Hlo|X, ghdl, oFAEo] X, w29} 7+
PSAsy= &, &, 8Vl 52 ARSSHA] @33l delA Ay A 2 dFEFoIATE XA, A, o8, AL, AsAF T ol
To] o} A2 qfH o=z Aol ThAZE io] o] Ths b FofellA T, G, 7] A, B BT Ho| =k
staz, BHEAdls SR E 4oT|A] v HEAIEE T thst FEE S8 dom Hat 2 AEE STk 9
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Slsliof ghet. wEbA 271 H2 (probe tack), 2|9} e}
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AslEErt WEN FAJo] Teeste] 71Ee] Il sl
an] g ARG, olUR] 7t 5o SHolA ZA| fEsith

o] So] ZulEE W EHES PCY ForF FHoR
oA BIXEE i) tigh A7 SUkskal dok 2
= HA#E Z7bol| A== 488 5 &HA (optical clear
adhesives, OCAs)y= 35502 =& 538 Yo haze’| &
T-%™ ITO(indium tin oxide)oll thdh & F2)xdo] o 7%
o 2y "HXEE ] A2A 9] ARgoA 7Y 2 A
& 2hvv]olA (lamination) 378 & 713 WA EA|ok B
A rework’do] Hth= Zloltt. o]& afdstr] flste] theF
g SAI SO 29S Fote] HFAl A-&akal ot

B olojlM= 2-ethylhexyl acrylate(2-EHA)} hydroxyethyl
acrylateE 5= TR 2 A 8141, isobornyl acrylate(IBOA),
4-tetrahydrofurfuryl acrylate(THFAYS - @A 2 sl= o}=
2 48] FTHAE T DEAIQ] IBOASH THFAS] 2/HIE
HSIA7HA UV-253H o= Adstar, A9 7227
Q1 IR, A=, B A 248 sl @48E AlEE AL
&3l PET 52 AAAZ g A2 ES A=xsl, &
A 9] s WHS e A FFREY 2] JE23E

492w

Aok " ME. B Ao ARE-gE TERFAE 2-ethylhexyl
acrylate(2-EHA; Junsei Chemical Co.), 2-hydroxyethyl acrylate
(2-HEA; Junsei Chemical Co.), isobornyl acrylate(IBOA;
Aldrich Chemical Co.), 1,6-hexanediol diacrylate(HDDA;
Aldrich Chemical Co.), tetrahydrofurfuryl acrylate(THFA;
TCHE BAHA glol ZHE ARSI EAF 24 A
(chain transfer agent)?] n-dodecyl mercaptan(Aldrich Chemical
Co.)# 7§ A A 21 Irgacure 184(Ciba Specialty Chemicals
Co)= =] FAHA flo] TR ARE-SITh ARE ©]
FHE3 PET 252 o] d T2l (3F) A&(U48, ROL
751, ROH 751)& Algo} AL-313

AlE &M, 27 Zet23d @A E(Q-EHA, 2-HEA,
THFA, IBOA)Z} 370X A (Irgacure 184; 0.04 g) 2 E-A}ekx
A (n-dodecyl mercaptan; 0.04 )& Table 132} 722 3/3H]
Z BTt S-S A=ollA] 200 rppme] AT £E=
WHFEPHA 308 B A AN)E purgedtith. PurgeZt &
58 5 Aa Z97IsIN £l S anteial S8R 9

ol AX)¥ UV lamp(black lightyS 1052 &<t ZAMA &
FTHE FHIATE ¥FE § 2R airs 30w B3t
FUste] o TARESS FAEAUTE ukgo] gEHE &
HDDA(0.2 phr)$} 37HA1A1 (0.5 phr)S 712 £4s8te] H2

A BEAZE A7 AHS Az

HEN EEMZ. o1FLEel AHS =88] #8100 pm
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Table 1. Formulation for the Photo-polymerization of PSA Syrups

(unit: g)

Entry no. 2-EHA IBOA THFA 2-HEA
THFAOQ 24 0

THFA4 20 4

THFA8 16 8

THFA12 40 12 12 16
THFA16 8 16

THFA20 4 20

THFA24 0 24

AR 24¥ vEHE 5.0mm/sec FE2 YA 51
AEE EX F UV(black light)s 6% FF ZANA A
I5S A=A

AE SUEM. 9 A EAFS EIsk] 918l RI
detector”} F-2-E Agilent 1260 GPC system(Agilent Tech-
nologies Co.)& ©]&3ste] Ext-s 43It ARSS 49
2 PLgel 5 um MIXED-C(Agilent Technologies Co.)E 25 °C
oA ARE-FAAL, K7HEul= HPLCE THFE AH-3H3ith.
A BFEEE GYEAge] EeAERlo] ARRE T
AEY ZHES TGA Q50(TA Instruments)S ©]&-31.0H,
220 °CollA ] AT RS A8t AlH LR S
2 YAt 5~10mge] AlEE 30 °C/min 5 &
30~600 °C7HA] Aa 29171 sl S7g3 §- 220 °Collx] &
TTHES SR Sl AYe] RS At Al
o] & Brookfield DV2TL LA S o]&-ale] =35}
Atk AlHe F4 3 A%E-S DSC Q2000 with Omnicure
S2000(TA Instruments)E ©]-8-3t] A F9]7] 3ol|lA] 210
Z E<F 70 mW/em™] UV 35 Ak whgggls &
kit

N SMEN. 27] d2e 542 TAXTPlus Texture
analyzer(Texture Technology Co.)E ©]-&3}] 7] 3} probe
2L 0.5mm/min®] £E2 100g2] HE slFo2 1 2 &
SF M FE F AASIES W Zag Ho A& =27
FEE oz Aolate] ZA45IIT. v (peel strength) =
42 g W] PET 5% HEAE AlHE Lvkebd e
Algdel 25 mm HH| 2 F23E & 2ke sk IFEHE
5 23] wHEsto] R ZTE F3 2 gk Al Ak &
TA XTPlus Texture analyzer(Texture Technology Co.)E ©|
8310 2204 300 mm/min®] IR 180° vl 24
< S h HEF7 =72 Phoenix-300 Tensiometer(Surface
Electro Optics Co.)5 ©|-8-3l] 43It Ao 434
£ 33sl7] $l3l Lambda-350 UV/Vis spectrometer
(Perkin Elmer Co.)E ©l&3dl F3 s 43315, NDH
5000(Nippon Denshoku Co.)& ©]-&3t] AZA|9] hazes
Al om FRA ] AMAASA S SA 4000(Nippon
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Denshoku Co.) ©]-&3}it}.
a1 3 EE

UV-7331a A2l olad d=A 24gvlel uet 2714
2 uleE ) fR1g 3 22 FAREA o] Ae-Enh duty
o2 AFA A AMgEE dHAE FA A (soft
monomer), 732} ¢+ ©aFA| (hard monomer), 71574 A
(functional monomer)2} 7o) Al 7K & vdo}. f18k ok
Ale JA2AY 3848 52 2o IS 7, A &
A= H2A2] 333 (cohesion strengthyS S7HAZIT)
Ao e 728 G2l IBOAS THFAS] Aol ul2
AZA 2] B golrr] $3l 2-EHAS} 2-HEAS] /3]
£ TAAI)I IBOAS}H THFFAS] ZAWIE FAMZ ge)st
o FFHPOR AIHE Axs & 259 A, FHE ¢
A= 58 =73le] Table 20 YeRHSITE

Table 204 Hi= v} 7ro] THFAS] o] F7ighe| o}
2} Al o] bl fHhehe AS g1E 5 Sk duky
O = 25°CelA IBOAY] #EAF Hiee 247} 208.30 g/mol,
0.986 g/mLo|™ THFAS] A} W= 2} 156.18 g/mol,
1.064 g/mLo|T}h, EAlekzn}l AEghs o] fdle] B5rg 3t
3hH IBOAE 4.73 mol/L, THFAE 6.81 mol/Lo] =W, J &
Apo] SeEre wA| e B vlg gt uehs Y
Sk H-3] WjollA THFAS] =557} IBOART S22 THFA
o] THEET} IBOAS] T&E R A k.’ Bk 9
Si= FARE] Aol niFsh] wjitel] wAlEHE vl
AS ZEA| g6 B AFoMs THFAS] $gko] Z71ee2 A
H W At EAke] sk Al Rl oleg 4
= BAEF Z2EA(CTAR] n-dodecyl mercaptan®] IBOA2}
THFA®] ¥hg-/d jolol whal FAlEe] Zdols HA ] u
ol CTAS} Wh&-AJo] =& THFAQ] §o| S71gh) uje}
EAjgo] 7hadk Zloz AL M Al AEEALS A
A o] 200 & S FA= AT, AT e T

= O

R

Al =X T g3 FA9] J2AE 47] FE7] wel

Table 2. Characteristics of Polymerized PSA Syrups

M, Solid Viscosity Rate qf

Entry no. (g/mol) PDI cot;tent (cPs) cotlversmn
(%) (%o/sec)
THFAO 450000 1.98  17.41 700 6.6362
THFA4 440000 192  16.60 600 7.0009
THFA8 410000 2.03 18.48 600 7.6654
THFA12 390000 2.27  20.77 900 7.6675
THFAl16 360000 2.09 2297 1300 8.0596
THFA20 360000 2.16  28.66 3100 8.2240
THFA24 350000 248  32.25 4900 8.7165

SRS A% A7 201

Az BAJol| JS v A ) T8 Frel BAgke v
#AA7F A=A N, Table 2014 B ule} 7o) THFAS)
vl go] S7HrE At S718n ols SHEETE 5
7vatol] uhel @91 RE g Ao dEFo] Frtel] wio
A7k S71% 2= Alm

Figure 1> Aol that TGA =4 A3olt}. Figure 1914
Hi= ule} 7o) 150~250 °C F-2ol|lA FAIEA] A9 Sle
HHF s 7o) YeRdt]. 2o 4 5E o 150 °C F-27HA]
= AEE AL e dEAEe] IdEE ddolr 1
ol o] oM aAte] RS G A FaE
TLB Figure 12] Aol we} 220 °Collr] AE=FH4S wiE-S
2 sl A1 Uloll 23 I FE-S Ao, Table
20l YFERN QAT THFAS] o] S7istol weh a g o] 5
7¥ehe AE RIS = Atk ol st dd A AFS T
A&l A dX5H, THEES SR dEAle] &
BE Z7MA AE W 222 S =34 =] TGA =
AT FEFTH &S TTMTE AoE ddE

Photo-DSCE ¢85 Alge] HsiAs % AHslEes &
A3t 7ol Mt A& gk aL, AsEErt
2H wAskE AaA7 B8 4 Qlor s Ajge] st
S JEAle] T 24 ol sluelt). Figure 2(a)ol
Al B ule o] BE AZofA HISe FalA S HofF
A9k, THFAQ] Hl&o| 7145 Asl&wrt S7ksithe A
< Figure 2(bellA BRISIAN, H3Hg2] 718715 Akt
Table 2] WFERHSITE.

A 0] J2E S #ol7] S8l 54E 71l of=2d
AE wigdsted AubA o2 acrylic acid7F 2ol AFEE T
Jeiy ba=Ego] Bkl ARS-shs HEAIE= 1TO e
HES = 497F Bot acid #5715 sk dHEAE AL
£31A =W ITOZE F-24150] IT 71717} Al 982 31/ &
sHA 2 = Aok mERA taF o] Fgol AMEEHE A

100 THFFAOQ

- THFFA4

Weight loss (%)
8
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Figure 1. TGA thermograms of PSA syrups.
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Figure 2. Photo-DSC thermograms of PSA syrups (a); their reaction conversion curves (b).
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Figure 3. Peel strengths of PSAs with THFA content.
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Figure 4. Contact angles of the PSAs with THFA content.

zL;q] e FAL 7 GEAZ hydroxy B571E 7=
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A7 B Azt THFAS] Shdste] me d3kA|e] Bt
YA =S FA3FLAF 180° peel testS Y ste] 2 A=
Figure 3o Y Act. ©h&FA o] =324 THFA7}
IBOA Ht 0 HRZ THFAS] 90| S71d5 A9
w7 w=rE S7He Aoltal ol detiAIvt, veliis 244
-T'Jr, THFAQ] 6]-ako] 57}&:‘,\& H]—F/]7]—1:7]_ I Asl= 7 _g__
oIt o]# 3 A4S IBOART E5%=rt &2 THFA
7} 7 el ulel GelFad 2-HEA Hl&o] 74slal, THFA
9] ether ¥5717F 2-HEAS] hydroxy #5719 B8] 2%
O F 913t Bzt AF ke o7 AHxbA i hydroxy H=7]
o] o] HslEo] Yol o ettt AHA|e| ¥
Ho] FAL ol TA} ZEFE o]Lsle] FFA| THY
HEZ 94 3E Figure 49 =A ST Figure 4914 B
70| THFAS] §ol Z71855 270l Z7het
gRlskairt. oleldt A= A=A 79| hydroxy

5719] o] THFA ¢go| S7Frs Zashe 21e 74
A1 o2 38 2 ek

Figure 5% THFAS] shafol] w2 24| o] 27] HaEe
JERARITE THFAS] o] ZrVek2 %27] AzlHo] 74
stz 7323 Tk W THFA o) 0.5 otElE tr
Zrtehe e RAFT Utk AWAOR tack EHE W
Ao} A Alole] 7491 A

=

% O AR
3 5549 A WAVt Aok &, 2] AHH e Wy
£74 T low frequency Z71 0}01]1\1 Ao 2 3};‘:_ NG

(GNPl 3l AR E7) wiol] EAL FARES] 7FAA 7 uh)
o BAE 71022 38} ) THFAE 1BOAS} 31
Z9] 7HAA B7IATS sty AT o] A= FARE
9 ZFAAGE ZHAAA Z7]) ARE EAS /A RAo=w 1

o o= M-
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SRR

vzEgo] Fetgow ALgs] gIs AHA
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Table 3. Color-differences and Haze of PSAs, Reference PSA
and Glass

Entry no. L* a* b* AE*  Haze (%)
THFAO 95.93 -0.27 0.14 95.93 0.80
THFA4 96.42 -0.34 0.18 96.42 0.46
THFAS8 96.26 -0.32 0.18 96.26 0.78

THFA12 96.57 -0.33 0.15 96.57 0.43

THFA16 96.56 -0.35 0.23 96.56 0.43

THFA20 96.52 -0.33 0.10 96.52 0.60

THFA24 96.48 -0.35 0.23 96.48 0.80

0.2 L . ) ) L L
0 0.17 0.33 0.5 0.67 0.83 1

THFA Content in (THFA+IBOA) (wt%)
Figure 5. Probe tacks of the PSAs with THFA content.
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Figure 6. Transmittances of the PSAs with THFA content.

2552 T Uk mebd ofe] BEF Aol AHgH
AR o)A BEZH FUF 4L Auo} @k,
Tl AT BAA] FFEIHE} haze, ARPAGS
éﬁ*‘ Figure 63} Table 3o LYERAATE BE
& Fhwsk o 9% o1l ghe heRh 9l
Fpsiol wel wsksh 2 98-S A
]7Loﬂ 7]_11— 1:!]71— ]_ 550 nm j,]_z]—oﬂ/\{_l‘ nE
HA ‘E% oA A FU3 FFEH 5A4E THIAL A
Stk AAA Y haze e ZE AEZNA 1.0% ©181%]
&3t AL Qe ARAGL Bl o R R8s A
lr_— S %9} haze 7“’] T Ao R S o] F
]l—C "'”Xﬂ ]’ u}n: E'_ Q"?_]’é} q
BIAA T2 2 ZFod=o] Folle 7 A7} 9]
o =ZHUS W TGl Lo = Urh? Table 32>
AAE soted AlEe] A WskE eIt AR A%‘:2:
A= Abgre] Alzte] 32 o)7] wjie] thE 2714 A&

S F%ﬂi

o

S

>, _&1
_I_z

o=

iy M
hat

ﬂllﬂ

lo n°1'
4>

_'_4

|

l‘a
¢

N>

w:}.

X0 Rl o R o
é

o _]N'

_4

o ox [o fot
Lo.u}“ﬂl‘

Reference 96.73 -0.31 0.13 96.73
Glass 96.5 -0.32 0.18 96.50

+L*: white, -L*: black, +a*: red, -a*: green, +b*: yellow, -b*: blue.

339 FeNA Sl AeE Mashe RO LY, o, b G
= 4 ()=HE 3 F Uk

AE* — (L*2+ a*2+ b*2)1/2 (1)

AA7IA, L*, a*, b*= 3R F7ke] HRE ofn|sh, AE*S
2}o| 7} 3~4 o)AFolH A|zpH o' FRo| shssltkal BalE
o] Utk B YA o] BE WEoM AE* S FrEle} vl
SIS Wl 2 Zpol7t 1.0 o]ste]7] wiiel] SteE o]
o] MRS HoJFAaL, SHE 0] dojur] Aoke-S I
13l ol= Az A7 T % #lo] 717] el ARS-

¥ 4 e PAEHL AT ALS ehl s,

4 =

B AFZoME 2-EHAS} 2-HEA 7| EF%9 IBOA%}

THFAS] ZAJ0]1S WalA7)8A] F23d 49 2232 &
233+ 3 7}wA|2 HDDAZ} &3k A|8e A1%3199t). THFA

°l o] SRS Alge] Al dasisoy I3E
t'hﬂ%i Z71elAT W g o2 Al W THFAS]
Ol Zﬂ?ﬂri 2733t =7t F7kekATh HEA o] bt
= THFAS] & w2 vhg #AE fA82
JH JUZ"OHLW” Hlg] BAE 7S AU I BE
A N 92% o172l FFHE} 1.0% ©|3te] haze %k
23l 1.0 OloH Az HofFAn). olegh & JJr—N
2 B A S 7= AEAlE taEg ookl ARE
s Aoz 7lﬂ%6¥t}

JN' SE u°4' r1

ZAe] 2 B AFE BFFY HEAY R&D AR
(R0001590), 7] % #2188 A% (GRRC T+ 2011-
BO1)ol| oj3ted A Y=o oo TRAI=HUt
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