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Abstract: Transparent acrylic pressure sensitive adhesives (PSAs) were successfully prepared by photopolymerization
with 2-ethylhexyl acrylate and 2-hydroxyethyl acrylate as a default constituent and with isobornyl acrylate and biomass-
derived menthyl acrylate as a variable constituent. The concentration effect of menthyl acrylate in the acrylic PSAs was
investigated on adhesion and the optical properties as well as the characteristics (solid content, and molecular weight) of
the syrups were also investigated. Regardless of increasing menthyl acrylate concentration in the acrylic PSAs, the acrylic
PSAs exhibited almost the same adhesion performance such as 180° peel strength (~3.5 kg¢/25 mm) and probe tack
(~0.25 kgy). All acrylic PSA samples also showed high transmittance (more than 93%), low haze (less than 1.0%) and
low color-difference (less than 1.0).
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oh B3 FEFAE AFEE A TRl 24wt
2HE7do] Wk Erh? b 2 AFelMe FE UV
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Alef 2 M E. 2-Ethylhexyl acrylate(2-EHA; Junsei
Chemicals, Japan), 2-hydroxyethyl acrylate(2-HEA; Junsei
Chemicals, Japan), isobornyl acrylate(IBOA; Aldrich, USA),
DL-menthol(Alfa Aesar, USAY> 82124 {lo] & AHE-
S th. A3 ZZA|(chain transfer agent): n-dodecyl
mercaptan(Aldrich, USA)¥} 337)A1AIE 1-hydroxycyclohexyl
phenyl ketone(Irgacure 184; Ciba specialty chemicals,
Switzerland), 28] 7}xA|+= 1,6-hexanediol diacrylate
(HDDA; Aldrich, USA)E B2 FA2A glo] Zth= A}

A A2 Alx g 25 679

£33tk AFEE o]3FHE(ROL751, ROH751)7 PET €&
(U48)y2 Fmdlo] Heaa] AES zH ARSIkt

Menthyl Acrylate(MnA) &4, MnA 44 71E9] &3
of| % mEpa] Zleiate] Frgst HA SFHE(9.5 g, TE=70.6%)
S ATh 'H NMR (CDCls, 400 MHz): § 6.39 (dd, 1H),
6.11 (dd, 1H), 5.81 (dd, 1H), 4.77 (m, 1H), 2.05-0.97 (m,
9H), 0.91 (t, 6H), 0.77 (d, 3H); “C NMR (CDCl;, 100
MHz): § 165.99, 130.38, 129.16, 74.45, 47.02, 41.00, 34.39,
31.52, 26.45, 23.64, 22.17, 20.87, 16.54; ESI-MS: m/z
210.2 [M] + (Caled. m/z 210.16).

A& (Syrup) . 27 T SepTol] @RI 2-E
2-HEA, MnA, IBOAS} B7iAIA B #AFF 284S 7%
T gL AT £ wHteEN IEE dAh TtAE
purgingstAtH(Table 1). Purging®] k5% & % H4A 7}
2 71FetllA £l wnbslaA] STk ool AAE
UV lamp(UV-A black light, A=315-400 nm)2 LA ZAls}
TETHAE THAT AT H o] Edo] FAH
UE W WS FAATI] Hl8l 2R air 7R3kl 30
5 FYste] e anke-S A6 vheol ¢EE

713241 (0.2 phryet Z7HA1AN (0.5 phr)yS 712 F4ske] 4
Al E AxE T AHS Axsoith

&N LEMI=. Barcoaters ©]-8-3t 20.0 mm/sece] 4
T2 AHE A ol E 9ol =E3 % UV lamp
(UV-A black lightyZ 8% 5+ ZAMAIA <F 100 ume] 42
Al D58 Azt

A 2M. e S stk 725 2s] ¢
&l JEOL, IINM-LA400 spectrometer(400 MHz)Z 'H NMR
7 BC NMRE S4sISith AHd Bvlle S5 X8k
chloroform& ARE-sIATE A HEA2 AgilentAl 6100 Series
Single Quadrupole LC-Mass spectrometerE A&-3}53 T}

MY SHEM. 9 A9 A2 RI detector7} -
25 Agilent 1260 GPC system(agilent technologies)y2 ©]-&
ste Akt AFE-gt AH 2 PLgel S um MIXED-C
(agilent technologies)E 25 °CAlA] AFE-3F 3L, A7 Evl =
HPLCE THF(1 mL/min)E AF&-3IAth #A 25542
GAEAFe] ZE|zERo] AREEIT A W AT

=

£
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Table 1. Formulations of UV-Photopolymerization for the Acrylic PSA Syrups

Sample ID MnA IBOA 2-EHA 2-HEA PI“ CTA?
(mol%) (mol%) (mol%) (mol%) (phr) (phr)
MnA-0 0 25.00 50.00 25.00 0.05 0.01
MnA-25 6.25 18.75 50.00 25.00 0.05 0.01
MnA-50 12.50 12.50 50.00 25.00 0.05 0.01
MnA-75 18.75 6.25 50.00 25.00 0.05 0.01
MnA-100 25.00 0 50.00 25.00 0.05 0.01

“Photoinitiator (1-hydroxyxyclohexyl phenyl ketone). “Chain transfer agent (n-dodecyl mercaptan).
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220 °CollA] ik WiE-g2 Fkslo] Alg W IS
AksIATE? Al 9] A== small sample adapter’} -2l
Brookfield =4l (model: DV2T LV TJ0)E ©]-8-a}o] A2
A FAsklth Al el 37435k 7E 2 DSC Q2000 with
Omnicure S2000(TA Instruments)S -85l 24~ 7|73l
A 210% ERF 70 mW/em™] UV & ZAFI Z7g313]th
AN SMEM. 27132 (probe tack) 28-S TA XTPlus
texture analyzer(texture technology)2s ©]-8-5}] 7138}t probe
S 0.5 mm/min®] =9} 100 g0 AE sloz 1% 5
AL HE F AANRS v Zagk Hd IS SAsI0
o}, BRe)7d (peel strength) 78S ¢+ Wo| PET 252l 3
AE AHE avtekdd f2 |l 25 mm YH|= F2ksk &
2kg 3tz IFEHE I5 23] vHEste] A 72
T IAIZF 7338 T texture analyzerS ©]-83)0] Aol A
300 mm/min®] S1FEER 180° BH]HE A3 S
2 (cohesion strengthye 20x20 mm? 2719 HAAE Avle}
9 29} PET €5l 2kg 352 ZF-ZE 45 23] v
Eato] BN T 2447 9 HEAS A $ LR30K
plus UTM(LLOYD instruments)S ©]-&3}o] S0N2| 3o
300% Bt S 7S o olFd AR |F-$HEE =
At Gel contents 783171 S8l HA2AE £4H A
A5 o] g3t ofMlES 24417 B3t FAIA miNkg B
= AA & Holble 229 FAFTHdE S 271 F
7} BlaLsto] gel contents ANFSIATE H2AS] A A
B2 ARES-G2 Rheometer(TA instruments)s ©]-8-5}¢4 30 °C
o] &%o)A frequency sweep A< oscillation frequency=
0.1 rad/s*1A4] 100 rad/s7FA] S793F33L, temperature sweep 2
HE -60~80 °Ce] == 9]ollA oscillation frequency:= 6.28
rad/sel| X ST 2R 0] FeHE 5AS lsh] 9
3 Lambda-350 UV/Vis spectrometer(Perkin Elmer)2 ©]-&
slo] Ea=E =433, NDH 5000(Nippon Denshoku)E:
o] g-ato] F2AN] hazeE A AL, F2A ] MA574-2
SA 4000(Nippon Denshoku)g- ©]-&3t3itt. H2A|e] =&
2 SPA-3DR Prism Coupler(Sairon Technology)E AH&-5F1
on FYUOF= 632.8nm I HolAE ARSI

Table 2. Characteristics of the Acrylic PSA Syrups

IH2 0 2 7R Aol Bol AR AL Qe skt
I GFA)] IBOAS HAR of2E WA= thAs ]
all, 2 Aol = A menthol# acryloyl chloride?t
o] A7) Aol 213 opd AeEE-5 Fsle] MnAS
34519 tH(Scheme 1). §/d3F MnAE NMR3} LC-MassE
Fol se2E gRlsiith. 'H NMR S Eo)A 6 ppm
22]9] 1=, BC NMR 2HE- oA 130 ppm 22 9=
7F AEA derdo BN AR W ol =8 7L Ae RS
18313, LC-massE F3l 2102 [M]¢] % 2ol MnA
7h AABA R PEHAETS FRIsIST
AHA Al EAES ARt ol A3 25

Zoll B2 FFE Foh AEY e PR T 3

A
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e AL A Sl s Ao} ke Aol A
o
o
H
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AL IYHE A8 oJH7] miEel]l Ao Al

7l sk7] Sl AAE Al == 500~40000 cPs
7F A% Aog A kY B AeMe A de
ol AlgE &7 flall A UV ZAMES A4d38] 43t
o Al Wl IR TS 2HTOEHN A|R0] EARR
1030000-1150000 g/mol, =+ 2500-5400 cPsE 2= A9
< AATK(Table 2).

74 A& ) MnASk IBOA ©HA| o] Adu]o upe
THAES BRI fl8l, UV Al we vkl ¥
3}= photo-DSCE =4 3lo] 1 A3}=E Figure 19 YERNS]
Th MnA9] ol Adiglo] Hls=gh whglgy] AsS 71
T LS FIEN L, ol MnA7F B Aol AW A
Ho| BAsto] JEFe FA e AE AT T A

0 U] 0

HO * VLCl Vj\o

Scheme 1. Reagent and conditions: (i) Et;N, 0 °C.

Sample 1D (g/]\n/in()l) (g/]\é; ) PDI Solid( ‘ycoo)ntent Gel (izr)ltent
MnA-0 420000 1150000 2.74 19.04 92.38
MnA-25 410000 1030000 2.51 14.11 92.83
MnA-50 540000 1220000 2.26 14.74 94.30
MnA-75 470000 1040000 221 15.62 90.96

MnA-100 520000 1100000 2.11 13.28 93.59
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Figure 1. Photo-DSC thermograms of the acrylic PSA syrups with
different MnA content.
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Figure 2. Frequency dependence of storage modulus (G') for the
acrylic PSAs with different MnA content.
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Figure 3. Shear holding power of the acrylic PSAs with different
MnA content.
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Figure 4. Temperature dependence of storage modulus (a); tan delta
(b) for the acrylic PSAs with different MnA content.
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Figure 5. 180° peel strength and probe tack of the acrylic PSAs with
different MnA content.
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Table 3. Color-differences, Transmittances, Haze and Refractive Indexes of the Acrylic PSAs and Glass as Control

Sample ID L* a* b* AE* Transmittance’ (%) Haze (%) RI
MnA-0 96.57 -0.31 0.18 96.57 93.64 0.54 1.496
MnA-25 96.77 -0.33 0.14 96.77 93.46 0.47 1.495
MnA-50 96.72 -0.33 0.14 96.72 93.19 0.49 1.493
MnA-75 96.69 -0.36 0.21 96.69 93.20 0.48 1.492
MnA-100 96.52 -0.32 0.20 96.52 92.96 0.49 1.491

Glass 96.42 -0.34 0.20 96.42 0.23

+L*: white, -L*: black, +a*: red, -a*: green, +b*: yellow, -b*: blue. “Measured at 550 nm wavelength.

Zan, 41404 A535, 20163



ato] SPTRAIAl F2
Y2 7EA
23 0.4 ° oH x}o]%
2}o]7} 3-4 016}?1 A7¥e] Azto =
ek o] slefol)
°°Li ?Lffﬂ T e Ax TWL@ FASRE A o

BAT 7O I=

SERYE A SIS E AL,
s}

2o, M

isobornyl”] 7} menthylﬂi\:]— vrx]-,]
shelrx= Qlall MnA gHe] 57 }%—’Fi =HES
2%k 7102 yhhe

p

24
=

ri

2 AP E el 75T U= m
o] menthyl acrylate(MnA) FHAE T 3 2-
T2]3L BOASH #59ste] 5 of=ZA 2}
A Z3FG Tt IBOA/MnA Z/JH|E HSIAA A x5
A L] HREAQ 271H2H, A=,
=9 z/guel wet Aol Wyt ISl Az
9/] ZHIA] Az Aol 2 S

enthol ¢85}
EHA, 2-HEA

°
3
] }H ;d Z X1

1410% %rf%“# —HE 7%4 bﬂi}ﬂ o] =
Ak wEA AA-G2) HMOHH*ETE% FE¥ MnA @
A7} Af8kel71uke] IBOA ©AIS tiAlete] M3 54434
= FoA 548 ashe Ot taEg o] atgitop
A Agd 5 JS o= Vg

ZAtel 2 B dT7E FEEARSNIARIEHANE:
10051899), 7715 A|=HH A7AR](GRRC ©H=F 2014-B01)
of eJ3le] A Y= R ol FA=FHUT)

X}

&

o
ror

1. W. H. Shecut and H. H. Day, U.S.Patent 3,965 (1845).

2. 1. Benedek, Pressure-Sensitive Adhesives and Application, 2nd
Edition, Marcel Dekker, NY, p 1 (2004).

3. C. Creton, Materials Science and Technology: A Comprehensive
Treatment, VCH, Weinheim, p 331 (1997).

4. S. M. Taghizadeh and D. Ghasemi, fran. Polym. J., 19, 343 (2010).

5. 1. Webster, Int. J. Adhes. Adhes., 17, 69 (1997).

6. S. A. Riyajan and N. Pheweaw, Rubber Chem. Technol., 85, 547
(2012)

7. M. Okido, Adhesion, 43, 23 (1999).

8. C. H. Park, S. J. Lee, T. H. Lee, and H. J. Kim, React. Funct.

11.

12.

13.
14.

15.
16.
17.
18.
19.
20.
21.
22.

23.
24.

25.
26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.
40.

683

Polym., 100, 130 (2016).

. H. S. Park, Polym. Korea, 16, 693 (1992).
10.

J. S. Bae, E. K. Park, H. S. Park, and M. S. Pyun, Polym. Korea,
17, 203 (1993).

R. Mehnert, A. Pincus, L. Janorsky, R. Stowe, and A. Berejka, UV
& EB Curing Technology & Equipment, John Wiley & Sons, NY,
p 1 (1998).

S.-S. Baek, S.-J. Jang, J.-H. Lee, D.-H. Kho, S.-H. Lee, and S.-
H. Hwang, Polym. Korea, 38, 199 (2014).

M. Nakazawa, J. Adhes. Soc. Jpn., 36, 28 (2000).

M. Nogi, S. Iwamoto, A. N. Nakagaito, and H. Yano, Adv.
Mater., 21, 1595 (2009).

M. Nogi and H. Yano, Adv. Mater., 20, 1849 (2008).

C. J. Bettinger and Z. A. Bao, Adv. Mater., 22, 651 (2010).

R. E. McPherson, U.S.Patent 6,063,178 (2000).

C. R. Frihart, J. Adhes. Sci. Technol., 23, 601 (2009).

X. S. Sun, U.S.Patent 6,497,760 (2002).

S. H. Imam, C. Bilbao-Sainz, B.-S. Chiou, G. M. Glenn, and W.
J. Orts, J. Adhes. Sci. Technol., 27, 1972 (2014).

P. A. Wilbon, F. Chu, and C. Tang, Macromol. Rapid Commun.,
34, 8 (2013).

N. Civjan, Natural Products in Chemical Biology, Wiley, NJ, p
132 (2012).

S.-S. Baek and S.-H. Hwang, Polym. Bull., 73, 687 (2016).
S.-S. Baek, S. W. Lee, and S.-H. Hwang, Polym. Korea, 37, 121
(2013).

E. Gronewaldt, Coating, S, 144 (1969).

A. W. Aubrey, G. N. Welding, and T. Wong, J. Appl. Chem., 10,
2193 (1969).

J. Piglowski and M. Kozlowski, Rheol. Acta, 24, 519 (1985).

J. J. Bikermann, Trans. Soc. Rheol., 2, 9 (1957).

Y. C. Leong, L. M. S. Lee, and S. N. Gan, J. Appl. Polym. Sci.,
88, 2118 (1987).

R. P. Sweet and K. L. Ulman, Proceed. Intern. Symp. Control.
Rel. Bioact. Mater., 24, 621 (1997).

S.-S. Baek, S.-J. Jang, and S.-H. Hwang, Int. J. Adhes. Adhes.,
64, 72 (2016).

C. Tan, T. Tirri, and C.-E. Wilen, Int. J. Adhes. Adhes.,
(2016).

A. Asif, W. Shi, X. Shen, and K. Nie, Polymer, 46, 11066 (2005).
I. Benedek and L. J. Heymans, Pressure-Sensitive Adhesives
Technology, Marcel Dekker, NY, p 86 (1997).

M. Michaelis, R. Brummer, and C. S. Leopold, Eur. J. Pharm.
Biopharm., 86, 234 (2014).

S. M. Taghizadeh and D. Ghasemi, J Appl. Polym. Sci., 120, 411
(2011).

E.-S. Park, J.-W. Par, and H.-J. Kim, Polym. Sci. Technol., 23, 47
(2012).

L. Lim, UV/EB Curable Polymeric Materials, Korean Studies
Information, Paju, 2009.

R. Seighi, E. Hewlett, and J. Kim, J. Dent. Res., 68, 1760 (1989).
M. Gross and J. Moser, J. Oral Rehabil., 4, 311 (1977).

66, 104

Polymer(Korea), Vol. 40, No. 5, 2016



