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=5 2 dFeMe tdaEgeld] FA& WA S8l 71 HHAA FE ARS-SkE acrylic acidE N-vinyl
yrrohdone(NVP)—‘:ri tAlstar h 2-E Sal AR ES vEds, Faed A SARTE 59 A 5AE H
7¥stAtt. ¥ ok prepolymer®] GPC, M8, H s 73100 NVP gHgo] SVl wa} &g €] “7}
2 BAEe] WoldE gRISHT). Bgk NVP do] S71ErE we|7les S7Feten, NVP gl 37 glo]
-8k 7 A EeE Yehldh §4 % acid-free optically clear adhesive(OCA)E acrylic acid 3+ M2 E
o vlal @A8] W U] a3E YeRAI

Abstract: In this study, optically clear adhesives (OCAs) with an acid-free formulation were synthesized by replacing
acrylic acid with N-vinyl pyrrolidone (NVP) to prevent display corrosion, and used to evaluate various adhesive prop-
erties, including peel strength, transmittance and corrosion properties, with adjustments made to the NVP content. The
synthesized OCAs, characterized by GPC, conversion, and viscosity, exhibited decreased molecular weights with increas-
ing NVP contents, due to the increased their hydrophobicity. In addition, the synthesized OCAs exhibited an increase in
peel strength with higher NVP contents, while maintaining good visible light transmittance regardless of the NVP content,
and exhibited a significantly reduced copper foil corrosion effect compared to PSA containing acrylic acid.
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3733}8 N-Vinyl pyrrolidone 719t Acid-free o123 F8FH

3 St} SEAIRE carboxyl groups ZHE THEEA] ARE Al T
2Edglo] Hde] FAE U 5 7] wjEe ol& WAst
7] 13l OCAsel|l 2Hd 7S gk siA|A] Ak g}

71E Aol e taEdo] #ide 4 7] FAS
7] 9Jal acidE A &3 OCAsE AZSAY, 54
A83te acide} AH-H7] 28-S B3 FA] SE W
OCAs®] 7Hdo] AFEATE® SIA|RE acidE A9 she=
o= OCAs WF g3 go] 7Haste] HFEA o] 14ad
T Ao, acid7t Al 23HE 9 FFHH 0= t2aZg o]
sde] 54 7o) F2d f3o] EAg.

wEbA] 2 AFoA = 4kl tigk F-2]] f)3o] A& N-
vinyl pyrrolidone(NVP)E AM&-3te] 784 EF9J€] UV 7331
OCAsE FdsIslem NVP ol & OCAse] W44 &

F4e) F4) HAE L B,
4

Alef 2 X Z. 2-Ethylhexyl acrylate(2-EHA), methyl
methacrylate(MMA )= 2381 Korea)oll Al +U3tH oM, 2-
hydroxyethyl acrylate(2-HEA), isobomyl acrylate(IBOA), acrylic
acid(AA). N-vinyl pyrrolidone(NVP), 1-dodecanthiol<> Sigma-
Aldrich(USA)A - sted AAIFlo] ARS-3HATE B7HAIA]
2= Omnirad 1173(Ciba specialty Chemicals, Switzerland)-S-
ARSI, M 3 hydroquinone(JUNSEIL Japan) A&-5lo]
-5 TR

33733} 5 A12HS- 2Jal Ciba Specialty Chemical(Switzerland)
AF] Omnirad 1173, Omnirad 8195 AMH8-3}%1S™ Sigma-
Aldrich(USA)A}2] di-functional acrylateQ! 1,6-hexanediol
diacrylate(HDDA)Z 7} A| 2 ARE3ISIt RE 2220 A7)
glo] ARg-st3ltt.

NVP &7 Prepolymer M. W71 =2+ jacketed
reaction flask W50l 2-EHA, 2-HEA, IBOA, MMAS} NVP,
Omnirad 1173 2 1-dodecanethiolg Table 132} 72 ZAJH]|2
welels

Ege Aol 150 pme] AT FER LA
30% B2 WA 7128 FYste] BESHE AT A

@a—xﬂ g] @—}H W A ZIFERX]
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L UV lampE o|&3l] 3532 AAIE T F=7T 2000
cP7h HAE wf TS T SHEAIAIQ! hydroquinone s
Fsle ghoze] k-2 FAAHY. FE prepolymer=
Blake] fFo] o] Fof XA Fex A &715 25 foill =
A3 & AHE F7e] Baskd

gt ¥ BE M=, 3 prepolymer 100 wt%ell 371
AJAQ] Omnirad 11733 Omnirad 8195 22} 0.5 wt% 7l
A<l HDDA 1 wt%®] 282 F9si3ith. £ & 54
ol-g-ate] 300 rpme] AT HER 102 T F

3] Rkt

=] EAS W7kel7] 918 PET 25l 50 ume] #
FEFA 7 A EES applicators AME-51e] A 1A
Zulole] MEA UV A3b7]el 6 m/min®] £=2
33] FHAIA Zstsiaict

Prepolymer §4 24, &% prepolymere] 4 B+ &
AF5H(M,)2 gel permeation chromatography(GPC, Alliance
€2695, USA)Z ©]&-&t] 35 CollA] 0.8 mL/min®] 42
At 1P PRS2 71(MD90, OHAUS Coperation,
USA)E AHE3sIITE 0.5 2] prepolymerE foil disholl 7 &
Sk 5 120 Collx] 3087 AxsE & 7] 74 oy] 1A% §
FAE HEEE YAt dEs

4 == Brookfield 3 =4
(DV2TRVTIJO0, BROOKFIELD, USA)S A3} spindle 4=
o]&3te], 6 rpm®] HEF 25 CollA At

Gel Fraction. H2HA12] 71 U=Z 8elsl7] sl gel
fractionS S5ttt UV Aste HZA|o] FAE SH S
% 50 CollA 2477F &<t tetrahydrofuran(THF)S HA]A 2
th &0 AAE A3l FZAAE 50 CollA 241753 Ax
NA Ax F AZe] FAE =4¢ & 27] FA b A
F 2AZ wESZ Yepld

s 7JslE H2A|e] Fali== UVvisible spectrophotometer
(V-670, JASCO, USAYE ARg-3te] E135HATt. 400-700 nm
o] sl A PET &8 wlo|2=egRlo = HAs & PET
el ZHE H2A e FA=E H71s

HEE 2 /X, J3= A4S 98l 25 %200 mme] =
712 ANHE FHS § 2kg®] I rollers o]&-ste] 23] <
Bato] 2HIE]27H(SUS) 713t F2A AT 2§ 308

Table 1. Formulation for Premix Preparation of Acrylic Prepolymer of NVP Contents

2-EHA AA NVP IBOA 2-HEA MMA Dodecanethiol Omnirad 1173 7, (C)
wt%

AP-AA1.0 60 10 - 12 15 3 0.05 0.06 -35.47
AP-NVP0.5 65 - 5 12 15 3 0.05 0.06 -42.87
AP-NVP1.0 60 - 10 12 15 3 0.05 0.06 -37.81
AP-NVP1.5 55 - 15 12 15 3 0.05 0.06 -32.52
AP-NVP2.0 50 - 20 12 15 3 0.05 0.06 -26.99
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Fob Ao <433 ¥ ASTM D333000 wt L0014 300
mm/min®] £E2 H2ES SASIATE FAY 49| A1
25 %100 mme] Z7)2 AJH-L FH]Ele] 25 %25 mme] Z7) =
SUSell ¥-2A171 & 2 kg I roller® 5 mm/se] 2=
13] HEste] SUSl h2ksiaith. oz & 30i &<t Ao
A &40 ASTM D365491 wah Al 3hgte]l 1 kg
I 8lES 71ek F 80 CollA] AJHo] SUSelA Hojx]=

A7 vz
23S AR SlEl sEtel RS
23k 550 T, 80% A5 = (relative humidity)e] &2
71914 67 5 clold st A4S Fare] A% W
5l2 Tl Hrhekdem ujF A x}A|(CM-3500D, Minolta,
Japan)E F3ll SISt WE(L), A (a), B () B T

o] Tk 2ol whe} AES AXkEL)
AE = J(L L) +(a,—a)+(b,—b,)’ )

Ll, a, bl‘\c_)_—' OﬂO];g %j_ Eﬂ O]Eioﬂ 6‘“%—3}13 LZa @, bZJ‘%-—_ Oﬂ
014 712k o)) HlolEle] algater.

24 % EE

NVP g2kl e SMHEA. NVP ko] we OCAse]
i 2 AX=E Table 201 YERATE. Prepolymere]
Aee AP o 4 Ea s A4 €t 28 Al
LT o] FAE FAs] Sl A= °F 1,700~2,300
cP Ate] &2 -3 fAsdth ¥ 9 HE 578 A,
prepolymer®] T &3} H=E= NVP gl uje} & xjo]7}
glo] frAtataiet. A& AAY) HlE] NVPE 8] 25 7t
Atk g Fre AY Fxol s Ak 3ol Al
Eo] A5-79)7F Eo1E7] wilite] AARTE NVPE A838199S
e S TRIte S ERlEATE NP B
o] Z7teE EAle 7H43kaL, PDI(polydispersity, ThH-
Aeye S7kkE AES UERISIET, ol NVP el &
7FsAA] T3 WES- 2719 NVP7F mh2 22 k3o 3
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W AR dAEn”
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Figure 1. Gel fraction of OCA films with AA and various NVP
contents.

Gel Fraction. Gel fraction> F&x}o] 7l WEg =4
Sh= -85k Wholt). A2 /98 Alofsl7] $s HDDAS
ARE3] prepolymerS 71 sttt 7FE OCAsE 315H4
7hael ofsf) MELA 25 FAstaL Eafel E8-420 A
o] AAETE NVP §Hol] w2 gel fractions Figure 19 1
ERA At} Gel fraction& AP-AA1.0-HDDA7Z} 89.72%% 1}
Bl NVP §heko] Z718ko)| ulel 42.44%0 4 52.99%=
F7keleE FAE Btk AAw AL AR 7 98
3l OCAse] 7twe 2 AA Ul9] carboxyl acids 7|HEO 2
o] o7tk AAS] EAZ IR} AlEe] ¥ B 7R site
7} A3 o] & QlE] 7t WETL F7Fste] AP-AALO-
HDDAS®] gel fraction®] 7P =& 7S 7IRibge A2 gl
5=

Itz o7 Fajgro] ASrE Az Ado] HAsk &
nfjol] g8ljE= FEo] S7FEAIRE NVP| 73-9- amide group
o= Qs Ak We] BH71H 1ol A4 ThilErt =
oIt AlE Wi HH71Z o] FTItel wet AR ¢
glo] F7telaL AkE WiH-o| EA8E prepolymer”t &3 =A]
Kght}, o]of meEl NVP &Hefo] F71gkel] ma} gel fraction©]
<733

U= Figure 2= 743} & OCAs 52| 73 99

Table 2. Synthesis Results of Acrylic Prepolymer According to NVP Contents

Solid content (%) Viscosity (cP) M, (g/mol) PDI
AP-AA1.0-HDDA 22.11 1,733 297,900 1.54
AP-NVP0.5-HDDA 28.11 2,100 288,400 1.65
AP-NVP1.0-HDDA 27.73 2,300 271,200 1.68
AP-NVP1.5-HDDA 28.83 2,233 259,900 1.83
AP-NVP2.0-HDDA 27.40 2,000 203,900 2.00
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Figure 2. Visible light transmittance of OCA films with AA and
various NVP contents deposited on a PET film.
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TaA F&AoItE! NVP7}F 7HA]= amide groupe ol &5
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Figure 3. Peel strength and break time of OCA films with AA and
various NVP contents.
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Figure 4. Corrosion property test using copper foil by UV-cured
OCAs film attachment under hygrothermal aging condition.
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Figure 5. Copper foil color changes of UV-cured OCAs film attach-
ment under hygrothermal aging condition with (a) AP-AA1.0-HDDA;
(b) AP-NVP0.5-HDDA; (c) AP-NVP1.0-HDDA; (d) AP-NVP1.5-
HDDA; (e) AP-NVP2.0-HDDA.
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