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Preparation of Adhesive Sheet from Several Types of Crosslinking
Agents and Their Adhesion Characteristics with Various Substrates
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2 o E ApoAE gz 35T v 5319 butyl acrylate, butyl methacrylateE 71% T=FA=
tal, Bs/d SFAIY] acrylic acidE #-83}0] ot2d H2HAIE sttt 7479 HhEshe 547
I g5 7tA] 3F (isocyanate, amine, aziridine) ©]85to] FIAES AZstelon, Ena2ddd,
acrylonitrile butadiene styrene, 2H|QIEA, 181 FE& X ol= 459] w2 st 2SS Hrig
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Abstract: In this study, acrylic pressure sensitive adhesive (PSA) using butyl acrylate and butyl methacrylate as
basic monomers and functional monomer such as acrylic acid was synthesized. Adhesive sheet was prepared by
using three types of crosslinking agents (isocyanate, amine, aziridine) containing a functional group reacting
with carboxyl group. The correlation between the PSA and substrate was studied by evaluation the peel strength
according to the four substrates (polypropylene, acrylonitrile butadiene styrene, stainless steel, and glass). The
polarity of the PSA increases with the amount of the crosslinking agent, and the surface energy also increases
due to the influence of the crosslinking agent. Regardless of the type of crosslinking agent, the tack decreases
as the content increased, and it was confirmed by the gel fraction measurement that the type of crosslinking
agent had influence on the crosslinking. As a result of peel strength evaluation, excellent adhesion characteri-
stics were expressed for all substrates when amine crosslinking agent was used.
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- ZA (Pressure sensitive adhesive, PSA)T AF2-0]
A FRS 7L &, E, AL 2 5 22 9 A
LR E o] grom A4t 42 A2 APo Rk mE
of s Mg st =4= FAHHI1].

A&A ) TeE A= 18459 Shecut®} Day7t ALFA|
HRAE W0 A2 S-8Fo = ARFE QL 1926
Levineo| %9 A 7] go]|ZE& AJASIFH oM 1899 o) =
J15o] Akglold T} coumarone-indene A B2 H2HA|
7F S =H olF HHZ AFste] 1920t E dA
Blo] 7} PAME QI o]2gt A7 PP = Qs &
A= 2k, HE2A], FHEHolE 59 AFLE A7] - HAL,
AEAt, gstel, x4 9 A% Foko] @ AREE L Q)
onj Qo] A&HOo T FTFstAL QITH2-6].

olZ A F&A = A W olF5Zo] gli= E3} 3t
oA dgAon FMEESE JAZ 7HA L, ohE T8
Apof Hls W4, W74, st A d HEgo] &
g & oY} 754 BEAIE ol&ste] &x 2 E4
= AT £ Utk AAZ 7FA AHHT9].

AEA Az W 5 AP AF9 Aol Bl &
A FFE7] W2l 7tuAE B Aste] SEAE F
= 7HLA7]= Ao] dutAoltt. 7t A 9] FFoll= iso-
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E AFoA= FE3t 7t A TR0 IE HRAES
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23 butyl acrylate (BA), butyl methacrylate (BMA)S 5
e 2 AR, acrylic acid (AA)YS By 2 A%
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= 5o HE H2AY 712 B4 S5 o710l
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5 9 A Tl
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ol dA H&AAE 5H5t7] 5l n-butyl acrylate (n-
BA)°t BMAE FUFAR, W] DA AAE Fo=F
A2 AA8}F 2, Junsei Chemical AF] 15 AR ALE-
ot} 7HAIAIQ] benzoyl peroxide (BPO)+= Junsei Chem-
ical Ab] 13 A0 ARG 7 AHLoIA] TS| kgl
AT ofs} T opA ALOIA YIAA £EE ol
ANAHHOo g A5t o, a2l ethyl acetate (EAc)
Y Samchun Chemical AFQ] 15 A|2FS IH|2 AFR5HS
k. JZAE AR Al A 7HLA] 382 Henkel AR
ARF-40 (isocyanate type), Jiangsu cale new material AF2]
HD-100 (aziridine type), Junsei Chemical AF9] triethylene-
tetramine (amine type)°|™, XA A 2= FZL 7PA X g
& polyethyleneterephthalate (PET) film= AR&-5itt.
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Figure 1. Apparatus for the synthesis of acrylic pressure
sensitive adhesive (PSA).
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Z}sto] Hhg-5 FSRSIITHFig 2). AA =PA] FRHA9] &
d HIZkE dotir] 9ol, & 79 o2 A HAE &
31}, n-BA, BMAS] ¥FS3} AAS] R0 mhe} b2}
BB 12|11 BBAZILL HEgE of2 A HAAE FHTL
o, 5% FZA| 9] AL Table 10 YERHIT A=
KA 9] LZEAS Y3l Jasco AF2] FT-IR (series 430)
ARE-3FA 0.1, 4000~400 cm™ 9] =74 QoA 323] scan
sfol ~MEAS BAol9ich T4E B2 BBAS] 7|2
EA4 =4S 8l Mettler Toledo AFS] 423 HA417|(HB43-S
hologen)E ©]-&dt] 1P EZ AU, A= SH2
25°C] F2EONA sample®d WHF 25 FAA T
BrookfieldAl9] AZ=A(LVDV-1)E 0]85}9] spindle no.3,
6 pme] 23l 2 mingk 23, o2 A
=% Ho EAFF(Mw)2 GPC column (Waters Styragel
HRSE)3} refractive index detector”} Z}ZHEl Water A9
Alliance E 26955 ©]8sto] &4t oH, 54 242 Al
0.1 g& 10 g9 THFo] &3ffsto] Z3Ys3ich.

ic of BB Poly
CH,

|
+ H.‘,cﬁc"‘ﬁ/o\ﬂi;c"’c H;‘:Hl
o

Butyl methacrylate (BMA)

CH O CH CH
chﬁ ‘ﬁ/ \‘CH‘, ,CH; 3

Butyl acrylate (B4)

I | ook
HyGoepperCH;——CH-CHy L) —F Hy—— 5 3
BPO [ o=c o=c¢ o=c o=c¢ bl
— A \ \ \ n
o o o o
s e e we Iy
: \CH ?C\CH ZC\CH : \CH
H. C! : H - H. C’, : H. &
B €, ™ LN
CH, CHy CH, CH,

Butyl acrylate | Butyl methacrylate copalymer (BB)

+ Schematic of BBA Polymerization

CH,

CH 0 CH, .CH CH__.OH
e T kM | F
HC ﬁ CH, “CH, + H}cfé‘c’O‘CH}CH’CH'}CH’ + H,C c
o g ]

Butyl acrylate (BA) Butyl methacrylate (BMA) Acrylic ackd (AR}

o
H,c+€H,—/CH-CH,—fCH~*~cH=—{c—CH,—!C'N*WCH:—;CH CH,
BP0 o=c o=c * o=c¢ o=c b p=¢ ©
— M A A A A n

o o ) o o
»0C " / / s
€\ \ \ \

Butyl sceylate | Butyl methacrylate | Acrylic seid copelymer (BBA}

Figure 2. Schematic of polymerization process.

2.3. 7tuH| 70 M2 MAAE H=

HA2A 9] B4 M-S Hdl 7H Al 3E(isocyanate, azir-
idine, amine) AR&-5to] oA JIAEE A XotATt.
FEY 9 A2E 50 um $742] PET filmo] HZH4] BBA
@} 7} A|(isocyanate, aziridine)E £33 -89-S Baker ap-
plicatorE ©]-85t] 30 pm (dry)2 FLHT F, Ax A] 7%
7} Aot @A ZiAIsH] I8l 50°C dry ovenoll Al 1
mindl AZ & 110°CA 2 minF<t AXE APt
Amine 7t A= ¥ WHT A AR HHL FUshH,
110°C dry oveno4] 1 h &<t AZRE AdPstlon, A=}
A2l 7H W32 8f 50°C, 24 h 234 agingAlA
HHAES Axstoct. FZAL} A9 g HAUS
< Fig. 30 UetfitH14,15].

24 BHAMES A £8 £

mpAlek BEAS) ARHREAE Yohus] A P
enix 300 (Surface Electro Optics Co.)= ©0]8&3F A&7t =
o2 HHANUAE 5T 16,17].

2.5. MAAEQ| A 28

PET filmo]| 25 pm (dry) FA& J2AE =23 & 5
cm x 5 cm 7|2 AEHSI] FAE ST F 25°CoA
24 h 59 EAcoll ARSI 11 ¥ PET &L 7AW 110
°C, 30 min®] £Z O dry ovenoq 7F3}%] EACE A
7ska, $A5 2459t oA de Ans 7T 2

P

3

® Amine crosslinking agent
e}

R——COOH H;N——R’ ——- R——CNH—R' + H,O

® Aziridine crosslinking agent

HyC 0  CH,

\DN—R' - R—-—-(‘.’!OCHZCLHNH-——R'

® [socyanate crosslinking agent

R—COOH

o]

R——COOH OCN—R’ . R ——CNH—R" + CO,

Figure 3. Reaction of crosslinking agents.

Table 1. Polymerization conditions for synthesis and physical properties of acrylic pressure sensitive adhesives

Materials Reaction conditions Physical properties
Name BA BMA AA Monomer/ BPO Soild content (%) Viscosity Mw
(Wt%) solvent ratio (phr) Theoretical ~ Measured (cps) (g/mol)
BB 70 30 44.6 1350 540800
0.82 0.5 45.0
BBA 70 27 3 442 6020 689800
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2.6. HEAIES| HAH AIH
e 24 AL L E YT KS T 2018 (o]
o 9 FIAEQ] AAFHH)o| wat 2 sFATH 8.

2.6.1. Bl2|Z=(Peel strength) &8

AZTE GHAAES 2 1 inch, 20| 15 mme] 202
AL &, & 50 mm, Z°] 125 mmo] W3] 4FH(ET L2
Y H(PP), acrylonitrile butadiene styrene (ABS), 2~H|21Z]
2A(SUS), 2(Glass))oll F2HA7]1L 2 k9] 115 ET|E
5 mm/min $E2 13] GEAIA YAFSto] 44204 24 h
WA & g7 Algstainh. A2k 4 Al Daekyung
Tech AF9] universal testing machine (UTM), DTU-900MHA
E AFESH9 A, 300 mm/mine] £EF 180° HIgfo 2 &
39 Aelo] WAl Wage Forch

2.6.2. Ball tack &H

1. DOW H[1919] ol8] 30°9] AAzhe] AArE ol A
ZAEE A HZE FIPZ 5 om, SHE 10 cmZE A
Hsto] balle FeiA SHR(AHAE) Yol 28] 4
A|oHe ball?] 2712 tackS HEASFFCE o AREEE=
ball> KS D 352504 #7835 1eth 325 Wolg] A
2 319, ball9] I7]= 1/32 inchH¥] 32/32 inch7[A| &2 A}
€5} 1/32 inchE no.1, 2/32 inchE no.2& 5}o] o]&st
HhA 0 & balle] 2712 7|=2shgh

AR HHAES 5|27 45(PP, ABS, SUS, Glass)o]
BZIA7]3L 2 kgo] I F EHE 5 mm/min S22 18] &
2414 Qtsto] AFoA 40 min WA T A4S 002 9
X319 1 keo] 3152 Ao} 0°C, 1 h 5 dry ovenol]
Be Agstatt. 24 Age AHAE WAl
umelgl Aele Zgsth

3. 2t H IF

=
3.1. Acrylic acid Q0 M2 4 ®3

AAQ] E%] ofFo] wet $dE BBLF BBAS] FT-IR
spectrumrZ Fig. 40]] VBT, 841 A3} of32.h 9] £4 peak
9l 2960 cm'o|A19] —CH; A1&RA%, 1450 cm™ Q] —CH,-
HZEAE 2 1750 em” £29] C=0 A& 5S ST 5
9191tH20-22]. Acrylic acid”} =% BBAS] <% 3300~
2500 cm'o] AR carboxylic acid®] O-H Al&Z%=0] 91
= ZRIskieh A A&A Q] 72 £/ Table 10] U
EFJ ittt BAQF BMARO 2 A% BBE= AA7F =9

=
2
3

Transmittance (%)

} A v
4000 3000 2000 1000

Wavenumbers [cm'1]

Figure 4. FT-IR spectra of the synthesized polymers.

3.2. Crosslinking agent S50 [ME 7w H3}
HAAIE 650l det 4 28 24 23S Fig. 5ol ve}
Wit Al Heo] SrleE RE RRol4 1R
£} 57k Aol Ueten], 1A SRUL cross
linking-& R8Y5t A7} aziridine > isocyanate > amine <O &
T 7 ZASHAT) Aziridine ] 7HIA|O] AS 93.55%
o U9 %O BES Lhehd 02 Ho} 712 A2t
HLE} SSFtRe A o S oArH23.24]

3.3. Crosslinking agent &2 M2 TMHOLX| s}
7tuA Y] T deEfoto] AlxE HHAEQ Y
A &7 ZAIE Table 20 YEFAH AT Isocyanate?} amine
7hAE ARERE FRAES] - 7tuA| Y Tgo] St
% Uo7 Sk Aol HeERkon, ol AA
ve] A9t AL -2 Ea SeE TEA

100

W Crosslinking agent 0.2 phr
[0 Crosslinking agent 0.4 phr

80

@
(=3
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&

20

: -

Isocyanate Amine

Aziridine

Figure 5. Gel fraction of various adhesive sheets.
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Table 2. Surface free energy values and their polar and dispersion component of substrate

Sample name

Surface free energy (ml/m?)

Water / diiodomethane

» ! P
PP 329 0.4 33.3
ABS 48.6 0.2 48.8
Substrate

SUS 36.9 3.2 40.1
Glass 31.7 37.6 69.3
0.2 phr 39.5 53 44.8

Isocyanate
0.4 phr 423 4.7 47.0
0.2 phr 43.9 3.6 47.5

Adhesive sheets Amine

0.4 phr 443 5.9 50.2
o 0.2 phr 433 7.7 51.0

Aziridine
0.4 phr 42.1 5.9 48.0

amide F2E 7147 HT, olT Fgor HHOA)
L AATE BB Aziidine FaA 0] A9 7HEA
719 A= Q18] S4o] ZHAER HHOUAE 7AsHs
Aol vektet.

3.4. Lz S20| M2 YRZE W
34.1. TR B30I G2 waize st

Isocyanate 7HILA|S Aol A2 HAAED B
= ANE Fig 60 LERALOD], T 91o] %ot W}
AERSRE WA Aol AAAel HALeL tehgl
o}, A BBARHS Agdtol AEE HAAES] H9 PP
ofAE HEAY A Lol Soker, ol Re B
Azge] GFos HaA A $UFS AU glor] B
wolU A7} ke ppe] A2l S0 olaf vhehd 2
312 gt haA] £90) uteh BE 53] dhef
A9 A PolubA] ghgton], ZtuAY el 371

I B8R

5000 - [[] BBA+isocyanate type (0.2phr)
I BBA+isocyanate type (0.4phr)
g
£ 4000 -
‘.é 100% — 100%
5
& 3000 4
o
£
o
«
g 2000 & 0%
- 0% L i
-]
2
o %

1000

04

PP ABS sus

Glass

Figure 6. 180° peel strength of BBA+isocyanate sheet.
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3.4.2. BBA+amine HZAE

Amine 7HLAIE AF&3to] Az HAEQ] vhejZE
ATE Fig. 79 UERAQLT A7t £UE AHAEY]
A9 ABSOIA HEA] YR} WA dAlEs At
UrERdT o= Thiwe} AT Aues, Zhad
o] 0.2 phrl 1 6.7%2] 7F w7} Aol wet TEAL A}
2 749] crosslinkingo] A2 ojutx] Qigkomd, oj2iat
Fow A WL o] HAL Bojt Aoz werEt.

3.4.3. BBA+aziridine ™ZAE

Aziridine 7}HAS AFESIo] A2E A EQ] vha] 7t
& AaE Fig. 80 YRRt 7HAt £9E A E
9] A% B w2 o s HAAY AAE DojuA] ¢
Ko, 7HEA7|9}t aziridine®] 2 WA & QIsf 7ha

I BBA
[71 BBA+amine type (0.2phr]

5000
i I BEA+amine type (0.4phr)

4000 —I
3000 4

2000

180° peel adhesion (gf/inch)

1000 -

0l

PP ABS sus

Glass

Figure 7. 180° peel strength of BBA+amine sheet.
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Table 4. Cohesion test of adhesive sheets with different
substrates
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Figure 8. 180° peel strength of BBA-iaziridine sheet.

Aol Bgol kgl wet Aol 344
NEETY

7Y A| F5ol Agle] mzHAe] gt ¥+ ABS
> Glass > SUS > PP =02 ZF4A35}995d], GlassEr Y
oJYAI7F W2 ABSOA ¥t B =4 S4E 2
= crosslinkingS £ AAAE HZAE W amide 7+27}
ABSSH HEHo] e 24 2To] A olit 1|
ste] 23 Agtelo] Z7kote Lol Au WL

3.4.4. MXIAEQ| ball tack &8

AzxH JHAES 27] H2EE &RIst7] 5] ball
tack A¥-Z FPot9 L, o]2fgt ZIE Table 30 LrEf
At Gt o g 7tu kvt FUbeHA EH 27] JREL
Aaches A Uet=t, Fig 59 A4 Hol= A

3} Zko] 74w A9 gHego] F71o] wet 7t Ert PAE
93, olgst Jgoz x7| Azt astarh
3.45. MAAEY O 430] gt ST =4

A 4] ek HAAE E 7Y 57 e

Table 4°f el 9t Amine 7} A4S

o] 4% Fig. 59] A4 B& &4 23E= B9l
of BI3) L7} g IS, ol et
off A=A E S0l oo s w2 oA H2HA|
7} @ojxl Ao g wrHrt. Aziridine 7t A S ARERH A
ZIAEQ] 79 7tuA| gFo] 71l et dxtao] 7

Table 3. Ball tack test of adhesive sheets

Crosslinking agent

Adhesive sheets

0.2 phr 0.4 phr
Isocyanate no.6 no,5
Amine no.8 no.8
Aziridine no.6 no.5

Substrates
Adhesive sheets
PP ABS  SUS  Glass
0.2phr 25 25 0 0
Isocyanate
0.4phr 25 0 0 0
) 0.2phr 25 25 25 25
Amine
0.4phr 25 25 25 25
L 0.2phr 25 25 0 0
Aziridine
0.4phr 25 25 0 25
T g 370l HFAadhe A Hel=dl, ole HF

A9l 7R ET} ujS =0l WA
2435 o7 @40 R Qs &8
balance”} 7HA|HA -3-% o]

£ A7oA= BAS BMAE FUFAR, AAE FUF
A2 AMESto] ARs T 7HEA7|E 29t of=dE A
AL oIl o] %, of=2d H2HA| Wi 5710l 7h
7} 7Vs§t 7Fu A (isocyanate, amine, aziridine)E =5}
HRAEE A x5t o]F &5 A& A5 7okl

A, g2 35 B2 B9l 39 35, BBAS
AE3Ho R FAser, 13E, A € B S48
ol 9 HRAY 7= ghlskelet. 3L, FT-
IR B4& 3 Ak g 5718 29ttt ol2d 58
Ao} Az7t o]FolH IS SISkt

AZeE ot3E HAAELL w2 o] HHIUAIE F=
7k B Bl Brier Ax, mzbAe] o Al«= PP
< SUS < ABS < Glass £2.2 3QIE|9] o, HIAEQ)
7A5-oll= 7HA Y S S7tol whet FRAY] F/0] |
SlotdA HHAEQ EH YA E A WHI}oles A
gelstylon, £35] S40] F7IoHA =W 1 YFo=E #
HoH 2|7} S7Fohe A< Uit ¥heol, 7haA|
9 3F=F WHalo] W of=2d A Thu: 9 7] HE}
g9] FriolA= 7tuA| shgo] S7FdeE 27] FEEo]
dashs S Bt 53], 7HA| 57 W cross-
linking A%}, amine < isocyanate < aziridine <~C & 7} &
7} Z7151 01, carboxyl groupd} AT 02 HER-3-A0|
232 isocyanate ¥ amineA| F3SHA] thH], aziridineA 7}
A7t carboxylZ]2}] 943t 7t /Ad S UEl= A &2l
Shelth. vz, o2 A S-E 4| Ztukeet I
A AT 2= &Ik BBA+amine /404 =
6.74%9] 22 Ztu w7t IEE Qo o= FHAHA Ui
S P Atstoitt. ¥, BBA+aziridine /0]

=4
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T grloAe 7taA EFeE F351A ABS > Glass >
SUS > PP &0 & Hﬁﬂ%&ﬂ Haste AFE EAth &
5], Glass=th d—iw‘oﬂ‘—ixlﬂ 22 ABSOA ¥R ET &

A YeRd o] 8= crosslinkingS 3 AT HAE Y
amide T+37} ABSQ— A&sta] 7ok 4252 JAJSko
24 maAele] 23 Ageo] 23] fEoR 248
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olge] AT ATR= ol YAAe B4} 45 o]
A kAl Akt A8 Wk Agol glo Fa
tlo|gHo|AE AlFolH, FE 1485 ofZd HAAY
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