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Study on Crosslinking Properties of Acrylic Pressure-Sensitive

Adhesives

PAN SOO KIM

Department of Polymer Engineering, The Graduate School,
Pukyong National University

Abstract

Pressure sensitive adhesives~are used.for many applications, such as
labels, and /many other /products, including their lamination of flexible
webs and |for product assembly material to another surface. Acrylic
PSAs reveal excellent weather and oil resistances. The physical
properties(cohesion,. adhesion, etc) of the acrylic PSAs can be easily
controlled by ‘a proper selection functional monomers which can cause
crosslinking. This study was. aimed for the preparation of acrylic PSAs
by solution polymerization ~using different crosslinking agents. Butyl
acrylate, 2-ethylhexyl acrylate, acrylic acid, and 2-hydroxyethyl
methacrylate were used as a monomer. The obtained polymers were
partially crosslinked with epoxy and isocyanate agents when they are
coated on PET or PVC film. Then peel strength, balltack, holding
power test and contraction percentage of the obtained PSA were

evaluated.
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Table 1. Monomers used for synthese of PSA

. Tg of
Monomer Chemical Formula
Polymer
Acrylonitrile CH,=CH-CN 97
Acrylic Acid CH,=CH-COOH 106
Methyl acrylate CH,=CH-COOCHg3 10
Ethyl acrylate CH,=CH-COOC3H5 -24
Butyl acrylate CH,=CH-CO0OC,Hgy -54
2-Ethylhexyl acrylate CH,=CH-COOCsH17 =70
Methoxyethyl acrylate CH,=CH-COOC-,H5 -33
Dimethylamino acrylate CH,=CH=COOCH,CH,N(CH3), -38
Methacrylic acid CH,=CH(CH3)-COOH 228
Methyl methacrylate CHy=CH(CH3)-COOCHj5 105
Butyl methacrylate CH,=CH(CHj3)-COO-(CHy)4 20
Ethyl methacrylate CH,=CH(CH5)-COOC3Hs5 65
Isobutyl methacrylate CH,=CH(CH3)-COO-CH(CH3)-CHj 53
2-Ethylhexyl methacrylate CHy=C(CHsg)=COOCgH7 -10
CHp=C(CH3)-COOC Han+1,

Lauryl methacrylate -65

n=8-18

CH2=C(CH3)-COOC Hau+

Stearyl methacrylate ? ’ 2t -100

n=16-20

. . CHQZCH(CHS)_COOCHQN(CHQ)Q

Dimethyl amino methacrylate 19

n=16-20
Allyl methacrylate CH,=C(CH3)-COOCH,CH=CH, 45
2-Hydroxy propyl acrylate CH,=CH-COO-CH,-CH(OH)-CHjs -93
2-Hydroxy ethyl methacrylate CHy,=COOCH,-CH,-OH 55
Acrylamide CHy=C(CH3)-CONH, 153
Styrene CHo=CH-(C¢Hs) 100
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a Coaling compound
b. Coaling knde
c. Backing roll

Knite over roll.

Figure 2. Knife coating methods.
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a. Metering gap
b, Backing roll
c. Meteringrall

o 4 d. Doctor [+
a Domnrl:nﬂe =Y Fi e, Coating compound
. b Trarister roll / Reservoir plate
¢, Backing roll . ghDoctor

Figure 3. Reverse roll coating methods.
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1. Temperature controller attached water bath
2. Four neck Flask

3. Stirrer

4. Stirrer impeller

5. Condencer

6. Dropping panel

7. Thermometer

Figure 4. Experimental apparatus.
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Table 2. Monomer compositions for synthese of PSAs

Monomers(g)
Sample code

2-EHA AA 2-HEMA

EAH-1 94 3 3

EAH-2 91 6 3

EAH-3 33 9 3
BA AA 2-HEMA

BAH-1 94 3 3

BAH-2 91 6 3

BAH-3 33 9 3
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Figure 6. Polymerization process.
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= Sia
Solid Content(%) = MXlOO (eq 1)
Wi—= W,
Wy A5 A (o).
W, 2787185l (o).
Wi A28 70 A% (g)

3-2-1-2. A X (Viscosity)

StAE AZAE 200ml sample®el] FH3dte] FL(25T)d  w@t
sample® Wi¥=%=7F 25C7F H=5 FAAH &9 ARE F=A
LVDV-1(BROOKFIELD Co., LTD, USA)& o]&3te] H=E A3

ot 542 spindle NoAZ 60rpme] A 33t S4 393 A3E Table 3

of Yetidtt. BAHAI Sl A 2AI7F EAHA Hlsf A=7F 88 A o
st
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Table 3. Solid contents and viscosities of various PSAs

Reaction conditions Viscosity®
Sample code Solid contents(%)
Temp(C) Time(hr) (cps)
EAH-1 70 7 520 39.78
EAH-2 70 7 560 39.98
EAH-3 70 7 850 39.87
BAH-1 70 7 4,730 39.74
BAH-2 70 7 8,160 39.82
BAH-3 70 7 9,000 39.87

a): Brookfield Viscometer LVDV-1 #4, 60 rpm/25C.
b): 105CX1hr/4g (dry oven).
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3-2-2. FZEA
3-2-2-1. FT-IR ¥4
S E H2ZA e FEREAS 935e] Perkin-ElmerAte] FT-IR Spectrum
100l PikeAR©] miracle ATR (45°)& AAlte] 4385tk 34 W9+
4000cm - 650cm 12 43] scandle] AT} Figure 73 Figure 89 U}
Bl A7 o] AW ofAdFTHAE olaE e 54 peak?l 2960 cm
H29 aliphatic C-H 215 %%, 1775 cm ‘ol C=0% 1448 cm ' 9]
CH; ¥F 52 Yetllar glo] okad HAA7E o] Hes &
AT
3-2-2-2. A ¥ A2 gkEI Y (GPC) £4
FAE AFZAY & B 2AZFM)H T H EA—FMM)S Shod
ex GPC Column(AT805/s)2 RI detecter(Waters R401)7} %% ¥l Water
AFe] GPC2695 °]-&3sto] 'S 86titt. SAEA 2 A5 0.1gE THF 10g°l
S35t A9 A= Table 49 e At
I A3E 2y R ethylhexyl”] 7} pendant® 2@ 2-EHAX.t} butyl”]
7} pendant® Z¥ BA7E QA Ao §37F Hom=w oz wkg Al bk

ol §5stel me BAGHR JUAOR BAY BRI FE FAE
la ool AEe Asshr WA AFE Rk
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Figure 7. FT-IR spectra of EAH samples.
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Figure 8. FT-IR spectra of various BAH samples.
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Table 4. GPC results of various PSAs

Sample code Mn Mw PDI(Mw/Mn)
EAH-1 104,053 165,395 1.589
EAH-2 107,974 166,351 1.54
EAH-3 104,992 165,324 1.574
BAH-1 147,630 194,377 1,316
BAH-2 147,737 196,611 1.330
BAH-3 132,272 185,753 1,404
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4-1. 2349
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-COOH, -NH; & Z} #& #8715 Ay Jqow o573 wgd 5 9l
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Table 5. Functional groups of crosslinking agents

#+ 5 7 7w A
-COOH NZ A FA] | slo]l =g 7] opu| R FEY,
-OH o mx], EeloliAlop|olE, o F A=A
“NHCH:O0H  opmlierk], o A 54, AeA, she] E547], 7t2 547

-CH,CHO-CH 28714 olde] 4t £+ I FF5g, ok daTA

-CONH; ou| 1= =2 of| ZA]4=7], dlo] =2 A7)
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Figure 9. Crosslinking of mechanism.
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4-2-2. AH& JHaA Y FF

B AES 98] 2714 ¢ 7FalA (epoxy 7FaLA|, isocyanate ZFnLA)E Ab
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R—OH + R—NCO — RNHC—O—R
o)

R—COQH +" RSNCO————HNHCF,; + CO:

Isocyanate crosslinking

Q OH

A\

R-OH + R—CH—CH, | —— R—CH—CH,—O0—R

o) OH ‘|5|3

/N

R—COOH + R—CH—CH,———* R—CH—CH,—OC—R

Epoxy crosslinking

Figure 10. Reactions of crosslinking agents.
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4-3. A A A
AR A Aqgd FA4 25me Poly(ethylene terephthalate(PET)

film@} 7} cH(Calendering) & H o= A ZH T4 65me] Poly(vinyl

chloride(PVC) film& A A A= AMg3to] &S sttt
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JAPAN)E Ab&stel FAE 574 shAth(2522um) &A1 9F 7FulA) o]l

1= Table 60 e AT
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oA WHEAR HAANES] ZluE 3 5171938 Dry ovenolAl 50T
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Table 6. Contents of crosslinking agents(by wt%)

Crosslinking
EAH-1 EAH-2 EAH-3 BAH-1 BAH-2 BAH-3
agent
Epoxy 0.26 0.43 0.6 0.26 0.43 0.6
Isocyanate 0.82 1.35 1.88 0.82 1.35 1.88
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=5 A E(Adhesive sudace)

Figure 11. Ball Tack tester.
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Figure 12. Diagram of a shear holding power test.
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Figure 13. FT-IR spectra of PSA samples with different crosslinking
agents(A: EAH-1, B: BAH-1).
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Figure 14. FT-IR spectra of PSA samples with different crosslinking
agents(A: EAH-2, B: BAH-2).
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Figure 15. FT-IR spectra of PSA samples with different crosslinking
agents(A: EAH-3, B: BAH-3).
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5-2-2. A& HA&FAHY
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Table 7. Peel strengths of PSA between PVC and SUS sheets at room

temperature as a function of times

Peel strengths (g/in)

Samples  —oq i lday  3day 5day  7day
EAH-1 840 1,020 1,055 1,081 1,132
EAH-2 970 1,170 1,358 1,413 1,648
EAH-3 1 W 5T 1,663 1,812 1,874 1,964
Epoxy
BAH-1 588 863 913 940 994
BAH-2 685 880 994 970 1,007
BAH-3 790 1,207 1,244 1,390 1,652
EAH-1 339 480 687 ) 895
EAH-2 678 728 857 380 1,137
EAH-3 1,107 1,576 1,648 1,757 1,962
Isocyanate
BAH-1 278 285 330 347 483
BAH-2 650 696 740 740 1,040
BAH-3 778 1,114 1,130 1,295 1,340
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Table 8. Peel strengths of PSA between PET and SUS sheets at room

temperature as a function of times

Peel strengths (g/in)

Sampl
AMPIeS o0min  lday  3day  bday  7day

EAH-1 804 853 988 1,026 1,110
EAH-2 910 1,018 1,140 1,300 1,586
EAH-3 979 1,350 1,555 1,750 1,818

Epoxy
BAH-1 683 742 925 970 1,011
BAH-2 880 910 1,062 1,099 1,170
BAH-3 970 1,040 1,400 1,570 1,680
EAH-1 305 380 405 424 476
EAH-2 536 838 876 934 958
EAH-3 926 995 1,070 1,350 1,670
Isocyanate
BAH-1 354 457 498 510 588
BAH-2 520 636 722 763 809
BAH-3 813 935 1,016 1,084 1,150
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Table 9. Peel strengths of PSA between PVC and SUS sheets. The

samples were pretreated at 70C for 7 days

Peel strengths (g/in)

Samples 20min 1day
EAH-1 92 200
EAH-2 106 351
EAH-3 409 588
Epoxy

BAH-1 66 122
BAH-2 92 307
BAH-3 312 402
EAH-1 28 37

EAH-2 105 168
EAH-3 148 267

Isocyanate

BAH-1 19 24

BAH-2 87 100
BAH=3 81 145
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Table 10. Peel strengths of PSA between PET and SUS sheets. The

samples were pretreated at 70C for 7 days

Crosslinking Peel strengths (g/in)
Samples p
agent 20min lday
EAH-1 540 633
EAH-2 694 770
EAH-3 878 976
Epoxy
BAH-1 560 765
BAH-2 581 686
BAH-3 652 850
EAH-1 288 498
EAH-2 536 615
EAH-3 635 940
Isocyanate
BAH-1 280 356
BAH-2 438 607
BAH-3 554 775
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Table 11. Results of ball tack test of PSAs with difference

crosslinking agents

Ball number
€POXy isocyanate

EAH-1 14 11
EAH-2 7 7

PYC EAH-3 7 6

film

sheet BAH-1 8 ’
BAH-2 7 6
BAH-3 6 4
EAH-1 14 10
EAH-2 10 6

PET paps 5 A

film

sheet BAH-1 10 10
BAH-2 6 4
BAH-3 4 2
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5-2-5. ¥3 8 (Hoding Power)

Table 12 o &% FAZ3}E Ut =t AAS] o] sod=
S3Ee ¢ Folxh tuA HRE Hlw 3PS vl = epoxy > isocyanate
7] BExwel AAS FUlE <ldh
-COOH7| 9] 9o = -OH7|¢e] WhgH T iAoz -COOH7| ¢}

gkgo] o & g HHuA BAE FE27F O hard A S Hol F

A e BT T o] f=

r %
o olf
ox [‘0“

=
)

e Wegow APH Ao Bt epoxyd A-F 7Fuldo] 4742
isocyanate®] 7}unld-& 37foAX- I Z T} rigidsl] S H Eo] Folx= A

2 Fa

T5E 5423 EHASE BAH 25 AARRC| sodss F58°] &

st AES Boda, AAAY F7Fd wE vlwE Bd PVC film E
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Table 12. Results of shear holding power tests(unit: mm)

Type of
crosslinking EAH-1 EAH-2 EAH-3 BAH-1 BAH-2 BAH-3

agent

€poxX 25 0.17 0.05 0.18 0.04 0.03
PVC s
film
sheet isocyanate a8 25 ) 25 25 1.1
PET epoxy 25 0.19 0.08 0.20 0.07 0.05
film
heet
shee isocyanate 25 25 2 25 25 1.0

_50_



Table 13. Results of contraction percentage(%)

”I.‘yp.e of EAH-1 EAH-2 EAH-3 BAH-1 BAH-2 BAH-3
crosslinking agent

width  0.33 0.32 0.17 0.15 0.14 0.08

epoxy
PVC length . 0.25 0.26 0.30 0.15 0.15 0.06
film
sheet width 1,45 0.79 0.38 1.39 1.30 0.07
isocyanate
length = 2.70 1.75 0.61 3.20 1.69 0.1
width '~ 0.15 0.17 0.11 0.15 0.12 0.11
epoxy
PET length .18 0.1 0.1 0.15 0.12 0.05
film
sheet width = 0,20 0.09 0:08 0.16 0.07 0.05
isocyanate

length  (0.15 0.10 0.07 0.13 0.1 0.09
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