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Abstract: In this study, we designed an environment friendly, water-based adhesive using the acrylic emulsion
method as a replacement for solvent-based adhesives, which are most commonly used in layered laminates for
flexible food packaging. We designed adhesives with different combinations of anionic, non-ionic, and phos-
phoric ester surfactants, and with different concentrations of chain transfer agent (CTA). We also examined
the effect of the degree of cross-linking by synthesizing and comparing 8 test group adhesives with different
types of functional monomers. Additionally, we synthesized 2 other test group pressure-sensitive adhesives
(PSA) using styrene/alpha-methyl styrene/acrylic acid (SAA) semipolymer dispersing agents (with molecular
weights of 13,000 g/mol and 8,600 g/mol, respectively) to replace the conventional surfactants. We evaluated
whether the 10 test group pressure-sensitive adhesives met the basic physical property criteria required for flex-
ible food packaging by carrying out a physical analysis of their glass transition temperature (Tg), particle size,
adhesion, and molecular weight. In our test, 2 test group adhesives manufactured with the combination of
anionic and non-ionic surfactants, CTA concentration of 0.2%, and functional monomers of hydroxyethyl acryl-
ate (HEA) and glycidyl methacrylate (GMA) demonstrated molecular weight and flexibility suitable for flexible
packaging, with low adhesiveness and small particle size.

Keywords: waterborne, pressure sensitive adhesive (PSA), lamination, flexible food packaging, eco-friendly
adhesive
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Figure 1. Market of adhesives for food packaging.
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Table 1. Formulations of Various Acrylic Emulsion PSA (parts by weight)
Formulation / Sample no S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8
EA 76.6 76.8 76.8 76.8 75.8 75.8 73.8 73.8
MMA 3 3 3 3 3 3 3 3
M((’V‘V’t‘f%n;"r MAAc 2 2 2 1 2 2 2 2
AAc 1 1 1 2 1 1 1 1
BA 9 9 9 9 9 9 9 9
IBOMA ; ; - - 1 - ] -
Comonomer 1,6HDDA - - - - - 1 - -
(Wt%) HEA - - - - - - 3 -
GMA ; ; ; ; - - ; 3
CTA nDMC 0.4 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Se-10n 3 3 1.6 3 3 3 3 3
S“(rﬁoc/z*)mt LA-10n 1 1 1 1 1 1 1 1
Re-610 ; ; 1.4 ; ; ; - -
Initiator KPS 3 3 3 3 3 3 3 3
buffer NH;OH 1 1 1 1 1 1 1 1
oAl o} 7l H A2 Isobornyl methacrylate (IBOMA), E T AEF ¥37] Yl 2EAE A vks
1,6-hexane diol diacrylate (1,6-HDDA), hydroxy ethyl Foll GFAle} Eo| &48 WA s fg #F W
acrylate (HEA), glycidyl methacrylate (GMA), acrylic 71E ARt 18l ugr] & FEe AgE A
acid (AAc), methacrylic acid (MAAc)S Junsei Chemical o] £8lH ZREE Ag3l1, HZEgHo|ZZ B9l
Abe] 13 AlFo g A8t 18]l styrene/alpha- st ARESERh & ATt #Ed g fIsd
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chemical (USA)SlA Fujdle] AL&3IATH S0l 2.3. HEN A 71E
3}A| 2 alpha-sulfo-[1 {[nonylphenoxy] methyl}—2-(2—propenyl— 718ZAQ AxAAE A B4 21S 2 &2
oxy)ethoxy]-poly(oxy-1,2-ethandyl), ammonium salt (Asahi v 2AAE Aoty tugEAe} Vs dagFAE 24
Denka, ADECA REA SOAP SE-10N)3} <174 AHEA Zt & AT E s 72 EAYo|EA &
A2 polyoxy ethylene nonylphenyl ether phosphate (Rhod FA Y &+ HUFHF 3%s VA ¥ dAA WF
ia, RE-610), H]o] 24 f3}A|Z Ethoxylated C12 - Cl4 A 271812, FAEE 1835t MAAc/AAce]
alcohols KONION LA-10N (KPX LA PZH(F)S A gol 2 . 12 A H2AHe HA =4[101L AAsH
23t tE. JNAIAI= potassium  persulfate  (KPS), ammo- At AEZAEA Y A9 wol2/mlole A A

nium persulfate (APS)E AHEFFAF)NA 15 AleF
o2 ZFIAZ ammonium hydroxide (NH,OH)E Y4k}
o] 19 AlFS ARSSIAT EAEFREA(CTA)Z=
n-dodecyl mercaptans S4Fs}st A|ko g T1E]al 43}
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Table 2. Formulations of SAA Grafted Acrylic Emulsion
PSA

Step Component Amount (g) Amount (g)
N Water 200 200
Initial SAA resin #678 #67
charge
NH,OH Variable Variable
BA 82.0 82.0
EA 9.5 9.5
main MMA 3.0 3.0
formulate MAAc 2.0 2.0
nDMC 0.5 0.5
APS 3.0 3.0
2= G 7128 vl

2.4. Pre-emulsion X[
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Table 3. Optimum Condition of Flexible Lamination Film
PSA

Properties General Specification Optimum Condition
Viscosity (cps) <50 50~100
pH 6.9 7
Tg (°C) 20 20°C oJ3}
Peel Adhesion 1000 g/in ©]3} 500 g/in ©]3}
Particle size 0~1 pum 0~500 nm
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Figure 2. Relationship between the molecular weight of the
acid composition and amount of CTA.
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Table 4. Properties of PSA prepared by Conventional Emulsion Polymerization

Properties S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8
Reactivity © © O © O © © ©
Gel formation O O VAN O A O O O
Adhesion (g/in) 220 380 98 187 - - 350 396
Particle size(nm) 185 204 981 240 634 287 278 266
Molecular weightMw) 1.4 x 10° 2.0 x 10° - 12 x 10° - - 2.1 x10° 22 x 10°
at, O (very good), O (good), 2 (bad)
Holl 8% SAA FA= AAolzgt A& £V AABT. FASE HHS GEd oy e Re R
o v AMEAEAE S F e SR I FHE ST AL A
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