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CHz—(0CsHy)nO—C~ CH=CH,
Hm+n =3 I

(a) EO(3)-TMPTA (Trimethylolpropane triacrylate, modified EO)

o} (o]

[} 1}
CH2=CH—C-O‘® CH2=CH_C-O-CH2©
(b) CHA (Cyclohexyl acrylate) (c) BzA (Benzyl acrylate)
@)

Il
CH2=CH—C-O-CH2—CH2‘ S —@

(d) PhSEA (Phenoxy sulfuric ethyl acrylate)
CHs

| o)
1l
CHZ:C’ﬁ‘O@ CHp=CH-C-0
0

(e) CHMA (Cyclohexyl methacrylate) (f) TMCHA (3,3,5-Trimethylcyclohexyl acrylate)

CHj3 o)
| 1
CH2=C—ﬁ—0—CH2’CH2_OH CHy=CH - C-0-CHy - CHpa—OH

(g) HEMA (2-Hydroxyethyl methacrylate) (h) HEA (2-Hydroxyethyl acrylate)

]
CH;=CH-C-0-CH;-CHy-CH, - CH,-OH
(i) HBA (4-Hydroxybutyl acrylate)

Figure 1. Molecular structure of functional monomers.

CH3 CH3
| |
H,C=CH-C-0 CHg—gHCHg—o—CHCHg—D@g@O CH, ~CH-0-CHz ~CHCHz-0-C-CH=CH,
0 oH CH, CH, il 0
n

Figure 2. Molecular structure of bisphenol A diepoxy acrylate (n = 1.2).

Table 1. Composition of UV-curing inks (I) (Unit: wt%)
Epoxy acrylate  Tri-functional Mono-functional monomer Photo-initiator
oligomer monomer CHA BzA PhSEA CHMA TMCHA TPO
Ink@ 50
Ink® 50
Ink® 20 30 50 5
Ink@ 50
Ink® 50
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Table 2. Composition of UV-curing inks (II)

(Unit: wt%)

Epoxy acrylate Tri-functional

Mono-functional monomer Photo-initiator

oligomer monomer HEMA HEA HBA TPO
Ink® 20 30 50
Ink@ 50 5
nk® 50
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Table 3. Surface tension, shrinkage, and adhesive property for five
kinds of UV curing inks

k@D k@ Ink® Ink@ Ink®
(CHA) (BzA) (PhSEA) (CHMA) (TMCHA)
Surface Tension 33.4 36.9 38.5 31.9 29.0
(mN/m)
Shrinkage (%) 10.4 11.4 10.5 12.1 8.6
Adhesive property?) Level 0 Level 5 Level 5 Level 0 Level 5

3 PI: poly-imide, PES: poly(ether sulfone), glass.
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Figure 3. (Color online) Temperature dependence of elastic
modulus E’ for the four kinds of UV-cured films (Ink@®), Ink(D,
k@), Ink®).
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Figure 4. (Color online) Temperature dependence of tan § for the
four kinds of UV-cured films (Ink®), Ink(D, Ink®), Ink®).
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Table 4. Solubility parameter of oligomer and monomers

Solubility parameter (cal/cm?)/?

CHA 10.04
BzA 10.55
PhSEA 10.78
CHMA 9.93
TMCHA 9.29
HEMA 12.47
HEA 12.92
HBA 12.00
EO(3)-TMPTA 10.15
Oligomer? 11.40

3 Solubility parameter of the oligomer was indirectly calculated by
using bisphenol A type diacrylate monomer.
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Figure 5. (Color online) Temperature dependence of elastic

modulus E’ for the three kinds of UV-cured films (Ink@D, Ink@,
Ink®).
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Figure 6. (Color online) Temperature dependence of tan § for the

three kinds of UV-cured films (Ink(@D, Ink@, Ink®).
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Figure 7. (Color online) Temperature dependence of elastic
modulus E’ for the three kinds of UV-cured films (Ink®, Ink@),
Ink®).
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Table 5. Results of adhesive properties, surface tension and

shrinkage for three kinds of UV-curing inks

Ink® (HEMA) Ink®@ (HEA) Ink® (HBA)

Surface Tension 38.9 39.8 40.2
(mN/m)
Shrinkage (%) 13.3 14.5 12.6
Adhesive property? Level 0 Level 5 Level 1

3 PI: poly-imide, PES: poly(ether sulfone).
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Figure 8. (Color online) Conversion of the two kinds of UV-
curing inks as a function of exposure energy (Ink(D), Ink@).
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Figure 9. (Color online) Conversion of the two kinds of UV-
curing inks as a function of exposure energy (Ink®, Ink(®).
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The aim of this study is to evaluate the adhesive properties of UV-curing liquid (ink) on a non-porous surface. We examined how the adhesive
strength was affected by the ink characteristics, as different type mono-functional monomers were used in the ink composition. The flexibility of the
cured film structure seems to be crucial for improving adhesive strength, because a flexible structure can relax the internal strain that exist between the
substrate and the cured film surface. It seem that when we use methacrylate type mono-functional monomers (CHMA, HEMA) in the ink composition,
the two monomers play an important role in the ink system in order to reduce the crosslinking density of the cured film. Also, we understood that
acrylate type mono-functional monomers (CHA, HBA) were effective to increase adhesive strength because of their low surface tension and less
shrinkage, although the two inks containing each monomers formed relatively higher crosslinking density of cured films than the methacrylate type

ones.
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