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To improve the optical properties of acrylic pressure-sensitive adhesives (PSAs) for liquid crystal displays
(LCDs), hafnium carboxyethyl acrylate (HCA) was introduced as high refractive index material. Also,
UV-curing was used to realize rapid crosslinking so as to enhance the degree of thermal stability. A prism
coupler, a UV–visible spectrometer and a thermogravimetric analyzer were employed to assess the
optical properties and thermal stability. The results show that the refractive index of the acrylic PSAs
with HCA increases suitably compared to that of binder acrylic PSAs in the visible wavelength. Also, a
substantial effect is shown on the thermal stability in that hafnium carboxyethyl acrylates are crosslinked
due to the presence of tetra-functional acrylic groups caused by the rapid UV-curing.
& 2014 Elsevier Ltd. All rights reserved.
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1. Introduction
Pressure-sensitive adhesives (PSAs) have a range of applications in industry, such as medical products, aircraft, space shuttles,
electrical devices, optical products and automobiles. Among them,
the demand for PSAs in optical ﬁlms is increasing with the
development of liquid crystal displays (LCDs) [1]. LCDs consist of
many types of panels with various PSAs employed to ﬁll the spaces
between the panels. PSAs are adhesives that attach to a substrate
by low-pressure contact, and they do not require reaction processes like common adhesives. PSAs can be peeled from the
substrate without failure, which will allow the recycling of the
expensive ﬁlms that make up the display if a defect is found [2].
There are two properties that PSAs should possess before they can
be used in optical ﬁlms. First, the PSA should be optically clear, and it
should have a high refractive index that can prevent light reﬂection
as a result of the difference in the refractive index between the ﬁlm
and the adhesive. This property can be achieved through the use of a
transmittable acrylic polymer with a high refractive index monomer
[3]. Also, it should have high thermal stability. This condition can be
achieved by an additional UV-curing process. UV-curing technology
has been used in crosslinking pressure-sensitive adhesives (PSAs),
owing to its economic and environmental advantages, with none
of the disadvantages associated with using a crosslinking agent.
UV-curing technology has many advantages on account of its high
performance, inexpensive process and due to the low emission of the
associated VOCs [4–7].
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In this study, in an effort to enhance the optical properties and
thermal stability of acrylic PSAs for LCDs, hafnium carboxyethyl
acrylate was used as a high refractive index material to realize
UV-cured crosslinking.

2. Experimental
2.1. Materials
2-Ehtylhexyl acrylate (2-EHA, Samchun Pure Chemical, Republic of Korea), acrylic acid (AA, Samchun Pure Chemical, Republic of
Korea), 2-phenoxy ethyl acrylate (PEA, 90.0% purity, Tokyo Chemical Industry, Japan) and hafnium carboxyethyl acrylate (HCA,
Sigma Aldrich, USA) were used as monomers without puriﬁcation.
Table 1 shows the monomer compositions of the acrylic PSAs.
Ethyl acetate (EtAc, Samchun Pure Chemical, Republic of Korea)
and methanol (MeOH, Samchun Pure Chemical, Republic of Korea)
were used as solvents. 2,20 -Azobisisobutyronitrile (AIBN, Junsei
Chemical, Japan) was used as the thermal initiator to start the
radical polymerization process. 2-Hydroxy-2-methyl-1-phenylpropane-1-one (Miwon Specialty Chemical, Republic of Korea)
was used as the photoinitiator.
2.2. Synthesis of the binders
For the ﬁrst step, the binders were synthesized using 2-EHA,
AA and 2-PEA by means of solution polymerization. Mixtures
of monomers were initiated with 1.0 wt% AIBN in ethyl acetate
and methanol containing a 40 wt% solid content. Polymerization
was performed in a 500 ml four-necked rounded-bottomed ﬂask
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3. Results and discussion

Table 1
The monomer compositions of the acrylic PSAs.
Optical acrylic
PSAs

HAC-1
HAC-2
HAC-3
HAC-4

Acrylic binders

HCA (phr in acrylic
binder)

2-EHA
(wt%)

AA
(wt%)

2-PEA
(wt%)

70
70
70
70

5
5
5
5

25
25
25
25

0
0.5
1
2

equipped with a mechanical stirrer, a condenser and a thermometer. A mixture of monomers and 50 wt% of the solvent were
heated to 70 1C under constant stirring. After an exothermic
reaction, a solvent with AIBN was added slowly over periods of
1, 2 and 3 h. Finally, polymerization was terminated by cooling the
mixture to room temperature.

2.3. Preparation of the cured acrylic PSAs
UV-curable PSAs were prepared by blending the polymerized
binders, a photoinitiator, and HCA monomer. The amounts of HCA
monomer were 0.5, 1.0, 2.0 phr of the binder, and the added
photoinitiator was 2 phr of the HCA monomer. At room temperature, the mixture was stirred for about 30 min using a mechanical
stirrer. The UV-curable polymers were coated on to the polyester
ﬁlms (PET, 50 μm thickness, SKC, South Korea) using a No.18 bar
coater (40 μm wet thickness), after which the ﬁlm were dried at
80 1C for 20 min. The UV-curable PSA ﬁlms were cured using
conveyor belt-type UV-curing equipment with a 100 W pressure
mercury lamp (main wavelength: 340 nm). The UV doses that
were used in this study were 1000 mJ/cm2. The UV doses were
measured using an IL390C Light Bug UV radiometer (International
Light, USA).

3.1. Optical properties
The refractive index of optical acrylic PSAs can be controlled by
means of a UV-curing process [8,9]. Fig. 1 shows the refractive
indexes of acrylic PSAs with different HCA contents. The refractive
index of the acrylic PSAs increased with an increase in HCA
content in the visible range. In particular, the refractive index
with a HCA content of 2.0 phr was much higher than that with
a HCA content of 1.0 phr. This illustrates the effect of the HCA
content, which increased the refractive index of the polymer, due
to the presence of a tetra-functional acrylate, forming a dendrimeric crosslinked polymer network by UV-curing. Generally, the
refractive index of a polymer containing a high refractive index
functional group is higher than that of a monomer. In this manner,
acrylic PSAs with HCA content exceeding 2.0 phr had very high
refractive indices that exceeded 1.60 in the visible range. Fig. 2
shows the transmittance of each acrylic PSA sample as measured
by UV–visible spectroscopy. The samples should show high transmittance (4 95%), in order to be used in optical ﬁlms [3]. As shown
in Fig. 2, the transmittance of the acrylic PSAs with an HCA content
that exceeds 2.0 phr was greater than 95%, demonstrating high
transparency in the visible wavelength due to its highly crosslinked structure.

2.4. Optical properties
2.4.1. Prism coupler
The refractive indexes of the PSAs coated on the PET ﬁlm were
determined using a prism coupler (Prism Coupler 2010/M, Metricon, USA). The prism and ﬁlm were joined and the incidence angle
of the laser beam was varied. In this way, the refractive index of
both the thickness-and plane directions could be measured.

Fig. 1. The refractive indexes of the acrylic PSAs were increased by increasing the
HCA content in the acrylic PSA in the visible range.

2.4.2. UV–visible spectrometer
A UV–visible spectrometer (Shimadzu UV-1650PC, Japan) was
used to measure the transmittance of the acrylic PSAs. The
samples coated on the PET ﬁlm were set on the instrument
alongside the control, bare PET ﬁlm, and the transmittance levels
over the wavelength range of, 380–700 nm, were determined.

2.5. Thermal stability
The thermal stability and decomposition proﬁles of the dualcurable adhesives were measured using a thermogravimetric
analyzer (Perkin Elmer Thermogravimetric Pyris1 TGA model).
The sample was loaded into a ceramic pan, and heated from
25 1C to 600 1C at a constant heating rate of 10 1C/min in an inert
nitrogen atmosphere.

Fig. 2. The transmittance of the acrylic PSAs with a HCA content exceeding 2.0 phr
was greater than 95%, demonstrating high transparency in the visible wavelength
due to a highly crosslinked structure.
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for use in LCDs. Also, UV-curing was investigated for its ability to
enhance the thermal stability due to a higher crosslinked structure. As mentioned above, the refractive index and transmittance
were increased with an increase in the HCA content. The thermal
stability was also clearly improved by increasing the HCA content.
Optically clear acrylic PSAs ﬁlms with HCA have the potential to be
used as optical thin adhesive ﬁlms. Alternatively, the solutions can
be used to fabricate multifunctional devices or optical materials.
Future studies are essential to improve the performance of acrylic
PSAs with HCA so as to increase their adhesion strength further
and decrease unreacted monomers during the UV-curing step,
thus making them more suitable for applications in various ﬁelds.
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