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Abstract

Polyethylene terephthalate (PET) films have been widely applied in the display industry. However, there is a problem in
effectively protecting and extending the service life. To address this issue, a hyperbranched polyurethane acrylate (HPUA) has
been synthesized with poly (hexylene glycol) neopentyl glycol ester (PNA), isophorone diisocyanate (IPDI), hyperbranched
polyol Boltorn"'H2004 and pentaerythritol triacrylate (PETA). Further, a series of high-performance UV curable coatings
have been prepared with HPUA, hollow nano-SiO, and silane coupling agents, along with other reagents. The structure
of HPUA has been characterized by infrared spectroscopy (FT-IR), and the curing process has been monitored kinetically
by real-time infrared spectroscopy to study its double-bond conversion ratio. The properties of the cured films have been
investigated by thermogravimetric analysis (TGA). The water contact angle, aging and yellowing resistance, hardness, flex-
ibility, abrasion resistance, light transmittance, and adhesion of the cured coatings on PET film have been tested. The results
have shown that the addition of hollow nano-SiO, and silane coupling agents has not only not affect the light transmittance
of the coatings but also improved the surface properties and heat resistance. When the silane coupling agent has been y-M
ethacryloxypropyltrimethoxysilane (KH-570), the water contact angle of the coating has been 101.8°, excellent resistance
to aging and yellowing, and the hardness, flexibility, and abrasion resistance have reached 89.4 HD, 3 mm, and 500 g/350
times, respectively. It was worth mentioning that the cured coating has shown excellent adhesion to PET film with the best
overall performance. This work has offered important guidance for the protection of PET films.
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Introduction

In recent years, PET optical film has received widespread
attention due to its good physical and chemical properties as
well as transparency, which has been applied in the fields of
packaging decoration, screen protection, optical-grade mir-
ror surface protection, and so on [1-4]. However, the surface
hardness and abrasion resistance of PET film were poor,
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which limits its service life [5-8]. Therefore, improving the
surface hardness and abrasion resistance of PET film with-
out damaging its excellent performance become particularly
important. The simple and convenient method was to apply a
protective coating to the surface of PET film [9, 10].
Comparing traditional solvent coatings and waterborne
coatings, UV curable coatings have provided a faster pro-
cessing speed for the PET film coating process without caus-
ing film damage due to the evaporation of organic solvents
or heating and drying [11-13]. However, traditional low-
function oligomer UV coatings have still found it difficult to
meet the surface requirements of PET optical films, includ-
ing higher hardness, better wear resistance, and light trans-
mittance [14, 15]. In order to meet the requirements of the
PET film, it has been necessary to develop fast curing UV
curable coatings with high functional oligomers and diluents
[16-18]. Hyperbranched polyurethane acrylates (HPUA), one
of the most important oligomers for UV curable coatings, have
attracted a lot of attention for their structural flexibility and
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excellent overall performance [19-22]. Because of its unique
dendritic structure, it can achieve the purpose of high hard-
ness; it also exhibits different properties from linear polymers
[23-25], such as an acceptable viscosity even at high molecu-
lar weights. The soft section of the traditional HPUA resin
synthesis process often used small-molecule diols or directly
reacted hyperbranched polyol with isocyanate and was finally
capped to generate HPUA resin. Fu et al. [26] have generated
HPUA resins by reacting Trimethylolpropane diallyl ether
(TMPDE), 4-Hydroxybutyl acrylate (HBA), and IPDI to first
seal and then react with hyperbranched polyol. Although the
resulting coating had excellent hardness and adhesion, the lack
of soft segments to absorb a certain amount of stress leads
to poor flexibility. Zhang et al. [16] synthesized long-chain
Polyurethane acrylate (PUA) and HPUA and doped the two
resins together to make light-curing coatings, which solved
the problem of flexibility to a certain extent but also sacri-
ficed part of the hardness of the coating and made the syn-
thesis process more cumbersome. In contrast, the synergistic
effect of HPUA and nano-SiO, is more effective in preparing
superhard coating on the PET optical film. Therefore, how to
ensure the hardness of the coating while also having excellent
flexibility and not affecting the light transmittance after the
addition of nano-SiO,, has been the current urgent need to
solve the problem.

In this work, hyperbranched polyurethane acrylate
oligomers will be first prepared by polyester polyol (soft
segment) and isocyanate (hard segment) so as to generate
flexible long-chain intermediates with bisis-isocyanate
groups, which will ensure a certain degree of flexibility and
absorb most of the stress. Then, the hyperbranched polyol
will be used as a chain extender to generate a hyperbranched
structure to ensure excellent hardness. Finally, the end group
will be terminated by a high-functional hydroxy acrylate
so as to introduce a carbon-carbon double bond. The high-
functionality HPUA will perfectly combines hardness and
flexibility to form the basic skeleton of the UV curable
superhard coating on the optical PET film. The UV curable
superhard coatings will be mixed with a certain ratio of
HPUA, multifunctional monomer, hollow nano-SiO,,
silane coupling agent, photoinitiator, and co-initiator, and
the comprehensive performance of the UV curable coating
on the optical PET film will be discussed.

Experimental

Materials

Poly(neopentyl glycol adipate) (PNA, Mn=2000.00 g/
mol) was provided by Jiangsu Xuchuan Chemical Co. Iso-

phorone diisocyanate (IPDI, Mn =222.32g/mol) was pro-
vided by Bayer, Germany. Pentaerythritol acrylate (PETA,
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Mn =298.00 g/mol) was provided by Jiangsu Sanmu
Group Co. Photoinitiator (1-hydroxycyclohexyl phenyl
ketone (184), Mn=204.30 g/mol; Benzophenone (BP),
Mn=182.22 g/mol) was provided by Tianjin Jiuri Chemical
Co. Co-initiator (P115, Mn=500.00 g/mol) was provided
by Jiangsu Asahikawa Chemical Co. Dipentaerythritol hex-
aacrylate (DPHA, Mn=578.56 g/mol) was provided by
Jinan Rongzheng Chemical Co. Hollow nano-SiO, (100nm)
was provided by Nanjing Nanorainbow Biotechnology Co.
y-Aminopropyltriethoxysilane (KH—-550, Mn=221.37 g/
mol), y-Glycidyl etheroxypropyltrimethoxysilane (KH—560,
Mn=236.34 g/mol), y-Methacryloxypropyltrimethoxysilane
(KH-570, Mn=248.35 g/mol), and hyperbranched polyol
(Boltorn"H2004, Mn = 3200.00g/mol) were commercially
available analytically pure reagents.

Preparation of HPUA oligomers

Poly(neopentyl glycol adipate) (PNA, 200.00 g) has been
placed into a 500 mL four-necked bottle equipped with a
thermometer, an evacuation device, and a mechanical stir-
rer and evacuated for 1 h at 100 °C, then cooled down to 70
°C to add isophorone diisocyanate (IPDI, 88.80 g), added
0.02 g of the catalyst dibutyltin dilaurate (DBTDL), and then
heated up to 90 °C freely. After heating to 90 °C, the content
of —NCO in the reaction system was determined by the di-n-
butylamine method. When the mass fraction of —-NCO was
8.73%, 160.00 g of Boltorn""H2004 was added, and when
the —NCO mass fraction was 2.87%, pentaerythritol acrylate
(PETA, 89.40 g) was added, and the end point of the reac-
tion has been reached when there was no characteristic peak
of the —=NCO group at 2270 cm~! in the FT-IR spectrum.
A hyperbranched polyurethane acrylate oligomer, denoted
as HPUA, has been obtained, and the synthesis process is
shown in Fig. 1.

Preparation of UV curable coatings
with HPUA oligomers

With 30.00 wt% HPUA oligomer, 59.00 wt% Dipentaeryth-
ritol hexaacrylate (DPHA), 3.00 wt% 1-hydroxycyclohexyl
phenyl ketone (184), 3.00 wt% Benzophenone (BP), and
5.00 wt% co-initiator (P115) as raw materials, the UV cur-
able coatings was prepared by mixing and stirring under the
condition of light avoiding for 30 minutes and was recorded
as UV-1. Then, 1 wt% hollow nano-SiO, particles were
added to UV-1, and 5 wt% KH-550, KH-560, and KH-570
were added to the coatings with hollow nano particles
and mixed and stirred for 30 minutes under the condition
of avoiding light. The obtained UV curable coatings were
recorded as UV-2, UV-3, and UV-4, respectively. After the
air bubbles in the coatings had disappeared, the coatings was
applied to PET film with a coatings thickness of 9.1 pm,
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after leveling for 3 minutes, the sample was cured under a
UV lamp, 10 cm away from the lamp, and irradiated for 30
seconds to obtain the UV curable superhard coating. Under
the same conditions, according to different tests, the UV
curable coatings were poured into the corresponding size
of the PTFE mold to prepare the required sample, and then
tested and characterized.

Instruments and characterization

ZMUV200-2 UV mercury lamp curing machine was used to
cure the coating with power density of 100W/cm, wavelength
range of 254~450 nm, and main wavelength of 365nm. The
structure of HPUA oligomers was characterized using an Ava-
tar-type Fourier infrared spectrometer, Nicolet360, and the

samples were coated on the KBr pellet. The number of scans
was 32, and the scanning interval was 400—4000 cm~! with
a resolution of 2 cm™'. The molecular weight of the HPUA
oligomers was determined using a Waters 1515-2410 gel per-
meation chromatograph (GPC) with tertahydrofuran (1.0 mL/
min) as the mobile phase and polystyrene as the standard sam-
ple. The viscosity of the UV curable coatings was measured
using a NDJ-79 rotational viscometer with a testing tempera-
ture of 25 °C and a shear rate of 1000 s~!. A D-type Shore
hardness tester was used to test the hardness of a specimen
with a size of 40mm X 40mm X Smm (LXWxH). The test was
repeated three times to determine the average value of the
results. The water contact angle test of the coating was car-
ried out using a DSA20 contact angle measuring instrument,
which was applied dropwise at 25 °C using a micro-syringe
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and tested at three different positions, and the results were
averaged. Paint film scribing instrument in accordance with
GB/T 1720-1979 standard test coating adhesion, each sample
test three groups, and take the average value of the results.
The thermogravimetric analysis of the samples was carried
out with an HCT-1 thermal analyzer (Beijing Hengjiu Experi-
mental Equipment Co., LTD.) in an N, atmosphere from room
temperature to 800 °C, with a heating rate of 10 °C/min. A
MY44TRA10 light transmittance meter was used to test the
coating transmittance and haze. A cylindrical bending appa-
ratus was used to test the flexibility of the coating, and the
diameter of the shaft rod was the value of the flexibility of the
coating at this time. The abrasion resistance of the coating was
tested using a Martindale abrasion tester with a test weight
of 500 g. The coating was aged using a UV aging machine
(ATLCSCI4000) with a 12 hour cycle, comprising an 8 hour
dry UV irradiation phase and a 4 h UV-free cooling phase.
The UV intensity was 0.76 W-m~2, and the temperature was
maintained at 50 °C. The degree of yellowing was assessed
every 12 h in accordance with GB/T 1766-2008. The infrared
spectrometer determine the coatings in the 1648~1589 cm™!
absorption peak, and the integral area was recorded as A, It
has been placed in the ultraviolet light for a test, with irradia-
tion every 10 seconds. During this time, the sample has been
stored in a light-protected desiccator. The integral area of the
coating under the same band after ultraviolet irradiation has
been recorded as A, the double-bond conversion rate is calcu-
lated as C% = (Ay-A)/Ay*x 100%. About 1.0 g of oligomer has
been taken, and 10 mL of DMF has been added to dissolve it.
Then, 10 mL of di-n-butylamine-toluene solution was added
to react for 20 min. After that, bromocresol green indicator has
been added, and the solution has been titrated with hydrochlo-
ric acid standard solution until it turns light yellow. The same
steps have been followed for the blank test. The calculation of
the —-NCO content is shown in Eq. (1):

1000m

W_nco = x 100% (1
where V,, and V, are the volumes of hydrochloric acid stand-
ard solution (mL) consumed in the blank test and sample
test, c is the concentration of hydrochloric acid standard
solution used (mol/L), and m is the sample mass (g).

Results and discussion

FT-IR analysis of HPUA

Figure 2 shows the infrared spectra of the reactants, HPUA
oligomer, and UV coatings. As shown in the spectra of the

raw material, Boltorn" 'H2004 and PNA have a strong charac-
teristic absorption peak at 3436 cm™!, which can be ascribed
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Fig.2 FT-IR spectra of reactants, HPUA oligomers, and UV curable
coatings

to the —OH characteristic absorption peak. The characteristic
absorption peak of IPDI at 2270 cm™! is the —NCO charac-
teristic absorption peak. The characteristic absorption peaks
of ~N—H and —C=0 appear at 3360 cm™" and 1726 cm™! for
HPUA and UV coatings, respectively, and there is no charac-
teristic absorption peak of -NCO at 2270 cm™. This means
that the -NHCOO- group is generated by the reaction, while
the -NCO in IPDI is completely reacted. The appearance of
the ~CH=CH, characteristic absorption peak at 1635 cm™"
indicates that the —CH=CH, group of PETA is successfully
grafted onto the HPUA polymer chain, generating the HPUA
oligomer with the expected structure.

Molecular weight and viscosity testing

The molecular weight and viscosity of HPUA oligomers are
important factors that affect the construction and application
of coatings. Suitable molecular weight, which ensure the best
physical and chemical properties, such as adhesion and cross-
link density, and low viscosity of polymer coatings, ensure
convenient construction and application. The molecular weight
of HPUA resin was tested by gel permeation chromatography
(GPC), and the number average molecular weight is measured
to be 8142, the weight average molecular weight is 13060, and
the polymer dispersion index is 1.604. The viscosity of several
coatings is tested by a rotational viscometer, and the viscosity
of UV-1 was measured to be only 2700 mPa-s, which is due to
the hyperbranching structure of the resin molecules that makes
it have a lower viscosity, and the viscosities of UV-2 to UV-4
were 2400 mPa-s, which was due to the dilution effect of the
addition of silane coupling agent to the system.
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Fig.3 Double-bond conversion of UV curable coatings

Kinetic analysis of UV curable coating

It is necessary for the coating on the coiled optical PET
film to have fast curing and processing speeds, which influ-
ences the practical production and application of PET film.
The curing kinetics of UV curable coatings are analyzed by
calculating the double bond conversion ration with curing
time. The final result is shown in Fig. 3. Throughout the
whole UV curing process, there is a high rate of light polym-
erization at an early stage. The conversion ration can reach

more than 80%. during the UV irradiation for 10 seconds.
The photopolymerization rate decreases with the increase of
light time, and the conversion of the double bond is about
87% after 60 seconds. The lowest UV-1 double-bond con-
version rate in the first period may be caused by the fact
that the system does not add silane coupling agents, the
viscosity is relatively large, and the diffusion ability of the
active radicals is weak. UV-4 has the highest double bond
conversion rate in the early stage, which can be attributed
to the molecular structure of KH-570 with a double bond.
Due to the high density of the double bond in the system,
the early reaction is faster. Overall speaking, the faster reac-
tion rate makes the formation of a dense three-dimensional
crosslinked mesh structure faster, with the light curing. The
cage effect is caused when the structure is formed, surround-
ing —CH=CH, which is not involved in the reaction. After
that, the double bonds are difficult to collide with the active
radicals, which results in a slower reaction rate of light cur-
ing at the later stage of the reaction and a relatively low
double bond conversion rate.

Optical properties of UV curable coating

Since it is a UV curable PET optical coating, the optical
properties of the coating are very important, and a light
transmittance meter is used to test the light transmittance
and haze of the coating. As shown in Fig. 4, compared with
UV-1, although a small amount of hollow nano-SiO, parti-
cles and silane coupling agent were added to UV-2, UV-3,
and UV-4, the effect on the light transmittance and haze

Fig.4 Light transmittance and 1.8
haze of UV curable coating Light transmittance
100 | Haze i 16
92.0 91.7 92.0 91.9 '
1.4 1.4 {14
S 1.2 {12
3
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+~ 4 .
=) 0 H0.6
—
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Table 1 Physical properties of UV curable coating

Performance Tests UV-1 UV-2 UV-3 UVv-4
Adhesion (grade) 0 0 0 0
Hardness (HD) 80.7 84.1 83.9 89.4
Abrasion resistance (times) 150 250 200 350
Flexibility (mm) 2 3 3 3

of the coating was very small. It can be attributed to two
reasons, firstly, the silane coupling agent is used as bridge
bond between organic coating and nanoparticles to improve
the nano-SiO, dispersion. Especially, KH570 provides a
polymerizable double bond, which can crosslink with the
coating film. Secondly, in order to avoid the influence of
nanoparticles on the UV curing speed via absorbing some
UV light, the hollow structure of nano-SiO, is chose, and
the hollow structure can extremely decrease the loss of UV
light intensity, therefore, it can provide the superhardness
for UV curable coating and fast curing speed.

Physical properties test for UV curable coating

In addition to the most important optical properties, adhesion,
hardness, abrasion resistance, and flexibility also have a sig-
nificant impact on the coating. The related physical properties
of different coating are listed in Table 1. As shown in Table 1,
the adhesion of several coating can reach level 0. This is due
to the high double bond functionality component of the coat-
ing, a large number of double bonds are opened to form a high
cross-linking density during the curing process. And the vol-
ume shrinkage caused by the high cross-linking density can be
partially offset by the polyurethane structure and nano-SiO,,
and a large number of urethane bonds in the molecular chains
of the oligomers can form a hydrogen bond with the surface of
the substrate, which further enhances the adhesion. Compared
with UV-1, the hardness and abrasion resistance of the coating
with the addition of hollow nano-SiO, and silane coupling
agent are significantly improved because the hollow nano-
Si0, dispersed on the surface of the coating improves the
surface hardness of the coating after curing. At the same time,
the hollow nano-SiO, inside the coating as well as the silane
coupling agent make the cross-linking between the organic
molecules more homogeneous, and the stress transfer between

the organic molecules is more homogeneous when the coating
surface is subjected to external forces; therefore, the hardness
can be further improved. The increase in hardness is accom-
panied by a simultaneous increase in abrasion resistance. The
hardness and abrasion resistance of UV-2 are better than those
of UV-3 because the amine group in KH-550 has higher activ-
ity in generating a three-dimensional crosslinked structure.
UV-4 is the best, with a hardness of up to 89.4 HD and an
abrasion resistance of up to 350 times, because the carbon-
carbon double bond contained in KH-570 undergoes a chain
reaction during the curing process, which further enhances
the crosslinking density. The increase in hardness leads to a
decrease in flexibility from 2 to 3 mm, but the difference in
flexibility from UV-2 to UV-4 is not so big that it is difficult
to make a numerical difference.

Aging and yellowing resistance test for UV
curable coating

As a protective coating for PET optical films, its resistance
to aging and yellowing is equally important, so it is treated
with a UV aging machine to test its flexibility, hardness,
and adhesion, and its yellowing performance is observed
and recorded every 12 hours. The results are shown in
Table 2, indicate that the adhesion of the coating decreases
after aging treatment, but all except UV-3 are able to reach
level 2. The change in hardness is small, while the coating
becomes brittle and the flexibility decreases. In terms of yel-
lowing grade, the UV-2 and UV-3 show poor resistance to
yellowing, possibly due to the amino groups in KH-550 and
the epoxy groups in KH-560. On the other hand, UV-1 and
UV-4 demonstrate excellent resistance to yellowing.

Hydrophobicity test for UV curable coating

UV curable PET optical coating not only have high transmit-
tance and excellent film properties, but also exhibit excellent
hydrophobicity, greatly improving the coating's ability to
release stains, which is investigated by a water contact angle
test. As shown in Fig. 5, the water contact angle of UV-1 is
91.8°, and the water contact angles of UV-2, UV-3, and UV-4
increased to different degrees compared with UV-1, measur-
ing 100.3°, 100.9°, and 101.8°, respectively. This is because
the water contact angle is mainly affected by the molecular

Table2 Ageing and yellowing

. . Sample Adhesion Hardness Flexibility Yellowing resistance (grade)
resistance of coating (grade) (HD) (mm)
12h 24 h 36 h 48 h 60 h
UV-1 2 81.3 4 0 0 0~1 1 1
UV-2 2 83.5 5 2 2 3 3~4 4
UV-3 3 83.5 6 1 1~2 2 2~3 3
Uv-4 2 91.1 5 0 0 0~1 1 1
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Fig.5 Water contact angle of UV curable coating

structure of the internal molecules and the surface roughness.
The UV-1 coating surface is relatively smooth, and the exist-
ence of urethane bonds within the coating makes it hydrophilic
to a certain extent. After the addition of hollow nano-SiO, and
the introduction of silane coupling agents, the curing process of
the coating's internal crosslinking density increases. However,
the molecular gap becomes smaller, thus making the coating
has excellent water resistance. Moreover, due to the presence
of hollow nano-SiO,, the surface of the coating has a greater
nano-roughness, similar to the rough structure of the surface of
the lotus leaf, which greatly enhances the water contact angle
of the coating surface [27]. In conclusion, the results show that
the coating with the addition of hollow nano-SiO, and silane
coupling agents exhibit obvious hydrophobicity to water.

Coating performance after abrasion testing

After the abrasion test of the coating, the light transmission,
haze, and water contact angle of the coating are tested again.
As shown in Table 3, the light transmission and haze of
the coating are basically unaffected, and the water contact
angle of the coating is slightly decreased. This is because
the endpoint of the coating wear test is when the coating
surface just starts to show scratches, so there is no effect on
the optical properties of the coating, whereas the abrasion
test may damage the microscopic surface of the coating,
making the coating water contact angle decrease. Overall,
the coating shows excellent overall performance, even after
the abrasion resistance test.

Thermal stability for UV curable coating
The thermal stability of materials under high temperature con-

ditions can be determined by observing the mass change of the
sample with temperature. Figure 6a, b and Table 4 show the

Table 3 Coating performance after abrasion testing

Sample Light transmittance Haze (%) Water contact
(%) angle (°)

UVv-1 92.0 1.2 90.6

Uv-2 91.6 1.5 99.2

UV-3 91.8 1.4 98.7

Uv-4 91.9 1.3 99.4

TGA curves, DTG curves and thermal weight loss parameters
of the four coating, respectively. It can be seen that the initial
decomposition temperature of UV-1 is 244.79 °C, the thermal
decomposition temperature at 50% weight loss is 454.12 °C,
the maximum weight loss rate temperature is 467.25 °C, the
maximum weight loss rate is 14.80%/min, and the residual
carbon rate at 800 °C is 6.39%. Compared with UV-1, the
initial decomposition temperature, thermal decomposition
temperature at 50% weight loss, maximum weight loss rate
temperature, and residual carbon rate at 800 °C of UV-2,
UV-3, and UV-4 are all increased to different degrees, while
the maximum weight loss rate is reduced to different degrees.

It can be seen that the thermal stability of the coating is
effectively improved by the addition of hollow nano-SiO,
and silane coupling agents. This is due to improvements in
the local heat transfer capacity of the coating with hollow
nano-SiO,, as well as a three-dimensional network formation
by connecting hollow nano-SiO, and silane coupling agents.
During the curing process, the thermal decomposition rate of
the molecular chains inside the coating is impeded. There-
fore, the reason for the increased thermal stability of the
material is elucidated after the above analysis.

Effect of modified SiO, on coating properties

The best overall performance of the coating is achieved when
the silane coupling agent is KH-570. 5.00 g of hollow nano
Si0, is added into a four-mouth bottle containing 200 mL
of ethyl acetate, dispersed by an ultrasonic wave for 1 hour,
then added to 25.00 g of KH-570 and 1.00 g of deionized
water, heated to 75 °C, and stirred for 10 h. After cooling,
it was washed with excess ethyl acetate and dried, noted as
Si0,-KH-570. 6 wt% of SiO,-KH-570 particles are added to
UV-1 and stirred for 30 min away from light, noted as UV-5.
As shown in Table 5, compared with UV-4, the coating trans-
mittance as well as the haze of UV-5 deteriorates significantly,
while other properties are not significantly enhanced, which
may be attributed to the low grafting rate of SiO, on the sur-
face. With the addition of SiO,-KH-570 with the same mass
as that of UV-4, the particulate matter increases significantly,
thus leading to a decrease in optical properties. Therefore,
the modification of SiO, followed by its addition does not
significantly enhance the overall performance of the coating.

@ Springer



70 Page8of9

Journal of Polymer Research (2024) 31:70

(a)

100

x©
(=}

D
(=}

Mass fraction (%)

N
=

20

0 1 1 1 1 1 1 1

100 200 300 400 500 600 700 800
Temperature (°C)

Fig.6 a TGA and b DTG curves of UV curable coating

Table4 TGA-DTG data of UV curable coating

Sample Tsq/°C Tspq/°C T, /°C Ry, (%/min) Carbon residue
rate (800 °C)/%

UV-1 24479 454.12 46725 14.80 6.39

UV-2  269.18 471.50 468.78 13.33 10.33

UV-3 24836 463.40 46833 13.61 9.17

UV-4  251.62 47797 469.48 13.92 8.25

Table 5 Comprehensive performance comparison between UV-4 and
UV-5

Performance Tests Uv-4 UV-5
Light transmittance (%) 91.9 90.5
Haze (%) 1.3 1.6
Adhesion (grade) 0 0
Hardness (HD) 89.4 91.3
Abrasion resistance (times) 350 350
Flexibility (mm) 3 3
Water contact angle (°) 101.8 102.2

Conclusion

In this study, a hyperbranched polyurethane acrylate oligomer
is successfully synthesized with hyperbranched polyol as the
core. The structures of these oligomers are characterized by
Fourier transform infrared spectroscopy (FT-IR). The analysis
confirmed that the expected HPUA oligomers are generated,
and subsequently, a series of UV curable coatings were pre-
pared and characterized. It can be concluded that the addition of
hollow nano-SiO, and silane coupling agents does not affect the
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light transmittance of the coating, while the surface properties
and heat resistance are improved. When the hollow nano-SiO,
is added and the silane coupling agent is KH-570, excellent
aging and yellowing resistance, water contact angle of 101.8°,
the hardness reaches 89.4 HD, the flexibility reaches 3 mm,
and the abrasion resistance reaches 500 g/350 times. The cured
coating also shows excellent adhesion on the PET film.
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