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In this study, a novel UV-curable waterborne fluorinated polyurethane acrylate (FPUA) latex was obtained from urethane acrylate with
fluorinated acrylate copolymer prepared by free radical copolymerization. FT-IR analysis demonstrated that the fluorinated acrylate |
monomer had been introduced into the chain of the fluorinated polyurethane acrylate. XPS analysis showed that the atomic percent of
fluorine on the air-film interface of fluorinated polyurethane acrylate films was much higher than that at the film-glass interface and this
feature became more evident after heat treatment. In addition to, the effect of fluorinated monomers content on properties of the films was |
studied. The results showed that the hydrophobic/oleophobic properties and abrasion resistance of films were enhanced with the increase |
of fluorinated monomer content.
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INTRODUCTION

In the past decade, ultraviolet-curable waterborne coatings
have drawn significant attention in academics and industry
for its unique combination of environmental protection, energy
saving and selectivity and flexibility in the use'?. Polyurethane
(PU) has been popularly used as binders in UV-curable water-
borne coatings due to its overall balance of properties. How-
ever, the water resistance and weatherability of polyurethane
are poor because of the presence of the hydrophilic groups
such as carboxyl groups in the molecule chains’. Compared
to the polyurethane, polyacrylate (PA) type materials show
excellent properties in terms of weatherability, water and solvent
resistance. Therefore, it is a common practice to combine
polyurethane with polyacrylate to improve the properties of
the resulting materials*”’.

It is well known that the fluorinated groups are attractive
that provide polymer with various interesting properties, such
as low surface energy, hydrophobic/oleophobic ability, biocom-
patibility and excellent thermal stability*'’. The coatings based
on polyurethane acrylate with fluorinated groups can exhibit
several virtues of polyurethane acrylate and fluorinated polymer,
which find wide application in aircraft, marine and biomedicine''.

In this paper, a novel UV-curable waterborne fluorinated
polyurethane acrylate latex was synthesized based on isophorone
diisocyanate (IPDI), 2-hydroxyethyl acrylate (HEA), methyl

methacrylate (MMA), acrylic acid (AA), butyl acrylate (BA)
and 2,3,4,5,6,6,6-heptafluoro-3,5-bis(trifluoromethyl)hexyl
acrylate (HFHA). Structure and properties of fluorinated poly-
urethane acrylate films were investigated by FT-IR, XPS, abrasion
resistance test and contact angles measurement.

EXPERIMENTAL

Isophorone diisocyanate (IPDI) was provided by Huels
AG Company in Germany. 2-Hydroxyethyl acrylate (HEA),
methyl methacrylate (MMA), acrylate acid (AA), butyl acrylate
(BA), triethyl amine (TEA), acetone, dibutyltin dilaurate
(DBTDL) and azobisisobutyronitrile (AIBN) were supplied
by Xilong Chemical Co., Ltd. 2-Hydrozy-2-methyl-1-phenyl-
propan-1-one (Darocur 1173) was supplied by Ciba Fine
Chemical. 2,3,4,5,6,6,6-Heptafluoro-3,5-bis(trifluoromethyl)
hexyl acrylate (HFHA) was purchased from Harbin Xeogia
fluorine-silicon chemical company.

Synthesis of urethane acrylate (HEA-IPDI): A mixture
of 11.11 g of isophorone diisocyanate and 16 g of acetone
was added to a three-neck flask with a mechanical stirrer, iso-
baric funnel and thermometer. 5.8 g of 2-hydroxyethyl acrylate
was then dropped in system in 2 h. The reaction mixture was
stirred at 0 °C in ice/water bath for 40 min. The reaction tempe-
rature was then increased to 35 °C, where the mixture was
maintained for 3 h. The reaction was followed by determining
the residual isocyanate groups (-NCO) content using the




Vol. 26, No. 2 (2014)

Synthesis of Novel UV-Curable Waterborne Fluorinated Polyurethane Acrylate Latex 351

standard di-n-butylamine back titration method until the value
of -NCO reached to the theoretical value.

Copolymerization of fluorinated acrylate/acrylate:
After dissolving 1.6 g AIBN and 50.0 g xylene in a four-neck
flask, 50 g butyl acetate were added into the flask, the reaction
was conducted at 80 °C. The mixture of MMA, BA, AA, HEA
and HFHA was added slowly into the flask in 3h. After the
addition was completed, the reaction stirred at 80 °C for 6 h.
After cooling to room temperature, the resulted copolymer
was washed with petroleum ether and acetone in turn to purify
copolymer.

Preparation of fluorinated polyurethane acrylic
(FPUA) latex: Typically, the resulted copolymer was dissolved
by the acetone in a four-neck flask. Then a mixture of HEA-
IPDI with 2 wt % DBTDL and 5 wt % p-hydroxyanisole was
added dropwise over 2 h and the mixture was stirred at 50°C
in oil bath for 3 h. Triethylamine was added in the system as a
neutralization agent under high speed shearing (1200 r/min)
and then some deionized water was added to emulsify the
system. Then UV-curable waterborne FPUA latex was obtained.
The whole synthesis process of UV-curable waterborne FPUA
is shown in the Fig. 1.
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Fig. 1. Synthesis of UV-curable waterborne FPUA latex

Preparation of UV-cured films: The UV-cured FPUA
films were formed by casting the formulations with 1.5 wt %
photoinitiator Darocur 1173 onto a glass plate at room tempe-
rature. The films were then dried in an oven at 50 °C until
reaching a constant weight. After that, the dry FPUA films
were exposed to a medium pressure mercury lamp.

Measurements: Fourier transform infrared (FT-IR) spectra
of the materials were recorded using a Bruker 210 IR spectro-
meter. X-Ray photoelectron spectroscopy (XPS) was carried
on a PHIS000C ESCA System with an MgK, X-ray source.
The different liquids contact angles on films were obtained
from an OCA20 (Data Physics) contact angle goniometer. The
abrasion resistance of prepared films was measured with the
Taber Abraser 5135.

RESULTS AND DISCUSSION

Analysis of chemical structures of FPUA latex: The
FT-IR spectrum of FPUA is presented in Fig. 2. The charac-
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Fig. 2. FT-IR spectrum of FPUA

teristic absorption peak of -NCO groups at 2270 cm™ can not
be found in this spectrum and the vibrations of the N-H groups
occur at 1535 cm™. These results indicate that all of the -NCO
groups were reacted with -OH groups to form urethane linkages.
The characteristic absorptions of C=C at 810 cm™ are observed.
In addition to, the absorption peaks of C-H and C=0 groups
are strongly shown at 3000-2800 and 1730 cm™', respectively,
resulting from BA, MMA, AA, HEA and HFHA units. The
peaks at 1240 cm™ originated from C-F are also found in this
spectrum. Thus, FT-IR spectrum reveals that the HFHA monomers
have been introduced into the copolymer.

Wettability of latex films: The surface wettability of UV-
cured films with various HFHA contents was studied by using
a contact angle meter. Fig. 3 shows the contact angles of water
and bromonaphthalene on the air-side surface of the films
containing different content of HFHA. It can be found that
the contact angles of water on the surface of films are increased
with the increase of the HFHA content. As the HFHA content
in the films is increased from 0-3 wt %, the contact angles of
water on the surface increase from 78.1-102.1°. Then the
increased tendency of the water contact angle begins to weaken
and reaches its maximum value at 5 wt % HFHA. For the
contact angles of bromonaphthalene on the surface of film, a
similar trend can be observed. The bromonaphthalene contact
angles increase from 28.1° and reached a maximum value of
62.3° with 5 wt % HFHA. According to the contact angle
measurement, the fluorine-containing films show excellent
water and oil repellence compared to the non-fluorine-conta-
ining films. This behaviour may be attributed to the presence
of hydrophobic/oleophobic tail-like fluorine-substituted chains
on the surfaces of UV-cured FPUA films.

XPS analysis of films: To study the water and oil repel-
lency of the FPUA films with 5 wt % HFHA, the content of
various elements on the surface of films were investigated by
XPS analysis. The XPS spectra of different interface of UV-
cured FPUA films are given in Fig. 4. The XPS spectra show
the characteristic peaks of fluorine (F1s at 688.6 eV), oxygen
(Ols at 532.8 eV), carbon (Cls at 284.8 eV) and nitrogen
(N1sat 399.6 eV). According XPS results, the atomic percent
of fluorine at air-film interface (12.35 %) is much bigger than
that at the film-glass interface (5.18 %) and the theoretically
value (3.3 %) calculated by recipe. However, the atomic
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Fig. 4. XPS spectra of (a) film-glass interface, (b) air-film interface and (c)
air-film interface after heat treatment

per cent of carbon at the film-glass interface is increased. This
result indicates that the existence of an aggregation of fluo-
rine on the air-film interface. In addition to, the aggregation
of fluorine on the air-film interface becomes more evident after
heat treatment. XPS analysis further demonstrates that the
fluoroalkyl groups tend to migrate to air-film interface and
occupy it during the film formation.

Abrasion resistance properties of films: The abrasion
resistance is expressed by the mass loss calculated by weighing
the samples every 25 abrasion cycles. The mass decrease
caused by using 1000 g load and CS10 abrading grinders. Fig. 5
shows the effect of HFHA content on the abrasion resistance
properties of films. As the specimens are abraded for 25 cycles,
the mass loss of non-fluorine-containing film is much bigger
than that of the fluorine-containing film. The mass loss of non-
fluorine-containing is ca. 2.1 mg in 25 cycles, while the mass
loss of film with 3 wt % HFHA is only ca. 0.3 mg. The increase
of abrasion resistance of fluorine-containing film is attributed
to the special properties of the fluoroalkyl groups, which have
a tendency to migrate to the air-film interface and occupy the
outmost surface. The presence of fluoroalkyl groups on the
surface of films can form a cross-linked network containing F
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Fig. 5. Effect of HFHA content on abrasion resistance properties of films

atoms and increase the abrasion resistance of films. After 100
cycles, as the cross-linked network is destroyed, the mass loss
of FPUA films increases significantly. However, it is still
smaller than that of non-fluorine-containing film because of
the presence of residual F atoms on the surface.

Conclusion

In this work, we prepared a novel UV-curable waterborne
fluorinated polyurethane acrylate latex. FT-IR analysis
demonstrated that the synthesis of FPUA was successful. XPS
results showed that there was an aggregation of fluorine on
the air-film interface, which became more evident after heat
treatment. The incorporation of HFHA monomers can enhance
the hydrophobic/oleophobic properties of films. Also the
increase of HFHA content incorporated into the formulations
can enhance the abrasion resistance of UV-cured films.
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