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ABSTRACT: Photosensitive organofluorine and organo-
silicon play a key role in improving the properties of
UV-curing coating materials. In this study, by using
2,2,3,4,4,4-hexafluorobutyl methacrylate (HFMA) and a
synthesized side methacryloxy group polysiloxane
(MAPS) as modifying materials and bisphenol-A epoxy
methacrylate (BEMA) as matrix, respectively, a innovative
UV-curing system, BEMA/HFMA/MAPS composite sys-
tem was developed. Through UV-cure process, a series
of BEMA/HFMA, BEMA/MAPS, and BEMA/HFMA/
MAPS cured composite films with different proportions
were successfully obtained. It was found that HFMA
monomer was helpful for the reduction of the surface
energy of the UV-cured composite films and the
enhancement of their water resistance property. Without

HFMA in BEMA matrix, MAPS could facilitate the
improvement of the properties of BEMA/MAPS cured
films, and the presence of MAPS in BEMA/HFMA/
MAPS system could significantly decrease the surface
energy of the cured films to 22.1 mJ/m2 and improve
their thermal stabilities and water resistance properties
by measurements, contact angle, TGA, DSC, and water
resistance. To the SEM observation, HFMA and MAPS
were well distributed in the cured films in favor of their
excellent performances. VC 2010 Wiley Periodicals, Inc. J Appl
Polym Sci 117: 1859–1866, 2010

Key words: side methacryloxy group polysiloxane;
2,2,3,4,4,4-hexafluorobutyl methacrylate; bisphenol-A
epoxy methacrylate; UV-cure; composite film

INTRODUCTION

Epoxy resins, characterized by the possession of
more than one 1,2-epoxy groups per molecules as
the active centers of the resins, are popular materials
in coating industry. Since 1940s, because cured ep-
oxy resins exhibit excellent adhesion, high strength,
excellent electrical insulation, environmental stabil-
ity, and good processability, their commercial intro-
duction has widened the applications of synthetic
products in various fields.1-3 Then, when the epoxy
resins with terminal unsaturated double bonds were
generated, they were immediately used in UV-cur-
ing fields, like inks, optical fiber coatings, and elec-
tronic devices.4-8 Among many kinds of UV-curable
polymers, bisphenol-A epoxy methacrylate/acrylate
resins are especially important. However, such res-
ins have less photosensitive crosslinkable groups
commonly. Moreover, thermal, surface and water re-
sistance properties of their cured products are very

sensitive to the chemical structure and component of
the resins, crosslinking agent, the type and concen-
tration of cure initiators, crosslinking reaction condi-
tions in the radiation chamber. In point of these
issues, researchers tried to use small molecular
crosslink agent9 or the form of interpenetrating poly-
mer network,10 but these methods could not
improve the thermal, surface and water resistance
properties simultaneously of the resins. Other study
indicated hybrid nanocomposite UV-cured coatings
were prepared by combining bisphenol-A ethoxylate
(15 EO/phenol) dimethacrylate with methacrylic
oligomer and multifunctional methacrylic polyhedral
oligomeric silsesquioxane blocks (POSS), respec-
tively.11 Though the random structure obtained by
the condensation of the methacrylic silica precursor
showed a stronger effect on glass transition tempera-
ture (Tg) than that by the introduction of POSS, the
postbaking treatment to samples caused the compli-
cated technical process; and the water resistance
would probably have no preferable variation. Hence,
to improve thermal, water resistance, and surface
properties of UV-curable epoxy resins needs to de-
velop effective UV-curing system.
At present, the utilizations of organofluorine and

organosilicon have received close attention, attribut-
ing to their unique characteristics including hydro-
phobicity, chemical stability, weathering resistance,
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good release properties, low coefficients of friction,
water impermeability, and low refractive indices. To
add these materials into epoxy resins can modify
their properties to a great degree.12 In fact, com-
pared with the lower cost sources and more compat-
ibility of organosilicon matrixes for multifunctional
materials, although organofluorine can provide
lower surface energy for materials, its high-cost
source and the complicated synthesis process of flu-
orine-containing photosensitive polymers limited its
broad uses in UV-curing industry.13,14 Additionally,
among organosilicon materials, UV-curable polysi-
loxanes have been produced and investigated. For
example, ladder-like polysiloxane could be
employed to cure with polyacrylate and improve
scratch and abrasion resistance, higher gas barriers
and temperature resistance;15 and polydimethylsilox-
ane epoxy acrylate with terminal photosensitive
groups was prepared and suitable for UV-curing op-
tical fiber, metal and glass coating and solder mask
materials for printed circuit.16 Since polysiloxane
provides two sites for cross-links and forms func-
tional chains through bond formation with silicon it
becomes a promising material for UV-curing areas.17

Therefore, it is possible that the mixture of easy-to-
get organofluorine monomer and polysiloxane with
quantitative photosensitive groups can well facilitate
surface, thermal and water resistance properties of
epoxy resins.

Regarding this issue, in our work, firstly quantita-
tive HFMA monomers were mixed with bisphenol-A
epoxy methacrylate (BEMA) to form UV-cured com-
posite films and the decreased degree of the surface
energy of the cured films was investigated. Then
methacryloxy group polysiloxane (MAPS) with a
great number of photosensitive groups could be syn-
thesized by the derivative reaction of a kind of poly-
siloxane and incorporated into BEMA matrix and
HFMA/BEMA system, respectively. The surface
energies of the cured films containing MAPS were
further reduced, and MAPS increase the cross-link
sites of systems so that their thermal and water re-
sistance properties were enhanced simultaneously.
By analyzes of contact angle, TGA, DSC and water
resistance, the properties of the cured composite
films were evaluated in detail, finally through SEM
the internal morphologies were observed. As a
result, we built up new UV-curing BEMA/HFMA/
MAPS composite system.

EXPERIMENTAL

Materials

Allyl glycidyl ether (AGE) and polymethylhydrosi-
loxane (PMHS, 1.41 mol reactive proton per 100 g
PMHS) were purchased from Xinghuo Chemical of
China. Diglycidyl ether of bisphenol-A [DGEBA,

Ep828, the epoxide equivalent weights (EEW): 196
g/epoxide] was from Shell Chemical in Shanghai
city of China. Hydrogen hexachloroplatinate hydrate
(Pt-catalyst), tetrabutylammonium bromide, and
benzophenone were from Aldrich Chemical of USA.
Ethylene glycol, methacrylic acid (MA), triethanola-
mine, and 2,2,3,4,4,4-hexafluorobutyl methacrylate
(HFMA) were obtained from Tianjing Kemiou
Chemical of China. All solvents were reagent grade
or were purified by standard methods.

Synthesis of side methacryloyloxy group
polysiloxane

The synthesis of MAPS was a two-step reaction. 21 g
PMHS, 50 g toluene and an excess of AGE (1.5
equivalents of SiAH) were first charged into a 250
mL four-necked flask with stirrer, thermometer, and
reflux condenser. When the solution was heated to
75�C, 1 wt % of Pt-catalyst was added to the flask
under nitrogen and stirred until the end of reaction
(the disappearance of absorption peak of the SiAH).
Side epoxy polysiloxane (SEPS) was obtained by
removing the excess AGE and the solvent using the
rotary evaporator. Subsequently, to a four-necked
flask with 20.1 g of SEPS and 50 mL toluene, 9.3 g
MA (mole ratio of carboxyl to epoxy was 1 : 1) con-
taining 0.12 g tetrabutylammonium bromide was
added dropwise at 80�C for 30 min under stirring.
The reaction was then carried out at 95�C to reach
98.9% of the conversion determined by the acid
value. After toluene and unreacted MA were dis-
carded by reduced pressure distillation, the product
was obtained and labeled as MAPS.

Synthesis of bisphenol-A epoxy methacrylate resin

DGBEMA (80.3 g) was added to a four-necked flask
and stirred at 85�C. A mixture of 35.3 g MA and 0.48 g
tetrabutylammonium bromide was then added drop-
wise. The synthesis was proceeded at 100�C for 6 h
to obtain BEMA with desired acid value (98.5% of
the conversion). The disappearance of the absorption
peak of epoxide group (910 cm�1) and the appear-
ance of the characteristic absorption peaks of C¼¼C
(1635 cm�1) and C¼¼O (1732 cm�1) in FTIR spectra
marked the completion of the reaction basically.

UV-cure

The UV-curing formulations were prepared by add-
ing different contents of HFMA, MAPS, or both
HFMA and MAPS to BEMA. The relative weight
compositions for the different mixture are listed in
Table I, and the chemical structures of these compo-
nents are shown in Figure 1. The obtained mixtures
were added of 5 wt % of 2 : 3 (w/w) benzophenone/
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triethanolamine as photoinitiator system. The UV-
curable compounds were applied to glass, copper
and wood plates, respectively (thickness of the final
coating: 100 6 10 lm) and irradiated for 20 s by a
high-pressure mercury lamp (500 W) with a distance
of 20 cm from lamp to the surface of samples in air
atmosphere.

Characterization

FTIR was recorded with RFX-65A FRIR (Anatect,
USA). 1H-NMR was performed on a 400 MHz
Brüker NMR spectrometer made in Switzerland
using CDCl3 as solvent and tetramethylsilane as the
internal reference.

The contact angles of water and ethylene glycol
were measured on the air-side surface of the coat-
ings with a contact goniometer (Erma Contact
Anglemeter, Model G-I, 13-100-0, Japan) by the ses-
sile drop method with a microsyringe at 30�C. More
than 10 readings were averaged to get a reliable
value for each sample. In this study, the surface
energy was calculated by using an indirect method,
geometric-mean equation which was indicated by
Owens and Wendt18: the surface energy of a given
solid can be determined using the following equa-
tion applied to two liquids:

ð1þ cos hÞcl ¼ 2ðcds cdl Þ1=2 þ 2ðcnds cndl Þ1=2 (1)

where cs and cl are the surface free energies of the
solid and pure liquid, respectively. The superscripts
‘‘d’’ and ‘‘nd’’ represent the dispersive and nondis-
persive contributions to total surface energy, respec-
tively. According to Pinnau I, the contact angle, y, in
eq. (1) was obtained from the following equation19:

h ¼ cos�1 cos ha þ cos hr
2

8
>:

9
>; (2)

where ya and yr are the advancing and receding con-
tact angles, respectively. To measure the contact

angles of two liquids on a coating surface will gain
two simultaneous equations for eq. (1) and readily
solve cds and cnds . As a result, an estimated value of
the total surface free energy, cs will be from the sum
of the two components, cds and cnds , via assuming lin-
ear additives of the intermolecular forces (i.e., the
dispersive and nondispersive forces). Water (cl ¼
72.8 mJ/m2; cdl ¼ 21.8 mJ/m2; cndl ¼ 51 mJ/m2) and
ethylene glycol (cl ¼ 48 mJ/m2; cdl ¼ 29 mJ/m2;
cndl ¼19 mJ/m2) were selected in this research.
The thermogravimetric analysis (TGA) was carried

out by a Perkin–Elmer thermogravimetric analyzer
made in USA at a heating rate of 10�C/min under
nitrogen atmosphere in the temperature range of 50–
600�C. The sample was about 6.5 mg. DSC measure-
ment was performed on a TA Q200 differential scan-
ning calorimeter made in USA, under nitrogen atmos-
phere. Specimen was heated from 0 to 150�C, at a
heating rate of 20�C/min.
For the evaluation of water resistance, one method

was that three kinds of plates, glass, copper, and
wood coated with these UV-cured materials were
immersed in distilled water for 5 days, and mean-
while their appearances were observed.
Another method was to measure water absorption

ratio of the solid sample by putting the fresh film
which was removed from the substrate carefully and

Figure 1 Chemical structures of the main UV-curable
components.

TABLE I
Weight Composition of UV-Curing Formulations

Sample BEMA (g) HFMA (g) MAPS (g)

BEMA 100 – –
BEMA/HFMA-1 100 5 –
BEMA/HFMA-2 100 10 –
BEMA/HFMA-3 100 15 –
BEMA/HFMA-4 100 20 –
BEMA/MAPS-1 100 – 5
BEMA/MAPS-2 100 – 10
BEMA/MAPS-3 100 – 15
BEMA/MAPS-4 100 – 20
BEMA/HFMA/MAPS-1 100 10 5
BEMA/HFMA/MAPS-2 100 10 10
BEMA/HFMA/MAPS-3 100 10 15
BEMA/HFMA/MAPS-4 100 10 20
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dried for 24 h in vacuum under 60�C in advance,
into boiling water for 24 h. Then the film was taken
out and free water on the film surface was absorbed
by filter paper. The saturated water absorption was
calculated as follows:

- ¼ mw �md

md
� ð100%Þ

where mw and md are the mass of wet and dry film,
respectively.

The cross section morphologies of the cured films
were studied by scanning electron microscopy (Hitachi
S-4300, Tokyo, Japan).

RESULTS AND DISCUSSION

Characterizations of the synthesized products

During the tow-step reaction process, PMHS was
epoxidized, i.e., SiAH peak at 2156 cm�1 was disap-
peared basically, followed by the modification of
MA which provided side methacryloxy group con-
taining unsaturated double bonds (Fig. 2). In addi-
tion, the FTIR spectrum of MAPS exhibits that the
two peaks at 1635 cm�1 and 1720 cm�1 are attrib-
uted to C¼¼C and C¼¼O stretching vibration, respec-
tively, replacing the band of epoxide group at 910
cm�1 (Fig. 2). Meanwhile, the spectra present the
characteristic absorption peaks at 801 and 1260 cm�1

for SiACH3, at 1018–1099 cm�1 for SiAOASi, at 2933
cm�1 for CAH, and at 3438 cm�1 for AOH.

In the 1H-NMR spectra of SEPS and MAPS (Fig. 3),
peaks in the chemical shift range of 0.46–0.50,
1.54–1.60, 2.57, 2.77, 3.33, and 3.32–3.50 ppm were
designated to methylenes and methines of the side
groups, while peaks in 1.93, 5.56, and 5.64 ppm

belonged to protons of methacryloyl group, indicat-
ing that epoxide groups were consumed in the reac-
tion with methacrylic acid. Both of FTIR and 1H-
NMR spectra confirmed the chemical structure of
the MAPS

Surface property of UV-cured composite films

It is well known that fluorine and silicone are low-
surface tension materials. In this work, by the most
natural approach of measuring the contact angle of a
liquid drop on the film surface the relative wettabil-
ity was determined, as summarized in Table II. For
the measured contact angle values of BEMA/HFMA
cured composite film surfaces, there is not obvious
difference between them, while they are larger than
that of BEMA cured film. As mentioned earlier, in
view of relatively low-surface energy fluorine had a
strong tendency to spread to surface.20 Hence, when
blended into the selected curing system, HFMA
tended to move towards the film surface, and conse-
quently imparted the surface hydrophobic function
to some extent [Fig. 4(a)]. For the BEMA/MAPS
cured film surfaces, in the presence of hydrophobic
silicon, their contact angles are also lager than that
of BEMA cured film. Moreover, because the silicon-
oxygen chains could form cross-link network,
BEMA/MAPS films showed more hydrophobic than
BEMA/HFMA films [Fig. 4(b)]. In Table II, both
advancing and receding contact angles increase
upon the increasing MAPS content, i.e., the surfaces
of BEMA/HFMA/MAPS cured composite films
become much more hydrophobic than BEMA film,
and the increased degree of the contact angles is
much higher than that of sample BEMA/HFMA and
BEMA/MAPS series. Such can be attributed to
hydrophobic components, not only fluorine-

Figure 2 FTIR spectra of SEPS and MAPS.

Figure 3 1H-NMR spectra of SEPS and MAPS.
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containing segment, but also silicon-oxygen chain of
MAPS towards the film surfaces [Fig. 4(c)]. Figure 5
displays total surface energies of the cured films. It
is clearly seen that BEMA cured film has a much
higher surface energy (44.1 mJ/m2) than BEMA/
HFMA, BEMA/MAPS and BEMA/HFMA/MAPS
cured films do. According to Tavana’s demonstra-
tion, when a liquid drop is applied to the surface,
the outmost surface layer tends to interact with the
liquid, and low-free energy of high hydrophobic sur-
face gives a high contact angle with the liquid.21 For
the comparison between the sample BEMA/HFMA,
BEMA/MAPS, and BEMA/HFMA/MAPS series, the
surface energies of BEMA/HFMA and BEMA/MAPS
cured films are in the range of 23.6–35.3 mJ/m2,
while BEMA/HFMA/MAPS cured films show lower
surface energies down to 22.1 mJ/m2 close to the
surface energy of silicon (19.9 mJ/m2),22 indicating
that the combination of HFMA and MAPS is benefi-
cial for the further reduction of the surface energy of
BEMA/HFMA/MAPS system.

Thermal behavior of UV-cured composite films

To study the thermal stability of the cured composite
films, the TGA curves of neat BEMA, BEMA/
HFMA-2, BEMA/MAPS-2 and BEMA/HFMA/
MAPS system in the presence of gradual amount of
MAPS are shown in Figure 6. The first stage of
decomposition is from 100 to 160�C, attributing to
the volatilization of the entrapped moisture present
in the film. For the second stage above the tempera-
ture 360�C, the degradation belongs to the main
part, in accordance with thermal cracking, dehydro-
genation and gasification processes. The temperature
values of the BEMA film at 5 wt % weight loss, 50
wt % weight loss, initial decomposition for the sec-
ond step, maximum rate of weight loss for the sec-
ond step and final decomposition for the second
step are 218.2, 433.1, 380.5, 441.8, and 475.9�C,
respectively. In the case of BEMA/HFMA cured
films, the nature of single functionality of HFMA

Figure 4 Schematic illustration of segments in the cured
composite films.

Figure 5 Relationship between the surface energy of the
UV-cured composite films and the weight percentage of
components.

TABLE II
Contact Angles and Surface Energies of The UV-Cured Composite Films

Sample

Water ( �) Ethylene glycol ( �) Surface energy (mJ/m2)

ya yr ya yr cds cnds cs

BEMA 65.2 6 2.1 55.1 6 2.0 58.0 6 2.0 48.4 6 2.0 4.1 6 0.5 40.1 6 3.9 44.1 6 3.4
BEMA/HFMA-1 74.2 6 2.0 60.1 6 2.1 55.4 6 2.0 42.5 6 2.0 12.1 6 0.2 23.3 6 3.5 35.3 6 1.6
BEMA/HFMA-2 79.7 6 2.0 65.4 6 2.1 57.0 6 2.1 42.1 6 2.1 16.6 6 0.3 16.1 6 3.1 32.7 6 1.2
BEMA/HFMA-3 80.3 6 2.1 66.0 6 2.0 61.6 6 2.1 46.0 6 2.1 13.7 6 0.2 17.4 6 3.1 31.1 6 1.4
BEMA/HFMA-4 80.2 6 2.0 66.2 6 2.0 61.5 6 2.1 46.2 6 2.1 13.7 6 0.2 17.4 6 3.1 31.1 6 1.3
BEMA/MAPS-1 78.2 6 2.0 64.0 6 2.1 63.0 6 2.1 51.4 6 2.0 9.0 6 0.1 23.0 6 3.4 32.0 6 1.6
BEMA/MAPS-2 82.4 6 2.0 70.4 6 2.0 67.2 6 2.1 56.3 6 2.1 10.4 6 0.1 18.1 6 3.0 28.2 6 1.5
BEMA/MAPS-3 85.3 6 2.0 73.1 6 2.0 70.5 6 2.0 56.3 6 2.1 11.1 6 0.1 15.2 6 2.8 26.2 6 1.4
BEMA/MAPS-4 90.1 6 2.1 76.2 6 2.0 73.4 6 2.1 61.5 6 2.0 11.1 6 0.1 12.5 6 2.5 23.6 6 1.3
BEMA/HFMA/MAPS-1 83.0 6 2.1 71.4 6 2.1 65.0 6 2.1 54.5 6 2.0 14.0 6 0.2 14.4 6 2.8 28.4 6 1.3
BEMA/HFMA/MAPS-2 87.6 6 2.1 75.0 6 2.1 69.3 6 2.0 57.2 6 2.0 13.2 6 0.2 12.4 6 2.6 25.6 6 1.2
BEMA/HFMA/MAPS-3 90.1 6 2.0 78.0 6 2.0 72.1 6 2.0 60.6 6 2.1 13.2 6 0.1 10.6 6 2.3 23.8 6 1.2
BEMA/HFMA/MAPS-4 92.0 6 2.0 78.1 6 2.1 77.4 6 2.0 63.5 6 2.0 10.1 6 0.1 12.0 6 2.4 22.1 6 1.3
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did not significantly influence the thermal degrada-
tion of BEMA; like BEMA/HFMA-2 TGA curve,
other proportion curves of BEMA/HFMA cured
films are not shown. However, the thermal stabilities
of BEMA/MAPS-2 and BEMA/HFMA/MAPS films
were better than that of the neat BEMA film. Like
the changes of BEMA/HFMA/MAPS TGA curves,
other proportion curves of BEMA/MAPS cured
films are not presented. In Figure 6, the BEMA/
HFMA/MAPS decomposition curves show that
additional 4.3–15.4 wt % of MAPS increased the tem-
peratures of 5 and 50 wt % weight losses to 226.1
and 452.6�C, respectively, and the increased degree
of initial decomposition, maximum rate of weight
loss and final decomposition temperatures for the
second step was between 13�C and 26�C. The good
thermal stability in respect of BEMA/HFMA/MAPS
cured films was possibly associated with the forma-
tion of stable three-dimensional network between
BEMA and MAPS, since MAPS with the methacry-
loxy groups provided a great number of cross-link
sites, corresponding to the report that quantitative
cross-link agent used to epoxy resin UV-curing sys-
tem could increase the thermal stability.9

In Figure 7, the value of Tg for BEMA/HFMA-2
cured film (47.6�C) is relatively lower than that of
BEMA (48.5�C) (other curves of BEMA/HFMA are
not shown due to the similarity). The Tg value
(50�C) of BEMA/MAPS-2 is slightly higher than that
of BEMA and similar to those of BEMA/HFMA/
MAPS cured films (other curves of BEMA/BEMA
are not shown due to the similarity), and with the
increase of MAPS content the Tg values of BEMA/
HFMA/MAPS basically stay within a narrow range
of 50–52�C, which suggests that photocrosslinkable
groups of MAPS can control the movement of
BEMA chain, but its silicon-oxygen flexible chain
enables Tgs of BEMA/MAPS and BEMA/HFMA/
MAPS systems to rise slightly.

Water resistance property of UV-cured composite
films

Table III lists the water resistance property of UV-
cured composite films. After immersed in water for
5 days, except BEMA, BEMA/HFMA-1, and BEMA/
MAPS-1 samples, all cured films had not any appa-
rent change. It is noticeable that the immersed films
did not break off from the selected substrates, imply-
ing that the presence of HFMA and MAPS still
retained the hard adhesion function to substrates. In
addition, the water absorption ratio of the cured
films is one of the key parameter for characterization
of the hydrophobicity. In Figure 8, the water absorp-
tion ratio curve of BEMA/HFMA cured films exhib-
its a slight change between 3.37 and 4.82%, while for
BEMA/MAPS cured films the water absorption ratio
has a great decrease from 2.76 to 1.36%. In terms of
BEMA/HFMA/MAPS cured films, the influence of

Figure 6 TGA curves of the UV-cured composite films.
Figure 7 DSC curves of the UV-cured composite films.

TABLE III
Water Resistance Properties of The UV-Cured Composite

Films

Sample

Water resistance in 5 days

Substrates

Glass Copper Wood

BEMA Blanching Blanching Blanching
BEMA/HFMA-1 Blanching Blanching Blanching
BEMA/HFMA-2 Passa Pass Pass
BEMA/HFMA-3 Pass Pass Pass
BEMA/HFMA-4 Pass Pass Pass
BEMA/MAPS-1 Blanching Blanching Blanching
BEMA/MAPS-2 Pass Pass Pass
BEMA/MAPS-3 Pass Pass Pass
BEMA/MAPS-4 Pass Pass Pass
BEMA/HFMA/MAPS-1 Pass Pass Pass
BEMA/HFMA/MAPS-2 Pass Pass Pass
BEMA/HFMA/MAPS-3 Pass Pass Pass
BEMA/HFMA/MAPS-4 Pass Pass Pass

a Pass: without blanching and breaking off.
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the absorption ratio by the content of MAPS was
more significant. With increasing of MAPS content
from 4.3 to 15.4 wt %, the water absorption ratios of
corresponding samples decreased to 0.37%. As a
result, both HFMA and MAPS can impart excellent
water resistance to cured composite films, however
high cross-link network caused by MAPS and
BEMA plays a more important part in this point.

Micromorphology of UV-cured composite films

It was indicated that the macroperformances of blend
films are closely relative to their micromorphology.23

In our work, internal morphologies of the cured com-
posite films were clearly demonstrated in SEM
images. As shown in Figure 9(a), the cross section of
neat BEMA film displays homogeneous morphology,
while the dispersion of HFMA in BEMA is relatively
uniform despite part of HFMA molecules towards
the surface of the cured film [Fig. 9(b)]. It can be seen
that the cross sections of BEMA/MAPS and BEMA/
HFMA/MAPS cured films present unoriented and
more compact than that of BEMA/HFMA cured
film, which resulted from the good interaction
between BEMA and MAPS because of their more
chemical bonding sites [Fig. 9(c,d)]. This is in favor
of good properties as our above discussions by con-
tact angle, TGA, DSC, and water resistance analyzes.
Additionally, we believe that the unoriented cross
sections of BEMA/MAPS and BEMA/HFMA/MAPS
cured films can facilitate the improvement of the
flexibility for BEMA to some extent.

CONCLUSIONS

A series of BEMA/HFMA, BEMA/MAPS, and
BEMA/HFMA/MAPS cured coating films were

Figure 9 SEM images of cross section morphologies of the UV-cured composite films: (a) BEMA; (b)BEMA/HFMA-3; (c)
BEMA/MAPS-3; (d) BEMA/HFMA/MAPS-3.

Figure 8 Relationship between the water absorption ratio
of the UV-cured composite films and the weight percent-
age of components.
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successfully fabricated via UV radiation. HFMA
monomer was used to decrease surface energy of
the UV-curing BEMA and enhance its water resist-
ance property. Then the additive MAPS in BEMA
matrix and BEMA/HFMA system could effectively
modify the surface property and improve their ther-
mal stabilities and water resistance properties due to
the increased cross-link sites in the cured films. With
respect to the observation of cross section morphol-
ogy, HFMA dispersed in BEMA but lacking of cross-
link sites; MAPS provided more cross-linkable
groups leading to the good performances of BEMA/
HFMA/MAPS cured coating materials. The research
results are beneficial for developing great applica-
tion of the UV-curable epoxy resin in areas such as
coatings, adhesive, and packaging.
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