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ABSTRACT: Nanocomposite particles of poly(chlorotri-
fluoroethylene-co-ethylvinyl ether) [poly(CTFE-co-EVE)]/
poly(styrene acrylate) (PSA)/SiO, were prepared with pol-
y(CTFE-co-EVE) /PSA [CS(FS); core-shell (CS) fluoro surfac-
tant (FS)] and hydrophilic SiO, nanoparticles by a solution
mixing method. This method yielded a homogeneous
dispersion of hydrophilic SiO, nanoparticles in the CS(FS)
matrix. The nanocomposite particle composition was con-
firmed by Fourier transform infrared spectroscopy and ther-
mogravimetric analysis. A slight improvement in the
thermal stability was observed and the glass-transition tem-
perature of the nanocomposite particles increased compared

with the CS(FS) matrix. A remarkable enhancement was
observed in the mechanical properties with an increase in
the tensile strength from 1.1 to 6.2 MPa and with an increase
in the elongation at break from 209.6 to 350.1% for the films
with 15 wt % SiO,. The presence of a wettable PSA shell on
the fluorocore made interaction possible with SiO,; this
made it more hygroscopic with a decent water uptake
capacity and an enhanced water contact angle. © 2012 Wiley
Periodicals, Inc. J. Appl. Polym. Sci. 000: 000-000, 2012

Key words: coatings; curing of polymers; resins; stress;
thermosets

INTRODUCTION

Organic-inorganic  nanocomposites ~ with  well-
defined structures and morphologies are a very
interesting class of materials because of their poten-
tial use in a wide range of applications, such as in
the automobile, household, and electrical indus-
tries."” These nanocomposites not only can provide
improvement in traditional physical properties, such
as mechanical, thermal, and chemical resistance, but
also exhibit unique optical, electrical, and magnetic
properties.”'° Particularly, silica-based hybrid mate-
rials with well-defined morphologies are a promis-
ing class of materials that find potential uses in
many fields, including plastics, rubbers, and coat-
ings.!"™"® The ideal properties of polymer/silica
nanocomposites should be strongly dependent on
the uniform dispersal of nanosilica in the polymer
matrix because silica has the tendency to form
aggregates if it is not surface-modified.

Of the various approaches for the formation
of nanocomposites, the commonly preferred one
is via a sol-gel process by in situ emulsion
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polymerization.'*'® Inorganic particles are mostly
premodified by a coupling agent to obtain uniform
and homogeneously dispersed composites and ex-
hibit good flow properties.'®"® Zhang et al." pre-
pared poly(methacrylic methacrylate) (PMMA)/silica
hybrid materials via a sol-gel process; these materi-
als displayed a high transparency and heat stability.
Bokobza et al.*® reported that silica sol modified by
silane coupling agents was mixed with acrylate
monomers to obtain silica-based hybrid films by
ultraviolet radiation. Chang et al?' prepared
PMMA /silica nanocomposites via the in situ poly-
condensation of alkoxysilane in the presence of trial-
koxysilane-functional PMMA. Xia et al.** used an
ultrasonically induced encapsulating emulsion poly-
merization technique to prepare polymer/inorganic
nanocomposites. Other options, such as melt mixing
and solution mixing of both organic and inorganic
components, are the most convenient and economi-
cal ways of obtaining hybrid materials but have
received only limited successful results. This is
mainly due to the agglomeration of inorganic nano-
particles during blending.*** However, the solution
mixing of each component in a cosolvent can help
overcome the problem of agglomeration because of
the possibility of molecular-level mixing and can be
applicable for polymers that can be swollen or dis-
solved in a solvent® To get a perfect blend, the
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Figure 1 FTIR spectra of (a) CS(FS) and (b) the 20% silica
composite.

nanoparticle size, size distribution, aspect ratio,
degree of dispersion and orientation, and adhesion at
the inorganic—organic interface becomes very impor-
tant.***® Kim and Chae® reported the preparation of
PS and hydrophilic ZnO nanocomposites by solution
mixing, although both phases had very little compati-
bility with each other. Cosolvents are known to bring
forth better dissolution for some polymers and, some-
times, even faster dissolution rates. This is ascribed to
the fact that the cosolvent has the power to break the
nanoparticle agglomerate apart and to prevent reag-
glomeration during solution mixing and film casting.

Nanocomposites of silica with fluoropolymer are
known for their practical importance in protective
coatings because of their extraordinary properties,
such as ultralow surface tension and related hydro-
phobicity, good chemical and thermal stability, low
flammability and low refractive index, and excellent
mechanical behavior in protective coatings. In a
recent communication, we reported the synthesis

Figure 2 SEM silica
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Figure 3 Mechanical properties of CS(FS) and its silica
nanocomposite films.

of a film-forming core-shell (CS) emulsion with
poly(chlorotrifluoroethylene-co-ethylvinyl ether) as
the core and poly(styrene acrylate) as the shell
Here, the surface of the hydrophobic fluoropolymer
was modified by the encapsulation of a shell poly-
mer that rendered compatibility and is henceforth
called the core-shell fluoro surfactant [CS(FS)]. In
this study, we adopted the solution mixing method
with a cosolvent to make nanocomposites of the this
CS emulsion with hydrophilic silica. This modifica-
tion was anticipated to enable the CS-modified fluo-
ropolymer to form a nanoscale dispersion with
hydrophilic silica nanoparticles. The aim of this
study was to show how efficiently the mechanical
performance of the nanocomposites and their wet-
ting and thermal properties could be improved with
this approach.

EXPERIMENTAL
Materials

Silicon dioxide was purchased from Aldrich and
consisted of particles with a spherical shape, an av-
erage diameter of 10 nm, and a narrow size distribu-
tion. Chloroform was purchased from SD Fine
Chemicals (Mumbai, India). The preparation of sam-
ple CS(FS) (where FS is heptadecafluorooctane sul-
fonic acid potassium salt) was previously reported.*

Preparation of the CS(FS)/SiO, nanocomposites

The CS(FS) compound as the matrix was dissolved
in chloroform completely before SiO, particles were
introduced and dispersed in the solution with con-
stant stirring. The mass fractions of SiO, in the
composites were varied from 0 to 20%. After 24 h
of stirring, thin films were obtained by solution
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Figure 4 DSC thermograms of CS(FS) and its nanocom-
posite film.

casting. The mixture of CS(FS) and SiO, powders
were cast onto a glass slide, and then, the chloro-
form was vaporized at room temperature, and the
film was left to dry for 4 h in vacuo at 50°C. The
thickness of the films was maintained between 30
and 50 pm.

Characterization of the nanocomposites

The solid content of the latex dispersion was
determined gravimetrically. The confirmation of the
presence of functional groups was done with
Fourier transform infrared (FTIR) spectroscopy
recorded on a Thermo Nicolet Nexus 670 spectro-
meter (Massachusetts, USA). Thermogravimetric
analysis (TGA) was performed with a TA Instru-
ments TGA Q500 Universal at a heating rate of
10°C/min under a nitrogen atmosphere. Differential
scanning calorimetry (DSC) analysis of the samples
was performed on a DSC Q 100 Universal instru-
ment (New Castle, USA). Samples were run in
aluminum pans and scanned at a heating rate of
10°C/min under an N, atmosphere. Static contact
angles were measured on a a contact angle goniom-
eter (Kruss GMBH German G10MK2) by the sessile
drop method at 25°C. Deionized water was
dropped with a microsyringe onto the surface of
the latex films. The average value of the angles

TABLE I
TGA Details of CS(FS) and Its Nanocomposite Particles

Sample Degradation Final residue of silica
code temperature (wt %)

CS(Fs) 387 —

5CS(FS) 397 5.8

10CS(Fs) 397 9.7

15CS(FS) 395 12.5

20CS(FS) 395 14.3
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Figure 5 TGA thermograms of CS(FS) and its nanocom-
posite film.

obtained at more than 10 different locations on
each sample surface is reported. The static immer-
sion test is considered as a standard method for
evaluating the water resistance of films with the
gravimetric method. Samples of films with dimen-
sions of 2 cm x2 cm x 0.15 mm were immersed in
distilled water at 25°C. At specific time intervals,
the samples were removed and weighed after they
were blotted with a piece of paper towel to absorb
excess water on the surfaces. The tensile properties
of the films were measured by a universal testing
machine (AGS-10k NG; Shimadzu, Japan). The test
specimens were in the form of dumbbells according
to ASTM D 638. The gauge length was 50 mm, and
the crosshead speed was 10 mm/min. The data
reported are the average of five measurements.

RESULTS AND DISCUSSION
Structural and morphological properties

Figure 1 shows the FTIR spectra of CS(FS) and its
nanocomposite particles of silica. The FTIR spectrum
of CS(FS) displayed characteristic absorption peaks
at 3435 cm ™' (O—H stretching mode), 2971 and 2929
cm ! (C—H stretching modes), 1730 cm ! (—C=0
stretching mode), 1458 and 1376 cm ! (C—H bend-
ing modes), 1216, 1122, and 1063 cm ' (C—O—C
stretching modes), CF group stretching, CF, groups
(C—F asymmetric stretching mode), and (C—F sym-
metric stretching mode) in the region between 1222
and 1130 cm ' and at lower wave numbers of 759
cm ™' (C—CI stretching mode).”” When silica was
added to the CS(FS) matrix, no distinct change was
observed between the FTIR spectra of CS(FS) and its
silica composite except for a strong absorption peak
at 1064 cm™'; this may have been affected by the
minimal formation of Si—O—Si groups in the com-
posite states. The film of 15% SiO, showed a
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Figure 6 Water absorbance of CS(FS) and its nanocom-
posite films.

uniform and homogeneous distribution of silica
nanoparticles, as shown in Figure 2.

Mechanical properties

Figure 3 shows the relationship of the mechanical
properties and the silica filling content of the CS(FS)
nanocomposites. Both the tensile strength and elon-
gation at break increased with increasing filling con-
tent up to 15 wt %; this was followed by a reduction
at higher SiO, contents. The CS(FS) nanocomposite
filled with 15 wt % hybrids showed not only an ad-
hesive interface but also a remarkable enhancement
in the mechanical properties. Its tensile strength
increased from 1.1 to 6.2 M Pa, and the elongation at
break increased from 209.6 to 350.1% in comparison
with that of the unfilled CS(FS) film."> At 15%, the
dispersion of silica nanoparticles in the polymer ma-
trix probably was at its optimum; when the silica
content was increased further, this was not found
because a decrease in the tensile properties was
noticed.

Glass-transition temperature (T})

Figure 4 shows the DSC curves of CS(FS) and its
silica filled nanocomposite films. The T, values for
CS(FS) and the 10 and 20 wt % CS(FS)-silica hybrids
were measured to be 21.3, 21.9, and 24.1°C, respec-
tively, and are shown in Figure 3. It is obvious that
T, increased with hybrid filling; this suggested that
inorganic particles played a role in inhibiting the
polymer segmental motion. According to Eisenberg’s
model, the interaction of polymer chains with nano-
silica reduces the mobility of polymer chains and
leads to the formation of immobilized and restricted
mobility regions around the filler particles. The DSC
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spectra clearly indicated restricted segmental motion
and polymer-hybrid interactions.

Thermal stability of the latex films

The thermal decomposition behavior of the CS(FS)
sample with different silica contents was investi-
gated by TGA at a heating rate of 10°C/min under a
nitrogen flow, as illustrated in Figure 5, which
reveals single principal thermal event occurring in
the following temperature zone: room temperature
to 800°C. Obviously, we observed an increase of
about 5-10°C from the initial decomposition temper-
ature as silica was incorporated into CS(FS). This
also verified the successful incorporation of silica
into the nanocomposite particles. Furthermore, the
silica contents of the CS(FS) samples were deter-
mined from the weight loss of the samples at 800°C.
The final residual weight of silica in the CS(FS)
nanocomposite particles is listed in Table I

Water sorption capacities

The water absorption values of CS(FS) and its com-
posite films are shown in Figure 6. From the figure,
it can be observed that the water absorption
increased with increasing filling silica content. The
water absorption of the CS(FS) film was about 35.5=
0.4%, whereas the water absorptions of the CS(FS)
nanocomposite films filled with 5, 10, 15, and 20 wt
% hybrids became 37.9 = 0.3, 40.4 = 0.2, 419 = 04,
and 45.8 = 0.1%, respectively. Our results demon-
strated obvious water-surrender characteristics in
the CS(FS) composite film, maybe due to the forma-
tion of hydrophilic linkages between silicon dioxide
and the acrylic shell of the CS(FS) structure.

Wettability

The contact angles of CS(FS) and its nanocomposite
latex film with various silicon dioxide contents are
shown in Table II. The contact angle of the CS(FS)
films (62°) decreased with increasing silicon dioxide
content. The decreasing water contact, because of
the hydrophilic nature of silicon dioxide, interacted
with the CS(FS) structure.

TABLE II
Water Contact Angles of CS(FS) and Its Nanocomposite
Films
Sample code Water contact angle (°)
CS(FS) 62
5CS(FS) 52
10CS(FS) 50
15CS(ES) 47
20CS(FS) 47
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CONCLUSIONS

It was possible to make homogeneously dispersed
CS(FS)/Si0, nanocomposite particles by solution
mixing with hydrophilic SiO, in the CS(FS) matrix.
This was ascribed to the fact that the cosolvent had
the power to break the nanoparticle agglomerate
apart and prevent reagglomeration during solution
mixing and film casting. The introduction of SiO,
nanoparticles increased the T, value slightly and
improved the thermal stability. The presence of SiO,
nanoparticles made little change to the IR spectrum;
this was indicative of minimum compatibility
between CS(FS) and SiO,. The hydrophilicity
increased with increasing SiO, content in the CS(FS)
matrix. The introduction of SiO, nanoparticles into
CS(FS) resulted in excellent tensile properties. This
implied that the interfacial adhesion was strong
enough to stand large mechanical forces.
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