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The phase separation behaviors of poly (methyl methacrylate) (PMMA)/ poly (styrene-co-
acrylonitrile) (SAN) blends with and without fumed silica (SiO;) have been investigated
using time-resolved small-angle light scattering and dynamic rheological measurements.
It is found that the effect of SiO, on the phase separation behavior of PMMA/SAN blend
obviously depends on the composition of the blend matrix. The addition of SiO, causes
the cloud point (T.) and binodal temperature (T;) to slightly increase for 60/40 PMMA/
SAN, and sharply decrease for 30/70 PMMA/SAN. However, the introduction of SiO, just
causes a small increase of the spinodal temperatures (Ts) for PMMA/SAN with all compo-
sitions. Hence, the metastable region of 30/70 PMMA/SAN filled with 5wt% SiO, is
expanded in large amplitude by the fillers, while the same region of 60/40 filled PMMA/
SAN hardly changes. The selective absorption of PMMA on the surface of SiO, results in
the difference between the composition of surface layer and that of polymer matrix, espe-
cially for 30/70 PMMA/SAN filled with 5 wt% SiO,. For such system, the phase separation of
the surface layer occurs according to an SD mechanism at relatively low annealing temper-
atures. The SiO, particles then act as nuclei, inducing the phase separation of the matrix
according to NG mechanism.
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1. Introduction

The incorporation of fillers into polymeric systems, such
as homopolymers, blends, or block copolymers, to form
composite materials has been studied and industrialized
for decades. It is opening pathways for engineering flexible
composites that exhibit advantageous electrical, optical,
mechanical, flammable or gas permeable properties [1-
20]. Although polymer composites have been used in a
large scale, there is little understanding of how the fillers
influence the phase stability and kinetics of phase separa-
tion for binary polymer blends. It is of practical importance
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because the properties of ternary polymer composites
strongly depend on their morphology and structure.

It is found that the introduction of fillers changes the
phase stability and affects the kinetics of phase separation
of polymer blends due to the interactions of polymer com-
ponents with the fillers. The thermodynamic interaction
parameter (ap) between two polymeric components (A/
B type) may either be increased or decreased by the addi-
tion of fillers [21-26]. The change depends on the nature of
the interactions between the polymeric components and
filler surface. As a result, the phase separation tempera-
tures either increase or decrease for binary polymer mix-
tures with a lower critical solution temperature (LCST) or
upper critical solution temperature (UCST) [22-28].

Usually, for an A/B-type binary polymer blend filled
with spherical nanoparticles, the phase separation
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behavior curve is determined by considering the mixture
composition, nanoparticle radius. The homopolymer de-
gree of polymerization (N), which the particles are at-
tracted to one of the two components (e.g., when
nanoparticles are coated by A-type ligands), is also consid-
ered. The particle radius eventually becomes comparable
to the gyration radius (R,) of the polymer chain. Once this
occurs, the added particles begin to influence the configu-
rational entropy of the polymer matrix chains. For a con-
ventional phase diagram at an LCST, the addition of
nanoparticles leads to an increase in ysgN for blends with
high fractions of A. In contrast, yagN decreases for blends
with low fractions of A. These phenomena accordingly
cause the phase separation temperature to increase for
the former and decrease for the latter [6]. Hence, the spin-
odal curve shifts toward the lower volume fraction of poly-
mer A. Nesterov and Lipatov reported that the cloud point
(T.) of a poly(vinyl acetate) (PVA)/poly (methyl methacry-
late) (PMMA) blend with a high PVA fraction was dimin-
ished by the addition of SiO, particles (preferential
adsorption of PVA). On the other hand, T, increased for a
blend with a low PVA fraction [29].

Lipatov considered the effects of an interface on the
dynamics and thermodynamics of phase separation in
filled polymer blends [30]. He also gave a pertinent theo-
retical description on the premise of a spinodal decompo-
sition mechanism. However, experimental data on the
position of spinodals and binodals in filled blends are
sparse. To date, estimating phase behavior in metastable
regions has not yet been accomplished.

A PMMA/styrene-acrylonitrile (SAN) copolymer blend
exhibits a typical LCST phase separation upon heat treat-
ments. Huang investigated the phase behavior of a
PMMA/SAN blend filled with silica particles (SiO,) with
an average diameter of about 6 pm by rheological mea-
surements [28]. They found that the addition of SiO, leads
to an overall increase in the phase separation temperature
of the matrix. The rationale given was that the filler en-
hanced the phase stability of the PMMA/SAN mixtures.
Moreover, differences between blends with PMMA as the
minor and major components were also noted [31,32].
These differences were believed to have arisen from the
selective interactions of the blend components with a solid
surface (preferential adsorption of one of the components).

In the present study, the influence of SiO, particles with
an average diameter of 50 nm on the phase behavior of
PMMA/SAN blends was investigated. Dynamic rheological
measurements and time-resolved small-angle light scat-
tering (SALS) were performed. The addition of SiO, was
found to slightly increase T, of PMMA/SAN with a near-crit-
ical composition, such as 60/40 (w/w) PMMA/SAN. How-
ever, T, decreased with an off-critical composition, such
as 30/70 PMMA/SAN. To assess the differences between
the phase separation mechanisms of blends with near-crit-
ical and off-critical compositions, the kinetics of the phase
separation in the PMMA/SAN blends were investigated by
SALS. Via dynamic rheological measurements, the metasta-
ble and unstable regions of these systems were determined
for the first time. This determination enabled the study of
the phase behavior of the metastable region.

2. Experimental section
2.1. Materials and sample preparation

Commercial PMMA (IH830, M, =4.7 x 10* g/mol, M,/
M, =1.82) was purchased from LG Chemical, Ltd., Korea.
SAN (PN-127H; AN =28 wt%, M, =6.5 x 10* g/mol, M,/
M,=1.91) was from the Chimei Corporation, Taiwan.
Fumed silica (SiO,) with a specific surface area of
250 m?/g and an average particle size of 50 nm were ob-
tained from the Degussa Corporation, Germany. The parti-
cles were modified with octamethyl cyclotetrasiloxane
(D4). The interfacial tension () between PMMA and D4
(y1), as well as between SAN and D4 (y,) were 3.0 and
6.2 dyn/cm, respectively, according to our previous tests
[33]. Hence, the PMMA chains were selectively adsorbed
on the surface of SiO, in the PMMA/SAN/SiO, mixtures. A
similar result was reported by Steinmann et al. [34]. In
the present study, monomer radius rg=0.5 nm, and the
degree of polymerization of PMMA and SAN was Npyva =
Nsan ~ 470. Hence, roN'? ~10 nm, which corresponded
to the size grade of the SiO, particles.

PMMA and SAN at different weigh rations were dis-
solved in methyl ethyl ketone (CH3C(O)C;Hs) at a weight
fraction of 5% to form the uniform mixture solutions and
then the solutions were cast on the cover slips. After the sol-
vent evaporated at an ambient environment, the samples
were further dried at 85, 100, 115 °C respectively in a vac-
uum oven for at least 72 h to remove any residual solvent.
SiO, particles were directly introduced into the polymer
solutions and the filler loadings of all nanocomposite sam-
ples were set as 3 wt%, 5 wt%, and 7 wt%, respectively. The
resulting suspension was refluxed for 24 h. Then the ternary
nanocomposite films were prepared just as the above-men-
tioned method. The sample films with the thickness of 20-
25 pm for SALS testing are uniform and transparent.

The blend and nanocomposite films with another thick-
ness of 90 um were also obtained by the methods men-
tioned above; however, the concentration of the polymer
solution was 15% by weight and the solution was cast on
the surface of glass plates. These films were folded up
and compression molded into disc form having a diameter
of 25 mm and thickness of 1.2 mm at 10 MPa below 140 °C
for rheological measurements.

2.2. Time-resolved small-angle light scattering (SALS)

The SALS apparatus was the same as that used in our
previous studies [11,12], and the principle of this system
was detailed in the literature. In our study, SALS was em-
ployed to investigate the kinetics of phase separation and
to determine the T. curves for both filled and unfilled
blends. It was also appropriate for the filled systems be-
cause there existed no fogging phenomenon for the nano-
composite samples with low loading SiO-.

According to our previous works [11,12,35], T, for the
PMMA/SAN blends could not be obtained by linear extrap-
olation to zero at different heating rates. Hence, T. was
measured at a heating rate of 0.1 °C/min and obtained as
the average value of three to four parallel determinations.
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