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ABSTRACT: The type and amount of counterions present in a polyelectrolyte component of a blend with a
fluorinated polymer are shown to affect the bulk morphology. Cast films display large-scale phase separation
when the polyelectrolyte is in acid form, whereas the blends containing polyelectrolyte fully neutralized with
organic counterions are homogeneous. At intermediate ratios, miscibility is controllable, and the blend is partially
miscible when cast at 170 °C but fully miscible when cast at 70 °C (LCST behavior). Blend miscibility favors
the formation of the � crystalline polymorph of the poly(vinylidene difluoride) component (PVDF). For macrophase-
separated systems, the crystalline polymorph depends on the temperature of casting: at 170 °C, the incompatible
polymers separate during solvent evaporation and PVDF crystallizes from the melt into the R phase. At 70 °C,
PVDF crystallization occurs from a miscible blend during the solvent evaporation and the � phase is obtained,
giving rise to crystalline lamellae swollen by the polyelectrolyte.

Introduction

Demixing mechanisms of polymer mixtures in the liquid state
are attracting research interest, either for fundamental study of
self-organization in nonequilibrium systems of polymers1–3 or
for the more general interest of determining methods to control
morphology at various spatial levels, resulting in control of the
physical properties of the materials. Polymer blends provide
new routes to the design of materials with improved properties
compared to those of their constituents. As one example, fuel
cell membrane applications have stringent requirements such
as high proton conductivity, chemical and mechanical stability,
and low water uptake. To design such a material, increasing
efforts are being devoted to the development of blended
systems.4,5 Examples include blends of a proton-conductive
polymer (typically an ionomer or a polyelectrolyte) with another
polymer, chosen to provide good mechanical properties and high
stability. PVDF, poly(vinylidene difluoride), which exhibits high
chemical and mechanical stability, has already been used for
this purpose.6–10 However, many of these blends display poor
mechanical properties and high swelling because macrophase
separation occurs between the blend components. Microphase-
separated materials such as block copolymers have shown
improvements. For example, sulfonated poly(styrene-b-ethylene/
butylene-b-styrene) has been developed,11,12 whereby a com-
bination of good mechanical properties and high proton
conductivity may be optimized. Miscible blends were also
obtained by introducing a third copolymer13 or an organic
counterion.6

Here, a morphological and microstructural study of a blend
of a fluorinated copolymer (PVDF-co-hexafluoropropylene
(HFP)) with a polyelectrolyte (PAMPS: poly(2-acrylamido-2-
methylpropanesulfonic acid)) is presented (Figure 1).

In a previous study, the phase diagram of these immiscible
polymers in dimethylformamide (DMF) showed that tetrabu-
tylammonium (TBA+) counterion enhanced the blend miscibil-
ity.14 A low critical solubility temperature (LCST) behavior was
also observed in solution. This miscible polymer blend contained
one crystallizable component (PVDF), and its solution in good

solvent exhibited an unexpected liquid-liquid phase separation
at elevated temperature. It thus offered an opportunity to control
the bulk morphology as well as its mechanical and transport
properties. Here, the morphology and the crystallinity of the
materials obtained after solvent evaporation are characterized.
The influence of organic counterion and casting temperature
on the blend miscibility as well as PVDF crystallization are
presented.

Experimental Section

Materials. The fluorinated copolymer (Arkema Kynar 2801),
denoted as PF in this study, is a copolymer of vinylidene difluoride
(VDF) and hexafluoropropylene (HFP) (10 wt %) (Mw ) 475 000
g/mol, Mw/Mn ) 3, Tm ) 140-145 °C). Poly(2-acrylamido-2-
methyl-1-propanesulfonic acid) (PAMPS) aqueous solution (Mw )
2 × 106 g/mol (measured by GPC in aqueous LiNO3 0.5 M)) and
tetrabutylammonium hydroxide (TBAOH) solution in water were
purchased from Acros Organics. Anhydrous dimethylformamide
(DMF) from Acros Organics was used for the preparation of the
solutions. The fluorescent dye [Ru(bipyridine)3]Cl2 for confocal
microscopy was synthesized according to the literature.15

Preparation of Neutralized PAMPS. The aqueous PAMPS
solutions were freeze-dried, and the resulting powder was further
dried under vacuum in the presence of P2O5 for 3 days until a
controlled amount of bound water equal to 0.5 water per sulfonate
group was obtained. The PAMPS neutralization with TBAOH was
performed by dilution of a known quantity of PAMPS in water
followed by the addition of the desired amount of TBAOH solution.
Varying neutralization ratios were prepared by this method (the
neutralization ratio is defined as the ratio between the quantity of
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Figure 1. Chemical structure of the polymers: (a) PVDF-co-HFP, x )
0.9 wt; (b) PAMPS.
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