Role of the melt orientation degree at extrusion in the formation of polymorphous crystalline phase of polyvinylidene fluoride porous films
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Polyvinylidene fluoride (PVDF) is perspective piezoactive material for a number of applications such as systems of storage and conversion of energy, hydro-acoustics antennas, piezoelectric actuators and biosensors. PVDF is the polymorphic polymer, and its crystalline phase is characterized by several crystalline modifications, the main of which are nonpolar α- and polar β-crystalline form which is responsible for piezoproperties of PVDF. It is known that polymorphous α-β transition and the formation of polar piezoactive β-phase may be initiated by orientation efforts. 

Porous PVDF films were prepared in the process including extrusion, annealing and uniaxial extension in air. The goal of this work was to study the effect of melt orientation degree at the extrusion stage on the pore structure formation and polymorphous transitions in the porous PVDF films preparation process. Commercial grades PVDF (Kynar-720) were used for the samples preparation. Orientation effect on the melt at extrusion stage was characterized by melt draw ratio () which was varied from 15 to 120. Crystalline structure of the films was investigated by WAXS and SAXS experiments. The content of α- and β-phase was calculated using the intensities of the meridian reflections (peaks at 2θ = 39° and 35°, respectively).

It was observed that crystalline phase of extruded and annealed films consists of non-polar α-modification alone. It was shown that uniaxial extension of extruded and annealed films leads to the pore formation and also to the polymorphous α-β transition. 

It was established that effectiveness of these processes is regulated by value of  : overall porosity P increases with growth of , and when P reached percolation threshold at =40 the through flow channels appear, i.e. the film becomes microfilter membrane permeable for liquids. At further increasing of  overall porosity does not change much and permeability grows by mechanism pore coalescence (increasing of pore sizes). At the same time the content of β-phase (X) in porous samples decreases with : maximal content of  β-phase (65 %) is formed in the samples extruded at minimal  =15: then X sharply decreases to 25 % at increasing of  to 35‑40  (percolation threshold), and at further increasing of    the curve of X gradually comes to the plateau up to 16 % at =120.

It is possible to conclude that there is a competition between pore formation process and polymorphous transitions, and its result is controlled by spin draw ratio at extrusion: polymorphous transitions are prevailing for the samples extruded at low orientations of the melt, and pore formation is more effective for the samples formed at high spin draw ratios.  

Thus, porous PVDF films which combine through permeability and also piezoactivity were successfully produced in the effective, ecologically safe manufacturing process based on polymer melt extrusion. 
