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Improved Dielectric Properties Achieved by Blending Polypropylene and Poly(vinylidene fluoride)

Polymer films composed of polypropylene (PP) and poly(vinylidene fluoride) (PVDF) have been fabricated by extrusion with filming system. Due to low content of crystallites and the lubricant of carbon black, the commercial product PVDF 370 can be compatible with PP by simply blending at molten state and the obtained film has improved dielectric constant (ε'=4.5) and reduced dielectric loss (tan δ=0.5%) at 1000 Hz. The modified dielectric properties result from the high dielectric constant of PVDF and low dielectric loss of PP. In addition, by introducing the third polymer, low-density polyethylene (LDPE), the dielectric constant of the ternary blends (PP/PVDF 370/LDPE) can further be increased.

Introduction

The application of film capacitors has considerable potentials in the modern high voltage direct current systems (HVDC) which is one of the main strategies in the future for a long distance electricity transmission (over 1500 km) because of its high efficiency and low energy loss. 1, [START_REF] Chen | Polymer-based dielectrics with high energy storage density[END_REF] The current state-of-the-art technology uses metallized biaxially oriented polypropylene (BOPP) with the dielectric constant of ~2.2 and the dielectric loss of ~0.2%. [START_REF] Huan | Advanced polymeric dielectrics for high energy density applications[END_REF][START_REF] Baer | 50 th Anniversary Perspective: Dielectric Phenomena in Polymers and Multilayered Dielectric Films[END_REF] But the dielectric constant of BOPP is too low to meet the requirement of HVDC systems in which the dielectric properties are quite strict: extremely low dielectric loss (tan δ of ~0.5% at 1000 Hz) and improved dielectric constant (ε' of ~4 at 1000 Hz).

One of the common methods for improving dielectric properties of PP based dielectric materials is to add inorganic fillers with high dielectric constants, such as TiO 2 , 5 BaTiO 3 6 Al 2 O 3 [START_REF] Wang | Influence of hierarchy structure on electrical properties of gradient-distribution aluminum oxide/polyethylene nanocomposites[END_REF] and AlN [START_REF] Zhou | Thermoplastic Polypropylene/Aluminum Nitride Nanocomposites with Enhanced Thermal Conductivity and Low Dielectric Loss[END_REF] or conductive fillers such as carbon materials 9, [START_REF] Dang | 1D/2D Carbon Nanomaterial-Polymer Dielectric Composites with High Permittivity for Power Energy Storage Applications[END_REF] . This way usually induces some problems in the practical industry manufacturing because of the less efficient dispersion of fillers in the polymers. Then the formation of aggregations will block the die of the extrusion especially the filter inside which causes the interruption of the manufacture.

Hence, using different kinds of polymer blends presents attractive advantages for the beltlines. 11-14

Most of the polymers are with low dielectric constant (less than 3.5) except poly(vinylidene fluoride) (PVDF) and its copolymers whose dielectric constant is usually over 9. [START_REF] Prateek | Recent Progress on Ferroelectric Polymer-Based Nanocomposites for High Energy Density Capacitors: Synthesis, Dielectric Properties, and Future Aspects[END_REF] Unfortunately, the high dielectric loss (> 2%) 

Results and discussions

Conclusions

Firstly, frequency dependence

  of dielectric properties for the neat PP and PVDF 370 are presented in Figure 1 (a) and (b), respectively. It can be found that the dielectric constant of PP is about 2.4 and the dielectric loss is less than 0.3%. The dielectric properties of PP are stable in the whole measuring range. The dielectric constant of PVDF 370 is about 25 from 100 Hz to 10 5 Hz and over 30 at low frequency (1-10 Hz). The dielectric loss is from 0.04 to 0.08 from 100 Hz to 10 5 Hz and over 0.1 at low frequency (1-10 Hz). It can be found that the dielectric constants of PVDF 370 are much higher than that of a commonly used PVDF product, PVDF 761 (761 Kynar Arkema, the dielectric constant is about 10 and the dielectric loss is about 0.02 16 ). One of the possible reasons is with the carbon black fillers charged in PVDF 370. Indicated by the dielectric loss plateau at low frequency, the strong interfacial polarization is visibly aroused by the percolated behavior of carbon black in PVDF matrix.
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 123456 Fig. 1 Frequency dependence of dielectric properties for PP and PVDF 370: (a) for frequency-dielectric constant and (b) for frequency-dielectric loss.

  PVDF 370 can be compatible with PP and their binary blends can be fabricated into thin films due to fewer crystalline structures and less processing viscosity of PVDF 370 as well as the lubricant of charged carbon black fillers. The dielectric properties of the obtained binary blends films depend on the weight fractions of PVDF 370. Especially when the weight fraction of PVDF 370 reaches 50%, the dielectric constant and dielectric loss at 1000 Hz are 4.5 and 0.5%, respectively because of the combination of high dielectric constant of PVDF 370 and low dielectric loss of PP. Moreover, by introducing the third polymer, LDPE, the dielectric properties of the ternary blends of PP/PVDF 370/LDPE can be further increased. The samples with the highest dielectric properties have been achieved by blending PP and PVDF 370 at first and then adding LDPE because this blending order can effectively adjust processing viscosity.
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