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Flexible transparent fluorinated nanohybrids were fabricated by incorporation of different types of organo-modified
nanoparticles into the polymer matrix via melt-compounding process. Here, fluorinated polymers with a rigid molecular
chain are expected to form switchboard type lamellae model and are easily densified by drawing at high temperature
indicated high mobility of chain and polymer exhibited transparency.

A novel flexible transparent nanohybrid formation was carried out by using partially fluorinated crystalline ETFE and
long-chain phosphonium-modified montmorillonite with high coverage. Moreover, this transparent flexible film with
desirable heat resistance and a thermal degradation temperature near 400 °C was achieved. ETFE with switchboard-type
lamellar microstructure became transparent as a results of the formation of a high density amorphous state, arising from
the high-temperature drawing. Also, the overall crystallinity and crystallite size are improved by nano-hybridization.
However, the overall crystallinity of these transparent drawn nanohybrid film are below 40%, except for the amorphous
region. Flexibility of the film is an effect attained from these amorphous regions, and this flexibility is maintained
even after formation of the nanohybrid. The mechanical properties, thermal degradation temperatures, and gas barrier
properties are improved by nanohybridization due to increase in the nucleation density. Therefore, hierarchical structural
changes have been induced, from the fine structure at the nanometer scale to the macroscopic scale, as evidenced
by improvements in macroscopic properties. In other words, the nanostructures of drawn polymer films have been
shown to be hierarchically controlled and new materials produced by this technology exhibit heat-resistant properties,
transparency and flexibility.

It is proposed that the use of switchboard lamellae in “crystalline” partially fluorinated polymers could lead to films
with novel and improved properties. In order to improve the wettability between the polymer and the nanodiamond,

surface-modified NDs were incorporated into P(VDF-TeFE), forming a nanohybrid material that, after high-temperature



drawing, was transparent and heat resistant. The WAXD profiles indicate that the modified NDs are uniformly
distributed throughout the fluoropolymer matrix. Here, also the presence of switchboard lamellae in P(VDF-TeFE) leads
to a high degree of transparency in the final film owing to the formation of a high-density amorphous phase. Flexibility
is a characteristic also determined by the presence of this phase and is retained after nanohybridization. If the matrix
polymer is subjected to nanohybridization and high-temperature drawing, the f-form crystal, which has ferroelectric
properties, is also retained. The SAXS data indicate that high-temperature drawing contributed to an increase in the
amorphous density and that nanohybridization causes thickening of the crystalline part of the lamellae. The increase in
the nucleation density leads to an improvement in the mechanical properties and thermal degradation temperature. The
nanostructure of drawn polymer films is hierarchical and changes to the nanometer scale structure result in changes in
the macroscopic properties. Thus, it is created a new material using this simple method, which can produce materials
with improved heat-resistance, transparency and flexibility.

A details analysis of the spherulites morphology of partially fluorinated copolymers of P(VDF-TeFE), ETFE and
their nanohybrids were observed by using POM and AFM. It has been established that the crystallites started to orient
when crystallization temperature increases. Specially, at crystallization temperature 135 °C, where the most extremely
developed spherulites with the largest size existed for both neat P(VDF-TeFE) and P(VDF-TeFE) nanohybrid samples.
The size of the neat P(VDF-TeFE) stable spherulite is about 25 um. The influence of organo-ND and C,;-P-MMT
nanoparticles on the morphology of P(VDF-TeFE) and ETFE respectively, were observed to be seriously disordered by
the nanoparticles, and their nanohybrids only exhibit poor developed spherulites structure. Consequently, nanohybrids
exhibit coarser spherulitic textures as the lamellar bundles are arranged in a disordered way and it was difficult to
resolve the individual spherulite. The size of the nanohybrid spherulites was retarded by the addition of nanoparticles.
Since nanoparticles act as the nucleating agents, a large number of nucleus generated and spherulitic texture was
seriously changed in the nanohybrids spherulitic texture. The results from this work will give information universal to

the films of other semicrystalline polymers and their nanohybrids.
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