ICMMME 2018 IOP Publishing
IOP Conlf. Series: Materials Science and Engineering 409 (2018) 012021 doi:10.1088/1757-899X/409/1/012021

Properties and Common Industrial Applications of Polyvinyl
fluoride (PVF) and Polyvinylidene fluoride (PVDF)

M. H. Alaaeddin’, S. M. Sapuanz, M.Y.M Zuhriz, E.S Zainudin® and Faris M.
AL- Oqla2

'Department of Mechanical and Manufacturing Engineering,UPM, Serdang, Malaysia
*Department of Mechanical Engineering, The Hashemite University, Zarqa, Jordan

E-mails: m.h.alaaeddin@gmail.com; sapuan@upm.edu.my; zuhri@upm.edu.my;
edisyam@upm.edu.my; farisv9@yahoo.com

Abstract. This work features the properties and the common industrial applications of two
thermoplastic polymers which are the Polyvinyl fluoride (PVF) and the Polyvinylidene fluoride
(PVDF), the polymerization and the manufacturing processes of their monomers have been
emphasized in this work. It is believed that these two materials are having a number of shared
properties and applications. Their distinguishing characteristics allow them to be utilized in
various applications with immense interest to the industrial world. They excel, converge, and
slightly diverge in most of their properties with diverse transition phases as well as
piezoelectric and pyroelectric effects. Their eminent properties qualify them to be used in a
number of industrial and outdoor applications e.g. insulations, sensing materials, laminations,
encapsulations, coatings, membranes, biomaterials, aircraft interiors and photovoltaic
applications. In conclusion, this work recommends further in-depth analysis to investigate the
correlations between these two polymers and to provide oriented numerical information on
their performance.

1. Introduction

Polyvinyl fluoride (PVF) and polyvinylidene fluoride (PVDF) are considered to be among the closest
thermoplastic polymers in terms of their chemical, mechanical and physical properties [1-3]. Both fall
under the tree of fluoropolymers which consists of fluorine atoms in the structural formulas [2,4]. The
PVF and the PVDF were used competitively in the last few decades due to their distinguished
properties and high performance; they have been used in different and similar applications [5,6].
Moreover, the two polymers are believed to share relevant optical, piezoelectric and pyroelectric
properties as well as isomorphic characteristics [7]. This convergence in their properties promotes the
utilization of these two polymers in certain applications e.g. PVF/PVDF films, hybrid membranes,
coatings, encapsulation materials and outdoor applications [8,9]. In addition, possessing piezoelectric
and pyroelectric properties widens the use of these polymers to include other sensitive and advanced
applications [7,10].

2. PVF And PVDF Structure

PVF is athermoplastic polymer which contains on a repeating vinyl fluoride (VF) unit, it is
comparable in its structure to the PVDF [2]. The chemical formula of PVF is (C2H3F)n with one
fluorine atom for two carbon atoms, whereas the PVDF chemical formula is -(C2H2F2)n- with two
fluorine atoms and two carbon atoms [11,12]. However, there has been considerable progress in the
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development of copolymers and terpolymers in vinyl fluoride with extra fluorinated monomers e.g.
tetrafluoroethylene, hexafluoropropylene, perfluoro-butylethylene [12]. Furthermore, fluoropolymers
can be considered as homopolymers and copolymers, the fluorinated fluoropolymers usually
encompass the atoms of carbon (C), hydrogen (H) and fluorine (F) or chlorine (CI). Figure 1 provides

ball-and-stick model of PVF and PVDF structure.
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Figure 1. Ball-and-stick model for the structure of the PVF and the PVDF [13]

The PVF and the PVDF are manufactured according to a specific use with varied controllable
specifications. These specifications vary according to the functionality and the nature of product
[2,11,13]. The two polymers have exhibited high attributes and good mechanical properties, both
polymers have been confirmed to have a good tensile strength, although there is a slight difference in
favor of the PVF, the PVDF also showed eminent collective properties with strong reliability [1,10,13].
On the other hand, the polyblends between these two polymers have showed different mechanical
properties which can be investigated separately [1]. The properties of the PVF and the PVDF can be
slightly altered by certain chemical treatments and able to adapt in a homogeneous manner, the
modifications can be applied on the mechanical strength, mass transfer, thermal stability, chemical
stability, and the degree of crystallinity [3,14]. Table 1. provides information on the most common and
shared applications of the PVF and the PVDF.

Table 1. A Comparison Of The Most Common Applications Of PVF And PVDF

APPLICATION PVF PVDF
Encapsulations ~ Photovoltaic applications, Photovoltaic applications, sensing materials and
encapsulation materials and Melt-Bonding Laminations [15,16,17].

commercial products [4].
Release films & Carbon fiber reinforced polymer Contact surfaces, Piezoelectric materials, peel

adherent composite (CFRP), Fiber reinforced ply, sealant-adhesives and Products with
materials polymer (FRP), peel ply and many external protection layers [19,20].

relevant applications [18].
Insulations & Aircraft parts, Wiring and cabling, Premium wire, products with protective
interiors sidewalls and stow pin doors, ceiling barriers, insulation coatings and aircraft

panels and products with insulation interiors [14,22].
covers [4,10,21].

Membranes Hybrid membranes, roofing Nanofibrous membranes, Hybrid membranes,
membranes, antifouling membranes composite membranes, antifouling membranes
and translucent design elements [8,23]. and super-hydrophobic membranes, micro and

ultra-filtration membranes [24-27].

3. Polymerization And Manufacturing Of Vinyl Fluoride and Vinylidene Fluoride

The polymerization process of vinyl fluoride (VF) relies on a number of different techniques, adjutants
and initiators, the use of each one of them should be according to the polymerization procedure. The
suspension polymerization method uses the technique where the vinyl fluoride is suspended in water,
the recommended adjutant for this method is the dispersion stabilizer and the organic peroxide as an
initiator. The graft polymerization applies the radiation technique considering the grafting with
monomers and the y-rays. While the radiation-induced method decomposes into free radical. The bulk
polymerization technique uses the irradiation with UV method and the Di-tert-butyl peroxide to
support the interaction, whereas the emulsion polymerization functions through the procedure of
reduced pressure emulsifiers at lower temperatures; the reaction occurs with radical initiators in
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aqueous emulsion as preferred [5,10,12,13]. On the other hand, the vinylidene fluoride (VDF) can be
polymerized in an aqueous medium in either suspension or emulsion procedures. The polymerization
of VDF in nonaqueous mediums and with copolymers in a collection of fluorinated and nonfluroinated
monomers have been in a continuous development and research area. However, the emulsion and
suspension polymerizations are the most two recommended and commercially practiced procedures.
This is due to the sufficient heat sink provided by water for the large heat release. In the VDF
emulsion procedure, the water-soluble perfluorinated-emulsifying agent can be applied to prevent
radical scavenging reactions in the polymerization process and in order to produce stabilized latex
with good solid substance. There are different components and methods to be used in the initiating
process of the VDF polymerization e.g. the organic peroxides, the inorganic peroxy compounds,
fluoroaliphatic sulfinate and bromates combinations as well as redox methods. Numerous chain-
transfer agents can be applied in the polymerization process i.e. the mercaptans, esters,
chlorofluorohydrocarbons and fluorohydrocarbons. Nevertheless, the temperature, pressure,
polymerization procedures, process structure, monomer feeding strategy and the post-polymerization
methods are considered as the variables that directly influence the properties and the final form of the
PVDF. The recognized degree of polymerization of PVDF ranges from 1000 to 2500 VDF units in the
commercial category. The suspension polymerization procedure can be applied using radical
photoinitiators with visible light (UV), the photogeneration reduces the polymerization temperature.
Throughout the radical-initiated polymerization process of the VDF, the head-to-tail addition
preponderates the structure in the monomer units, the Head is CF2 and the tail is CH2, the reversed
monomeric addition leads to head-to-head and tail-to-tail structure, which designates the CF2 CF2 and
CH2 CH2 respectively, and this is the point where the defect structure occurs. The rate increases when
the polymerization temperature increased which has a significant effect on the degree of crystallinity
and the ultimate morphology. Lowering the temperature of the polymerization process reduces the
number of defect structures in the PVDF. However, the microemulsion polymerization can be held for
the VDF and some specific comonomers in the case where the fluorinated surfactant and the
fluorinated oil-in-water microemulsion were introduced in the process [22].

4. PVF And PVDF As Competing Polymers

There are specific polymers that differ partially from PVF in their chemical structure i.e. PVDF,
PTFE, PVC, and other relevant fluoropolymers with a semicrystalline component [18,28]. These
polymers share distinctive features with each other in some mechanical, chemical, physical, thermal
properties as well as piezoelectric and pyroelectric properties [29,30]. However, PVDF has reliable
Piezo-pyroelectric coefficients [20,29] and therefore contributes to the heat-generated electricity
concept with a wide range of applications [29]. The isomorphic features of the PVF and the PVDF
make them more homogeneous as vinyl floropolymers [1], these features prioritize them to be used in
the applications where their distinctive properties perform better. They are suitable candidates for a
good number of applications e.g. encapsulations, release films, coatings, outdoor applications,
insulations, photovoltaic applications, aircraft interiors, laminations and membranes [8,14,30].
However, the solubility of PVDF is higher, the PVF is harder to solubilize due to its high polarity and
melting temperature which interprets the strength of its monomer-monomer interactions [2]. The two
polymers exhibit strong correlation with their morphological structures, the isomorphic blends of the
PVF and the PVDF can be maintained with ideal weight proportion and outstanding mechanical
properties [1].

5. Properties And Distinguished Features

The PVF and the PVDF are known as semicrystalline polymers with a significant variation that ranges
between 20-60% and 35-70% respectively. The transition of PVF is below the melting temperature
which is 190 °C, and there are several transition phases at Lower 7, which occurs at —15 to 20 °C and
the Upper T, which can be maintained in the range of 4050 °C, and another two phases were reported
between —80 and 150°C. While the PVDF has four named phases as its density differs from each
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polymorph phase, these phases are: a, B, vy, and 8. However, a-PVDF phase is the most common state
that displays transitions as: (y) at =70 °C, () at —38 °C, (o) at =50 °C, (a’) at =100 °C [31]. Whereas
the polarized B-PVDF is mostly known as a potential polymer with good piezoelectric properties [16].

The PVF exhibits strong mechanical, chemical and general properties e.g. tensile strength, Young's
modulus, impact strength, elongation, flexural strength, color stability, weathering performance,
melting point, heat deflection temperature and thermal transition temperature [7,8,32]. Whereas the
PVDF exhibits high impact strength, hardness, thermal expansion, altered density, higher degree of
crystallinity, solubility and high limiting oxygen index. In addition, the PVDF exposes better
piezoelectric and pyroelectric coefficients [24,26]. Table II shows the fluorine to carbon ratios, the
coefficients of friction and the critical surface tension of the commercial PVF and PVDF.

Table 2. Fluorine To Carbon Ratio, Coefficients Of Friction and Surface Energy Of the Commercial

Pvf And Pvdf [32,33]
Fluoropolymers Monomer Fluorine t(? Coefficient of Friction Crit.ical Surface
Carbon Ratio (dynamic) Tension, dyne/cm
Polyvinyl fluoride CH,=CHF 0.5 0.3 28
(PVF)
Polyvinylidene CH,=CF, 1 0.3 25
fluoride (PVDF)

6. piezoelectric and pyroelectric properties

The piezoelectricity effect in materials has been defined as the electric polarization that generated in
specific crystalline materials at certain mechanical deformation, and the polarity is subjected to a
change according to the changes that occurred in the deformation procedure. However, the
piezoelectric materials also retain pyroelectric effect at temperature changes [14]. The PVF is
relatively lower than the PVDF in terms of the Piezo/Pyroelectric effect. The dipole moment per-
repeat unit in the PVDF is greater than the one in the PVF, and the net moment of trans in the PVF is
nearly 20% of that found in the PVDF, whereas the Pyroelectric coefficient of the PVF is about 40%
of that found in the PVDF [7]. The PVDF demonstrates unusual piezoelectric and pyroelectric
properties, which makes it as one of the most attractive and promising polymers [14,33]. The
piezoelectric and pyroelectric properties open new potentials and research prospects in these polymers
particularly, and can be employed in advanced and piezoelectric applications, such as nanogenerators,
sensors, photonic devices, hydrophones, actuators and transducers [22,34,35]. In addition, numerous
observations have categorized the PVDF as a ferroelectric polymer with undetected Curie point. The
Curie point is the temperature point where the transition phase appears in ferroelectric materials which
transform into paraelectric state after surpassing this particular temperature [14]. However, table 111
provides information about the piezoelectric & the pyroelectric constants of the PVF and the PVDF B-
phase as well as d-phase respectively.

Table 3. The Piezoelectric and the Pyroelectric Constants (D3;) Of PVF And PVDF [10]

Polymers Structure Piezoelectric Coefficient, Piezoelectric Coefficient,
pC/N nC/K.m’
PVF —CH,~CFH-CH,—CFH— 1 10
PVDF (B-phase) —CF,—CH,~CF,~CFH- 20-30 30-40
PVDF (8-phase) - 10-17 10-15

However, the stability of these two polymers are noticeably high and can keep performing in a
good manner, specially in the most extreme chemical environments, the limiting oxygen index (LOI)
in both polymers is observed higher in the PVDF and lower in the PVF due to the large proportion of
hydrogen atoms in its chain [36].
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7.Conclusions

The two thermoplastic polymers are foreseen to have a good number of common properties which
qualify them to be utilized in a wide range of industrial and outdoor applications e.g. commercial
products, insulations, encapsulations, sensing materials, coatings, laminations, interiors, outdoor
applications, aircraft parts and photovoltaic applications. Substantially, some discrepancy might take
place in the categorization of PVF and PVDF properties due to the variances occurred in the applied
methods. The PVF have shown a wide range of good and reliable properties e.g. the flexural strength,
tensile strength, melting point, heat deflection temperature and thermal transition temperature, whereas
the PVDF exhibits better piezoelectric and pyroelectric properties, higher impact strength, hardness,
thermal expansion, altered density, higher degree of crystallinity, solubility and higher limiting oxygen
index. However, further in-depth researches and oriented numerical information are needed to
investigate the correlations and contributions of these two distinctive polymers.
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