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PO3/ILI 2

XIMIYHI, ®I3UYHI TA MATEMATHUHYHI METOJAU
JOCJIIKEHHSA ITPOLECIB TA AITAPATIB
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FERROELECTRIC FILMS OF PVYDF HOMOPOLYMER AND
P(VDF-TFE) COPOLYMER

N.V.Gadzhileu, BSc student, the AMiR Faculty
Odessa National Academy of Food Technologies, Odessa

A comprehensive research on ferroelectric films of polyvinylidene fluoride (PVDF)
and a copolymer of vinylidene fluoride with tetrafluoroethylene (P(VDF-TFE) is carried out
at the Department of Physics and Materials Science of ONAFT. We study the uniaxial and
biaxially oriented PVDF films and P(VDF-TFE) copolymer with different content of
crystallites with o- and P-phase. The thickness of the polymeric films is in the range
of 10-30 um. PVDF samples were taken from experimental batches produced by extrusion.
The films were subjected to thermal and mechanical processing consisting in a uniaxial or
biaxial orientation (stretching) in the ratio 1-4 at a temperature of 100 °C followed by
annealing (120 °C, 1 hr).

PVDF molecules consist of 10°-10* unit cells (~CH,—CHj,—) that corresponds to
a molecular weight of about 10°~10°. PVDF and copolymers are semicrystalline materials, i.e.
they contain an amorphous phase and dispersed therein crystallites in the form of thin lamella
having size of about 10 nm. The lamellae areas of macromolecular chains are arranged in
a zigzag manner, while the chain is folded repeatedly.

The same macromolecule can pass through crystalline and amorphous phases. It is
known [1] that the crystalline lamellae have no shaped plates perpendicular to the direction of
orientation, as it was previously thought, but on the contrary: they are extended in this
direction. Thus, the crystallites are brick-like blocks disposed parallel to the stretching
direction (1) and separated by very small gaps in the directions (2) and (3), consisting of only
1-3 polymer chains.

Dimensions of the crystallites and amorphous gaps between them, defined by two
independent methods with a small degree of orientation are given in the Table. 1.

Table 1 — Crystallite size in PVDF (nm)

Direction Crystal Amorphous phase Total size
1 5.7-7.6 4.0-4.3 9.7-9.9
2 3.5-3.7 4.0-5.0 3.9-42
3 2.4-2.5 5.0-7.0 2.9-3.2

PVDF is composed of repeated units of the polymer chain —-CH,—CF,—, each having a
high dipole moment of p = 7-10°° C'm (2,1 D) due to the symmetric arrangement of the H
positively charged H atoms and negatively charged F atoms. Since these dipoles are rigidly
connected to the principal carbon chain, their mutual orientation depends on the molecular
conformation and the chain packing. PVDF is characterized by polymorphism with two major
crystalline a and B phases, corresponding to two types of conformation of the polymer chain.
In the crystallites of the ai-phase, which are formed by crystallization of PVDF from the melt
under normal conditions, the polymer chains have a spiral shape with a trans-gauche-trans-
gauche* conformation and preferred orientation of the dipoles along the chain. However, the
chains in the crystals are stacked antiparallel, so that the total dipole moment per unit volume
is zero. Thus, a-phase PVDF is non-polar one.
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When the polymer is stretched or under the influence of a strong external field, the
o-phase transforms and the crystallites of B-phase are formed. The polymer chains in B-phase
have the form of a flat zigzag, to which corresponds the trans-trans conformation.

All molecular dipoles are oriented along the chain in one direction and in the chain
crystallites are stacked parallel to each other. The result is a strongly polar structure having
ferroelectric properties. The formed B-phase has the spontaneous polarization, direction of
which can be changed under the influence of the external electric field. Calculation shows that
the magnitude of the spontaneous polarization in the B-phase of PVDF is P, = 130 mC/m>.

Introduction of tetrafluoroethylene (TFE) leads to the fact that due to the difference in
sizes of F and H atoms, trans-gauche-trans-gauche* conformation in the copolymers is not
formed and crystallization occurs immediately in the polar PB-phase. Concentration of
elementary units —CF,—CH,— in the P(VDF-TFE) copolymer is increased as compared to the
homopolymer, so it can be regarded as a copolymer of PVDF with a certain percentage of
"head to head" defects, which are not compensated by corresponding "tail to tail" defects.

Lattice constant in B-phase of PVDF and P(VDF-TFE) substantially identical and
comprise a = 0.858 nm, b = 0,491 nm, and ¢ = 0.256 nm. In real films, given the relatively
low percentage of TFE in the copolymer (about 5-10 %), along with [-phase there is a certain
amount of non-polar a-phase. The relationship between o- and [(-phase in PVDF is
determined by the parameters of the stretching and the heat treatment.

By studying IR absorption spectra, we identified PVDF and P(VDF-TFE) films with
different ratios and a- and B-phase. To determine the content of a- and B- phase, the peaks
were tested in the vicinity of 510 cm™ and 530 em™. If we assume that the peaks of 510 cm™
and 530 cm™ are superimposed on the broad peak in the 400-560 cm™ region, the a:p ratio
should be calculated in relation to this broad peak taken as a baseline.

Table 2 — Interrelation between o- and B-phase crystallites in PVDF and P (VDF-TFE)

Type of orientation|  Film thickness, o-phase, B-phase,
stretching pm % %
PVDF uniaxial 20-30 57+2 43+2
P(VDF-TFE) uniaxial 20-30 4+1 96+1

Experimental batches of PVDF and P(VDF-TFE) as powder and films were produced
by the St. Petersburg concern "Plastpolymer" under the names of F2B and F2ME. Overseas
manufacturers of PVDF and its copolymers are currently the Atochem (France) company and
Pennvolt (USA). The same polymers are manufactured by Kureha (Japan) and Solvay
(Belgium).

Scientific Supervisor — D.Sc. (Physics & Mathematics) Professor A.E.Sergeeva

Literature
1. Cepreesa A. E., ®enocos C. H. [lonsgpusanus 1 npocTpaHCTBEHHBIN 3apsij] B CETHETOIJIEK-
Tpudeckux nojumepax. — Oxecca, tunorpadus TOC, 2014, 348 c.

94 30ipHUK HAYKOBHX ITpaIlb MOJIOJAMX YUSHHUX, aCIipaHTiB Ta CTYJACHTIB, 2016



Ooecvbka HayioHaNbHA aKxadeMisi Xapuoeux mexHoL02it

BIUIMB BOJIOI'OCTI HA ®I3MKO- MEXAHIYHI BJIACTUBOCTI HACIHHS JIbBOHY
[Mapenko K.C., I'pHIIKO C.HO. ..ccoiuiiiiiiiiiiiiiiiceceeteeee e 81

OI3UKO-MEXAHIYHI TA TEXHOJIOI'TYHI BJIACTUBOCTI 3EPHA I'PEUKU —
OCHOBA IIABUIIEHHS E@EKTUBHOCTI I IMICJISA3BUPAJILHOI OBPOBKU
HepHHUIT BL1. .ottt 83

COPBLIMHI PEHOBUHU TA IX BITJIMB HA TTPO30PICTh IJIOJOBO-ATTIHUX
BMHOMATEPIAJIIB

STITEHEKO C.le oo e e e et e e e e e e e e e e aeeseeeeeeaaanaaeseeas 85
CARRIER MOBILITY IN POLYMER FERROELECTRICS

AdahOVSKY MLV, ittt ettt ettt e e e ssaeenaaea 87
THE ROLE OF NETWORK ACCESS NETWORKS INFOCOMMUNICATION

ANTONSCHUK ALV . e 89

TO THE QUESTION OF REDETERMINATION OF FRICTION MODEL IN THE
ROTATIONAL PAIR
Branspiz E.V., Branspiz MLY . ..oooei ettt 90

ABOUT APPLICATION OF ELECTROMAGNETIC PULLY FOR MAGNETIC
SEPARATION OF GRAIN AND GRAIN MIXTURE

Branspiz E.V., Branspiz ML Y . ....coooiiiiiii it 91
SOLID-PHASE LUMINESCENT SENSORS IN BEER QUALITY CONTROL
Cherednychenko I€. V. .....ooouiiiiiiieciecee et 92

FERROELECTRIC FILMS OF PVDF HOMOPOLYMER AND P(VDF-TFE)
COPOLYMER
GAAZNIIEU NV . e et e e e e e e e eeaaa e e e e e e e eaaaaeaaaaenaaes 93

TECHNOLOGICAL ASPECTS OF IMPLEMENTING NON-TRADITIONAL
INGREDIENTS IN BEER RECIPE
Dasha HNatoVSKAYA ......cccviiriiiiiieiieciieieeeie ettt ettt seaeebeeseaeenneeas 95

ANALYSIS THE FEATURES OF THE APPLYING OPTICAL TECHNOLOGIES IN
THE DESIGN OF ACCESS NETWORKS
SerNEY HAVVA ..oiiiiiiiieeceeee et et ebeeaae e 97

COMPLEX APPROACH TO QUALITY IMPROVEMENT OF BAKERY PRODUCTS
BY USING PHYTO-EXTRACTS

KOZREVIIKOVA V. oo 98
EFFECT OF STEVIA ON A WHEAT DOUGH MATURATION
N. S0KOIOVA, V. LIZAK c.cceeveiiiiiiiiieeeeeeeeee ettt 100

APPLICATION OF THE MULTI-LAYER GRAPH DURING PLANNING THE WDM
NETWORKS WITH OPTICAL CONVERTERS
Serhey Marchenko........c.ooveiiiiiriiiiiie s 101

DETERMINING THE TOTAL TOXICITY OF FAST FOOD BY PHYSICAL
CHEMICAL AND BIOLOGICAL METHODS
Patyukova Natalia Serhiivina ........cccccceeeiieiiiiiiiiiiecie e 102

INFLUENCE OF YEAST STRAINS AND YAN-LEVELS ON FERMENTATION
KINETICS OF GRAPE MUST
Pashkovskiy O.1., Voycekhovska O.V. ......cccocoeoiiiiiiiiiiiniieiieieeeee e 104

396 30ipHUK HAYKOBHX ITpaIlb MOJIOJAMX YUSHHUX, aCIipaHTIB Ta CTYJAeHTIB, 2016



Ooecvbka HayioHaNbHA aKxadeMisi Xapuoeux mexHoL02it

HaYKOBC BUAaHHA

36ipHm< HayKOBHX IIpallb
MOAOJHX YYE€HHX, acIipaHTIB
Ta CTYZAEHTIB

[NomoBHmii pegakTop, 1-p TexH. HayK. b.B.€ropos
3acT. TOJIOBHOTO pefakTopa, 1-p TexH. Hayk. JI.B.Kanpenbsan
3acT. roJIOBHOTO pejlakTopa, kKaua. TexH. Hayk H.M. [ToBaposa
Binmosiganbuuii penaktop, A-p TexH. Hayk. [ .M. CtankeBuu

[Tigmuacano 10 ApyKy 2016 p. ®opmar 60x84/8. Tlamip odceTHmMIA.
YM. apyk. apk. 47.4. Tupax 30 npum. 3aMOBJIEHHS

408

30ipHHUK HAYKOBUX MpaIlhb MOJIOIUX YUYEHUX, aCIipaHTIB Ta CTyIeHTiB, 2016



