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THE INFLUENCE OF TEMPERATURE -TIME CRYSTALLIZATION MODE ON THE
MECHANICAL STRENGTH AND ON THE STRUCTURE OF POLYMERIC MAGNETIC
NANO-COMPOSITES ON PVDF+Fe;04 BASIS
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The investigation results of the influence of temperature-time crystallization mode on the microstructure and on the strength properties
of compositions on PVDF+Fe;0, base are described in the given work. It is shown, that increase of mechanical strength of nano-composition
samples, obtained in the modes of slow cooling is connected with increase of interphase interaction of composition components, and increase
of nano-particle sizes is connected with increase of coagulation probability of Fe;0, particles.

Last time the magnetic nano-structures are successfully
used for the high-density magnetic record of information,
pigmentation, in the micro-wave coverings, at magnetic
cooling and other technique spheres.

The nano-composite properties are defined by the
chemical nature of polymeric matrix, structure of interfaces,
the part of which is too large in nano-composites, and also by
the interaction between nano-particles and polymer matrix.
The temperature-time mode of polymer crystallization
changes the physical structure of the polymeric matrix and
interphase interactions between composite components that
leads to the change of the composition strength properties
[1-5].

The investigation results of the influence of temperature-
time crystallization mode on the microstructure and strength
properties of compositions on PVDF+Fe;0, base are
described in the given work. The magnetic polymeric nano-
composites are obtained by the following way. The Fe;04
nano-particles are added to the PVDF solution in
dimetilformamid. The nano-particle size is 4-10nm. The
mixture is mixed at the temperature 343K up to the emulsion
formation, the water solution is added and Fe;O,, consisting
PVDF, is steamed and further is dried in vacuum safe. The
nano-composite samples are obtained from the compound by
the method of hot pressing at PVDF melting point under the
pressure 15MPa during 10 minutes with further cooling up to
room temperature at various velocities.

The microstructures of PVDF+Fe;O, compositions are
investigated on the scanning atomic force microscope
(AFM).

The mechanical strength properties of nano-composition
samples are defined at temperature 293K. The mechanical
strength of nano-composition samples, obtained in the modes
of quick cooling (QC) £=2000grad/min and slow cooling
(SC) p=4grad/min are studied. It is experimentally
established, (fig.1) that mechanical strength of PVDF+Fe;0,
nano-composition, obtained in the mode f=4grad/min bigger,
than nano-composition samples have obtained in the modes
F=2000grad/min. It is also shown, that the small increase of
mechanical strength of PVDF+Fe;0, nano-composition is
observed in the dependence on the volume content of Fe;0,
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nano-particles up to 2%v.con., after that the concentration
increase takes place up to 20%v.con.
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Fig. 1. The dependence of mechanical strength on the filler
volume content, obtained in the different cooling modes.
1. p=2000grad/min (QC) 2. f=4grad/min (SQ)

Further increase of nano-particle concentration leads to
the strong decrease of mechanical strength of this nano-
composition. From the fig.1 it is seen, that change regularity
of nano-composition mechanical strength on the volume
content of Fe;0, is saved for the samples, obtained in the
modes f=4grad/min and f=2000grad/min.

By our opinion the small increase of nano-composition
mechanical strength till 2%v.con. of Fe;O4 concentration is
connected by the structuring of polymeric matrix. The nano-
particles play the role of crystallization center in them, if
additions of Fe;O,4 are 2%v.con.

Further decrease of mechanical strength is connected
with the decrease of the part of polymeric matrix with the
concentration increase of Fe;O4 nano-particle. The strong
decrease of nano-composition mechanical strength is higher
20%v.con. that is connected with destruction of polymeric
matrix.

AFM 3D image of region topography of nano-
composition surface PVDF+Fe;0,, obtained in the modes
f=4grad/min is given on the fig.2. It is seen, that at slow-
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cooled samples the nano-composition relief becomes more
ordered, than at quick-cooled ones.

b)

Fig.2. AFM 3D topography image of nano-composition surface
region PVDF+Fe;0, a) f=4grad/min. b) f=2000grad/min.

It is known, that crystallinity degree of composite
materials much increases at slow cooling of polymers and
composites on their base in the comparison with quick-cooled
one. The decrease of crystallinity degree in the samples,
obtained in the mode of quick cooling, probably can be
connected with small crystal structure. By our opinion, the
increase of nano-composition mechanical strength of
PVDF+Fe;0,4 samples, obtained in the modes of slow cooling
is connected by the formation of more ordered structure of
polymeric matrix and increase of interphase interaction of
composition components.

The nano-particle sizes, the distribution topography of
Fe;0,4 nano-particle in polymeric matrix for the samples,
obtained in the modes f=4grad/min and f=2000grad/min are
given on the fig.3. AFM investigation of these samples

shows, that sizes of Fe;O; nano-particle change with
crystallization temperature-time mode, i.e. at f=4grad/min is
21nm, and in the cooling modes f=2000grad/min is 15 nm

(fig.3).
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Fig.3. AFM image of nano-composition surface PVDF+Fe;0,
and nano-particle sizes of Fe;0,
a) f=4grad/min b) f=2000grad/min.

By our opinion the increase of mechanical strength of
nano-composition samples, obtained in the modes of slow
cooling is connected with increase of interphase interaction
of composition components, and increase of nano-particle
sizes is connected with increase of coagulation probability of
Fe;04 particle.
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KRISTALLASMANIN TEMPERATUR - ZAMAN REJIMININ PVDF+Fe;0s ©SASINDA POLIMER MAQNIT
NANOKOMPOZITLORININ MEXANIKI MOHKOMLIYINO VO QURULUSUNA TOSIRI

Bu igdo kristallagmanin temperatur - zaman rejiminin PVDF+ Fe3O4 osasinda polimer maqnit nanokompozitlorinin mexaniki
mohkamliyina vo qurulusuna tesirinin tadqiginin naticolori sorh olunmusdur. Gosterilmisdir ki, yavas soyuma rejimindo alinmig
nanokompozit niimunslorinin mexaniki méhkomliyinin artmasi kompozitin komponentlori arasinda fazalararasi qarsiliqli tesirin
artmasi ilo olagodardir, nanohissaciklorin 6lgiilorinin artmasi ise FesOs hissociklorinin koaqulyasiya ehtimalinin yiiksolmosi ilo
slagoadardir.

M.A. Pama3zanos, I[I.b. Arakumuena, C.A. Abacos, P.A. Anu-3ane

BJIUSIHUE TEMIIEPATYPHO-BPEMEHHOI'O PEXXUMA KPUCTAJIJIN3AIIMA HA MEXAHUYECKYIO
IMPOYHOCTDb U HA CTPYKTYPY HOJUMEPHBIX MATHUTHBIX HAHOKOMIIO3UTOB HA OCHOBE
NBA®+Fe;0,

B nanHO# paboTe W3nararoTcsi pe3yNbTaThl HCCIEIOBAHUWS BIMSHHUS TEMIIEPaTYpPHOTO BPEMEHHOI'O DPEXHMa KPUCTAJUIM3aLUHM Ha
MHUKPOCTPYKTYPY M Ha TPOYHOCTHBIC cBoiicTBa kommnosuiuid Ha ocHoBe [IBJ[®+Fe;0,. IlokazaHo, uTO yBenW4yeHHE MEXaHHYECKOM
MIPOYHOCTH OOpPa3OB HAHOKOMIIO3UIMH, TNOTyYEHHBIX B PEKHMaX MEUICHHOTO OXJAXJECHUs, CBA3aHO C YBEIHMUYEHHEM Mex(azHOro
B3aUMOJICHCTBUSI KOMIIOHCHTOB KOMIIO3HUIMH, a YBEIHUYEHHE Pa3MEpPOB HAHOYACTHUI] CBS3aHO C MOBBIIICHUEM BEPOSTHOCTH KOATYIISAIINU
gactul] Fe;0,.
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