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Introduction
Multiferroic materials are functional materials that
exhibit more than one ferroic order and can be single
phase or composites [1]. Composites are more attractive
from the technological point of view, since they present
a response of around two orders of magnitude higher
than single phases [2]. These materials have been widely
studied as ceramic particulate bulk composites [3] and
ceramic and ceramic-metal multilayers [4]. More
recently, some attempts were made to synthesize
multiferroic composites at the nanoscale as nanostructures grown over a substrate [5]. However, the
clamping effect minimizes the mechanical coupling
between the phases.
In order to avoid the clamping problems, we have
synthesized multiferroic core-shell nanostructures to be
used as building blocks for complex morphologies and
different connectivities. In this work we present the
preparation of multiferroic composites comprising such
core-shell nanostructures embedded in polyvinylidene
fluoride (PVDF), which, in the β phase, exhibits
excellent piezoelectric properties.

Co20-F stands for the sample containing core-shell
nanostructures with ~20 wt.% of CoFe2O4, and so on;
while F means Film sample. One additional film was
prepared without the ceramic component as a reference,
called PVDF-F.
The morphology of the samples was studied by scanning
electron microscopy (SEM, SM-510 Topcon). Infrared
spectra were acquired by averaging 200 scans for each
spectrum with a FTIR spectrophotometer (IR-Nexus
470) in reflectance mode (ATR Spectra-Tech Gemini
Magna 60). Thermal analysis was conducted on a
differential scanning calorimeter (DSC, TA Instruments
Modulated DSC 2920). The heating rate was 5°C/min.
Results
Figure 1 shows a SEM image of the sample Co20-F.
The spherulites have sizes of about 3-4 microns in
diameter. The small white dots correspond to
agglomerates of the ceramic nanostructures, with sizes
of the order of 100 nm.

Experimental
Cobalt ferrite – Barium titanate nanostructures were
synthesized by sol-gel method. The details of the
preparation were published elsewhere [6]. Compositions
ranging from 20 to 60 wt.% of cobalt ferrite where
prepared. Additionally, single phase samples of
CoFe2O4 and BaTiO3 were synthesized for comparison.
A 15 wt.% PVDF (Kynar 761, Boedeker Plastics Inc.)
solution was prepared in N,N-dimethylformamide
(DMF, Sigma-Aldrich) by heating at 50ºC and stirring.
The solutions were cooled to room temperature and then
the core-shell nanostructures were added at a weight
ratio of 1:10 with respect to the polymer. Suspensions
were stirred for one hour, sonicated for 2 hours and
stirred again for at least two hours prior to film
deposition. Films were spin-coated onto glass substrates
and glass-ITO substrates at 4000 rpm. Immediately after
deposition, samples were heat treated at 60ºC for one
hour to favor the crystallization of beta phase of the
PVDF, as reported by M. C. Branciforti et al. [7].
The name of the samples was assigned by the content of
cobalt ferrite in the core-shell nanostructures. Thus,

Fig. 1. SEM image of the sample Co20-F.
Fig. 2 shows the FTIR-ATR spectra of the as-received
PVDF together with the sample PVDF-F. The FTIR
absorption bands at 762, 795 and 974 cm-1 correspond to
the alpha phase, the bands at 839 and 1276 cm-1 are
assigned to the beta phase, while the gamma phase is
identified at 1235 cm-1 [8]. The as-received polymer
presented mainly α phase. Its counterpart in film form
presented β and γ phases predominantly. The fraction of
beta phase in each sample was estimated from the FTIR
results using the equation proposed by Rinaldo et al. [9]:

Aβ
1.26 Aα + Aβ

CFO-F

where Aα and Aβ represent the intensity of the absorption
bands of the α and β phases at 762 and 839 cm-¹. The
fraction of beta phase in the as-received polymer was
estimated as 0.12, while in the film it raised up to 1.
The spectra of the multiferroic composite films are
presented in Fig. 3. As in the case of the PVDF film, all
the spectra showed the presence of mainly β and γ
phases, which indicates that the spin-coating technique,
together with the heat treatment, is adequate for the
crystallization of β phase.
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Fig. 4. DSC plots of the multiferroic composite films.
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Fig. 2. FTIR-ATR spectra of the as-received and spincoated PVDF.
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Fig. 3. FTIR-ATR spectra of the multiferroic composite
films.
Fig. 4 shows the DSC results of the multiferroic composite films. The principal endothermic peak corresponds
to the fusion of the polymer, while the secondary peak at
higher temperature could be attributable to the presence
of crystals of different sizes or two crystalline phases.
Benz and Euler reported similar results for PVDF films,
attributing the double endothermic peak solely to the
crystal sizes [10].

Hybrid multiferroic composite films were prepared from
magnetostrictive-piezoelectric core-shell nanostructures
embedded into PVDF and deposited by spin coating.
The heat treatment at 60ºC promoted the crystallization
of β phase in the polymer, diminishing the amount of α
phase such that the FTIR technique did not detect it. The
secondary DSC peak suggested that two crystal sizes
were present in the PVDF. The polar phase in the
polymer is a key issue to enhance its piezoelectric
properties and thus, improve the performance of the
hybrid multiferroic composite as a whole.
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