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Abstract 

BaTiO₃–Fe₃O₄ core–satellite particles were synthesized and incorporated into a PVDF matrix 
to obtain hybrid nanocomposite films. XRD analysis revealed reflections at 31.53°, 35.59°, 
56.12°, and 62.73°, confirming the coexistence of tetragonal BaTiO₃ and cubic Fe₃O₄ phases 
in the hybrid structure. Dielectric spectroscopy in the range 25 Hz to 1 MHz showed a fre-
quency-dependent decrease in dielectric permittivity for all compositions, consistent with 
the reduced contribution of interfacial polarization at higher frequencies. The dielectric con-
stant of neat PVDF was about 8 at 1 kHz, while the addition of hybrid filler increased this 
value. For the sample containing 7% BaTiO₃–Fe₃O₄, the dielectric permittivity reached val-
ues close to 60. These findings confirm that the introduction of BaTiO₃–Fe₃O₄ hybrid parti-
cles substantially enhances the polarization capability of the polymer matrix and improves 
the dielectric characteristics of the resulting nanocomposites 

Keywords: Nanocomposite, magnetite, dielectric propertied, dielectric polarization 
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1. Introduction 

In recent decades, the intensive development of nanotechnology has led to the 
creation of a new class of functional materials, namely nanocomposites with con-
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trollable structure and properties1. Of particular interest are magnetic nanostruc-
tures based on iron oxides, especially Fe₃O₄, due to their unique combination of 

magnetic, catalytic, and electrochemical characteristics2-3. Such materials have 
found wide application in catalysis, biomedicine, sensing, energy, and environmen-

tal technologies 4. 
One of the most promising directions is the development of nanocomposites with 

core–shell and core–satellite architectures, which make it possible to purposefully 

combine the properties of different components within a single system5-8. In core–
shell structures, the inner core provides the basic functional properties, such as mag-
netic or conductive behavior, while the shell performs a protective, stabilizing, or 

functionalizing role 9. In turn, core–satellite structures are characterized by the 
presence of nanoparticles distributed over the surface of a magnetic core, which in-

creases the active surface area and enhances interfacial interactions 10. 

Such hybrid structures exhibit a pronounced synergistic effect 11. For example, 
the presence of metallic nanoparticles promotes faster electron transfer and higher 
catalytic activity, while the magnetic core enables efficient separation of the material 
from the reaction medium by means of an external magnetic field. The relevance of 
research in this field is also determined by the need to address environmental and 
energy-related challenges. In particular, the development of efficient nanocatalysts 
makes it possible to reduce toxic organic compounds into less hazardous products 
and to create highly sensitive sensor systems for detecting environmental pollutants. 
Thus, the development and study of Fe₃O₄-based nanocomposites with controlled 
core–shell and core–satellite morphology represent an important scientific task. In-
vestigation of their structure, properties, and interaction mechanisms opens broad 
prospects for the creation of new functional materials with tailored characteristics 
for application in various fields of science and technology. 

The aim of this work is to synthesize BaTiO₃-Fe₃O₄ core–satellite structures, to 
fabricate nanocomposites based on the thermoplastic polymer PVDF with uniform 
distribution of these structures in the polymer matrix, and to investigate the struc-
ture and dielectric properties of the obtained nanocomposites. 

2. Experimental methodology 

2.1. Synthesis of BaTiO₃-Fe₃O₄ core–satellite structures 

0.002 g of polyvinylpyrrolidone was first dissolved in 50 mL of distilled water. 
Subsequently, 1 g of BaTiO₃ was introduced into the solution, and the mixture was 
stirred at 70°C for 1 h. In the next step, FeCl₃·6H₂O and FeSO₄·7H₂O were added in 
amounts of 0.008 and 0.015 mol, respectively. Ammonium hydroxide (NH₃·H₂O) 
was then added until the pH of the reaction medium reached 11–12. After comple-
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tion of the reaction, the mixture was cooled to room temperature, and the resulting 
product was washed six times with ethanol and dried under vacuum at 45°C. This 
procedure yielded BaTiO₃ particles whose surfaces were decorated with Fe₃O₄ na-
noparticles. 

2.2. Preparation PVDF- BaTiO₃-Fe₃O₄ nanocomposites 

For the preparation of nanocomposite films, the synthesized BaTiO₃–Fe₃O₄ parti-
cles were introduced into a thermoplastic PVDF matrix. Thin films were fabricated 
by solution mixing. First, PVDF was completely dissolved in N,N-dimethylforma-
mide, after which the required amount of BaTiO₃–Fe₃O₄ particles was added to the 
solution. The resulting mixture was stirred for 3 h to ensure uniform filler disper-
sion, then cast into a glass vessel and dried. As a result, homogeneous PVDF-based 
nanocomposite structures containing the hybrid BaTiO₃–Fe₃O₄ filler were obtained. 

2.3. Characterization of nanocomposites 

2.3.1. X-ray analysis 

Rigaku Mini Flex 600 XRD diffractometer (CuKα radiation from Cu X-ray tube, run 
at 15 mA and 30 kV) was used for X-ray diffraction analysis at ambient temperature. 
The nanocomposite films were scanned in the 2θ angle range from 100 to 100°. 

2.3.2. Transition electron microscopy (SEM) analysis 

TEM analysis of nanocomposites was performed on a JEOL JEM-1400 (Japan), 
mode at a working voltage of 80-120kV. 

2.3.3. Dielectric measurement 

Dielectric permittivity of the nanocomposites was determined using a broad-
band immittance analyzer (MNIPI E7-20). Frequency-dependent measurements 
were conducted in the range of 25 Hz to 1 MHz at room temperature. 

3. Experimental results and their discussion 

The structure of BaTiO₃ nanoparticles coated with Fe₃O₄ nanoparticles on their 
surface was investigated by the X-ray diffraction method. The table 1. presents var-
ious parameters of the diffraction lines corresponding to the observed peaks. Based 
on the data presented in the table, it can be concluded that the sample contains 
both a tetragonal BaTiO₃ core and a cubic Fe₃O₄ shell, while PVP, being amorphous, 
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does not produce diffraction peaks [12]. In the 56–58° range, the BaTiO₃ (211) and 
Fe₃O₄ (511) reflections overlap. 

Table 1. XRD data of BaTiO₃–Fe₃O₄ particles 

2(deg) (hkl) index Characteristic phase 

31.53 BaTiO₃ (110)/(101) a tetragonal BaTiO₃ core- 

35.59 Fe₃O₄ (311) magnetite 

56.12 Fe₃O₄ (511)+BaTiO₃ (211) (overlapped) Both phase 

62.73 Fe₃O₄ (440) Magnetite 

 
Figure 2 presents the variation of dielectric constant (ε) with frequency for PVDF 

nanocomposites containing BaTiO₃–Fe₃O₄ hybrid fillers. In all cases, ε decreases 
with increasing frequency, which is a characteristic feature of polymer-based die-
lectric composites. This behavior is generally associated with interfacial polarization 
effects. At lower frequencies, space charges can migrate and accumulate at the in-
terfaces between phases, resulting in large dielectric constant values. With increas-
ing frequency, the ability of these charges to respond to the alternating field be-
comes limited, and the contribution of interfacial polarization correspondingly di-
minishes, causing a reduction in ε. 

 

Figure. 1. X-ray diffraction (XRD) patterns of the BaTiO₃–Fe₃O₄ particles 

The dielectric permittivity of neat PVDF is about 8 at 1 kHz. In contrast, the in-
corporation of BaTiO₃–Fe₃O₄ hybrid nanoparticles leads to a significant increase in 
dielectric constant at the same frequency. According to Ma et al. (2017), particles 
with a grain size of 122 nm possess a dielectric permittivity of approximately 2000  
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Figure 2. Dielectric constant as a function of frequency for PVDF and BaTiO₃–Fe₃O₄- based 
nanocomposite 

at 1 kHz 13. However, in the present nanocomposites, the measured dielectric 
constant is considerably lower, and even for the sample filled with 7% BaTiO₃–
Fe₃O₄, the ε value remains below 60. Such a difference may be related to the mag-
netite coating on the surface of BaTiO₃ particles, which can alter their dielectric 
contribution, as well as to the relatively low amount of hybrid filler dispersed in the 
PVDF matrix. Despite this, the increase in dielectric permittivity from about 7–8 for 
neat PVDF to values approaching 60 clearly demonstrates that the hybrid filler ef-
fectively enhances the overall polarization of the system. 

Conclusion 

In conclusion, novel core–satellite structures consisting of BaTiO₃ particles deco-
rated with Fe₃O₄ nanoparticles on their surface were successfully synthesized, and on 
this basis PVDF-matrix nanocomposites were prepared. The X-ray diffraction results 
confirm the successful formation of BaTiO₃–Fe₃O₄ hybrid nanoparticles composed of 
a tetragonal BaTiO₃ core and a cubic Fe₃O₄ shell, while the absence of diffraction 
peaks from PVP is consistent with its amorphous nature. This structural organization 
plays a key role in determining the dielectric behavior of the PVDF-based nanocom-
posites. The incorporation of these hybrid fillers leads to a pronounced increase in 
dielectric constant compared with neat PVDF, confirming that the hybrid particles 
enhance the overall polarization of the system. At the same time, the observed de-
crease in dielectric constant with increasing frequency indicates that interfacial po-
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larization is the dominant mechanism governing the dielectric response. Although the 
dielectric permittivity of the nanocomposites remains much lower than that of pure 
BaTiO₃, this can be explained by the Fe₃O₄ coating on the BaTiO₃ surface and the rel-
atively low filler content in the PVDF matrix. Nevertheless, the increase in dielectric 
permittivity from about 8 for neat PVDF to values approaching 60 demonstrates that 
even a limited amount of BaTiO₃–Fe₃O₄ hybrid filler is sufficient to significantly im-
prove the dielectric performance of the polymer matrix. 
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