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1. INTRODUCTION  

Composite materials are used for increase the 

number of areas and applications, because they have 

the advantage to get the best qualities of their 

constituents. Also they have some higher qualities 

that neither constituent possesses, which may be new 

and/or unique. It is easier and less costly to obtain 

certain properties than it is possible with single solid 

materials. 

During the last years important developments 

have been made in the field of nanocomposites. 

Nanocomposites are composite materials with at least 

one of nanocomposites phases with one or more 

dimensions like length, width, thickness in the 

nanometer range i.e. 1 to 100 nm. New composite 

materials, nanocomposites, are formed by utilizing 

nanoparticles and different types of polymers mixed 

at the nanometer scale. 

Dielectric measurements can be used to 

characterize the electrical properties of nano-

conductive particle-based composites. The addition 

of particles as conductive filler to a dielectric host 

(polymer) has attracted much interest due to the 

excellent electrical properties of nano-conductive 

particles and their very large aspect ratio (>1000). 

The use of these particles as filler in a polymer host 

offers the possibilities for the fabrication of a new 

class of electromagnetic shielding materials. 

 2. MATERIALS 

The material is developed in nanocomposite form 

(film form) of polysulfone extruded with 5% magnetite 

and scale of 10nm, in the presence of oleic acid. The 

film thickness is about 178 µm.  

Magnetite is the most magnetic of all the naturally 

minerals, with chemical formula Fe3O4, one of several 

iron oxides and a member of the spinel group. 

The polysulfones are completely thermoplastic. 

They are fabricated by most standard methods such as 

injection molding, extrusion, and thermoforming. They 
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also permit a broad range of high temperature 

engineering uses. 

The structure obtained was dielectrically tested and 

then morphological structure was visualized. 

 3. EQUIPMENT USED FOR MEASURE THE   
DIELECTRIC PROPERTIES 

To measure the dielectric parameters was used a 

Broadband Dielectric Spectrometer (BDS) provided 

by Novocontrol GmbH, Germany (Fig. 1). 

Spectrometer allows the determination of dielectric 

quantities values in a field of very high frequency, 

between 0.01Hz - 3GHz, and a temperature range 

between -160°C and 400°C. 

Novocontrol (Fig. 1) device includes: Novocontrol 

AlphaN mainframe dielectric analyzer; Novocontrol 

BDS 1200 sample cell (maximum frequency range 

8GHz); QUATRO-Cryosystem: cooling and heating 

system (liquid nitrogen: -160°C ÷ +400°C); 

WinDETA/WinFIT – software for measurement, 

calibration, analysis. 

 
Fig. 1. Broadband Dielectric Spectrometer [3] 

 

 

 

4. RESULTS AND CHARACTERIZATION OF 
DIELECTRIC PROPERTIES FOR 
NANOCOMPOSITE 

Dielectric properties of lossy materials influence the 
electromagnetic field distribution. Permittivity is the 
quantity used to describe dielectric properties that 
influence reflection of electromagnetic waves at 
interfaces and the attenuation of wave energy within 
materials [1]. In frequency domain, the complex 
relative permittivity of a material is expressed in the 
following form: 

''' εεε j−=∗
 (1) 

 
where, the real part ε' called "dielectric constant" 
represents the energy stored in the electric field within 
the sample, imaginary part ε" is commonly called 
"dielectric loss" influences energy absorption and 

attenuation, and 1−=j . 

With BDS (Broadband Dielectric Spectrometer) we 
have conducted a series of measurements on the 
nanocomposite for determining their dielectric 
properties in a range 3.5Hz to 10MHz, at different 

temperatures (-60°C, -40°C, 0°C, 100°C). It measures 
the dielectric constant, dielectric loss, and dielectric loss 
factor, dependent on frequency and temperature. The 
material under test is placed between two electrodes of 
20 mm diameter forming a kind of capacitor as 
presented in fig. 2 and the whole assembly is placed 
inside a temperature-controlled sample cell. 

 
Fig. 2. Sample material placed into a measurement capacitor. 

 

The change of real ε', and imaginary ε" permittivity 
parts and dielectric loss factor of the samples of 
polysulfone with 5% magnetite dependent on the 
temperature and frequencies changing are shown in ure 
3, 4 and 5. The complex permittivity ε*(f) = ε'(f) + 
iε"(f) and Tan Delta were determined in the frequency 

range 3.5Hz to 10MHz, at temperature interval −60°C 

to +100°C. The AC voltage applied to the capacitor was 
equal to 1.5V. Temperature was controlled using a 
nitrogen gas cryostat, the temperature stability of the 

sample being better than 0.1°C. 
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Fig. 3. Variations of real permittivity (dielectric constant) depending 
on frequency and temperature, for polysulfone film with magnetite 

5%. 

 
Fig. 4. Variations of imaginary permittivity (dielectric loss) 

depending on frequency and temperature, for polysulfone film with 
magnetite 5%. 

 

 
Fig. 5. Variations of dielectric loss factor depending on frequency 

and temperature, for polysulfone film with magnetite 5%. 

 

Temperature of a material has a significant effect on 

the dielectric properties. Fig. 3, 4 and 5 show the 

dependence of the dielectric constant, dielectric loss 

and dielectric loss factor on frequency, for 

nanocomposite, at various temperatures. Both 

permittivity and Tan Delta decrease with the decreasing 

of temperature. 

5. NANOCOMPOSITE 3D VISUALIZATION 

For 3D visualization of nanocomposite the 

SkyScan 1174 desktop X-ray microtomography was 

used. The sample was imaged at Source Voltage of 

20kV and Source Current of 264µA, with a 

1280×1024 camera resolution, and the scanning 

resolution set to 9 microns per pixel. Each scan was 

performed through 360 degrees, with 0.7 degrees per 

rotation, a frame averaging of 2, and random camera 

movement set to 10. The X-ray source and the 

detector remained in a fixed position. Scan duration 

was 01:45:22. The reconstruction of these images 

into bmp files was performed by NRecon version 

1.5.1.1 (also made by SkyScan). All analysis was 

done with CTAnalyser software version 1.8.1.5 that 

is an application for deriving quantitative parameters 

and constructing visual models from scanned datasets 

obtained with SkyScan micro-CT instrument. 

The structure of the experimental system [5] used 

is that presented in fig. 6. 

With CTAn program we exported a 3D-model of 

the object into the CTvol program for visualization of 

structure (fig. 7). The 3D model created in CTAn was 

saved in a .p3g file type which has a spatial unit of 

voxels, and saves a given model with a much smaller 

file size and opens quicker in CTVol. 
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Fig. 6. The experimental system for 3D visualization. 

 

Fig. 7. 3D volume rendering of the reconstructed nanocomposite. 

6. CONCLUSION 

Dielectric spectroscopy is a modern technique for 

analyzing the interaction between material and electric 

field acting on it. This method is widely used for the 

analysis of dielectric response of new materials in order 

to determine the most suitable applications for these 

materials. Dielectric characterization in terms of the 

evolution of dielectric properties can be a solution to 

understanding this class of materials. For polymers the 

situation is very complicated because properties can not 

be specified by chemical formula but also because 

influence the manufacturing process who affects its. 

Applications using X-ray microtomography offer major 

advantages include five areas: new product 

development, process control, noninvasive metrology, 

materials performance prediction, and failure analysis. 
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