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The paper considers methods for increasing stability of polyethylene’s electret state by adding 
diatomite particles to its composition. The results of analyzing the IR spectra, the involved materi-
als’ temporal and temperature stability are presented. Mechanisms for improving the stability of the 
composite polyethylene’s electret state are discussed.
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В работе рассматриваются методы повышения стабильности электретного состояния 
полиэтилена путем добавления в его состав частиц диатомита. Приводятся результаты 
исследования ИК-спектров, временной и температурной стабильности исследуемых 
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Introduction

Polyethylene is one of the most widely 
used polymeric materials. At the moment, the 
polyethylene’s electret properties are studied to 
create the active packages. One of the ways to 
increase the electret state stability is the creation 
of the composite material [1, 2]. Studies 

performed in Ref. [3] showed that adding 
aerosil in polyethylene leads to a significant 
improvement in the electret state stability of the 
obtained composite material. Aerosil is a very 
pure amorphous non-porous silicon dioxide 
with a particle size of 5 to 40 nm. Diatomite is 
another modification of silica. Diatomite is a 
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more promising material for creating composites 
based on polyethylene because of its low cost.

In the work, the electret stability of composite 
polyethylene with diatomite has been compared 
with pure polyethylene films’ stability using 
various methods.

We used such methods as thermostimulated 
potential relaxation, isothermal potential 
relaxation, depolarization with registration of 
short-circuit currents of a pre-charged dielectric 
and IR spectroscopy. The film thickness was 
about 1 mm.

Experimental technique

Samples were made by rolling and subsequent 
pressing. The Kazan National Research 
Technological University equipment was used. 
High pressure polyethylene, the brand 15313-
003, GOST 7699-78 was used for creating the 
composite material. Mixing of the starting 
polyethylene with the filler was carried out in a 
mixing chamber. The mixing chamber consisted 
of 2 half cylinders containing horizontally 
rotating rolls. For the better distribution of 
filler particles, the rolls rotated in the opposite 
directions and had different rotation speeds. 
The temperature in the mixing chamber was 420 
– 430 K.

The films were created using the pressing 
method in accordance with GOST 12019-66. 
The mold was a frame between two polished 
plates. Lavsan film was used to prevent the 
pressed sample’s adhesion to the mold plates. 
The mold with the composite material was placed 
between the cooling plates, which, in turn, were 
placed between the heated plates. After the 
sample heating, the press plates were closed to 
create the necessary pressure and withstood for 
the necessary time. After that, the samples were 
cooled by water, then the pressure was removed 
from the plates, the press was opened and the 
samples were removed.

Diatomite distribution was monitored using 
a Nikon Eclipse LV150 optical microscope. 
IR spectra were obtained by means of a FSM 
1202 Fourier spectrometer. When studying 
the electret state stability by the isothermal 
and thermally stimulated potential relaxation 

methods, the films were polarized in a corona 
discharge at 5 kV.

Electrically active defects’ activation energy 
was calculated using the Tikhonov regulatory 
algorithms.

Experimental results and discussion

Our study of the composite materials without 
treatment did not show a significant effect of 
diatomite on their electret properties. Earlier 
it had been shown that the main mechanism 
of deterioration the polyethylene’s electret 
properties was the presence of water molecules 
in it [4 – 7]. Diatomite, being a natural mineral, 
also contains water, which can impair the 
composite’s electret properties. To reduce 
the amount of physically absorbed water in 
the composite structure, before studying the 
properties, samples were annealed in a muffle 
furnace for 1 h at a temperature T = 400 K.

The addition of diatomite to polyethylene 
leads to its gray color, so that the distribution 
of the filler in the polyethylene film can be 
controlled optically.

Fig. 1 shows the optical images of polyethylene 
film’s slices with a diatomite concentration of 2, 
4, and 6 % vol. Analysis of the filler distribution 
showed a uniform pattern of diatomite in the 
polyethylene film.

The optical spectroscopy method is 
highly effective in studying the physical and 
physicochemical properties of water-containing 
polymer objects [8 – 10]. Fig. 2 shows the 
infrared (IR) transmission spectra of the initial 
low density polyethylene (LDPE) and composite 
polyethylene with 6 % diatomite. Absorption 
bands in the region of 1500 – 1650 cm–1  
are associated with the presence of water 
dissolved in the polymer. These spectra show 
the presence of water in the initial LDPE film 
and its substantial decrease with the addition of 
diatomite (see Fig. 2).

In order to study directly the electret state 
stability in the composite polyethylene, the films 
were investigated by the isothermal potential 
relaxation method at a temperature of 343 K. The 
films were polarized in a corona discharge at 5 kV 
for 360 s. The polarization temperature was 360 K.
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Fig. 1. The optical images of slices of the polyethylene films including diatomite; 

a filler content (% vol.) is 2 (left), 4 (in the center) and 6 (right)

Fig. 2. IR transmission spectra of LDPE (1) and of the composite of LDPE + 6 % diatomite (2).  

The presence of water is highlighted

Fig. 3. The time dependences of the surface potential relaxation for pure polyethylene film 

(in the inset) and composite polyethylene with the different diatomite content
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Fig. 4. The temperature dependences of the surface potential relaxation for the pure annealed polyethylene films  

and the composite polyethylene (unannealed and annealed) with the different diatomite content

Fig. 5. Thermally stimulated depolarization spectra of the pure polyethylene films and of the composite 

polyethylene ones with diatomite. The heating rates (K/s) were 5·10–2 (a), 1.0·10–1 (b) and 1.5·10–1 (c).

For pure polyethylene films, the current value was reduced by 10 times

Fig. 3 shows the time dependence of the electric 
potential relaxation for films of pure polyethylene 
and polyethylene with the different diatomite 
content. The graphs show a significant increase in 
the stability of polyethylene films when diatomite 
is introduced into their composition.

The diatomite adding into the polyethylene films 
leads to the stability increasing that it is obvious 
from the spectra obtained by thermostimulated 
potential relaxation method (Fig. 4). The thermally 

stimulated potential relaxation spectra were 
obtained both for the unannealed and annealed 
films of the polyethylene with 4 % diatomite; 
these curves are compared in Fig. 4. The graphs 
show a significant improvement of the composite 
polyethylene film’s electret state stability after 
annealing. Thus, nonannealed films of composite 
polyethylene with diatomite did not exhibit high 
electret stability.

The electrically active defects’ activation 
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								                Table
The values of the electrically active defects’ activation energy  

for pure and composite LDPE films

Diatomite
concentration,  

% vol.
Activation energy,

eV

0 1.1 ± 0.1
2 1.4 ± 0.1
4 2.2 ± 0.2
6 2.6 ± 0.3

Fo o t n o t e .  Tikhonov's regularizing algorithms were used.

Fig. 6. The energy distribution functions of electrically active defects in the pure polyethylene 

(pe) and the composite one with the different diatomic (d) content (% vol.)

energy is one of the main characteristics of the 
relaxation process of electric charge decay [11]. 
To calculate this parameter, the study of pure and 
composite polyethylene was carried out by the 
method of thermally stimulated depolarization 
(TSD). A TSC-II setup by Setaram (France) was 
used for measurements. Sensitive electrometer 
Keithley 6517 is the main measuring device of 
the setup. The thermostimulated currents were 
measured in the temperature range between 290 
and 380 K at the fixed heating rate. The heating 
rate was from 5∙10–2 to 1,5∙10–1 K/s. The samples 
were polarized in the electric field E

p
 = 500 V/mm  

at a polarization temperature T
p
 = 343 K, during 

a polarization time of 300 s. After the electric 
field exposure for 300 s, the samples were cooled 

in the applied field with a rate of 3,3∙10–2 K/s up 
to 293 K. The thermostimulated currents’ spectra 
are shown in Fig. 5.

TSD data were processed using Tikhonov's 
regularizing algorithms. Fig. 6 shows the 
reconstructed distribution functions of the 
electrically active defects. It can be seen from 
the graphs that the maxima shift towards the 
higher energy and the distribution broadens with 
increasing the diatomite concentration. Table 
shows the values of the electrically active defects’ 
activation energy for all the compositions. The 
activation energy value obtained in this work 
for electrically active defects for polyethylene 
without filler is in good agreement with the results 
of our previous studies [12].
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Summary

Our study showed that the creation of 
composite polyethylene based on diatomite 
could increase the electret stability of LDPE. 
The adding diatomite to polyethylene leads to 
increasing the charge traps’ activation energy, at 
least up to a concentration of 6 vol %. Diatomite 
can be used for creating composite polyethylene 
to increase its electret stability in order to create 
active packages. It is important to continue further 
studies of the electret stability of polyethylene 
composite films with a higher concentration of 

diatomite and to study other fillers containing 
silicon dioxide.
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