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The photoelectret effect in composite heterostructures consisting of polar (fluorine-
containing) and non-polar (polyolefins) polymers - high density polyethylene (HDPE),
low density polyethylene (LDPE), F42, F2-ME and the inorganic phase A"B"' (CdS, ZnS)
has been studied. It has been established that the difference in photoelectret potentials in a
given volume share of the inorganic phase mainly depends on the polarity of the polymer
matrix. A possible mechanism of the photoelectret effect formed under the combined
action of a strong electric field and light in these composites. It has been experimentally
established that the potential barrier formed at the polymer- A"B"* semiconductor interface
separates the electric charge carriers formed as a result of the internal photoelectric effect
and ensures the formation of an electret potential difference. The electret charge state of
polymer- A"B" composites was studied using the spectrum of thermally stimulated
current.
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1. Introduction

One of the main issues raised in our research is the study of the photoelectret effect in
polymer-light-sensitive semiconductor composites. For this, macroscopic parameters were
determined, which are indicators of the electret state in composites consisting of various
photoelectric dispersants (CdS, ZnS) and thermoplastic polymers. A possible model of composite
photoelectrets is determined and, on its basis, the mechanisms of formation of the photoelectret
effect in polymer-CdS and polymer-ZnS composites under the action of an electric field,
temperature, and light are presented. The obtained experimental results show that under the
conditions of the combined action of light, electric field and temperature in these composites, it is
possible to obtain photoelectrets with different characteristics and applications [1,2]. The
photopolarization process is based on the generation of nonequilibrium electric charge carriers in
composites under the action of light and an electric field and their placement in traps with different
activation energies. Chemically active oxidation centers and physical defects should be considered
as surface traps. Chemically active mixtures adsorbed on the surface of small- and large-molecular
compounds of electronegative origin also play an important role in the formation of surface traps.
A factor of great interest in the role of surface traps for electric charge carriers is the difference in
the arrangement of macromolecules on the surface and in the bulk, i.e., the difference in the
supramolecular structure of macromolecules on the surface and in the bulk. Thus, in the surface
and near-surface volumes of polymer samples, microphases and interphase boundaries are formed
that differ from each other in physical structure [3,4]. Sufficient traps for photoelectric charge
carriers are created at such interfacial microboundaries. The formation of volume traps is
associated with the following effects:

- with the presence of mixtures and defects in the size of the monomers;

- inconsistency in the chain of the polymer macromolecule;

- with the unevenness of the formed crystallites and the presence of free volumes;

- with the presence of an interfacial (polymer and semiconductor) boundary.

* Corresponding author: aynuragochuyeva@gmail.com
https://doi.org/10.15251/CL.2023.204.285


https://chalcogen.ro/index.php/journals/chalcogenide-letters
https://chalcogen.ro/index.php/journals/chalcogenide-letters/11-cl/595-volume-20-number-4-april-2023
https://doi.org/10.15251/CL.2023.204.285

286

2. Research objects and methods

Polar (fluorine-containing) and non-polar (polyolefins) polymers were used as matrices -
high density polyethylene (HDPE), low density polyethylene (LDPE), F42 and F2-ME.
Semiconductors CdS, ZnS (A"B"") were used as dispersants. We obtain a homogeneous system of
polymer and particles of the used dispersant by mechanical mixing. Viscosity and plasticity of the
polymer phase of photocomposites (rotational deformation ability) flows between the particles of
inorganic phases and fills the mold. The main factors in choosing the pressing pressure are the
shape, size and design of the sample. Experimentally, the optimal pressure for obtaining
photocomposites with a diameter of 10—40 mm and a thickness of 200-10” mm was determined in
the range of 10-30 MPa. The current spectrum of thermally activated depolarization (TSD) of
photoelectrets, photoelectric potential difference and photoelectric methods were used as research
methods. In general, the method of thermal activation depolarization spectroscopy is widely used
to create various types of electrets and study the mechanisms of their formation. Using this
method, it is possible to determine the concentration of electric charge carriers, the activation
energy and the lifetime in the process of depolarization of electrets. Regardless of the polarization
method, the method of thermal activation spectroscopy can be widely used with the same
probability in the study of photoelectrets. The essence of the method for studying the photoelectret
effect in composites is to determine the concentration and relaxation time of electric charge
carriers created in the composite under conditions of light exposure to photosensitive composites
[5]. The relaxation time of the electric charge of the photoelectret composite is taken as the time
corresponding to the subsequent decrease in electric charges arising directly during illumination to
e,

3. Analysis and discussion of the experimental results

One of the important results of our work is the dependence of the photoelectret potential
difference U. on the volume share of the photosensitive inorganic phase of the composite, i.e.
U=f(D), fig. 1 and 2. The extreme nature of these dependences has the following reasons. Firstly,
during mechanical mixing of components, oxidation of the polymer matrix during pressing under
the combined influence of temperature and pressure (mechano-thermal destruction and thermal
oxidation), generation of polar groups that form a heteroelectric charge. Secondly, during
photoinjection, a change in the probability of formation of a quasi-neutral system due to stabilized
homocharges and heterocharges at the interface and a decrease in the electret charge AQ:=Q:-Qne
or the electret potential difference, defined as a superposition of homo- and heterocharges. Third,
with an increase in the volume share of the photosensitive phase, the specific photoconductivity of
the composite can increase and the relaxation of the homoelectric charge can be enhanced. Fourth,
with an increase in the volume share of CdS and ZnS in the composite, the mass of the polymer
phase, which plays the main role in electretization, decreases. Indeed, in the studied composites
(polymer - photosensitive CdS and ZnS), as a result of phase interaction, the crystal structure of
the polymer and the electronic structure of CdS and ZnS change, and these effects increase with
increasing volume share of the photosensitive semiconductor phase [6].
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Fig. 1. Dependence of the difference of photoelectret potentials of composites U, on the volume share
(@) of the photosensitive phase. 1. ASPE - CdS; 2. F42 - ZnS; E,=0.4-10" V/m, t,=0.25 hours;
E=400 mWt/cm?; T,=293K; U, - measured immediately after polarization.
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Fig. 2. Dependence of the photoelectric potential difference (U,) of composites on the volume share
of the photosensitive phase. 1. F42 - ZnS; 2. F42 - CdS. E,=0.4-10? V/m; t,=0.25 hours, E=400
mWt/em?; T,=393K.

Therefore, the maxima on the dependences U~f(®), shown in figures 1 and 2, depend on
the dielectric (electric charge) of the polymer matrix under the conditions ®=const, the optical
properties of CdS or ZnS. It should be noted that in composites with a polymer matrix, it is the
polymer phase that has more opportunities for modifying components. In our work, we used an
electric gas discharge plasma to modify the polymer phase. We exposed polar or non-polar
polymers to electrical gas discharge plasma at various temperatures [7].

In nondisperse polymeric photoelectrets, the TSD spectrum has one maximum (fig. 3,
curve 1). The TSD spectrum of photoelectrets based on dispersed polyolefins (with ZnS particles)
exhibits two maxima (fig. 3, curve 2). The first maximum at ~80°C and the second maximum at
~110°C were recorded for the LDPE-ZnS photoelectret composite. On fig. 4 shows the results of
similar experiments for the HDPE-ZnS photoelectret composite. It can be seen from the spectrum
that the observed maxima shifted towards relatively high temperatures: the first maximum was
recorded at ~95°C, the second - at ~(120-130°C). The activation energies corresponding to the
maxima in the TSD spectra differ by about 1.6 times. Depending on the parameters of
electrophotopolarization (E,, Ty, tp, E;), the activation energies vary within 0.6-0.82 and 0.9-1.5
eV, according to the first and second maxima of the TSD of the polyolefin - ZnS composite. It has



288

been established that with an increase in the volume share of the light-sensitive semiconductor
phase in the composite, the amplitude and half-width of the second maximum in the TSD spectrum
increase; the corresponding parameters of the first maximum decrease. The main reason for this
effect is an increase in the area of the interface with an increase in the volume share of the
inorganic and light-sensitive phases.
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Fig. 3. TSD current spectrum of non-dispersed polyethylene (curve 1) and low-density polyethylene
dispersed with ZnS particles (curve 2): 1. LDPE; 2. LDPE - volume share of ZnS 30%. E,=0.2-10? V/m;
£,=0.25 hours; E=400 mWit/cm?; T,=293K.
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Fig. 4. TSD current spectrum of non-dispersed polyethylene (curve 1) and high-density polyethylene
dispersed with ZnS particles (curve 2): 1. HDPE; 2. HDPE - volume share of ZnS 30%.
E,=0.2-10¢ V/m; t,=0.25 hours; E=400 mWt/cm?; T,=293K.

A preliminary analysis of photoelectric effects in composites based on polar and nonpolar
polymers and photosensitive materials allows us to conclude that these composites can be used as
highly efficient photoelectric materials. Therefore, the goal of our work is to study the
photoelectret effect in a polymer matrix and composites with CdS, ZnS phases. On fig. 5 shows
the dependence of the photoelectric charge on the volume share of the photosensitive phase for
composites consisting of polyethylene, fluorine-containing polymers and CdS [8-11]. The results
show that the photoelectric charge relaxation time and value of various polymer matrix composites
strongly depend on the polarity of the matrix and the volume share of the photosensitive phase.
F42 - CdS composite is more efficient as a photoelectret material. One of the notable results
shown in the figure is that the optimal value of the photosensitive inorganic phase depends on the
polymer matrix. In our opinion, the main reason why the optimal volume share of the inorganic
phase in the composite depends on the chemical structure of the polymer matrix is related to the
differences in the mechanisms of the transfer of photoelectric charge carriers and electron—ion
processes at the interface. On fig. 6 shows the dependence of the relaxation time of the
photoelectric charge of the F2ME—-ZnS composite on the volume share of the photosensitive phase
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(ZnS). The results show that the relaxation time of the photoelectret charge of the F2ME — ZnS
composite depends to a lesser extent on the volume share of ZnS.
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Fig. 5. Dependence of the relaxation time of the photoelectret charge of various polymers
and composites based on CdS on the volume shar?/ of CdS. a) HDPE - CdS;

b) F2ME - CdS; ¢) F42 - CdS; E,=0,2-10° 7 1,=0.25 hours.
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Fig. 6. Dependence of the relaxation time of the photoelectret charge of tlf/e F2ME-ZnS composite

on the volume share of the photosensitive phase (ZnS). E,=0.2-10* ;  1,=0.25 hours.
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In the process of electro-optical polarization, the separation of electric charges (i.e., the
absence of recombination) can be formed both due to an external field and due to an internal field
due to electron exchange at the polymer-semiconductor interface. The experimental results
obtained show that the internal field formed at the interface plays an important role in the process
of polarization of photoelectrets. Thus, the choice of polymers with polar and nonpolar structures
as the polymer matrix and the choice of semiconductors with different surface-electronic
properties as the semiconductor phase makes it possible to determine the mechanism of the
photoelectret effect in polymer-CdS and polymer-ZnS composites. These results clarify the role of
electron-ion effects in the process of polarization at the polymer-photosensitive semiconductor
interface as a result of the combined action of light and electric fields [12-17].

4. Conclusions

The main reason for the formation of the photoelectret effect under the action of a strong
electric field and light in composites with polymer- A"B" components is the formation of a
potential barrier at the polymer-AliBv interface and the gradual separation of electric charge
carriers created due to the internal photoelectric effect.
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