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THE ROLE OF Cd+ZnS FILLER IN THE FORMATION
OF RADIATION-RESISTANT DIELECTRIC PROPERTIES
OF POLYPROPYLENE-BASED COMPOSITES

This work investigates the effect of 𝛾-irradiation on the dielectric properties and electrical
conductivity of polypropylene (PP) composites filled with CdS+ZnS at various volume frac-
tions (10%, 30%, 50%). It was found that, for pure PP and composites with a low filler
content (up to 30%), the permittivity and specific resistance remain stable at irradiation doses
of up to 50 kGy. At a dose of 80 kGy, an increase in permittivity is observed in samples
with 10–30% filler, which is associated with an increase in polarization and the formation
of cross-links. In composites with a high CdS+ZnS content (50%), the permittivity first in-
creases to 9.3, and then sharply decreases to 7.1 at 80 kGy, which indicates the destruction
of the polymer matrix. The specific resistance at high filler content is significantly reduced by
𝛾-irradiation, especially at 50% filler, which is associated with the formation of conductive
channels.
K e yw o r d s: 𝛾-irradiation, polypropylene (PP), filler, permittivity, resistivity, radiation re-
sistance.

1. Introduction
Currently, electroactive polymeric materials are
widely used in various fields of technology, microelec-
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tronics, electret microphones, dosimeters, nanotech-
nology, spacecraft, pressure sensors, air filters, etc.
The scope of application of polymeric materials is
constantly expanding, and their modification to cre-
ate polymer composites combining the properties of
different materials is of considerable interest [1]. Se-
veral methods are used to change the properties of
polymers, one of which is the addition of dispersed
fillers (20–25 𝜇m) to the polymer volume. As a result,
the composite material acquires new electret, electro-
physical, strength, thermophysical and other proper-
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ties. In this case, additives change the supramolec-
ular structure (SMS), which largely determines the
mechanical and physicochemical properties of poly-
mers and composites based on them. The nature of
the influence of these additives and ionizing radiation
on the supramolecular structure, physical, mechani-
cal and electret properties of the polymer is due to
the presence of amorphous and crystalline phases in it
[2]. It is known that the nature of structure formation
in polymers and composites based on them also de-
pends on the properties of macromolecules and on the
external conditions under which the formation of SMS
occurs [3]. When fillers that act as artificial crystal-
lization nuclei are introduced into polymers in small
quantities, this leads to a change in the properties of
the material. Depending on the type and properties of
the filler, the rate of crystallization or hardening, the
temperature of relaxation transitions, and the electri-
cal, mechanical and other properties of the composite
material change [4].

All of the above features indicate that by chang-
ing the type and dispersion of fillers, as well as the
crystallization mode and 𝛾-irradiation, it is possible
to control the properties of polymer-based compos-
ite materials [5]. The introduction of fillers, includ-
ing nanodispersed ones, into polymers is accompa-
nied by the appearance of new artificial crystallization
nuclei and stabilization centers (traps) for electric
charges, which can contribute to an increase in the
surface density of electret charges (𝜎 ∼ 10−4 C/m2)
and their lifetime 𝜏 . The creation and application of
new composite materials based on polyolefins and
luminophore fillers are among the urgent tasks of
radiation materials science [6]. Polypropylene (PP),
as a radiation-sensitive polymer, was used as the
main polymer matrix in this work [7]. Composites
with different volume contents of the binary semi-
conductor filler cadmium sulfide and zinc sulfide
(CdS+ZnS) were also prepared on its basis. Af-
ter that, the electrophysical and luminescent prop-
erties of the obtained polymer/CdS+ZnS compos-
ites and structural changes in these composites were
studied [8].

2. Experimental Part

The samples for the study were prepared by hot
pressing a mixture of polymer and filler powders in
a heated hydraulic press. Two punches with heaters

and smooth polished surfaces are fixed on the lower
and upper nozzles of the press [1].

The procedure for preparing the composite sam-
ples, both the original PE and PP samples, and com-
posites based on them, was as follows:

∙ mechanical mixing of a powdered phosphor ad-
ditive with PE or PP powder in a porcelain mortar
until a homogeneous mixture was obtained;

∙ the mixture, placed between two Al foils and a
100 𝜇m thick gasket, is kept for some time at the
melting temperature of the polymer under low pres-
sure (∼1–5 MPa);

∙ at the same temperature, the pressure is slowly
raised to 10–15 MPa, at which the sample is held
for 5 minutes. The pressure is then released, and the
sample is rapidly cooled in an ice-water mixture;

∙ the samples had a thickness of ∼100–120 𝜇m and
a diameter of ∼45 mm;

∙ to ensure reliable electrical contact during mea-
surements of the electrophysical properties, elec-
trodes made of ∼7 𝜇m-thick aluminum foil were
pressed onto both working surfaces of the composite
samples.

For radiation studies, 𝑔-radiation sources of the
isotope 60Co, available at the Institute of Radiation
Problems of the Ministry of Science and Education
of Azerbaijan, were used. The main 𝑔-sources were
isotope installations of the K-25 or MRX-g-25M type
based on 60Co with a half-life of 5.3 years and an
emitter activity of 5 × 104 Ci at a temperature of
293 K [6].

Irradiation with 𝛾-rays during the tests was carried
out using remote control of the radiation source in
special concrete chambers providing biological shield-
ing. Samples of polyethylene- and polypropylene-
based composites containing the binary compound
(CdS+ZnS) were irradiated with 𝛾-rays in sealed am-
poules at a temperature of 77 K, i.e. in liquid nitro-
gen, up to an absorbed dose of 10 kGy. The dose was
estimated with a ferrosulfate dosimeter. Dosimetry
was carried out under the same conditions as the ir-
radiation [9].

3. Experimental Results and Discussion

As can be seen from Fig. 1, the value of 𝜀 remained
practically constant at absorbed radiation doses of
𝐷 = 30, 50, and 80 kGy in a sample of pure PP
(without additives) (curve 1, 𝜀 = 2.25).
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Fig. 1. Dependence of the real part of the permittivity of
PP/CdS+ZnS composite samples on the 𝛾-irradiation dose,
𝜀 = 𝑓(𝐷): PP (1); CdS+ZnS – 10% (2); CdS+ZnS – 30%
(3); CdS+ZnS – 50% (4)

Fig. 2. Dependence of the dielectric loss tangent (tan 𝛿) of
PP/CdS+ZnS composite samples on the 𝛾-irradiation dose,
tan 𝛿 = 𝑓(𝐷). PP (1); CdS+ZnS – 10% (2); CdS+ZnS – 30%
(3); CdS+ZnS – 50% (4)

Fig. 3. Dependence of the specific resistance of PP and
PP/CdS+ZnS composites with different filler contents on the
𝛾-irradiation dose: PP (1); 10%CdS+ZnS (2); 30%CdS+ZnS
(3); 50%CdS+ZnS (4)

In the composite sample with a filler volume frac-
tion of Φ = 10% and 30%, the initial value was
𝜀 = 4.15÷5.4, which is associated with both po-
larization and conductivity. At absorbed radiation
doses of 30 and 50 kGy, the 𝜀′ value remains vir-
tually constant. At an absorbed radiation dose of
𝐷 = 80 kGy, a significant increase in the 𝜀 value
is observed (𝜀 = 4.8÷6). This increase may be as-
sociated with the formation of cross-links between
molecules, as well as with an increase in polariza-
tion and conductivity. In the sample with a filler
volume fraction of Φ = 50%, the permittivity ini-
tially (before irradiation) was 𝜀 = 6.9. In this sample
(Φ = 50%), the permittivity reached 𝜀 = 9.3 at irra-
diation doses of 𝐷 = 30 and 50 kGy. At an absorbed
dose of 𝐷 = 80 kGy, it decreased to 𝜀 = 7.1. This
decrease may be associated with the destruction of
bonds in the main chain and side groups of the poly-
mer, depending on the filler volume fraction (Φ =
= 50%) [1].

As can be seen from Fig. 2, at absorbed doses of
30 and 80 kGy after 𝛾-irradiation, an increase in
the tan 𝛿 value is observed compared to the unir-
radiated sample. It should also be noted that the
observed changes (increase or decrease) in the elec-
trophysical properties of polymer composite sam-
ples, namely permittivity (𝜀), dielectric loss tangent
(tan 𝛿) and electrical conductivity (𝜎) depending on
the absorbed radiation dose indicate that the ef-
fect of radiation is specific to each material, includ-
ing polymer composite materials (PCMs), which is a
heterogeneous system. This behavior is governed by
the fact that each material absorbs radiation differ-
ently depending on its chemical structure and prop-
erties, as well as its mechanical and physical proper-
ties [10].

The values of specific resistance of composites with
a low filler content (10%) remain nearly unchanged
after irradiation up to 50 kGy (Fig. 3). It is known
from the literature that at low filler volume fractions,
composites are more resistant to radiation. If the filler
volume fraction exceeds a certain value, then irradi-
ation worsens the physical properties of the compos-
ite [11]. We believe that at both low radiation doses
(10 kGy) and low CdS+ZnS filler contents (up to
30%), the electrical conductivity of the composites
remains practically unchanged. The obtained results
may contribute to the future development of polymer
composites resistant to 𝛾-radiation. From the dose
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dependence it is evident that a further increase in
the filler volume fraction to 50% CdS+ZnS leads to
a sharp decrease in specific resistance [12].

4. Conclusion

The conducted research demonstrated that the elec-
trophysical, dielectric, and conductivity properties
of polypropylene (PP)-based composites containing
CdS+ZnS fillers are strongly influenced by both the
filler concentration and the absorbed 𝛾-irradiation
dose. The introduction of a nanoscale CdS+ZnS lu-
minophore into the polymer matrix leads to the
formation of artificial crystallization nuclei, modi-
fications in the supramolecular structure, and en-
hancement of dipolar, interfacial, and volume po-
larization mechanisms. As a result, the initial per-
mittivity (𝜀) and dielectric loss tangent (tan 𝛿) val-
ues increase significantly compared to pure PP. The
study showed that at low filler contents (10–30%),
𝛾-irradiation up to 50 kGy does not lead to sub-
stantial changes in the electrophysical character-
istics of the composites. This is associated with
the stabilizing role of CdS+ZnS particles in the
polymer matrix, which form additional traps for
charge carriers and thus improve structural sta-
bility under irradiation. However, at an absorbed
dose of 80 kGy, an increase in 𝜀 and tan 𝛿 was
observed, which is attributed to radiation-induced
crosslinking, enhanced charge mobility, and inten-
sified polarization processes. At higher filler con-
centrations (50%), the behavior of the composite
changes considerably. Although 𝜀 initially increases
at doses of 30–50 kGy, a noticeable decrease is ob-
served at 80 kGy. This decrease is associated with
intensified radiation-induced chain scission, oxida-
tive degradation, and destruction of intermolecu-
lar bonds within the polymer matrix under condi-
tions of high filler content. Therefore, high concen-
trations of CdS+ZnS weaken the radiation resis-
tance of the polymer and lead to nonlinear vari-
ations in its dielectric properties. The analysis of
electrical resistivity revealed that composites with
10–30% filler maintain their specific resistance al-
most unchanged up to 50 kGy. This confirms that
low-filler composites possess greater radiation sta-
bility. In contrast, samples with 50% CdS+ZnS ex-
hibit a sharp decrease in resistivity with increasing
irradiation dose. This behavior is linked to the for-
mation of conductive percolation pathways result-

ing from the close packing of semiconductor par-
ticles, which becomes more pronounced under 𝛾-
irradiation.

1. I.I. Mustafayev, S.Z. Melikova, E.G. Hajiyeva, R.J. Gasi-
mov, M.A. Bayramov, N.I. Babayeva. Spectral investi-
gation of 𝛾-irradiated polyethylene/Cds+ZnS composite
films. Acta Physica Polonica A 144, 35 (2023).

2. I.I. Mustafayev, S.Z. Melikova, E.G. Hajiyeva. The
effect of gamma irradiation on the dielectric prop-
erties of polyethylene-basedistry composites with the
CdS/ZnS binary system. Phys. Chem. Solid State 25, 700
(2024).

3. A. Greco, A. Maffezoli. Powder-shape analysis and sin-
tering behavior of high-density polyethylene powders
for rotational molding. J. Appl. Polymer Sci. 92, 449
(2004).

4. M.A. Ramazanov, F.V. Hajiyeva, H.A. Shirinova. Synthe-
sis and optical properties of PVC-CdS-based nanocomposi-
ties. J. Elastomers & Plastics 52, 159 (2019).

5. R. Hsissou, R. Seghiri, Z. Benzekri, M. Hilali, M. Rafik,
A. Elharfi. Polymer composite materials: A comprehensive
review. Composite Structures 262, 113640 (2021).

6. E.G.Hajieva. Fourier-IR spectroscopic study PE/CdS+

+ZnS composite films. J. Radiation Researches 9, 70
(2022).

7. N.Sh. Aliyev, M.M. Guliyev, M.N. Bayramov, R.S. Ismay-
ilova, A.N. Nabiyeva. Temperature dependence of elec-
trical conductivity during the heating-cooling cycle of
gamma-irradiated high-density polyethylene. J. Radiation
Researches 11, 53 (2024).

8. N. Alonizan. Effect of CdS nanoparticles on the physical
properties of T-CdS nanocomposite materials. J. Inorganic
and Organometallic Polymers and Materials 31, 1086
(2021).

9. M.K. Ismayilova, I.I. Mustafayev, S.Z. Melikova, F.N. Nur-
mammadova, M.H. Aliyeva. Radiation-induced isomeriza-
tion reaction mechanism of hydrocarbons on the surface of
solid acid. Physi. Chem. Solid State 25, 362 (2024).

10. H. Goda, E. Khozemy, M. El-Kelany, B. Awad. Dosi-
metric application of gamma radiation (gamma radia-
tion usage, dosimeter types and current applied sys-
tems) Review article. SSRN Electronic Journal (2023).
http://dx.doi.org/10.2139/ssrn.4630623.

11. S. Mouaci, N. Saidi, N. Belkahla M. Saidi. Electrical
characterization of gamma irradiated polypropylene. IEEE
Conference on Electrical Insulation and Dielectric Phe-
nomena (CEIDP) (2014).

12. M. Nuriyev, A.I. Gasimova, A.A. Nabiyev, A.A. Shukuro-
va, I.M. Nuriyev. Influence of gamma irradiation on the
electrophysical properties of PVA/CdS polymer nanocom-
posities. Radiation Phys. Chem. 212, 111160 (2023).

Received 27.11.25

ISSN 2071-0194. Ukr. J. Phys. 2026. Vol. 71, No. 9 743



S.Z. Melikova, I.I. Mustafayev, E.G. Hajiyeva et al.

С.З.Мелiкова, I.I.Мустафаєв,
Е.Г. Гаджiєва, А.Т.Алiєва

РОЛЬ НАПОВНЮВАЧА CdS+ZnS
У ФОРМУВАННI РАДIАЦIЙНО СТIЙКИХ
ДIЕЛЕКТРИЧНИХ ВЛАСТИВОСТЕЙ
КОМПОЗИТIВ НА ОСНОВI ПОЛIПРОПIЛЕНУ

У роботi дослiджується вплив 𝛾-опромiнення на дiелектри-
чнi властивостi та електропровiднiсть полiпропiленових
(PP) композитiв, наповнених CdS+ZnS у рiзних об’ємних
концентрацiях (10%, 30%, 50%). Встановлено, що для чи-
стого PP i композитiв з низьким вмiстом наповнювача (до
30%) дiелектрична проникнiсть i питомий опiр залишаю-
ться стабiльними для доз опромiнення до 50 кГр. У випадку

дози 80 кГр спостерiгається збiльшення дiелектричної про-
никностi у зразках з 10–30% наповнювача, що пов’язано зi
збiльшенням поляризацiї та утворенням зшивок. У компо-
зитах з високим вмiстом CdS+ZnS (50%) дiелектрична про-
никнiсть спочатку зростає (до 9,3), а потiм рiзко зменшує-
ться, коли доза становить 80 кГр (до 7,1), що свiдчить про
руйнування полiмерної матрицi. Питомий опiр за високого
вмiсту наповнювача значно знижується при 𝛾-опромiненнi,
особливо коли концентрацiя наповнювача становить 50%,
що пов’язано з утворенням провiдних каналiв.

Ключ о в i с л о в а: 𝛾-опромiнення, полiпропiлен (ПП), на-
повнювач, дiелектрична проникнiсть, питомий опiр, радiа-
цiйна стiйкiсть.
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