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Nanocomposites (NCs) are used usually for different fields in an industrial 
application, which require minimal cost and weight. In this study, strontium–
titanium trioxide (SrTiO3)/cobalt oxide (CoO) nanoparticles (NPs) are com-
bined with polyethylene oxide (PEO)/polyvinyl alcohol (PVA) polymer blend 

to create NCs. The films are made using the casting process, and different 

weight percentages of SrTiO3/CoO NPs (of 0, 1, 2, 3 and 4 wt.%) are added to 

the polymer mixture. Scanning electron microscopy shows the surfaces of the 

PEO/PVA/SrTiO3/CoO NCs films with several randomly distributed aggre-
gates or fragments on the top surface consistently and coherently. Images of 

optical microscope demonstrate that the blends’ additive distribution of NPs 

is homogeneous, and SrTiO3/CoO NPs form a continuous network inside the 

PEO/PVA blend at a concentration of 4 wt.%. The pressure-sensor application 

results with PEO/PVA/SrTiO3/CoO NCs show that the electrical capacitance 

(Cp) increases with rise in applied pressure; this behaviour make it suitable for 

many electronic and electrical applications. In addition, the NCs with high 

linear attenuation coefficients have -ray source Cs-137. It is also used to pro-
tect against radiation. As the concentration of SrTiO3/CoO NPs increases, the 

transmissive radiation decreases and the attenuation coefficients increase. 
The results indicate that the PEO/PVA/SrTiO3/CoO NCs can be considered as 

excellent materials for pressure sensors and -ray shielding. 

Нанокомпозити (НК) використовуються, як правило, для різних сфер 

промислового застосування, які вимагають мінімальних витрат і ваги. У 

цьому дослідженні наночастинки (НЧ) триоксиду Стронцію–Титану 

(SrTiO3)/оксиду Кобальту (CoO) поєднуються з сумішшю полімерів оксиду 

поліетилену (ПЕО)/полівінілового спирту (ПВС) для створення НК. Плів-
ки виготовляються за допомогою процесу лиття, а в полімерну суміш до-
даються різні вагові відсотки SrTiO3/CoO НЧ (0, 1, 2, 3 і 4 мас.%). Сканів-
на електронна мікроскопія показує поверхні плівок ПЕО/ПВС/SrTiO3/CoO 

НК з декількома хаотично розподіленими аґреґатами або фраґментами на 
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верхній поверхні послідовно та когерентно. Зображення оптичного мікро-
скопа демонструють, що адитивний розподіл НЧ у сумішах є однорідним, 
а SrTiO3/CoO НЧ утворюють безперервну мережу всередині суміші 
ПЕО/ПВС за концентрації у 4 мас.%. Результати застосування датчика 

тиску з ПЕО/ПВС/SrTiO3/CoO НК показують, що електрична ємність (Cp) 
зростає зі збільшенням прикладеного тиску; така поведінка робить його 

придатним для багатьох електронних та електричних застосувань. Крім 

того, НК з високими коефіцієнтами лінійного згасання мають джерело -
променювання Cs-137. Також його використовують для захисту від радія-
ції. Зі збільшенням концентрації SrTiO3/CoO НЧ пропускання випромі-
нення зменшується, а коефіцієнти послаблення збільшуються. Результати 

вказують на те, що ПЕО/ПВС/SrTiO3/CoO НК можна розглядати як від-
мінні матеріяли для давачів тиску й екранування -променів. 

Key words: nanocomposites, SrTiO3/CoO nanoparticles, pressure sensors, -
ray shielding. 
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1. INTRODUCTION 

The production of novel polymers, mixes, composites, and sophisticat-
ed materials now necessitates altered mechanical, electric, optical, and 

thermal properties in order to match the required specifications [1, 2]. 
The development is taking place concurrently with a number of thor-
ough researches designed to clarify the structure-property link of the 

modified materials. Prior to being manufactured, new polymeric films 

must be characterized optically, electrically, and thermally. The polar-
izers, absolute reflectors, optical filters, and narrow bandwidth filters 

are all examples of applications for transparent film. The usage of die-
lectric material films is successful in several optical equipment and 

materials [3, 4]. 
 A new class of NCs’ materials have been developed as a result of the 

interaction between macro- and nanocomposites for use in medical, bi-
ological, industrial, and defence applications. Since industrial, elec-
tronic, and communication technologies are now more often used for 

military and scientific purposes, electromagnetic interference (EMI) 
has emerged as the primary problem. The instruments’ performance is 

compromised, and its lifespan is shortened by EMI from magnets. In 

order to prevent electromagnetic radiation from penetrating a shield, a 

material must either reflect or absorb the radiation. EMI shielding ma-
terials becoming lighter are needed to keep the pace of activity flow-
ing. Although metals are frequently employed as electromagnetic pro-
tection materials, there are several drawbacks to metals, including 
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their high cost, heavy loading, poor adherence, propensity to corrode 

in severe conditions, and poor process ability [5, 6]. Even yet, due to 

concrete drawbacks, it is not always the best choice for -radiation 

safety. The alternate method of replacing it with material that has bet-
ter mechanical strength, transfer, and no degradable qualities is to uti-
lize material that has no visibility and has strong mechanical strength 

under adverse environmental circumstances [7, 8]. 
 Additionally, adding metal to the polymer matrix enhances its me-
chanical, electrical, and thermal stability. Due to their unique physi-
cal, mechanical, and antibacterial characteristics, metal-polymer NCs, 
particularly, PVA NCs, are fascinating useful materials in many dif-
ferent sectors [9, 10]. The most intriguing foundation material is poly-
ethylene oxide (PEO), which has a high level of chemical and thermal 
resilience. PEO is a semi crystalline polymer that, at ambient tempera-
ture, may exist in both amorphous and crystalline states. One of the 

most significant modern methods for creating novel polymeric materi-
als is polymer mixing, which is also a practical method for creating 

materials with a wide range of characteristics [11, 12] The indirect 

semiconductor material strontium titanate (SrTiO3) is regarded as one 

of the most significant photocatalysts because of its superior thermal 
and photo corrosion resistance capabilities. CoO is very helpful and 

stable in the industry, and when added to polymers, it develops optical 
and mechanical properties connected to its strong interfacial commu-
nication linking the organic and inorganic components [13, 14]. 
 When radiation particles fall on matter, the energy of these parti-
cles is gradually transmitted to matter through collisions with atoms 

of matter until they stop. Because of these collisions, the atoms of the 

substance are ionized, i.e., the electron is completely separated from its 

atom. The ways for -ray energy loss are varying in matter, photoelec-
tric effect, pair production and the Compton effect. A -photon inter-
acts with one of the electrons in the inner levels of the atom (with elec-
trons in the last orbit of the atom). In this interaction, the beam is dis-
persed. When it is fallen one, its direction is changed, and its energy 

decreases [15, 16]. -rays and x-rays have many applications in mili-
tary, medical, health, scientific, and agricultural industries. Increas-
ing the utilization of hazardous radiations, including -sources in hos-
pitals and research centres for diagnostic and therapeutic applications, 

has provided a much more unsecured place for personnel. Therefore, 

there will be a need to design an appropriate shield [17, 18]. The pur-
pose of this study is to create PEO/PVA/SrTiO3/CoO NCs for low-cost 

and lightweight pressure sensors and -ray shielding. 

2. MATERIALS AND METHODS 

By dissolving PEO/PVA in distilled water (40 ml) while employing a 
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magnetic stirrer for 40 minutes at temperature 70C, the NCs were 

created. In concentrations of 0, 1, 2, 3, and 4 wt.%, the SrTiO3/CoO 

NPs were introduced to the polymer mix solution. In order to create 

the NCs’ samples, casting method was used. 
 Using a scanning electron microscope, the surface morphology of 

PEO/PVA/SrTiO3/NiO NCs. Dual Bruker Flash EDS detectors and 

Bruker flash HD EBSD (Czech Tuscan Instrument Co.) are included in 

the Tuscan Mira3 SEM microscope for analytical research. The samples 

test in different concentrations by using an Olympus type Nikon-
73346 optical microscope with a magnifying power of 10 and 

equipped with a camera for microscopic photography. -ray shielding 

studies of PEO/PVA/SrTiO3/CoO NCs were carried out to examine the 

-ray attenuation characteristics for samples with various concentra-
tions of SrTiO3/CoO NPs. The film of PEO/PVA/SrTiO3/CoO NCs is 

positioned at a distance of 1 cm from the -ray source (Cs-137-5mci), 
which is located at a distance of 2 cm from the detector. The Geiger 

counter is used to detect the transmitted -ray fluxes through the sam-
ples and determine the linear attenuation coefficients. Using a locally 

produced LCR meter of the HIOKI 3532-50 LCR HI TESTER type, the 

capacitance for various applied loads in the range of 80–160 bars is 

measured at 100 Hz. 
 The following equation may be used to get the linear attenuation co-
efficients () from the material thicknesses [19]: NN0e

x, where N0 

 

Fig. 1. Scheme of the PEO/PVA/SrTiO3/NiO NCs’ synthesizing process. 
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is an incident -ray number; N is the attenuation of the -rays, and x is 

the thickness. 

3. RESULTS AND DISCUSSION 

3.1. Scanning Electron Microscopy (SEM) Measurements of 

PEO/PVA/SrTiO3/CoO NCs 

The impacts of SrTiO3/CoO NPs’ concentration and the dispersion of 

NCs’ particles in the polymer matrix are examined using SEM. Figure 

2 displays typical SEM images of the PEO/PVA blend with and without 

various SrTiO3/CoO NPs’ concentrations. It is discovered that image a 

for an undoped polymer combination is softer, more homogenous, and 

more coherent. When SrTiO3/CoO NPs are introduced to the PEO/PVA 

blend, the SrTiO3/CoO surface changes, becoming rougher and con-
taining some tiny aggregate particles (white spot) (see image b). This 

work showed the organic surface modification of the SrTiO3/CoO NPs 

as result of an adhesion between the surface of the SrTiO3/CoO NPs 

and the polymer matrix as the SrTiO3/CoO level climbs to 1 wt.% [20, 

21]. As the concentration of SrTiO3/CoO rises, white patches on the 

backscattered images seem to indicate clusters of SrTiO3/CoO NPs. 
The coarse spherulite structure in the image is caused by SrTiO3/CoO 

segregating into the blend’s areas (image c). The hills that resemble 

ganglia in image d, also known as the longitudinal form image, are 

smooth with few creases (image e) [22–25]. Figure 3 shows particles’ 
size for PEO/PVA/SrTiO3/CoO NCs calculated from SEM analysis. 

3.2. Optical Microscopy for PEO/PVA/SrTiO3/CoO Nanocomposites 

Figure 4 shows the photomicrographs of the NCs made of 

PEO/PVA/SrTiO3/CoO. At lower concentrations, the SrTiO3/CoO NPs 

are clustered together as seen in the images (a, b, c, d and e). 

SrTiO3/CoO NPs create a continuous network inside the PEO/PVA 

mixture at a concentration of 4 wt.% for NCs as the concentration of 

NPs increases [26–29]. 

3.3. Application of PEO/PVA/SrTiO3/CoO NCs for Pressure Sensors 

Figure 5 depicts how pressure affects the electrical capacitance of 

PEO/PVA/SrTiO3/CoO NCs. This figure shows that as the pressure is 

increased, the electrical capacitance of NCs rises. 
 A crystalline area with an internal dipole moment is assigned to the 

NCs’ samples in the explanation of the electrical capacitance behaviour 

for NCs under pressure. In the absence of any mechanical or electrical 
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activities, these dipole moments are orientated randomly, and the net 

dipole moment is zero. 
 An electric field is created as soon as pressure is applied because the 

local dipole distributions are altered. The charges at the top and bottom 

of the samples are gathered by generating an electric field [30–34]. 

  
a      b 

  
c      d 

 
e 

Fig. 2. SEM images (200 µm) for PEO/PVA/SrTiO3/CoO NCs: (a) for 

PEO/PVA; (b) for 1 wt.% SrTiO3/CoO; (c) for 2 wt.% SrTiO3/CoO; (d) for 3 

wt.% SrTiO3/CoO; (e) for 4 wt.% SrTiO3/CoO. 
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 Figure 6 shows the electrical capacitance of PEO/PVA/SrTiO3/CoO 

NCs influenced by the concentration of SrTiO3/CoO NPs. When the 

concentration of SrTiO3/CoO NPs increases, the electrical capacitance 

of NCs increases. Higher concentrations of SrTiO3/CoO NPs are con-
nected with an increase in electrical capacitance, which is due to an in-
crease in charge carriers [35–37]. 
 Figure 7 illustrates how SrTiO3/CoO NPs affect the sensitivity for 

  
a      b 

  
c      d 

 
e 

Fig. 3. Particles’ size for PEO/PVA/SrTiO3/CoO NCs: (a) for PEO/PVA; (b) 
for 1 wt.% SrTiO3/CoO; (c) for 2 wt.% SrTiO3/CoO; (d) for 3 wt.% 

SrTiO3/CoO; (e) for 4 wt.% SrTiO3/CoO. 
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PEO/PVA/SrTiO3/CoO NCs. This graph shows that, due to the internal 
dipole moment, the sensitivity of NCs rises as the concentration of 

SrTiO3/CoO NPs increases [38–40]. 

3.4. Application of PEO/PVA/SrTiO3/CoO NCs for γ-Ray Shielding 

The change of N/N0 in the PEO/PVA mixture with various SrTiO3/CoO 

NPs’ concentrations is shown in Fig. 8. As SrTiO3/CoO NPs’ concen-
trations rise, N/N0 decreases. This is due to an increase in attenuation 

radiation, which causes the transmission radiation to fall [41–44]. 

Figure 9 shows increasing ln(N/N0) for PEO/PVA mixture with in-
creasing SrTiO3/CoO NPs’ concentration. 

  
a     b 

  
c     d 

 
e 

Fig. 4. Photomicrographs (10) for PEO/PVA/SrTiO3/CoO NCs: (a) for 

PEO/PVA; (b) for 1 wt.% SrTiO3/CoO; (c) for 2 wt.% SrTiO3/CoO; (d) for 3 

wt.% SrTiO3/CoO; (e) for 4 wt.% SrTiO3/CoO. 
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 Figure 10 demonstrates the relationship between the concentrations 

of SrTiO3/CoO NPs and -radiation attenuation coefficients. Due to the 

shielding materials in NCs either absorbing or reflecting -radiation, 

the coefficient of attenuation increases as the concentration of NPs 

does. The findings obtained by concrete and polymer NCs were general-
ly comparable; however, the latter has an advantage over the former 

due to its mobility, lack of electrical characteristics, and capacity to 

inhibit neutron emission [45–47]. 
 Figure 11 demonstrates the mass attenuation coefficient of -

 

Fig. 5. Dependence of parallel capacitance of PEO/PVA/SrTiO3/CoO NCs on 

pressure. 

 

Fig. 6. Effect of SrTiO3/CoO NPs’ concentrations on parallel capacitance for 

PEO/PVA/SrTiO3/CoO NCs at 80 bars. 
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radiation as a function of concentration of SrTiO3/CoO NPs. Due to the 

fact that shielding materials built of NCs either absorb or reflect -rays 

[48, 49], it can be seen from this figure that the mass attenuation coef-
ficient increases as NPs’ concentration increases. 

4. CONCLUSIONS 

This work aims to prepare of polyethylene oxide (PEO)/polyvinyl alco-
hol (PVA) polymer blend doped with strontium–titanium trioxide 

 

Fig. 7. The influence of SrTiO3/CoO NPs’ concentration on sensitivity for 

PEO/PVA/SrTiO3/CoO NCs. 

 

Fig. 8. Dependence of N/N0 for PEO/PVA mixture on SrTiO3/CoO NPs’ con-
centration. 
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(SrTiO3) and cobalt oxide (CoO) as new NCs, which can be utilized in 

different nanodevices with few cost, lightweight, excellent properties, 

good mechanical and chemical characteristics. 
 The surfaces of the PEO/PVA/SrTiO3/CoO NCs’ films are shown by 

scanning electron microscopy to have many randomly dispersed aggre-
gation or pieces on the top surface, which are consistent and coherent. 

The optical microscope photos demonstrate that a continuous network 

of SrTiO3/CoO NPs forms inside the polymers, when the proportion is 

of 4 wt.%. The PEO/PVA/SrTiO3/CoO NCs pressure-sensor applica-

 

Fig. 9. Variance of ln(N/N0) for PEO/PVA mixture with different concentra-
tions of SrTiO3/CoO NPs. 

 

Fig. 10. Difference of attenuation coefficients of -radiation for PEO/PVA 

mixture with different concentrations of SrTiO3/CoO NPs. 
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tion findings show that the electrical capacitance (Cp) rises with the 

rise in applied pressure. The results of application for -ray shielding 

in NCs demonstrated that the transmission radiation reduces as the 

concentration of SrTiO3/CoO NPs rises; on the other hand, the attenu-
ation coefficients rise as the concentration of SrTiO3/CoO NPs rises. 
The results of PEO/PVA/SrTiO3/CoO nanostructures’ applications in-
dicated that the nanostructures’ films are highly sensitive for pressure 

and excellent for -ray shielding. 
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