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In this work, the conventional mixed oxide process was used to form Ba(Zn1/3Nb2/3)O3-chopped strands composites. The single
phase compound with the chemical equation Ba(Zn1/3Nb2/3)O3 was generated after sintering at 1250 °C for 4 h. Varied amounts
of Ba(Zn1/3Nb2/3)O3-chopped strands were fabricated for the structural examination. X-ray diffraction (XRD), energy-
dispersive X-ray spectroscopy (EDS) and scanning electron microscopy (SEM) were carried out for the structural analysis, and
the results showed that the second phase did not form in Ba(Zn1/3Nb2/3)O3. In addition to, the Ba(Zn1/3Nb2/3)O3-strands
composites were created by hot pressing using the compositions of Ba(Zn1/3Nb2/3)O3-chopped strands in various rates and
epoxy. The Ba(Zn1/3Nb2/3)O3-chopped strands compound created in varied weights, and epoxy powder were utilized to
manufacture microwave shielding effect composites. Using a two-port vector network analyser (VNA) device, the microwave
shielding effect of Ba(Zn1/3Nb2/3)O3-chopped strands composites was examined in a range of 0-8 GHz. A minimal of -44.75 dB
shielding effectiveness value was reached at 6.24 GHz and 1.4 mm in thick. The Ba(Zn1/3Nb2/3)O3-chopped strands were
fabricated as composite and their properties were defined characterized for shielding effectiveness. To modify microwave
shielding effectiveness, the content of components in the specimens may be adjusted for the wider and required frequency
ranges.
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Introduction

The demand for high frequency applications has
increased due to the widespread use of movable devices,
5G or upcoming 6G, 7G wireless communication
technology, and electronic equipment, as well as the
satellite communication and mobile communication
sectors. As a result, electromagnetic radiation (EMR)
and electromagnetic interference (EMI) are inevitably
seen as a serious threat [1].

Additionally, as the usage of mobile and wearable
devices depending on varied wireless technologies,
such as GPS, Wi-Fi, Bluetooth and near field
communication rises, so does the amount and frequency
of the human body’s exposure to EMI [2]. In addition
to harming human health, electromagnetic radiation
also can be interfere with the electrical power system's
effectiveness and exit. Even greater detrimental impacts
on human health may result from extended exposure to
EMR, according to recent studies. Numerous studies
have shown that electromagnetic variables may
contribute to a variety of neuropsychiatric conditions,
such as depression, attention deficit disorder, and

hyperactivity in young people [3, 4].
Signal radiations generated by EMI can greatly

damage electronic applications. This can cause digital
machines to malfunction at high exposure.
Electromagnetic interference, particularly in aviation
[5], can harm the communication command and control
system and result in risk and accidents, in this context,
new and improved EMI shielding materials have drawn
a lot of attention [6-8]. There are several uses for
composite electromagnetic shielding textiles in the
areas of apparel and composite materials. In addition,
EMI radiation shielding concrete materials are widely
used in nuclear medicine facilities and nuclear research
facilities [9, 10]. As a result, the study and creation of
electromagnetic shielding materials has become
crucial. EMI shielding materials that be able to be
seamlessly incorporated with wireless technologies that
are robust and wearable are required.

One effective method for addressing the aforementioned
issues is the use of EMI shielding materials [11]. The
shielding effect of electromagnetic waves lessens
interference by converting electromagnetic energy into
heat energy by reflexion or absorbance of radiation
power [12, 13]. The only way to stop dangerous
radiation and safeguard electronic equipment is to
provide a barrier that filters out interference. There is a
lot of interest in strong and lightweight protective
materials [14, 15]. Shielding effect, which may be used
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in a variety of ways, is an effective way to limit
electromagnetic emissions. Examples include sheets,
tapes, foams, and screens made of textiles, wire mesh,
solid metal, and sheets. The term “shielding effectiveness
is a phrase used to define the shielding performance
(SE) [16]. 

Shielding effect materials can be made thinner by
including dielectric grains, which will boost their
effectiveness. Another method for electromagnetic
interference shielding is the absorption and reflectiveness
of radiation by specific polymeric or metallic shielding
substances that are put near to the emitting components
[17, 18].

By obstructing fields, shielding effectiveness substances
are utilized as barriers to reduce the electromagnetic
area in space [19]. Ba(Zn1/3Nb2/3)O3 (BZN) ceramic is
one of the microwave dielectric material that has a
great potential application in communication sector.
High dielectric materials known as Ba(Zn1/3Nb2/3)O3

(BZN) ceramic materials are utilized in electronics as
micro/radio-wave filters and/or microwave resonators
[20]. For multifunctional activities, they are reportedly
promising materials [21]. The smart dielectric qualities
that exhibit high quality factor (Qxf values) identify
this class of ceramics as dielectric resonators and
microwave band filters [22]. Recent research confirmed
that perovskite ceramic systems with single or
multiphase phases might be controlled to have
extensive tunability when used as resonators due to
their high Q-factor and thermal stability. It has been
established that magnetic fields have the ability to
govern composite resonators made of ferrite-dielectric
phases.

They may be employed in several tunable microwave
devices as a result of this characteristic. The doping of
different cations into the structure of BZN ceramic
materials is seen to improve their dielectric characteristics,
making them more suitable as multifunctional devices.
BaCO3, ZnO, and Nb2O5 are often utilized as starting
materials for producing BZN ceramic, and the reactant
powders are then calcined at 1000-1200 °C before
being sintered at 1200-1400 °C [23].

Glass fibers (chopped strands or glass fiber roving)
are among the most significant reinforcement in the
high performance composite manufacturing industry
and have exceptional mechanical properties [24].
Chopped strands are a elastic and inexpensive
reinforcing for composite materials. It resists corrosion
and is lightweight. The interface connection between
the fiberglass and the matrices resins controls the
composite’s qualities [25, 26]. 

Due to its excellent strength, moisture resistance, and
electrical and fire insulation compared to other
composites, matter of chopped fibers, e-glass/epoxy
composites are also emerging as a potential material for
marine applications. The chopped fibers are chopped
from continuous glass fibers. Clipped fibers are designed

to resist the rigors of splicing.
Due to its superior physical and chemical characteristics,

it is mostly utilized in the manufacturing of technical
textiles, including those for the automobile, athletic,
aviation, wind turbine, and reinforced concrete industries
[27].

The most efficient ways to improve its various
qualities are thought to be by strengthening BZN
ceramic with a secondary phase in various forms, such
as fibers or particles. This accessible material, which is
obtained from relatively cheap raw materials, can be
used in many areas in the desired frequency ranges
with these remarkable properties.

In previous research, colemanite/PANI/SiO2 composites’s
maximum electromagnetic shielding effect performance
was demonstrated to be -41.1 dB at 16.09 GHz and 1.5
mm thick [28]. For another example, the produced
Wollastonite/PANI/Colemanite were shown to have a
shielding effect value of -41.65 at 6.26 GHz at the
thick of 1.5 mm [29]. Furthermore, 0.25% MWCNT
composites had a highest electromagnetic shielding
effect value of -39 dB at 1.6 GHz [30]. Besides,
radiation shielding effectiveness (SE) of concrete
containing oxidizing slag aggregate from electric arc
furnaces was examined as another instance in the
research [34]. As another example, EMP shielding
protection of mortar mixed with SiC and graphite was
measured [35]. As another work, it has been understood
that a materiel with shielding efficiency was designed
as a frequency selective surface (FSS), a desirable -20
dB attenuation in transmission characteristics at all
frequencies of the GSM system [33].

Shielding effectiveness or insertion loss is related to
how far the electromagnetic wave coming to the
material passes across. The incoming electromagnetic
wave is reported to be reduced by 90% and to travel
10% to the opposite side with a shielding effect worth
of -10 dB [31, 32]. 

Ba(Zn1/3Nb2/3)O3-chopped strands were created as a
composite in this experiment using the best possible
parameters, and for the first time, their attributes for
shielding effectiveness were determined. Ba(Zn1/3Nb2/3)O3-
chopped strands into varying ratios, new composites
were created using in diverse amounts with epoxy by
hot pressing at thick of 1.4 mm. These composites
were characterized and determined using XRD (Bruker
/Alpha -T). Using a two port VNA (R & S FSH-K 42)
device at a wideband frequency (0-8 GHz), including
L, S and C radar frequency bands, the microwave
shielding effectiveness values of composites made of
BZN-chopped strands were determined.

 Experimental

Preparation of Ba(Zn1/3Nb2/3)O3 
BZN powder was created by the mixed oxide

technic. In this method, BaCO3, ZnO and Nb2O5 were
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mingled as starting materials in a stoichiometric ratio.
ZnO (99.9%) was obtained from merc powders,
whereas Nb2O5 (Sigma-Aldrich : 99%) and BaCO3

(Sigma-Aldrich : % 99) were obtained from sigma-
aldrich powders. For 15 hours, powders were mixed in
a ball mill; after that, zirconia balls were utilized to
increase the mixture even more. The slurries were first
left to dry for 24 hours at 100 °C, and then they would
be calcined for 4 hours at 1100 °C in an airtight
crucible composed of alumina to minimise evaporation
losses, which were calculated by weighting the
specimens before and after calcination. The calcined
powders were first ground in an agate mortar before
being made into pellets of 1-2 mm thick and 10 mm
diameter using a uniaxial press at 2 MPa pressure.
After burying the pellets in the BZN powder, to
prevent the loss of volatile species, the patterns were
sintered between 1100 °C and 1300 °C for 4 hours at a
heating and cooling rate of 250 °C/h [40, 42].

After calcining at 1100 °C, the single phase
Ba(Zn1/3Nb2/3)O3 powders were sintered at 1250 °C.
The phases in the doped sintering specimens were
measured using XRD and CuK radiation (λ = 1.5406
Å) inside this range 2θ: 10-70° at a scanning speed of
1/min. Following sputter coating with an Au/Pd alloy,
the specimens' fracture surfaces were studied in the
scanning electron microscope (JEOL 5910LV) at 20
kV. SEM was used to identify the phases and examine
the morphology. The energy dispersive spectrometry
(EDS, Oxford-Inca-7274) was employed to do the
chemical analyses. The microwave shielding effect of
composite materials constructed of BZN:chopped
strands were measured in the frequency range of 0-8
GHz using only a two-port vector network analyser
device.

Preparation of chopped strands/Ba(Zn1/3Nb2/3)O3

composites
After being broken up in a agate mortar, the chopped

strands were stoichiometrically mixture with sintered
BZN powders. In accordance with the compositions of
chopped strands-sintered BZN in ethanol medium,
powders were mingled with ethanol for 20 h at 80-20
wt.% and 20-80 wt.%, respectively. For 20 hours,
zirconia balls were used to stir particles in an ethanol
medium within a plastic container using a ball mill.
This increased the mixture even more. The slurries
were dried under vacuum for 24 hours at 60 oC before
being pressed. The slurries were dried for 20 hours at
100 oC, and filtering and washing the resultant mix
with ethanol and deionized water were generated the
composites. 

The features of EMI shielding effectiveness of
composites with different molar ratios were examined.
To determine how the strands ingredient influenced
the electromagnetic shielding effect, chopped strands/
BZN composites in varied ratios [chopped strands-

Ba(Zn1/3Nb2/3)O3 (at 80-20 wt.%), chopped strands-
Ba(Zn1/3Nb2/3)O3 (at 20-80 wt.%)] were created. The
composites were made using BZN with chopped
strands. Hot pressing was used to create composite
materials made of chopped strands and BZN in a
variety of ratios. 

Preparation of epoxy-(chopped strands/Ba(Zn1/3Nb2/3)O3)
composites

The composites were created by molding and curing
powdered BZN/chopped strands composition and
epoxy. The specimen powders were mixed with epoxy
in a 5:1 weight ratio. In a hydraulic press, molding was
completed for 1 hour at 150 °C and 5 MPa pressure. To
measure the shielding effectiveness, they were formed
into 20 mm-diameter pellets with a 1.4 mm thickness.
Composites were fabricated using epoxy in certain
ratios of chopped strands/BZN to provide a broadband
microwave shielding effect. To achieve a broadband
microwave shielding effect, composite materials were
created utilizing epoxy and certain ratios of chopped
strands/Ba(Zn1/3Nb2/3)O3. 

Results and Discussion

XRD analyzed of chopped strands/Ba(Zn1/3Nb2/3)O3

To describe the characterization of BZN and chopped
strands, the XRD diffracted its X-ray pattern. BZN was
annealed at 1250 °C for 4 hours, and the XRD analysis
revealed the creation of a single phase structure and
chopped strands (Fig. 1). Principal phases are designated
as BZN as can be observed in the detection of
Ba(Zn1/3Nb2/3)O3 (PDF Card No:00-039-1474). By
applying a mixed oxide technique with an appropriate
calcination temperature and the removal of any
possible intermediary phases, the powders’ single
phase structure was obtained. All of the specimens
were sintered for 4 hours at 1250 °C [41]. 

Fig. 1. XRD patterns of single phase Ba(Zn1/3Nb2/3)O3 sintered for
4 h at 1250 °C.
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XRD examination indicated that the BZN powders
lacked a secondary phase. The samples' phase structures
maintained single phase BZN-pure chopped strands
phase and their diffraction peaks were consistent with
BZN, chopped strands, and the samples themselves.
BZN is mostly temperature sensitive during synthesis,
and high temps are occasionally employed to create
single phases. 

BZN has a cubic crystal structure as centrosymmetric.

Using Full Prof, the experimental lattice parameters
and unit cell volume were calculated in Table 1, and
the XRD pattern was matched to the XRD pattern of
BZN [36, 37].

SEM Analysis of Ba(Zn1/3Nb2/3)O3 

SEM was used to examine the specimens that were
heat treated at 1250 °C for 4 h. 

As in the XRD analysis, SEM examination revealed
that only BZN single-phase structure was created in all
samples, and no secondary phases or microstructural
impurities were found (Figs. 2(a), (b) and (c)). The
majority of grains had a cubic structure form as
centosymmetric, and no discernible compositional
variation was found in the EDS analysis across grains
with various morphologies.

EDS analysis applied to BZN grains showed that the
composition of the grains was close to the theoretical
composition of the BZN compound. The Ba(Zn1/3Nb2/3)O3

grains' EDS examination yielded values that were
extremely similar to the material's theoretical composition
(19.84% O, 7.31% Zn, 24.48% Nb, 48.37% Ba). It is
determined that the grain size is compatible when
particle size is assessed at various magnifications (Fig.
2(d)). 

Densities Measurement of Ba(Zn1/3Nb2/3)O3 

Densities of BZN pellets obtained after sintering
were measured using the Archimedes method. 

While BZN ceramics had a relative density of
approximately % 95 at 1200 °C, the density value
reached % 97 at 1250 °C and then a gradual decrease
was experienced in the density value. The decrease in
density after 1300 °C is probably due to ZnO losses
(Fig. 3).

Table 1. Calculated lattice parameters of Ba(Zn0.33Nb0.67)O3 sample (heat treated 4 h at 1250 °C) by using Full Prof.

 Sample a (Å) b (Å) c (Å) Volume (Å3) Space Group

Ba(Zn1/3Nb2/3)O3 4.094  4.094 4.094  68.59 Pm-3m

Fig. 2. SEM pictures of single-phase Ba(Zn1/3Nb2/3)O3 heat treated
for 4 h at 1250 °C (a) at 2500, (b) at 5000, (c) at ×10000 (d) EDS
examination of BZN at 5000.

Fig. 3. Variation of relative densities of Ba(Zn1/3Nb2/3)O3 with
sintering temperature.
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EMI Shielding Measurements of Chopped Strands/
Ba(Zn1/3Nb2/3)O3 Compositions

The frequency dependent of the shielding efficacy
performance of the epoxy-(chopped strands/BZN)
composites in the frequency range of 0-8 GHz is
shown in Fig. 4. 

Two port VNA (R & S FSH-K 42) device was used
for shielding effect measurements. To perform the SE
test, coaxial holders of sufficient diameter maintaining
50-ohm impedance at the input and output ports were
used. Basically, a sample-free value was calculated
first. The samples were then placed sequentially in the
instrument, always compacted evenly at three different
locations to maintain consistent pressure throughout the
sample. 

The device sends the output values to the computer
where the SE was determined. The difference between
the presence and absence of samples was displayed on
the computer as shielding efficiency values The
measurement of the device was checked by measuring
the smooth round, 1.4 mm thick samples repeatedly.
Sample thickness is a critical dimension and thin is
ideal. For best reproducibility of SE measurements,
reference sample area and load sample were the same
in thickness, measured SE values of composites were
related to geometry and orientation [38, 39]. The
shielding effect value depends on how far the incoming
electromagnetic wave passes through the composite
material. When the EMI does not pass, it will either be
reflected back or absorbed by the material. That is, the
material that gives EMI protection feature has either
back reflection or absorbance, for this, separate
measurements are required with this device.

In the Ba(Zn0.33Nb0.67)O3/chopped strands composites,
the microwave shielding effectiveness of chopped
strands-BZN (at 80-20 wt.%) were obviously superior

than those of chopped strands-BZN (at 20-80 wt.%).
One band at 6.24 GHz with -44.75 dB in chopped
strands/Ba(Zn1/3Nb2/3)O3 compositions (at 80-20 wt.%)
was all that was present. This composite material
arrived -23.48 dB and -21.34 dB, at 6.86 GHz and 7.61
GHz, respectively. Further, in the frequency regions of
0 and 0.71 GHz, 0.77 and 2.15 GHz, 2.91 and 4.11
GHz, 4.78 and 5.01 GHz, 5.41 and 6.45 GHz, 6.64 and
7.09 GHz, 7.28 and 7.58 GHz, it accomplished shielding
effectiveness value under -10 dB. In addition, the
compositions had a shielding effectiveness below -20
dB in the range of frequency between of 0 GHz and
0.48 GHz, 5.93 GHz and 6.38 GHz, 6.81 GHz and 6.96
GHz. 

When the quantity of Ba(Zn0.33Nb0.67)O3 powder
increased and chopped strands content decreased, the
chopped strands/Ba(Zn1/3Nb2/3)O3 compositions (at 20-
80 wt.%) reached to -19.65, -12.83, -24.96, -15.81,
-20.92 and -21.79 dB, at 1.62, 4.85, 6.22, 6.92, 7.51
and 7.65 GHz, respectively. In the frequency ranges
between 0 and 0.49 GHz, 6.15 and 6.24 GHz, this
composite also demonstrated shielding effect
performance under -20 dB. In contrast, it reached a
shielding effectiveness under -10 dB in the frequency
ranges of 0 and 0.73 GHz, 0.89 and 2.16 GHz, 4.81
and 4.91 GHz, 5.6 and 6.49 GHz, 6.65 and 7.05 GHz,
7.44 and 8 GHz. 

The greatest wideband shielding performance was
provided by the chopped strands/Ba(Zn1/3Nb2/3)O3 (at
80-20 wt.%), with a value under -20 dB in the
frequency range of 5.93 and 6.38 GHz. 

As assessed in the particular radar bands, like wlan
frequency and wide frequency range, chopped strands/
BZN are intriguing. They provide strong shielding
effect as fine durable distinct sample materials.

For EMI shielding, multiple reflections brought on
by internal reflections in the shielding material are
crucial. This phenomena is more evident if the material
has a lot of large surface areas or interfacial regions.

This porous composite materials most likely have a
huge internal number of grain boundaries and big
specific surface area. These characteristics enhance the
wave shielding effect, and lightness is an advantage for
materials with porous structures. 

The multiinterfaces between Ba(Zn0.33Nb0.67)O3 and
chopped strands play a critic role in the electromagnetic
shielding materials. The value of microwave shielding
effect also related to the matching (coherence) of the
impedance of the irradiation on the surface of the
composite material. The matching impedance on
transmissions between the components of the composites
is improved by chopped strands. In fact, the sharp
shielding effect peaks occur, because of the resonance
effect of reflection and holder geometry.

The shielding effect (SE) test’s goal is to figure out
how much insertion loss results from placing a
substance between the source and the signal analyser.

Fig. 4. Shielding effect of the epoxy-(chopped strands/Ba(Zn1/

3Nb2/3)O3) composites: chopped strands /Ba(Zn1/3Nb2/3)O3 (at 20-
80 wt.%) compositions, chopped strands/Ba(Zn1/3Nb2/3)O3 (at 80-
20 wt.%) compositions.
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EMI shielding is affected by reflection loss and
absorption loss. The other effect is multiple reflection
effect, which describes internal reflections within the
shielding material. When there are many big surface
or interfacial areas, this impact generally becomes
apparent. This creation is influenced by the shape,
microstructure, and geometric composition of the
composite, as well as many electromagnetic wave
reflections and refractions. There are possibly multiple
internal grain boundaries and a sizable specific surface
area in sintered Ba(Zn1/3Nb2/3)O3 with porous features.
These characteristics improve the shielding effect, and
the material’s lightweight is another advantageous
characteristic. 

Chopped strands improve the transmission impedance
between composites’s parts. Because interfacial
polarization exists, the many interfaces between BZN
and chopped strands encourage an increased electro-
magnetic shielding effectiveness. When Ba(Zn1/3Nb2/3)O3

crystallite’s size decreases and its asymmetrical regions
increase, there are more collisions in the surface spins.
Increases in the distribution of the observed particle
size in the crystal structure may also be interpreted as a
rise in the shielding effect peak widths.

In this technique, microwave shielding action of
composites may be modified by adjusting chopped
strands and Ba(Zn1/3Nb2/3)O3 concentration. Chopped
strands based Ba(Zn1/3Nb2/3)O3 composites have a
significant shielding efficacy rate for electromagnetic
waves in a wide band region. Studies show that the
composite structure is affected by the concentration of
chopped strands. 

Chopped strands have an impact on the material's
transmission, increasing the effectiveness of the
shielding.

Conclusions

Herein, shielding effectiveness properties of chopped
strands/Ba(Zn1/3Nb2/3)O3 composites are investigated.

Ba(Zn1/3Nb2/3)O3-chopped strands (at 20-80 wt.%
and 80-20 wt.%) composites were manufactured using
mixed oxide process and this is the first research of
epoxy based chopped strands/Ba(Zn1/3Nb2/3)O3 composites
measured in the between 0-8 GHz frequency. 

By adjusting the chopped strands and Ba(Zn1/3Nb2/3)O3

powder control, shielding effect performance of material
can be varied for the required frequency bands.

Chopped strands based Ba(Zn1/3Nb2/3)O3 composites
have a bright future as microwave shielding effectiveness,
on account of their straightforward and affordable
arrangement methods. Chopped strands of Ba(Zn1/3Nb2/3)O3

were used to increase the microwave shielding
effectiveness.

Chopped strands-Ba(Zn1/3Nb2/3)O3 (at 80-20 wt.%)
compositions-epoxy with a minimal SE of -44.75 dB at
6.24 GHz and 1.4 mm thickness showed the best

shielding effectiveness. 
The SEM analysis confirmed the XRD result, as

single phase Ba(Zn1/3Nb2/3)O3 in the composite. 
Depending on quantity of chopped strands, the

microwave shielding properties of BZN-chopped
strands composites vary.

The composition of epoxy-chopped strands/
Ba(Zn1/3Nb2/3)O3 (at 80-20 wt.%) gives a high shielding
effect value of under -20 dB at frequencies between 0
and 0.48 GHz, 5.93 and 6.38 GHz, 6.81 and 6.96 GHz.
Between 0 and 0.71 GHz, 0.77 and 2.15 GHz, 2.91 and
4.11 GHz, 4.78 and 5.01 GHz, 5.41 and 6.45 GHz,
6.64 and 7.09 GHz, 7.28 and 7.58 GHz, This
composition has a shielding effect of less than -10 dB.

The shielding efficacy characteristics are significantly
influenced by the quantity of chopped strands. This
composite was developed for the first time especially
for this purpose. 

Chopped strands based Ba(Zn1/3Nb2/3)O3 composites
have a strong shielding effectiveness proportion for
electromagnetic waves in a wide band region at thick
of 1.4 mm. 

Analyses in the microwave frequency range have
demonstrated the appeal of these composites for
application in 3G/4G mobile technologies. 

Microwave shielding abilities of chopped strands
based Ba(Zn1/3Nb2/3)O3 composites can be studied in
further detail with other additions and ratios. 

In order to increase the microwave shielding,
Ba(Zn1/3Nb2/3)O3-chopped strands composites are being
employed.

The shielding effectiveness and reflection loss of this
composite with another dopant materials might be
investigated in radar bands and higher frequency
ranges. 
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