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Abstract
This communication describes a solid-state reaction prepared bismuth oxide and related complex compounds (BNKMT) 
of a chemical composition (1 − x)BiFeO3 − x(Bi0.5Na0.25K0.25Ti0.5Mn0.5O3), where x = 0.15 and 0.20. Structural studies of 
the complex system show rhombohedral crystal symmetry (#R3c). The homogeneous distribution of the grains and grain 
boundaries throughout the sample surface clearly defined grain boundaries, which play a significant part in the conductivity 
mechanism, as revealed by the analysis of scanning electron microscopy micrographs and electrical properties. An energy-
dispersive X-ray analysis spectrum was used to verify the processed materials’ purity and composition. According to the 
analysis of the FTIR-ATR spectrum, the prepared samples show stretching bands that correspond to their constituent ele-
ments. A dielectric investigation confirmed that the Maxwell–Wanger type of dielectric dispersion is present in the samples. 
Studies of impedance parameters as a function of temperature and frequency result in a negative temperature coefficient of 
resistance behavior. While ac conductivity research supports the presence of a thermally activated relaxation process in the 
materials. Analysis of electric modulus discloses a non-Debye type relaxation mechanism in the studied sample. Because 
the samples are semiconducting at high temperatures, semi-circular arcs have been seen in both the Nyquist and Cole–Cole 
plots. When compared to BNKTM 15%, BNKTM 20% has a bandgap energy of 5.9 eV, according to the analysis of UV 
visible spectra.

Keywords  (1 − x)BiFeO3 − x(BiNaKTiMnO3) · Rhombohedral · Maxwell–Wanger dielectric dispersion · Non-Debye 
relaxation · Thermally activated relaxation · Nyquist plots

1  Introduction

Since the discovery of ferroelectricity, numerous ferroelec-
tric materials belonging to various structural families, such 
as perovskite, tungsten bronze, layer structure, etc., have 
been thoroughly researched. Among the members of the per-
ovskite family, some substances such as potassium niobate 
(KNbO3), lead titanate (PbTiO3), lead zirconate (Pb(Zr, Ti)
O3,) and barium titanate (BaTiO3) are frequently utilized for 
the capacitor, piezoelectric, and pyroelectric applications. 

Due to the vast potential industrial applications of thin films 
of dielectric materials (in the form of ceramics (bulk and 
nano) with the correlations between their crystal structures 
and physical properties, these materials have extensively 
been researched [1–4]. Currently, a sizable group of mate-
rial scientists is working to develop new ceramic materials 
for a variety of device applications, including actuators, IR 
detectors, gas sensors, modulators, multilayer capacitors, 
electro-optic, piezoelectric, computer memories, and dis-
play system devices, among others [5–9]. Nowadays, much 
attention is paid to the development of ferroic (multifunc-
tional and multiferroic) materials for devices. The magnetic 
moment of Fe is ferromagnetic in (001) h/(111) c planes and 
anti-ferromagnetic in the two adjacent (001) h/(111) c planes 
in the structure of bulk BiFeO3, which is a perovskite ferroic 
with G-type ordering [10]. Multiferroics are a subclass of 
functional materials that exhibit ferroelectric, ferromagnetic, 
and ferroelastic ordering characteristics all at the same time 
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in a single phase [11]. As bismuth ferrite (BiFeO3) exhibits 
multiferroic properties at reasonable temperatures (much 
above room temperature), it has drawn particular interest 
among all multiferroic materials [12]. However, because of 
its high leakage current, structural distortion, and increased 
dielectric loss (tangent loss), BiFeO3 has been found to 
have some major problems in devices. These problems have 
an impact on the electrical and ferroelectric properties’ 
strength, which restricts more on its multifunctional utility. 
The strong leakage current in BiFeO3 is attributed to iron 
(Fe+ 2→ Fe+ 3 + e−) ion oxidation-reduction, which produces 
oxygen vacancies for charge compensation [13, 14]. It has 
also been discovered that pure bismuth-based compounds 
are one of the best candidates to replace the aforementioned 
deadly lead compounds. Such materials (Bi-based) have 
been chosen for particular devices based on their enhanced 
temperature stability, high ionic conductivity, low energy 
dissipation factor, high dielectric constant, and other factors.

Numerous studies on bismuth ferrite, single-dopant modi-
fied bismuth ferrite, and perovskite-doped bismuth have been 
published in the literature, but only very few have focused on 
complex perovskite ceramic BNKTM with (Bi0.5Na0.25K0.25)
(Ti0.5Mn0.5)O3 (modifier) and BFO (parent). It is noted that 
the same authors have investigated the structural, dielec-
tric, electrical, and optical characteristics of above modified 
complex compounds with a chemical composition (1 − x) 
BiFeO3 − x(Bi0.5Na0.25K0.25)(Ti0.5Mn0.5)O3 = BNKTM 
(x = 0.05 and 0.10). They found that samples contain rhom-
bohedral crystal structure (#R3c) for low concentration, 
x = 0.05 and 0.10 [15]. Now the authors are intended to syn-
thesize (via ceramic technology) and study various proper-
ties (using standard characterization techniques) of the same 
compound with higher concentration (x = 0.15 and 0.20) in 
different experimental conditions to address several physical 
features and problems of the material.

2 � Experimental Details

2.1 � Material Required

The solid-state reaction method was used to prepare BNKTM 
of chemical composition (1 − x)BiFeO3 − x(Bi0.5Na0.25K0.25T
i0.5Mn0.5O3) (x = 0.15 and 0.2) ceramics. The starting raw mate-
rials (metal oxides and carbonate) are; Bi2O3 (99.0%, Hime-
dia), Fe2O3 (99.5%, Himedia), Na2CO3 (99.5%, Central Drug 
House), K2CO3 (99.5%, Loba Chemie Pvt. Ltd), TiO2 (99.5%, 
Loba Chemie Pvt. Ltd) and MnO2 (99.5%, Loba Chemie Pvt. 
Ltd). The materials were weighted stoichiometrically with the 

help of a digital balance (Model: ML204/A01) of accuracy 
up to the 4th decimal place. The required chemical equations 
to form the final product are given as; for x = 15% of dopant 
BNKTM: 0.4625Bi
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2.2 � Synthesis and Sintering

The mortar pestle was used to grind the metal powders for 2 h 
in a dry medium and then 2 h in a wet medium with the help 
of methanol. The fine powders were kept in a high-temperature 
resistant crucible in the furnace at 800 °C for 10–12 h for calci-
nation. The phase formation of the compounds was confirmed 
from the analysis of the X-ray diffraction (XRD) spectra of the 
calcined powders. The XRD spectra were obtained in a wide 
range of the Bragg angle, (20° ≤ 2θ ≤ 80°) using an X-ray dif-
fractometer (Rigaku Ultima IV) with incident Cu-Kα radiation 
(λ = 1.5406 Å). The cylindrical pellets of diameter 10–12 mm 
and thickness of 2 mm are made using nano-powders under a 
uniaxial hydraulic pressure of 4 MPa. For removal of impurity 
traces (C & O), better homogeneity dispersion, and high densi-
fication, the prepared pellets were sintered at 850 °C.

2.3 � Characterization

The structural analysis of the prepared samples was done by 
using the X-ray diffraction data (MODEL: RIGAKU Japan 
ULTIMA IV; equipped with a source of CuKα radiation 
(λ = 1.5405 Å). The study of the surface morphology and com-
positional analysis was done by using SEM-EDAX [MODEL: 
S- 3400; SL. No. 340749-10]. The machine is working under 
the condition of accelerating voltage = 15,000 volts; working 
distance = 10,700 μm and emission current = 113,000 nA. 
Both sides of the pellets were painted with high-conducting 
silver and heated at 100 °C for 45 min before connecting 
to the two ends of the electrical electrode for evaluation of 
the electrical measurements. A phase-sensitive meter (N4L, 
model PSM-1735) was used for the measurement of dielec-
tric and electrical properties, in a broad range of frequency 
(1000  Hz–1  MHz) and temperature (25°–500  °C). The 
UV–Vis spectra [MODEL: V-670, Sl. No.: A050461154, 
light source: D2/WI; Bandwidth: 2 nm] was used to obtain the 
required band gap within an absorbance range of 200–800 nm 
with a scan speed of 400 nm/min. The P–E loop tracer (M/S 
marine, India) was used to examine the possibility of ferro-
electric property.
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3 � Results and Discussion

3.1 � XRD Analysis

Figure 1a, b shows XRD (X-ray diffraction) patterns of 
the (1 − x)BiFeO3 − x(BiNaKTiMnO3), (x = 0.15 and 0.20) 
ceramics. The Rietveld refinement of the proposed sam-
ples has been done using the CIF file-1001090 of BiFeO3 
as reference taking computer program EXPO 2014 and the 
obtained fitting is shown in Fig. 1a BNKTM 15% and (b) 
BNKTM 20% respectively. The best possible structure was 
selected to be rhombohedral for both samples with a space 
group of R3c which is consistent with previous reports [15]. 
The reliability parameters extracted for BNKTM 15% from 
the refinement are Rwp (%) = 5.286 and Rp (%) = 3.760 with 
unit cell parameters a = b = 5.5689 Å, c = 13.8130 Å and 
volume (V) = 371 Å3.

Similarly, the reliability parameters extracted for 
BNKTM 20% from the refinement are Rwp (%) = 6.519 and 
Rp (%) = 4.548 with unit cell parameters a = b = 5.5761 Å, 
c = 13.8201 Å and volume (V) = 372.14 Å3. A small impu-
rity phase is observed at 27.8°, which has no impact on other 
physical properties. As the XRD pattern of modified bismuth 
ferrite (BNKTM) (previously published [15] and present 
work) with all the compositions (x = 0.05, 0.1, 0.15, and 
0.20) looks similar, its structural parameters are concentra-
tion (x) dependent.

Figure 1c, d  represents Williamson–Hall plots of the 
BNKTM 15% and BNKTM 20% respectively. In the W–H 
plot, 4 sinθ is taken along the x-axis and βcosθ is taken along 
the y-axis [16, 17]. The slope of the W–H plot provides lat-
tice strain while the intercept will give the average crystal-
lite size in the studied sample. The average crystallite size 
and lattice strain of the studied BNKTM 15% sample are 
found to be 75.7 nm and 0.00349 respectively. Similarly, the 

Fig. 1   a XRD patterns of BNKTM 15% and b BNKTM 20% ceramics. c Williamson–Hall plots of BNKTM 15% and d Williamson–Hall plots 
of BNKTM 20%
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average crystallite size and lattice strain of the BNKTM 20% 
sample are found to be 105 nm and 0.00310 respectively.

3.2 � SEM and EDAX Analysis

Figure 2a represents the SEM micrograph of BNKTM 15%. 
The analysis of the SEM suggests that grains are distinctly 
visible and uniformly distributed over the surface of the 
sample with negligible voids. The grains are separated with 
well-defined grain boundaries; which may affect the electri-
cal conduction mechanism. The purity and compositional 
analysis of the sample are shown in Fig. 2b. The EDAX 
spectrum confirms the presence of all constituent elements 
(Bi, Fe, Na, K, Ti, Mn & O) with both weight and atomic 
percentages. The distribution of grains of the BNKTM 15% 
surface is shown in Fig. 2c.

The average grain size of the sample was calculated using 
ImageJ software [18]. The value of the average grain is about 
1.82 μm. Similarly, Fig. 2d shows the SEM micrograph of 
the BNKTM 20%. The grains are well-grown and distrib-
uted uniformly on the whole surface of the sample with 
negligible voids. The grains are well-defined through the 
grain boundaries. The compositional analysis of the sample 
was done using an EDAX spectrum as shown in Fig. 2e. 
The results show the presence of signs of all the constituent 
elements (Bi, Fe, Na, K, Ti, Mn & O) in both weight and 
atomic percentage in the studied sample. Figure 2f shows 
the distribution pattern of the grains in the BNKTM 20%. 
The average grain size was calculated using ImageJ software 
and the result shows that the sample has an average grain of 
1.71 μm.

3.3 � Dielectric Analysis

When an alternating electric field is applied across the 
dielectric materials, all types of polarizations are set up 
which may contribute to the relative permittivity/dielectric 
constant. Figure 3a, b shows the variation of the dielectric 
constant versus frequency of the BNKTM 15% and BNKTM 
20% at some selected temperatures. At low frequencies, a 
wide dispersion in dielectric constant was observed due to 
the presence of all four types of polarization. This nature of 
the curve is called the Maxwell–Wanger type of dispersion. 
With the increase in the frequency of the applied electric 
field, the dielectric constant decreases and merged into one 
because of the reduction of the space charge polarization 
[19]. In this present study, the dielectric constant is maxi-
mum (i.e., 34,000) at x = 0.15 and then increases to 44,000 
at x = 0.20 (at 50 °C and 1 kHz) This may be related to the 
suppression of the polarization effect at low frequency.

Figure 3c, d shows the variation of dielectric constant ver-
sus temperature at some selected frequencies for BNKTM 
15% and BNKTM 20%. It is observed that the dielectric 

constant approaches zero at low temperatures and then 
increases sharply. It is difficult to align all-electric dipoles in 
one direction at low temperatures; which gives a small die-
lectric constant. As soon as temperature increases, diploes 
are aligned into a single direction and produce a high value 
of the dielectric constant [20]. In this present study, the high-
est value of the dielectric constant of 1650 is observed in 
BNKTM at 15% whereas the highest value of the dielec-
tric constant of 36,000 is observed in BNKTM at 20%. The 
increasing trend may be related to the effect of composition 
in the prepared sample.

The effect of the frequency and temperature on dielectric 
loss is discussed in this section. Figure 4a–d shows the vari-
ation of the tanδ of the (1 − x)BiFeO3 − x(BiNaKTiMnO3) 
(x = 0.15 and 0.20) ceramics as a function of frequency ( 103

–106 Hz) at a selected temperature of (25–500 °C). In this 
present study (Fig. 4a, b, the highest value of the dielec-
tric loss is about 64 in BNKTM 15% whereas the highest 
value of the dielectric loss is about 48 in BNKTM 20%. 
Therefore, it may be concluded that BNKTM 20% is a bet-
ter compound as compared to BNKTM 15% for applica-
tion in energy storage devices and again well supported by 
dielectric results. Figure 4c, d shows the relation between 
the dissipation factor with the temperature. The result shows 
that the value of tan δ is very small and remains constant at 
low temperatures. Electric dipoles are not getting sufficient 
energyto be polarized in one direction at low temperatures, 
resulting smaller value of dielectric loss [21]. With the 
increase in temperature, dipoles start getting polarized and 
get maximum value. A sharp fall of dielectric loss curves 
around 350 °C was observed in BNKTM 15%, which may 
be related to phase transition i.e., ferroelectric to paraelectric 
phase. Similarly, a sharp fall of the dielectric loss curves at 
300 °C may be related to the phase transition. Therefore, 
it may be concluded that the BNKTM 5% is more suitable 
to work for microelectronic devices both at high frequency 
and temperature.

3.4 � Impedance Spectral Analysis

The role of impedance to control the electrical properties of 
the sample is discussed in this section. The complex imped-
ance of a ceramic compound is described by the relation. 
Z*(ω) = Z′ (ω) + j Z′′ (ω), where Z′ and Z′′ are the real and 
imaginary parts of the impedance and ω is the angular fre-
quency of the applied alternating field. The real and imagi-
nary parts of the impedance are given by Z′ = Z*cosθ and 
Z′′ = Z*sinθ respectively [22]. Figure 5a, b shows the varia-
tion of real parts of the impedance of the BNKTM 15% and 
BNKTM 20% at some selected temperatures. The real part 
of the impedance decreases with the increase in temperature 
supporting the negative temperature coefficient of resistance 
behavior [23, 24]. The decreasing trend of the BNKTM 20% 
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Fig. 2   a Shows the SEM micrograph of BNKTM 15%; b EDAX spectrum; c distribution of grain size; d SEM micrograph of BNKTM 20%; e 
EDAX spectrum and f distribution of grains in BNKTM 20%
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is much sharper compared to BNKTM 15%. So, BNKTM 
20% shows better NTCR behavior.

Figure 6a, b shows the variation of the imaginary part 
of the impedance of the BNKTM 15% and BNKTM 20% 
at some selected temperatures. The imaginary part of the 
impedance shows a wide disperse value at low frequency. 
Each plot has a peak value at a certain frequency called 
relaxation frequency. Therefore, the sample has a relaxation 
character which is useful for sensor applications. In close 
observation, the relaxation character of the BNKTM 20% is 
better than BNKTM 15%.

3.5 � Nyquist and Cole–Cole Plots

Figure 7a, b represents the Nyquist plots for BNKTM 15% 
and BNKTM 20% at some selected temperatures. The for-
mation of semi-circular arcs in the Nyquist plots confirms 
the semiconductor behavior [25]. Again, in the comparison, 

the BNKTM 20% ceramic is having better semiconducting 
properties as compared to that of BNKTM 15%.

The semiconducting character of the sample was tested by 
using Cole–Cole plots as shown in Fig. 8a, b. The depressed 
semi-circular arcs present in the Cole–Cole plots confirm 
the semiconductor behavior; which is well-matched with 
Nyquist’s results [26].

3.6 � Modulus Analysis

The modulus analysis mechanism is widely used to study the 
space charge relaxation phenomena and ionic conductivity 
in ceramic material. Figure 9a, b represents the variation 
of the M′ and M′′ with the frequency of BNKTM 15% and 
BNKTM 20% at some selected temperatures. The frequency-
dependent electric modulus M′ (real) and M′′ (imaginary) 
of (1-x)BiFeO3-x(BiNaKTiMnO3) have been shown at 
some selected temperatures. It is observed that all the values 

Fig. 3   Plot dielectric constant versus frequency for a BNKTM 15%; b for BNKTM 20%; and plot between dielectric constant versus temperature 
c for BNKTM 15% and d for BNKTM 20%
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of M′ are close to zero at low frequency and slowly increase 
with the rise in both frequency and temperature. The trend 
of the M′ curves in BNKTM 20% has a better variation rate 
and is saturated at a high value compared to BNKTM 15%.

Figure 10a, b shows the variation of the M′′ with the 
frequency of the BNKTM 15% and BNKTM 20% at some 
selected temperatures. It is observed that the peaks of the 
M′′ are shifting with both frequency and temperature. The 
M′′max peaks are shifted to the higher frequency side. This 
asymmetric peak shift confirms the presence of the non-
Debye type of the relaxation process [27, 28]. The nature 
of dielectric relaxation shows the hopping mechanism of 

the charge carrier dominates intrinsically at high tem-
peratures. The asymmetric peaks are more pronounced 
in BNKTM 20% as compared to that BNKTM 15%. So, 
BNTKM 20% has a better non-Debye relaxation process.

3.7 � AC Conductivity

Dielectric materials possess no free-charge carriers and are 
non-conducting in nature. Thus, when a solid polycrystalline 
dielectric material (ceramic pellet) is subjected to an exter-
nal electric field, conduction takes place due to the transport 
of only weakly bound charged particles through different 

Fig. 4   Plot between dielectric loss versus frequency for a BNKTM 15%; b BNKTM 20%; and plot between dielectric loss versus temperature for 
c BNKTM 15% and d BNKTM 20%
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Fig. 5   Plots between Z′ versus frequency for a BNKTM 15% and b BNKTM 20%

Fig. 6   Graph between Z′′ versus frequency for a BNKTM 15% and b BNKTM 20%

Fig. 7   Nyquist graph for a BNKTM 15% and b BNKTM 20% ceramics
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Fig. 8   Cole–Cole plots of a BNKTM 15% and b BNKTM 20% ceramics

Fig. 9   Graph between M′ and frequency for a BNKTM 15% b BNKTM 20%

Fig. 10   Plot of M′′ versus frequency for a BNKTM 15% b BNKTM 20% ceramics
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mechanisms. The conductivity can be calculated by using 
a relation; σac = ω εr εo ω tanδ, where ω is the angular fre-
quency of the ac source, tanδ is the dielectric loss and εo is 
the dielectric permittivity in vacuum), and the ac conductiv-
ity of the sample has been calculated [29]. Analysis of the 
ac conductivity of both samples BNKTM 15% and BNKTM 
20% indicates that the conduction process follows Jonscher’s 
universal power law.

Figure 11a, b represents the variation of the ac conductiv-
ity with frequency for BNKTM 15% and BNKTM 20%. It 
is observed that the value of ac conductivity increases with 
the rise of frequency and is then merged into one. Again, the 
value of the ac conductivity is smallest at low frequency for 
50 °C and then increases with the rise of the temperature. 
Figure 11c, d shows the variation of AC conductivity (σac) 
with the inverse of absolute temperature (103/T) at different 
frequencies. The activation energy of the conduction pro-
cess in the sample corresponding to the frequency can be 

calculated by using the Arrhenius equation: �
ac
= �

0
e
−Ea∕kT , 

where σac stands for ac conductivity, σ0 is the pre-exponen-
tial factor, k is the Boltzmann constant, T is the working 
temperature and Ea is the activation energy of the process 
[30]. The calculated activation energies for BNKTM 15% 
are; 143.82 meV, 138.67 meV, 135.50 meV, 125.14 meV, 
119.29 meV, 108.84 meV, 103.50 meV and 96.6 meV at 
1 kHz, 5 kHz, 10 kHz, 50 kHz, 100 kHz, 300 kHz, 500 kHz, 
and 1 MHz respectively. Similarly, the calculated activa-
tion energy for BNKTM 20% are; 143.71 meV, 141.39 meV, 
135.43 meV, 125.25 meV, 118.58 meV, 107.87 meV, 101.93 
meV, 93.63 meV at 1 kHz, 5 kHz, 10 kHz, 50 kHz, 100 kHz, 
300 kHz, 500 kHz, and 1 MHz respectively. Analysis of 
both cases supports the presence of a thermally activated 
relaxation process in the sample. Again, when the activa-
tion energies for both samples are compared, it is observed 

Fig. 11   Plot between ac conductivity versus frequency for a BNKTM 15%; b BNKTM 20%; and graph between ac conductivity versus tempera-
ture for c BNKTM 15% and d BNKTM 20%



444	 Transactions on Electrical and Electronic Materials (2023) 24:434–446

1 3

that activation energy decreases with the rise of the dopant 
concentration.

3.8 � UV Visible Spectroscopy

Absorbance spectra tailored in the respective optical study 
of the polycrystalline (1 − x)BiFeO3 − x(BiNaKTiMnO3), 
(x = 0.15 and 0.20) ceramics in the wider wavelength 
between the ranges of 200–1100 nm. The sharply falling 
region has been drawing attention to determining the band 
gap energy (Egap).

Tauc’s relation has been used to resemble the semicon-
ducting properties of the prepared sample. This relation pro-
vides the energy dependence absorption coefficient related 
by the following equation; α = A (hν − Egap)m/ hν or (αhν)1/m 
= A (hν − Egap), where A is known to be a constant whose 
value varies depending upon the type of transitions [31]. The 
value of m being an exponent is usually determined by the 
nature of electronic transitions involved during absorptions. 
The allowed direct, allowed indirect, forbidden direct, and 
forbidden indirect transitions can be obtained for the cho-
sen values of m = 1/2, 2, 3/2, and 3 could be well defined. 
Egap is called Tauc’s optical bandgap while hν energy of 
the incident photon. Figure 12 a shows the absorbance 
spectrum [inset], 12 b shows the energy versus  (αhν)2 of 
the BNKTM 15% while 12 c shows the absorbance spec-
trum [inset] and 12 d shows the energy versus (αhν)2 of the 
BNKTM 20% ceramics. The straight line extrapolated from 
the curve formed between (αhν)2 versus hν yields the band 
gap energy depicted in Fig. 12. The calculated values of the 
energy band gap are about 5.8 eV and 5.9 eV for BNKTM 

15% and BNKTM 20% respectively; which are a good range 
of energy for different optoelectronic device applications.

3.9 � FTIR Study

Figure 13 shows the FTIR-ATR spectrum of the BNKTM 
15% and BNKTM 20% within the wave number range of 
300 cm−1≤ΰ≤ 4000 cm−1 which has been recorded using 
KBr-based reference material. The stretching band at 
532 cm−1 is due to the presence of all constituent elements 
in the prepared sample. The bandwidth decreases with an 
increased percentage of BNKTM in the host BFO ceramics.

Fig. 12   a Absorbance versus wavelength (inset), b energy versus (αhν)2 for BNKTM 15%, c absorbance versus wavelength (inset), and d energy 
versus (αhν)2 for BNKTM 20% ceramic

Fig. 13   FTIR-ATR spectrum of BNKTM 15% and BNKTM 20%
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4 � Conclusions

Rhombohedral (1 − x)BiFeO3 − x(BiNaKTiMnO3), (x = 0.15 
and 0.20) ceramics were synthesized using a conventional 
solid-state reaction method. The XRD analysis confirms the 
formation of stable perovskites with average crystallite size 
and micro-lattice strain for x = 0.15 and 0.20 samples are 
found to be 75.7 nm, 105 nm, 0.00365, and 0.00310 respec-
tively. The study of SEM micrographs provides evidence 
of the uniform distribution of well-grown grains through 
distinct grain boundaries. The analysis of the EDAX spec-
trum reveals the true signature of all constituent elements 
(Bi, Fe, Na, K, Ti. Mn and O) in both weight and atomic 
percentage. The presence of the Maxwell–Wanger type of 
dielectric dispersion was confirmed by a dielectric study. 
The study of impedance as a function of temperature and 
frequency suggests a negative temperature coefficient of 
resistance (NTCR) behavior. The study of electric modulus 
reveals a non-Debye type of relaxation mechanism whereas 
the study of ac conductivity confirms a thermally activated 
relaxation process. Both Nyquist and Cole–Cole plots are 
showing semi-circular arcs; which is related to the semicon-
ducting character of the sample.
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