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Among the lead-free piezoceramics, (1� x)BiFeO3 � xBaTiO3 (BF-BT) is considered a promising candidate for high-temperature
piezoelectric materials owing to its high Curie temperature (TC > 400○C) and good electromechanical properties. In this work, the
hydrothermal synthesis method was used to prepare the precursor powders of BiFeO3 and BaTiO3, and then the mixed powder
compacts with the chemical composition of 0.7BF–0.3BT were sintered under pressureless conditions. The influence of the
hydrothermal reaction times (12–24 h) of BiFeO3 on the structures and electric properties of the sintered ceramics was instigated.
First, all the samples synthesized with the tetragonal BaTiO3 and BiFeO3 powders were identified with relatively stable dielectric
properties. As the hydrothermal reaction time to synthesize BiFeO3 increased, the dielectric properties as well as the temperature
stability of the 0.7BiFeO3–0.3BaTiO3 ceramics also improved. At the condition of a hydrothermal reaction time of 24 h, the sample
obtained possesses both the lowest temperature coefficient of dielectric constant (Tk" ¼ 1:53� 10�2=○C between RT and 300○C)
and the highest Curie temperature (TC ¼ 471○C at 100 kHz). Moreover, at high temperatures, it exhibits a higher AC impedance
than others. The calculating result based on the resistive constant-phase-element model (R-CPE) circuit model showed that the grain
boundary of the 0.7BF–0.3BT ceramics contributes more resistance to the conductivity at high temperatures. In summary, the
hydrothermal reaction proved to be a useful way that achieves the preparation of single-phase 0.7BF–0.3BT ceramics with
improved electrical properties.
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1. Introduction

Bismuth ferrite (BiFeO3) is a typical single-phase multiferroic
material at room temperature. It has a Curie temperature (TC)
of approximately 1103K and a Neel temperature of around
643K.1–3 It is one of the few multiferroic materials exhibiting
both ferroelectric and antiferromagnetic ordering at room
temperature. Structurally, BiFeO3 adopts a distorted rhom-
bohedral perovskite structure, belonging to the R3c space
group. In this structure, Bi atoms occupy the vertex positions,
Fe ions are located at the centers of the iron oxide octahedra
and O atoms occupy the face-centered positions.4–7 However,
the synthesis of BiFeO3 often results in the formation of
impurities due to the volatility of bismuth and the fluctuation
of iron oxidation states. This leads to higher leakage current,
lower resistivity and smaller dielectric constant in BiFeO3

samples, making it difficult to obtain saturated hysteresis
loops at room temperature. Therefore, some researchers have

incorporated BaTiO3 into BiFeO3 to suppress the formation of
impurities and stabilize the BiFeO3 structure.3,8,9

Similar to other lead-based piezoelectric systems such as
KNN, BiFeO3–BaTiO3 (BF-BT) exhibits excellent piezo-
electric and ferroelectric properties when the system is near
the morphotropic phase boundary (MPB).10–12 However,
during the sintering process of BF-BT ceramics, phenomena
such as the volatilization of Bi2O3 and the variable valence of
Fe3þ contribute to a higher concentration of defect ions in the
ceramic samples.13–15 As a result, this process leads to higher
dielectric loss (tan δ), poorer ferroelectric properties and
lower piezoelectric performance.9,13,16,17 Additionally, when
the concentration of defect ions in the ceramic samples
reaches a certain level, it can cause significant leakage current
during the polarization process, making it difficult to achieve
proper polarization of the ceramic samples.2,18–21

In the BF-BT ceramic system, the issues of low ceramic
resistance, significant leakage current due to the volatilization
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of Bi2O3 and variable valence of Fe3þ, and difficulty in
polarization have been addressed by several approaches.
Leontsev et al. doped BF-BT ceramics with MnO2, which
increased the resistance from 2:7� 107 Ω �m undoped to
7:6� 1012 Ω �m. Furthermore, the d33 of the ceramic system
increased from 47 pC�N�1 undoped to 116 pC�N�1. Zhou
et al. found that substituting Bi3þ at the A-site with La3þ in
0:71BF� 0:29BTþ 0:6% MnO2 (0.6% mass fraction) effec-
tively improved the ferroelectric and piezoelectric properties of
the ceramic samples.10,11,15,22,23 When the substitution amount
of La3þ was 0.02mol, the ceramic samples exhibited excellent
piezoelectric performance with d33 ¼ 168 pC�N�1. Qin et al.
analyzed the influence of furnace cooling and water quenching
on the properties of 0.67BF–0.33BT ceramics. They found that
the water-quenched samples exhibited saturated hysteresis
loops, while the furnace-cooled samples displayed relatively
saturated hysteresis loops.14,24,25

Although the methods mentioned above can improve the
insulation and piezoelectric performance of BF-BT ceramics,
these methods are complex, and it is difficult to accurately
control the composition and phase structure during high-tem-
perature sintering, which hinders industrial production and
application.26–28 Therefore, in BF-BT ceramics, how to achieve
high insulation and high piezoelectric performance through
process adjustment has become the focus of our attention.

In this study, the preparation of BF-BT ceramics without
doping with additional components or sintering them under
specific atmospheres was explored. The approach involved
hydrothermal synthesis to separately prepare precursor
powders of BiFeO3 and BaTiO3, followed by sintering to
fabricate BF-BT ceramics. The study also included analysis
of the phase structure, microstructure, chemical state, di-
electric relaxation behavior and high-temperature impedance
behavior of the samples.

2. Experimental Details

2.1. Preparation of samples

First, the precursor powders of BiFeO3 and BaTiO3 were
prepared separately by using the hydrothermal reaction process
as shown in Fig. 1. Second, these two kinds of powders
obtained wereweighted andmixed according to the molar ratio
of 7:3, and then ball-milled, dried, granulated and pressed into
circular discs (green bodies) with a diameter of 10mm. After
removing the adhesive, these discs were sintered at 1000○C in
air for 2 h to obtain the polycrystalline ceramics. In this ex-
periment, the 0.7BF–0.3BT ceramics prepared by the BiFeO3

precursors with hydrothermal reaction times of 12, 16, 20 and
24 h were abbreviated as the samples 0.7BF–0.3BT-1, 0.7BF–
0.3BT-2,0.7BF–0.3BT-3 and 0.7BF–0.3BT-4, respectively.

2.2. Characterization of samples

The composition and crystal structure of the samples were
determined using an X-ray diffractometer (DX-2700B,

DDHY, China). The surface microstructure of the samples
was observed by using a scanning electron microscope
(SEM) (Quanta FEG 250, FEI, USA). The surface chemical
composition and elemental valence of the powder were
characterized by X-ray photoelectron spectroscopy (XPS).
The dielectric properties of the samples from room temper-
ature to 560○C were measured using an LCR meter
(TH2829A, Tonghui Electronics, China) associated with the
furnace, and the AC impedance characteristics of the samples
from 360○C to 450○C were measured.

3. Results and Discussion

3.1. Phase structure

Figure 2(a) shows the XRD spectrum of BaTiO3 precursor
synthesized with different hydrothermal reaction times. The
major diffraction peaks match with the standard card of
BaTiO3 (PDF#79-2263). The fixed molar ratio of Ba2þ to
Ti4þ was 2:1 under highly alkaline conditions. The effect of
reaction time on the preparation of tetragonal phase BaTiO3

crystals was investigated and concluded that tetragonal phase
barium titanate can be synthesized when the reaction tem-
perature is 180○C and the reaction time exceeds 24 h. When
the reaction temperature is 180○C and the reaction time is 18
or 24 h, the reaction is incomplete leading to the presence of
Ti in the products. Tetragonal phase barium titanate with high
content can be obtained when the reaction temperature
exceeds 180○C and the reaction time exceeds 48 h.

Figure 2(b) shows the XRD spectrum of BiFeO3 precursor
synthesized with different hydrothermal reaction times.

Fig. 1. Process flow for preparing the 0.7BF–0.3BT ceramics
through the hydrothermal reaction method.
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The crystal structure of BiFeO3 belongs to the cubic phase.
Single-phase BiFeO3 powders can be synthesized at reaction
temperatures above 140○C. The BiFeO3 powders were pre-
pared by a hydrothermal reaction at temperature of 200○C,

and the intensity of the diffraction peaks increased with
increasing reaction time.

Under the condition of 1000○C and 2 h, BaTiO3 precursor
prepared under 180○C and 48 h condition and BiFeO3 pre-
cursor prepared under different reaction conditions were
sintered to form BF-BT-based piezoelectric ceramics. The
XRD spectrum of the sample obtained under this condition is
shown in Fig. 2(c). The main phase of all samples is a pe-
rovskite structure with tetragonal symmetry, and there is no
secondary phase, indicating that the BF-BT sintered from the
precursor prepared by hydrothermal method forms a stable
perovskite solid solution. The main diffraction peaks of BF-
BT match the standard card of BF-BT (PDF #72-2112).

Figures 3(a)–3(d) represent the XRD diffraction patterns
and structure refinement of the 0.7BF–0.3BT ceramics. By
refining these XRD curves, it was determined that all samples
contain a coexistence of trigonal and tetragonal phases, with
the space group of R3m and P4mm, respectively. Moreover,
as the reaction time of BiFeO3 precursor increases, the
content of the tetragonal phase in the samples gradually
increases. Table 1 shows the lattice parameters and phase
distribution of all refined samples. When the reaction time is
24 h, the content ratio of trigonal phase to cubic phase in the
0.7BF–0.3BT ceramic is approximately 7:3.

3.2. Microscopic morphology

Figure 4 shows the SEM images of the surface morphology
of 0.7BF–0.3BT ceramic samples after thermal etching
treatment, and the statistical distribution of grain sizes of
these samples synthesized with different hydrothermal reac-
tion times is shown in the inset. It can be seen from these
images that as the reaction time of BiFeO3 precursor
increases, the ceramic grains grow gradually and become
more and more rounded. Meanwhile, the grain boundaries
become more and more distinct. By comparing the XRD
spectra of BiFeO3 precursor, it can be noted that the intensity
of the diffraction peaks enhances as the reaction time
increases. It can be inferred that with prolonged reaction time,
the reduction in impurities and the increase in purity
of the BiFeO3 sample result in finer powder, promoting
particle growth and leading to more complete nucleation of
0.7BF–0.3BT.

3.3. Chemical compositions

XPS was used to characterize the surface chemical compo-
sition and oxidation states of BiFeO3 and BaTiO3 powders.
The XPS spectra of BiFeO3 and BaTiO3 precursor are shown
below. The binding energy was charge-corrected using the C
1s peak at 284.8 eV.29,30

Figure 5(a) shows the XPS spectrum of BaTiO3 precursor,
and it indicates the presence of Ba, Ti and O elements on the
material surface. The oxidation states and electronic envir-
onments of the elements were determined through XPS

(a)

(b)

(c)

Fig. 2. XRD patterns of the samples synthesized in the experiment: (a)
BaTiO3 precursor, (b) BiFeO3 precursor, (c) 0.7BF–0.3BT ceramics.
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measurements. Figure 5(b) shows the narrow scan O 1s XPS
spectrum. The two peaks at 529.25 and 530.95 eV were
assigned to the lattice oxygen (Ti–O bond) and hydroxyl or
absorbed oxygen in the synthesized BaTiO3. Figure 5(c)
shows the high-resolution Ba 3d XPS spectrum of BaTiO3,
and the two peaks at 793.65 and 778.35 eV were attributed to
the splitting of the ba3d3=2 and Ba3d5=2 spin states, respec-
tively. Figure 5(d) shows the narrow scan Ti 2p XPS spec-
trum, and the two peaks at 457.95 and 463.45 eV were caused
by the splitting of the Ti 2p3=2 and Ti 2p1=2 spin states,
respectively. The binding energy of Ti 2p3=2 was 457.95 eV,
which was blue-shifted compared to the reported value of
BaTiO3 bulk. The decrease in binding energy was mainly

due to the formation of Ti3þ defects. In order to balance
the oxygen vacancies, some Ti4þ in BaTiO3 was converted
to Ti3þ.

XPS spectrum of BiFeO3 precursor is shown in Fig. 6.
From the XPS results, it can be concluded that there are three
elements, Bi, Fe and O, on the surface of the material. The
main peaks can be attributed to Bi 4f , Bi 4d, Bi 5d, O 1s and
C1s core levels, while weak peaks can be attributed to Fe 2p
and Bi 4s. Figure 6(b) shows the O 1s XPS spectrum. In O 1s,
the binding energies appear at 530.2, 532.1 and 533.4 eV,
respectively, corresponding to lattice oxygen, chemisorbed
oxygen, and physically adsorbed oxygen. Figure 6(c) is the
Fe 2p XPS spectrum. The double peaks at binding energies of
711.0 and 724.6 eV, respectively, correspond to the Fe 2p3=2
and Fe 2p1=2 core levels split by spin-orbit coupling, where
the spin-orbit splitting energy of Fe 2p3=2 and Fe 2p1=2 is
13.6 eV, consistent with the literature value for Fe3þ. In ad-
dition, a satellite peak appears at 719.0 eV, between Fe 2p3=2
and Fe 2p1=2, which is 8 eV higher in binding energy than Fe
2p3=2, further confirming the presence of Fe3þ oxidation state
in the prepared BiFeO3 sample. Figure 6(d) shows the Bi 4f
XPS spectrum. The two peak positions of the Bi 4f core level
spectrum are at 158.5 and 163.9 eV, and the spin-orbit split-
ting energy is 5.4 eV, indicating the presence of Bi3þ.27,29

(a) (b)

(c) (d)

Fig. 3. Rietveld refinement of XRD patterns of the 0.7BF–0.3BT ceramics.

Table 1. Lattice parameters of the 0.7BF–0.3BT ceramics.

Trigonal phase (R3m) Tetragonal phase (P4mm)

Samples a (Å) b (Å) c (Å) a (Å) c (Å) c=a

0.7BF–0.3BT–1 5.6468 5.6468 13.8857 3.9934 3.9934 2.459
0.7BF–0.3BT–2 5.6595 5.6595 13.8829 3.9961 3.9961 2.453
0.7BF–0.3BT–3 5.6419 5.6419 13.8906 3.9972 3.9972 2.462
0.7BF–0.3BT–4 5.6468 5.6468 13.8881 3.9999 3.9999 2.459
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3.4. Dielectric properties

Figures 7(a)–7(d) show the relative dielectric constant ("r)
and dielectric loss tangent (tan δ) of the 0.7BF–0.3BT cera-
mics as a function of temperature. As can be seen from Fig. 7,
the dielectric constant of BF-BT ceramic gradually increases
with the increase of temperature, but decreases after reaching
the phase transition temperature (Tm) from ferroelectric to
paraelectric phase. Due to the ferroelectric to paraelectric
phase transition, all samples exhibit a common dielectric
peak at 400–500○C, indicating that the TC value of the
samples is within this temperature range. With the increase of
BiFeO3 precursor reaction time, the TC value also exhibits a
slight upward trend, suggesting that the crystallinity of the
powder is improved, leading to the slight increase of TC after
sintering. It can be concluded that BF-BT ceramics synthe-
sized by hydrothermal method from BiFeO3 and BaTiO3 also
exhibit relatively stable performance.

It can be seen that from Fig. 7, before 200○C, the change
in dielectric loss (tan δ) of the 0.7BF–0.3BT ceramics pre-
pared with different BiFeO3 precursor reaction times is not
significant. However, as the temperature increases to 200○C,
tan δ increases rapidly. This phenomenon is due to the fact
that at higher temperatures, the free movement of carriers is

induced such as thermally activated space charge conduction.
It can also be observed that the lower the frequency, the
faster the tan δ value increases, and in this process, the DC
conductivity begins to dominate the entire dielectric response
process. In addition, the dielectric loss of all samples at
different frequencies also exhibits obvious diffuse phase
transition characteristics, that is, with the increase of fre-
quency, the maximum value of dielectric loss also moves
towards higher temperatures.

In addition, from the graph, it can be seen that above the
maximum dielectric constant corresponding to the phase
transition temperature Tm, the dielectric and loss peaks of the
ceramics move towards higher temperatures with increasing
testing frequency. As the frequency increases, the intensity of
the phase transition peak gradually decreases, and the width
of the phase transition peak increases. Moreover, there is
frequency dispersion of the phase transition peak towards
higher temperatures with increasing frequency, and at each
frequency, the dielectric constant peak exhibits a significant
broadening feature, indicating that all the samples exhibit
diffused phase transition behavior.

Unlike normal ferroelectrics, the relationship between the
dielectric constant and temperature in relaxor ferroelectrics

Fig. 4. SEM micro-images of the 0.7BF–0.3BT ceramics after thermal etching treatment.
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does not follow Curie–Weiss law, but it obeys a modified
Curie–Weiss equation called the UN equation.31

ð1="r � 1="mÞ ¼ ðT � TmÞγ=C: ð1Þ
In the UN equation mentioned earlier, "m is the maximum

dielectric constant, "r is the relative dielectric constant at
temperature T , Tm is the temperature corresponding to the
maximum dielectric constant, C is the Curie constant, and γ is
the diffuse factor. By fitting the experimental data to the
equation, the value of γ can be obtained. Usually, γ ¼ 1
indicates that the material is a normal ferroelectric material,
1 < γ < 2 represents that the material belongs to relaxor
ferroelectrics, and γ ¼ 2 represents the ideal relaxor ferro-
electric. Figure 7(e) depicts the relationship between lnð1="r
�1="mÞ and lnðT � TmÞ of the 0.7BF–0.3BT ceramics at a
frequency of 100 kHz. The γ values of all the samples are
larger than 1.7, indicating the 0.7BF–0.3BT ceramics are
close to the ideal relaxor ferroelectric material. In addition, a
slight increase in γ values occurred in 0.7BF–0.3BT–4
(Fig. 7(e)), which may be related to a significant decrease in
its grain size.

Figure 8 shows the dielectric properties of the 0.7BF–
0.3BT ceramics as a function of the reaction time of BiFeO3

(at 100 kHz). The data obtained from the graph indicate that

as the reaction time of BiFeO3 precursor increases, the
dielectric constant ("r), dielectric loss (tan δ) and phase
transition temperature (Tm) all display an upward trend.
Notably, both the dielectric constant and phase transition
temperature exhibit significant improvements, whereas the
variation range of the dielectric loss remains relatively
small. This suggests that the crystallization of the powder is
enhanced with a longer reaction time of BiFeO3 precursor.

In order to investigate the temperature dependence of the
dielectric constant of 0.7BF–0.3BT ceramics, we introduce
the concept of the temperature coefficient of dielectric con-
stant (Tk"), which represents the relative rate of change of the
dielectric constant for each 1○C increase in temperature
within a certain temperature range. Therefore, Tk" is used to
assess the temperature stability of the dielectric properties of
0.7BF–0.3BT ceramics. The calculation formula is shown in
the following equation:

Tk" ¼
"T � "T0

"T0ðT � T0Þ
; ð2Þ

where "T represents the dielectric constant at temperature (T)
and "T0 represents the dielectric constant at room temperature
(T0). From Fig. 8, the trend graphs of TC and Tk" for the
0.7BF–0.3BT ceramics with varying concentration can be

(a) (b)

(c) (d)

Fig. 5. (a) XPS spectrum of the BaTiO3 precursor synthesized with hydrothermal reaction time of 48 h, (b) O 1s, (c) Ba 3d, (d) Ti 2p.
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observed. It can be seen from Fig. 8 that TC shows an
increasing trend, while Tk" shows the opposite trend. This
indicates that the prolonged reaction time of BiFeO3 pre-
sursor enhances the dielectric temperature stability.

3.5. AC impedance

Figure 9 shows the Cole–Cole plots of the 0.7BF–0.3BT
ceramics at different temperatures. Each sample displays only
a single semicircle which indicates the electrical homogeneity
resulting from the bulk effect. Therefore, the sample can be
considered as a parallel combination of resistance and
capacitance. In the case of individual bulk response, the
intersection of the low-frequency arc with the Z 0-axis can be
viewed as the dc resistance of the ceramic. With an increase
in temperature, the dc resistance also decreases correspond-
ingly. In Figs. 9(a)–9(d), the radius of the semicircle for each
sample decreases with increasing temperature, which means
that the impedance decreases with an increase in temperature.
This can be explained by the fact that with an increase in
temperature, space charge is released and more charge car-
riers are activated, and therefore, the carrier concentration and
mobility increase, leading to a decrease in impedance. By
comparing the resistance values of the samples at the same
temperature, sample (d) has the largest radius, indicating that

it has the highest resistance. This could be due to the longer
reaction time of BiFeO3 precursor, which leads to higher
crystallinity, larger grain size and uneven grain distribution.
The grain size affects the capacitance, which is a contribution
to the high-temperature impedance. The ceramic prepared
with BiFeO3 precursor with a reaction time of 24 h also has
the largest relative dielectric constant, which confirms this
phenomenon.

In Figs. 10(a) and 10(b), the frequency dependence
of complex impedance (real part Z 0 and imaginary part Z 00)
of 0.7BF–0.3BT–4 is shown in the temperature range of
360○C–450○C. From Fig. 10(a), it can be observed that the
impedance values show a monotonic decrease with increasing
temperature and frequency in the low-frequency range
(•10 kHz). The decrease in Z 0 with increasing temperature in
the low-frequency part indicates an increase in conductivity
with temperature. Also, although the Z 0 value decreases with
increasing frequency, it starts to merge at a fixed frequency
(‚200 kHz) with increasing frequency. This change represents
a possibility of an increase in conductivity with increasing
frequency and temperature, because at low temperatures, the
charge carriers are fixed, and defects exist at high tempera-
tures. The merging of Z 0 at high frequencies at all tempera-
tures may be due to the release of space charges, which leads
to a decrease in material resistance.

(a) (b)

(c) (d)

Fig. 6. (a) XPS spectrum of the BiFeO3 precursor synthesized with hydrothermal reaction time of 24 h, (b) O 1s, (c) Fe 2p, (d) Bi 4f .
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From Fig. 10(b), we can see the change of Z 00 with fre-
quency at different temperatures. As the temperature increa-
ses, all peaks move towards high frequencies and then towards
low frequencies, which can be understood as the phase

transition and polarization phenomena of BF-BT ceramics.
At low temperatures, a narrow imaginary part peak appears
at high frequency in BF-BT ceramics, which is caused by
transient capacitance and compensating capacitance in the

(a) (b)

(c) (d)

(e)

Fig. 7. (a)–(d) Temperature dependence of dielectric properties of the 0.7BF–0.3BT ceramics, (e) the relationship between lnð1="r � 1="mÞ
and lnðT � TmÞ of the 0.7BF–0.3BT ceramics at 100 kHz.

Fig. 8. Dielectric properties of the 0.7BF–0.3BT ceramics as a function of the reaction time of BiFeO3.
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material. As the temperature increases, this imaginary peak
shifts towards high frequencies, which is due to the gradual
decrease in the size of ferroelectric domains. Near the phase
transition temperature, the ferroelectric-to-paraelectric phase
transition occurs in BF-BT ceramics, which leads to the loss
of ferroelectric properties and the decrease of surface polari-
zation. This phase transition causes the imaginary part peak
to shift towards high frequencies and then towards low fre-
quencies. As the temperature further increases, the imaginary

part peak of BF-BT ceramics will continue to shift towards
low frequencies, but the intensity of the peak will gradually
decrease.

Any nonuniformity in the microstructure will be reflected
in the equivalent circuit in the form of a CPE element rather
than an ideal capacitor. To obtain the contribution of the
grains and grain boundaries of the ceramic in the conductivity
process, the complex impedance data of 0.7BF–0.3BT at
435○C was fitted using Z-view software (Fig. 10(c)). Usually,

(a) (b)

(c) (d)

Fig. 9. Cole–Cole plots of the 0.7BF–0.3BT ceramics measured at different temperatures.

Fig. 10. Frequency dependence of complex impedance spectra of 0.7BF–0.3BT-4, (a) real part (Z 0); (b) imaginary part Z 00 and (c) equivalent
circuit fitting for the Cole–Cole plots.
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charge carriers migrate through grains and along grain
boundaries, which will result in equivalent resistance and ca-
pacitance in grains and grain boundaries. Therefore, the main
conduction mechanism is related to the response of ceramic
grains and grain boundaries. The low-frequency relaxation is
attributed to the contribution of grain boundaries, while the
high-frequency relaxation is attributed to grains. To illustrate
the contributions of grain boundaries and grains at different
stages, the complex impedance data was fitted usingZ-view
software, and the resistance and capacitance of grains and
grain boundaries were calculated using the R-CPE equivalent
parallel circuit model, as shown in Fig. 10. The fitting results
show that the grain boundary resistance (Rgb … 3075 Ω) is
higher than the grain resistance (Rg … 483 Ω), and the grain
boundary mainly hinders the conductivity process at high
temperatures.

It can be seen that from Fig. 10(b), Z 00
max gradually

decreases with increasing temperature, indicating that di-
electric behavior exhibits temperature-dependent relaxation
phenomena. The relationship between the characteristic fre-
quency fm corresponding to Z 00

max and temperature follows the
Arrhenius law below24:

fm ¼ f0 expð�E rel
a =KBTÞ; ð3Þ

where fm is the characteristic frequency, f0 is the pre-
exponential factor, E rel

a is the relaxation activation energy, KB

is the Boltzmann constant, and T is the thermodynamic
temperature (K). According to the formula (3), the relaxation
activation energy can be calculated from the Arrenhius plot
fitting of the dielectric relaxation data. It can be seen that
from the values in Fig. 11, as the reaction time of BiFeO3

precursor increases, E rel
a gradually increases. This may be

because prolonging the reaction time of BiFeO3 precursor can
make the BF particles smaller and promote even distribution
of the particles, leading to better crystallization of the 0.7BF–
0.3BT ceramics, smaller grain sizes, and increased numbers

of grain boundaries, which in turn leads the relaxation
activation energy of ceramics to gradually increase.

4. Conclusions

In this study, both BiFeO3 and BaTiO3 powders were
prepared by a hydrothermal method and then they were
used as precursors for preparing the 0.7BiFeO3–0.3BaTiO3

piezoceramics through a pressureless sintering process. The
influence of the hydrothermal reaction time of BiFeO3

precursor on the structures, dielectric properties and AC im-
pedance characteristics of the 0.7BiFeO3–0.3BaTiO3 cera-
mics were investigated. The main conclusions are as follows:

(1) All the samples were identified with a coexistence of
trigonal and tetragonal phases, with increasing the hy-
drothermal reaction time of BiFeO3 precursor, the content
of the tetragonal phase in the samples gradually increases.

(2) All the samples exhibited a homogeneous grain distri-
bution in the prepared ceramics. As the hydrothermal
reaction time of BiFeO3 precursor increases, the grains of
the ceramics grew gradually and become more and more
rounded. XPS analysis confirmed the presence of Fe3þ

oxidation state in the prepared BiFeO3 sample.
(3) The 0.7BF–0.3BT ceramics exhibited the notable dielectric

relaxor behavior. Both "r and TC of the 0:7BiFeO3–0:3
BaTiO3 ceramics increased with increasing the hydrother-
mal reaction time of BiFeO3, while Tk" decreases with it.
0.7BF–0.3BT-4 possesses a higher tan δ than other sam-
ples.

(4) 0.7BF–0.3BT-4 was also found with a higher AC im-
pedance than others, and the calculation based on the
R-CPE circuit model showed that the grain boundary
resistance of the ceramic had a greater contribution to its
conduction mechanism at high temperatures.
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