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Abstract

This paper presents a study of the structure and dielectric properties of Eu-doped SrBi,Nb,O, ceramics pre-
pared by co-precipitation route and sintered at 850 °C. The materials were examined using XRD and FTIR
methods. XRD data indicated the formation of well crystallized structure of the pure and doped SrBi,Nb,O,,
without the presence of undesirable phases. FTIR spectra do not bring a significant shift in the band positions.
Moreover, the AC conductivity, dielectric constant and dielectric loss of the ceramics were determined through
the frequency range [50 kHz—1 MHz]. In particular, the dielectric constant (¢') and dielectric losses (tan o)
of the SrBi,Nb,O, and SrBi, ;Eu, ,Nb,O, ceramics were measured as a function of temperature at various
frequencies.
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I. Introduction tion of bismuth. In this regard, many efforts have been
suggested doping by rare earth elements [4-6]. We
found that the dielectric constant, the phase transition
temperature (T¢) and dielectric loss decrease when bis-
muth is substituted with samarium or gadolinium [7,8].

The Aurivillius phases can be described by the fol-
lowing formula: [Bi202]2+[Am_leO3m+1]Z_, where m
is the number of the pseudo-perovskite octahedrons
interleaved between the Bi,O, layers, A and B are  pecengly, fluorescence properties of Eu’* ions incor-
cations in a 12 and 6-fold cpordma'uon, respectively porated into SrBi,Nb,0, have been studied by Volanti
[1.2]. SrBi,Nb,O, and SrBi,Ta,0, as members of s 4/ [9] In their work, Eu-doped SrBi,Nb,O, sam-
[Bi,0,]**[A,,,B,,05,,,]*~ family of compounds with ples were prepared by the polymeric precursor method
m = 2 consists of [Bi,O,]*" layers interleaved with  and their thermal, structural and morphological proper-
[Sr, Nb, O, +1]2* perovskite-type layers. These mate-  ties were characterized. The experimental results reveal
rials are potential candidates for use in ferroelectric non-  that at certain temperatures, photoluminescence emis-
volatile random access memories (FRAM), because of  sions in a visible light region are clearly observed for
their excellent ferroelectric properties (excellent fatigue ~ SrBi,Nb,O, doped by Eu’". This property has been
resistance, high Curie temperature) [3]. However, they  proven to be extremely sensitive to short-, medium-, and

suffer from higher dielectric loss due to the volatiliza-  long-range order in materials.

We are not aware of any study for the structural, elec-
* Corresponding author: tel: +2126 42 37 94 83, trical and dielectric properties of Eu-doped SrBi,Nb, O,
e-mail: mohamed.afqir@yahoo.fr ceramics. In addition, the high doping level (i.e. up
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to 40mol% Eu,0;) cannot be obtained by the solid
state method. Because of these facts we chose the co-
precipitation route to synthesize SrBi, ,Nb,O, (x = 0,
0.4) ceramics. Various characteristics of the obtained
samples are reported, including dielectric properties.

II. Experimental

The pure and Eu-doped SrBi,Nb,O, ceramic pow-
ders were prepared by co-precipitation method using
the way very similar to those employed for Ho-doped
SrBi,Nb,O, presented in our previous work [10] and
proposed by Okubo and Kakihana [11]. The process is
depicted in flowchart of Fig. 1. The obtained precursor
powders were calcined at 800 °C for 12h and used to
fabricate the SrBi, ,Eu Nb,O, (x = 0, 0.4) ceramics. Ce-
ramic pellets were prepared by uniaxial pressing under
~1t/cm? and sintered at 850 °C for 12h. For dielectric
measurements the sintered pellets were painted by silver
pastes on both sides and fired at 400 °C for 1 h to form
electrodes.

Phase identification of the ceramic powders was car-
ried out by X-ray diffraction (XRD) instrument X’Pert
Pro-Panlytical. Fourier transform infrared spectroscopy
(FTIR) was performed by KBr-pellet/ Bruker, Vertex 70
DTGS. The dielectric measurements were carried out
by LCR meter Agilent 4284A (frequency range 20 Hz
to 1 MHz) and AC conductivities were calculated using
the formula:

Cac=w- & & -tand (1)

where w is the angular frequency, & is dielectric con-
stant, tan ¢ is the dielectric loss and &y is the permittivity
of free space.

SrCl,-6H,0 in distilled water

'

NbClI, in Ethanol

'

Bi(NO,),'5H,0 in dilute HNO, Ey(NO.).-5H.0
373 2

¢ | indistiled water

solution mixture

ammonia
pH>9 precipitation, washing
and drying
Precursor

Figure 1. Flowchart for the preparation of precursor
powders

IT1. Results and discussions

Figure 2 shows XRD patterns of the SrBi,Nb,O,
and SrBi, (Eu, ,Nb,O, ceramic powders. Both samples
show single phase of SrBi,Nb,O, (JCPDS card Ne 01-
089-8154), concluding that these phases are crystallized
in an orthorhombic structure. The lattice parameters (q,
b, ¢ and V) calculated by UnitCell program are summa-
rized in Table 1. All these parameters slightly decrease
when introduced Eu in SrBi,Nb,O, structure, suggest-
ing that the Eu cations have successfully diffused in the
crystal lattice. Hence, the effect of Eu on lattice param-
eters could be correlated to the ionic radii (Bi**, 1.02A
and Eu®*, 0.95 A [12]). Where, Eu** ions replace Bi**
ions in SrBi,Nb,O, material, the lattice parameters are
expected to be dependent on the fraction of ions replac-
ing the original ions, and the decrease of size of ion a
part being a part of a crystal leads to a directly propor-
tional decrease of lattice parameters.

x=04

Intensity (a. u.)

10 20

Figure 2. XRD patterns for SrBi, ,Eu Nb,0O, (x =0, 0.4)
ceramic powders

Figure 3 shows FTIR spectra of the SrBi, Eu Nb,O,
(x = 0, 0.4) ceramic powders. The bands at 3440 and
1633 cm’! are due to water molecules. The bands lo-
cated at 2380cm™! can be attributed to CO,. The bands
at 2853 and 2929 cm’! indicate the presence of resid-
ual organics. The bands at 806 and 622 cm™ can be at-
tributed to the stretching of the octahedral NbO, [13—
15].

The densities of the samples sintered at 850 °C for
12 h were found to be around 87% when measured by
pycnometer.

Figure 4 shows the dielectric constant (&) and di-
electric loss (tand) versus temperature (of the sin-
tered samples) at different frequencies. The undoped ce-
ramic sample shows an increase of dielectric constant

Table 1. Lattice parameters and unit cell volume for SrBi, .Eu Nb,O,

x a[A] b [A]

c[A] Unit cell volume [A3]

0  5.50453+0.00108 5.50812+0.00028 25.09087+0.00174
0.4 5.49773+0.00108 5.50231+0.00028 25.07565+0.00174

760.7462+0.1412
758.5441+0.1406
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Figure 3. FTIR spectra for SrBi, ,Eu,Nb,O, (x =0, 0.4)
ceramic powders

with the increasing of temperature, followed by a peak
at ~420°C (corresponding to the Curie temperature),
which is not influenced by the frequency. However, Eu-
doping results in the appearance of a board peak (at
~400 °C), probably caused by the inhomogeneous dis-
tribution of europium in the layered structure [16,17].
The temperature dependence of the dielectric loss (Fig.
4) of both ceramics reveals a significant increase of tan §

from 50 °C up to a local maximum. The observed broad
maxima are not far from the peaks recorded in &’-T plots
and correspond to the transition from ferroelectric to
paraelectric phase. It is also noted a decrease of tan ¢
in the limited temperature range (20-50 °C) and could
be attributed to the water molecular dipole moment. It
is known that the dielectric properties of SrBi,Nb,O,
material are attributed to the lone pair electrons on Bi**
and the oxygen vacancies resulting from the volatiliza-
tion of bismuth at high temperatures [18]. However,
the incorporation of europium into SrBi,Nb,O, struc-
ture results in a slight enhancement of £’ and tan 6. The
reason for the observed behaviour of the doped sam-
ple could be attributed to the insulating grain boundary
layers formed by diffusion of defects [19,20]. As tem-
perature increases, the contribution of extrinsic defect
dipoles diminishes (for the doped ceramics) in favour of
motion of oxygen vacancies (for the undoped ceramics).

The Curie temperature of the SrBi,Nb,O, sample
(~420°C) is slightly lower than those reported for
SrBi,Nb, O, (~440 °C) ceramics prepared by solid state
method [21] but it is slightly higher in comparison with
TC of the doped one (~400 °C). The small decrease of
the Curie temperature with Eu doping may be caused by
changes in Nb—O—-Nb angles, leading to a smaller rat-
tling space for the Nb ions inside the oxygen octahedron
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Figure 4. Dependence of dielectric constant (¢’) ant dielectric loss (tand) on temperature of SrBi, Eu, Nb,O, (x =0, 0.4)
ceramics
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Figure 5. Reciprocal temperature dependence of the AC conductivity for: a) SrBi,Nb,O, and b) SrBi, (Eu,,Nb,O, ceramics

NbOy, which will decrease the ionic displacements and
thus the Curie temperature goes down [21,22].

Figure 5 shows the temperature dependence of the
electrical conductivity for SrBi, Eu Nb,O, (x = 0,
0.4) ceramics. The undoped SrBi,Nb,O, exhibits a
lower electrical conductivity (~107>Q'm™) at room
temperature, compared to that of the doped material
(~3.5x107 Q'm™"), when measured at S00kHz. The
electrical conductivity of both samples slightly de-
creases up to 50 °C and then increases with the increas-
ing temperature, due to the thermally activated oxygen
ionic migration. Thus, the oxygen ion movement is the
most common transport mechanism in Bi-based materi-
als [6,20]. The mechanism of the formation of oxygen
vacancies could be described by Kroger-Vink notation
[21,22]:

1
502+V8+26_ «— O,
2

Vg +e Viai

where V¢ is the oxygen vacancy with +2 effective
charge and O, denotes oxide ion in the crystal.

The appearance of the peak on AC conductivity ver-
sus temperature plots little below 1.5K™! for the pure
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SrBi,Nb,O, ceramics can be clearly seen (Fig. S5a).
The change in the slope of the straight line occurred
while passing through the Curie point showing the char-
acteristic positive temperature coeflicient of resistance
(PTCR) effect. Such behaviour has been reported in La-
substituted SrBi,Nb,O, ceramics [27,28].

Yilmaz et al. [29] studied electrical conductivity of
Bi,0, doped with Eu,0,. They found an increased
conductivity with the increase of doping concentration
and temperature. It was proposed that this is connected
with the interstitial oxygen ionic migration with rises
with the increasing temperature. Our results are in good
agreement with this report.

Our processes based on a precipitation permits to pre-
pare SrBi, (Ho, ,Nb,O, (our previous work [10]) and
SrBi, (Eu,, ,Nb,O, (present work) materials. However,
reliable physic results under the same conditions have
not been achieved. Thus, the electrical and dielectric be-
haviour of the SrBi, (Eu,,Nb,O, at room temperature
differs from that observed in the SrBi, (Ho, ,Nb,O, ce-
ramics, where the AC conductivity, &’ and tan § decrease
as Ho substitutes for Bi.

Figure 6a shows the imaginary part of the complex
modulus as a function of frequency at different temper-
atures for the SrBi, Eu Nb,O, (x = 0, 0.4) ceramics.
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Figure 6. Variation of (a) M"” with frequency at different temperatures, and (b) Arrhenius plot of conductivity relaxation time
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The electric modulus M” was calculated from & and &”’
(g” = ¢ -tano):

8//

" o_
M = &2 4 72

3)

The M” plots are asymmetric and the peaks (M,,,,)
shift towards higher frequencies for x = 0.4 with in-
creasing temperature, proving to be non-Debye type.
The frequency region below M,, ,. determines the range
in which charge carriers remain mobile over long dis-
tances. Above M,, . the carriers are confined to poten-
tial wells and mobile on short distances [25-27]. How-
ever, the relaxation M, . peaks are not observed in the
case x = 0 at selected temperatures. Maybe in the un-
doped sample M,, . peak could be observed in the low
frequency region which is not presented.

Figure 6b depicts the relaxation time as a function of
temperature for the doped material. The relaxation time

is found to obey the Arrhenius law:

E,
T =1(-€Xp —kB-T
1
T= ——
271-'fmax

where f,,,. is the peak frequency of M"”. From the slope

of the fit, the activation energy E- is found to be 0.81 eV.
The results of conductivity and electrical modulus show
thermal activation-type behaviour due to a hopping of
charge carriers. That would result from a random cation
distribution between [Bi,0,]** layers and [STNb,0,]*~
perovskite-type layers [28,29].

“)

IV. Conclusions

SrBi, Eu Nb,O, (x = 0, 0.4) samples have been
successfully prepared by co-precipitation method. The
samples were confirmed to be single phase by XRD.
FTIR spectroscopy does not present a displacement of
the bands. There is the influence of the doping on dielec-
tric and electrical conductivity. At room temperature,
dielectric constant, dielectric loss and AC conductivity
slightly increase by introducing europium in the mate-
rial. The Curie temperature data show that the ferroelec-
tric transition is classic for the undoped sample and dif-
fuse behaviour took place for the doped one. The relaxor
behaviour took place and the frequency plots of imag-
inary modulus suggest the relaxation to be non-Debye
type with a rise of Eu content.
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