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Structure and dielectric ProPertieS of V and Y diSorder doPed SrBi2nb2o9 ceramicS

Y and V codoped Srbi2nb2o9 ceramics, which have been characterized by Xrd, ftir and SeM techniques, were prepared 
through molten salt using naCl-KCl medium. through X-ray diffraction analysis, all prepared samples were matched by undoped 
Srbi2nb2o9. the lattice parameters do not depend on the amount of dopants. under the optimized experimental conditions, the 
compounds are composed of small crystallites of varying size and orientation, resulting in many micros train defects. ftir spectra 
revealed that the dopant promotes a slight decrease in the 612 cm–1 band. a plate-like morphology was revealed by scanning electron 
microscopy, while nyquist plots indicate non-debye relaxation for all compounds. V and Y were incorporated into Srbi2nb2o9 
lattice in order to reduce dielectric loss tangent. thus, the codoping increases the of Srb1.9Y0.1nb1.95V0.05o9 (Y0.1V0.05) ceramic 
whereas, they were significantly decreased in the case of Srbi1.8Y0.2nb2o9 (Y0.2) ceramic. Y0.1V0.05 sample makes up the highest 
efficient charge transfer, followed by Y0.2 sample representing the lowest. 
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1. introduction 

aurivillius structures were first studied by b. aurivillius 
in 1949. these types of materials present a laminar structure, 
(bi2o2)2+(an-1bno3n+1)2–, where a and b are the cations that 
form pseudo-perovskite (an–1bno3n+1)2– interleaving between 
the bismuth oxide layers, (bi2o2)2+ [1]. fatigue-free properties 
allowed Srbi2nb2o9 such as Srbi2ta2o9 to be the best candidates 
for nonvolatile memory devices [2-4]. 

So far, doping and synthesis strategy remain the two 
principal concerns in order to improve physical properties. 
Materials based on Srbi2nb2o9 have been synthesized through 
several methods such as coprecipitation, solid-state, hydrother-
mal, epitaxial [5]… etc. Molten salt of materials was synthe-
sized by solid-state where the salt is added to the reactants and 
heated above the eutectic point of the salt [6-7]. because of the 
complexity of Srbi2nb2o9 synthesis, the molten salt technique 
has not been extensively used to prepare Srbi2nb2o9 materials. 
bao-rang li et al. have been reported that the pure Srbi2nb2o9 
powders could be obtained at a temperature higher than 700°C 
by molten salt synthesis using KCl medium [8].

the effect of doping of Srbi2nb2o9 ceramics has been 
widely discussed in the literature and is now in progress. We 
reported recently that the replacement of bi by rare earth ele-

ments reduces dielectric loss tangent and decreases the Curie 
temperature. Meanwhile, the electronic configuration of nb 
atoms has an effect on ferro-piezoelectric, magnetic and conduc-
tion, similar to those presented in the perovskite structures. the 
dielectric properties of Srbi2nb2o9 ceramics were found to be 
enhanced by the partial replacement of nb ions by pentavalent 
vanadium ions [9]. Moreover, Susan M. blak et al. have reported 
that for Srbi2nb2o9 (a = ba, Sr, Ca) the orthorhombic distortion 
increases with decreasing a2+ cation size and originates from the 
bonding requirements at the perovskite a site [10]. Within partial 
substitution of Sr2+ by bi3+ would increase the Curie temperature 
and improve the dielectric properties in Srbi2nb2o9. 

this work highlights three points. first, Srbi2nb2o9 ceram-
ics doped with yttrium and vanadium were obtained using the 
molten salt method. Second, the characterization of prepared 
samples was carried out. third, dielectric properties at room 
temperature were discussed. 

2. experimental 

to carry out the Y and V co-doped Srbi2nb2o9 (table 1) 
by the molten salt method. first, SrCo3, nb2o5, Y2o3, bi2o3 
and nh4Vo3 were ground in stoichiometric amounts. after that, 
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bi2o3, 10 w% ratios, was added to the mixture to compensate 
for the bismuth loss during the sintering process. next, salt KCl-
naCl was added as solvents in a 50/50 w% ratio. both salts and 
precursors were mixed then heated at 700°C for 2 hours. 

the resulting samples were washed several times with water 
in order to eliminate chlorides remaining in the material. the 
resulting powder was dried, then calcined at 1000°C for 12 hours. 
Pellets (φ 6 mm×1 mm) were prepared by cold hydraulic press-
ing at 200 Mpa, and sintering was carried out at temperature 
1120°C for 15 hours. Silver electrodes were deposited on pellets 
by firing silver paste at temperature 400°C during the 1 hour to 
form a parallel plate capacitor. 

Samples were characterized through bruker d8 X-ray dif-
fraction equipment, VerteX 70v ft-ir Spectrometer, Spec-
trometer uV-2550 (Shimadzu), teSCan Scanning electron 
Microscope and Solartron 1260 impedance/gain-phase analyzer.

table 1

Summary of samples notation

chemical formula Y content V content Sample notation
Srbi2nb2o9 0 0 Srbi2nb2o9

Srbi2nb1.8V0.2o9 0 0.2 V0.2
Sr2bi1.95Y0.05nb1.9V0.1o9 0.05 0.1 Y0.05V0.1
Sr2bi1.9Y0.1nb1.95V0.05o9 0.1 0.05 Y0.1V0.05

Sr2bi1.8Y0.2nb2o9 0.2 0 Y0.2

3. results and discussion 

fig. 1 shows Xrd spectra of undoped and doped  
Srbi2-nb2o9 ceramic powders. all samples are matched by Sbn 
JCpdS (card no. 01-089-8154). as can be seen, there is no dif-
ference significant between the reflections of the main patterns 
of pure and doped samples except Y0.2 sample, a split peak 
appears (which is marked by *). this split peak is observed at 
2θ = 29.5°, corresponding to the strongest (115) plane reflection, 

which looks like K-alpha_2 radiation. this peak splitting could 
be at the first time assigned to another crystal phase leading to 
a lower symmetry. however, for the X-ray diffraction pattern, 
splitting peaks could be attributed to the experimental conditions 
of the sample. annealing conditions maybe not be optimized to 
disappear the overlapping of peaks. thus, we can deduce that 
splitting the Xrd peak of the Y0.2 sample indicates the low 
degree of crystalline perfection that could be attributed to the 
calcination treatment which is a cause of hampering the crystal-
linity and homogeneity of the samples considerably. 

taking the intense isolated well-defined peaks, fig. 2(a) 
shows crystallite size for each (h k l) reflection peak. the values 
of crystallite size have varied between 10 nm and 90 nm for all 
samples. two outlier values of crystallite size were raised at 
(2 0 0) reflection and (2 2 0) reflection for Srbi2nb2o9 and Y0.2 
respectively. in spite of the outlier, there is a smooth significant 
difference in crystallite size values, which indicates a similar 
crystallinity for all samples.

fig. 2(b) shows a scatter plot of microstrain as a function 
of (h k l) reflection. the microstrain values have varied between 
0.05% and 0.9% for all samples. the higher values of micro-
strain could be raised by dislocation defects. based on scattering 
values of microstrain reported in fig. 2(b), the assumption of 
homogeneity and isotropy is not obtained. 

fig. 2. (a) crystallite size and (b) microstrain values for each (h k l) 
reflection peak

lattice parameters as a function of prepared samples are 
shown in fig. 3. the resultant lattice parameter for the undoped 
sample is in good agreement with the values cited in JCpdS 
(card no. 01-089-8154). depending on the ionic radius of either 
dopant, the lattice parameters increase or decrease with increas-
ing or decreasing the amount of dopants. the linearity is not 
respected; the regression is under-fitted and has not accurately 
modeled the relationship between lattice parameters and the 
amount of dopants. 

the functional groups of undoped and doped Srbi2nb2o9 
compounds are given by comparison of ftir spectra (fig. 4). 
for undoped Srbi2nb2o9, bands were observed around 431.90 

fig. 1. Xrd spectra of Srbi2nb2o9, and doped Srbi2nb2o9 ceramic 
powders
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and 612.36 cm–1. the strong band around 612 cm–1 is char-
acteristic of the aurivillius family, it may be assigned to the 
vibrations of nb-o bonds. normally, the wavenumber 612.36 
cm–1 was expected to get shifted towards the higher wavenum-
ber region after the V doping nb site because of the reduced 
effective mass of the nb-o bond. however, our results don’t 
appear to be conclusive, it may be due to the incorporation of 
two elements Y and V into Srbi2nb2o9 structure involving lower  
wavenumber. 

fig. 4. ftir spectra of of Srbi2–xYxnb2–yVyo9 (0 ≤ x ≤ 0.2 and 
0 ≤ y ≤ 0.2)

fig. 5 shows the morphology of the heat-treated   
Srbi2–xYxnb2–yVyo9 (0 ≤ x ≤ 0.2 and 0 ≤ y ≤ 0.2) ceramics. In 
all photographs, the platelet-like morphology of aurivillius-type 
compounds is evident. the samples did not show delamination 
that usually occurs when this type of compound is prepared by 
the solid-state method [11]. the fact that all the microstructures 
are similar in nature showing plate-like bonded structures may 
be explained by the molten salt process did not lead to apparent 

changes in shape and size of the particles. however, for ceramic 
doped only by yttrium (Y0.2), the shape of a plate-like well-
defined is appeared in the smaller region (red circle) with grain 
dimensions of 3 μm and 0.89 μm for length and thickness respec-
tively. The average plate thickness was 0.83, 0.75 and 0.13 μm 
for undoped, Y0.1V0.05 and Y0.05V0.1 ceramics respectively. 
based on this result, the plate thickness is decreased as a result 
of large amounts of vanadium released in the compound. 

fig. 5. SeM images of Srbi2–xYxnb2–yVyo9 (0 ≤ x ≤ 0.2 and 0 ≤ y ≤ 0.2) 
ceramics

dielectric constant (ε' ) and dielectric loss tangent (tanδ) as 
a function of frequency, at room temperature for undoped and 
doped ceramics are presented in fig. 6. the effect of doping is 
more pronounced at low frequencies. above 104 hz, the sam-
ples show a lower dependence on the constant dielectric with 
frequency. at 105 hz, the dielectric constant values have reached 
123.5 for V-doped Srbi2nb2o9 ceramics, which are higher than 

fig. 3. lattice parameters of Srbi2–xYxnb2–yVyo9 (0 ≤ x ≤ 0.2 and 
0 ≤ y ≤ 0.2)

fig. 6. (a) dielectric constant (ε' ) and (b) dielectric loss tangent (tanδ) 
as a function of frequency, at room temperature of Srbi2–xYxnb2–yVyo9 
(0 ≤ x ≤ 0.2 and 0 ≤ y ≤ 0.2) ceramics
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for those of Y0.1V0.05 and Y0.2 ceramics. regarding dielectric 
loss tangent, the lowest values in the 104 hz÷1 Mhz frequency 
range for all samples. however, at a lower frequency, a high 
dielectric loss tangent of about 2.1 was found it. the origin of 
dielectric loss can be attributed to different processes such as: 
electric conductivity, ion hop, dipole relaxation, distortion of 
network and ion vibration [12]. these processes could be at-
tributed principally to charge carriers that accumulate near the 
charged electrodes. the highest dielectric loss tangent values 
are obtained for the Y0.1V0.05 sample. the values of dielectric 
loss tangent are higher for undoped ceramic compared to the 
Y0.2 sample. 

qualitatively analyzing the nyquist diagram (fig. 7), 
a significant qualitative irregularity is observed in all samples. 
all materials follow the typical behavior of a dielectric, being 
resistive at low frequencies and capacitive at high ones [13]. the 
compounds have one electroactive zone which its equivalent 
circuit can be assembled of two elements in parallel, resistance 
and Cpe (constant phase element). the resistance and capacity 
values of the arches associated were indicated on the inset table 
(fig. 6). generally speaking, except for one sample Y0.1V0.05, 
all samples have an arc representing a grain contribution in the 
specimens which indicates non-debye relaxation and an insulator 
behavior [14-15]. herrin, Y0.1V0.05 sample gives rise to higher 
charge transfer due to its small radius semicircle and therefore 
this charge transfer is suppressed in the case Y0.2 sample. Charge 
transport is not only understood in terms of a potential barrier 
caused due to charge transfer between the grain boundary and 
the grain, but also on several factors such as doping level of the 
material and defects. 

fig. 7. nyquist diagram at room temperature of Srbi2–xYxnb2–yVyo9 
(0 ≤ x ≤ 0.2 and 0 ≤ y ≤ 0.2) ceramics

4. conclusion 

in this work, Molten salt was used for synthesizing   
Srbi2–xYxnb2–yVyo9 (0 ≤ x ≤ 0.2 and 0 ≤ y ≤ 0.2) ceramics. 
under the optimized experimental conditions, the annealing 
temperature was not optimized to remove the microstrain. ftir 
spectroscopy results showed a strong band around 612 cm–1, 
characteristic of the aurivillius, they reveal also a slight de-
crease of this band (612 cm–1) due to the presence of dopants. 
SeM observations showed that the molten salt process made up 
a plate-like bonded particles shape. the electrical and dielectric 
studies show that impedance, dielectric constants and dielectric 
loss tangent of the ceramics were heterogeneous depending 
on the amount of doping. the codoping increases the dielec-
tric loss tangent of the Srb1.9Y0.1nb1.95V0.05o9 (Y0.1V0.05) 
ceramic. further, losses were decreased significantly in the 
case of Srbi1.8Y0.2nb2o9 (Y0.2) ceramic. in essence, the 
Srb1.9Y0.1nb1.95V0.05o9 (Y0.1V0.05) sample makes up the 
highest efficient charge transfer, followed by Srbi1.8Y0.2nb2o9 
(Y0.2) sample representing the lowest.
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