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HYDROTHERMAL SYNTHESIS, IMPEDANCE AND OPTICAL PROPERTIES
OF Tm-DOPED SrBi,Nb,0y CERAMICS

In this study, Strontium Bismuth Niobate (SrBi, ,Tm,Nb,Oy with 0 < x < 0.1) doped by Tm was synthesized using by the
hydrothermal method. The microstructure and electrical properties were mainly investigated. XRD analysis showed a single-phase
orthorhombic structure for Tm-doped SrBi,Nb,Og samples. The crystallite size is anisotropic and the strain is apparently independ-
ent of Tm amount. Dielectric properties for doped SrBi,Nb,Og with Tm** ion have the same trend discussed for the pure sample.
FTIR resulats showed that NbOg octahedral is formed, on one hand, and on the other hand, it shows that spectras for doped and
undoped samples are nearly the same. The Cross-section of ceramics showed the plate-like morphology, also the distribution of
the pore in ceramics are observed for all samples. Tm dopants produce only minor changes in the impendence parameter values at
room temperature. The luminescent (PL) properties of Tm-doped SrBi,Nb,Og ceramic powders were investigated. The optimum
Tm>" concentration for the maximum PL intensity was found to be at x = 0.075.
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1. Introduction

SrBi,Nb,Ogy materials belong Bismuth layer-structured fer-
roelectrics (BLSFs) family. Because of their excellent fatigue
endurance, fast switching speed, good polarization retention,
relatively high Curie temperature, low aging rate, and low
operating voltage, BLSFs are commercially applicable as fer-
roelectric non-volatile random-access memory (FRAM) storage
devices [1]. In our previous work, We have explained the effect
of rare-earth ions (RE*") substitution for Bi** on various prop-
erties of SrBi, ,RE,Nb,Oq (0 < x < 0.5) ceramics prepared by
solid-state method. Substitution of RE** for Bi** in SrBi,Nb,0,
induced a shift in the Curie temperature to lower values along
with an introduction of relaxor behavior when the amount of
substitution being about 30 mol %. Meanwhile, oxygen vacan-
cies responsible for the dielectric losses in SrBi,Nb,Oy ceram-
ics, which are formed as a result of Bi** volatilization during
high-temperature processing greater than 1100°C, could be sta-
bilized by the introduction of rare-earth ions in the SrBi,Nb,Oq
lattice structure. SrBi,Nb,O, structure is composed of (Bi,0,)*"
layers and (SrNb,O,)*~ perovskite -like blocks. In this mate-

rial, the intrinsic oxygen vacancies of fluorite-like structure,
(Bi,0,)*", have been confirmed [2]. In additon, doping with
a small amount of certain rare-earth could reduce the amount
of oxygen vacancies.

Various methods like the conventional solid-state method,
co-precipitation, hydrothermal method, were used to prepare
SrBi,Nb,Oy compounds. Instead of the solid-state method,
chemical routes (i.e. co-precipitation) provide a lower forma-
tion temperature (<1000°C). The main advantage of the wet-
chemistry routes, it plays the part of the solvent, thus permits
the production of high-purity and homogeneous ceramic powder.

The luminescence properties of SrBi,Nb,Oq materials
doped with rare-earth ions have not been widely studied. Un-
der 451 nm light excitation, Ho-doped SrBi,Nb,Oq exhibited
a strong green emission centered at 545 nm due to the intra f-f
transition from the excited to the ground state of Ho*>" ions and
the concentration quenching effect was observed when reaching
0.4 mol% [3]. In Sry,ErBi,,» Nb,Oy (x = 0.0,0.4,0.6,0.8,1)
Opto-electro materials, Er** ions showed four intense emission
bands peaking around 424 (violet), 444 (violet), 464 (Blue),
478 (Blue) [4]. Photoluminescence properties of Pr**-doped
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SrBi,Nb,Og¢ compounds showed red emission and the optimal
emission intensity was obtained when Pr** concentration reach
0.005 mol under the 250-350 nm ultraviolet excitations [5].
SrBi,Nb,0, doped by Eu®" showed bright photoluminescence
upon blue light excitation of the 400-500 nm. Upon the excitation
of 465 nm light, the materials have two intense emission bands
peaking around 593 nm (yellow) and 616 nm (red). Meanwhile,
the strongest emission was observed for 4 mol % [6].

It should be noted that the materials discussed here, have
not been synthesized yet by the hydrothermal process. The aim of
this study is the synthesis and room temperature characterization
of low doping-Aurivillius phases SrBi, , Tm,Nb,Og (0 <x <0.1)
prepared by hydrothermal process.

2. Experimental

Appropriate amounts of Bi,O, (Rectapur, 99%), Nb,O5
(Acros Organics, 99.5%), Tm,0s, and SrCO; (Aldrich, 99.9%)
were mixed and homogenized in KOH (10 M) solution. They
were poured into an autoclave followed by 20 vol% distilled
water and heated at 200°C. After 48 h at 200°C, the samples were
filtered and dried at 100°C. The powders were pressed uniaxially
to 1 t/cm? to form a pellet (thickness: 1mm and diameter: 6 mm).
The pellets were sintered, at the air, at 1200°C for one hour. The
samples were examined through X-ray diffraction of Rigaku
monochromatized CuK,, radiation (A = 1.54 A). Scan step:
0.02 deg, scan speed: 5 deg/min, and scan Resolution: 0.002 were
parameters that used for XRD measurement. Fourier-transform
infrared spectroscopy recorded on KBr pellets Bruker Vertex 70
and their microstructure were performed with a scanning electron
microscopy EDAX AMETEK. Dielectric measurements were
performed using SMART Impedance from 1 Hz to | MHz. Pho-
toluminescence measurements were obtained utilizing a Horiba
Jobin Yvon Fluorolog FL3-22 spectrofluorometer, with a 450 W
xenon lamp as an excitation light source.

3. Results and discussion

Figure 1 shows the XRD patterns of Tm-doped SrBi,Nb,0O
ceramic powders. All peaks corresponding to the SrBi,Nb,Oy
(01-086-1190) are detected in prepared samples. (115) reflec-
tion is an isolated well-defined peak which is characteristic for
layers structure Aurivillius phases. Table 1 shows the unit cell
parameters obtained by UnitCell program in the solid solu-
tion, refined in the orthorhombic system, using wavelength
1.540593 A. Solid solutions do not follow Vegard’s law which
the lattice parameter varies linearly [7]. The expansion of the cell
is smoothly changed with the replacement of the larger Bi** ion
(1.02 A) with the smaller Tm** ion (0.869 A) [8], may the Tm
amount does not sufficient to bring significant affecting on the
parameter values. A Williamson-Hall method permits to deduce
crystallite size with strain, taking into account instrumental
broadening [9].
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Fig. 1. XRD spectra of Tm-doped SrBi,Nb,O, ceramic powders

TABLE 1
XRD cell parameters of Tm-doped SrBi,Nb,Og ceramic powders
Parameter x=0 x = 0.05 x =0.075 x=0.1
a(A) 5.511 5.501 5.507 5.499
b (A) 5.516 5.517 5.503 5.500
c(A) 25.118 25.079 25.116 25.064
Cell vol (A% | 763.553 761.098 761.168 758.046

Estimation of crystallite size (D) by Williamson-Hall-
isotropic strain model is given by the following equation:

ﬁcosﬂzi+4ssin¢9
D

In order to understand the contributions of lattice strain
and crystalline size to the XRD peaks a Williamson-Hall can
be shown with the average values using the High Score Pana-
lytical program. Figure 2 shows crystallite size and strain (&)
for SrBi,Nb,0Og ceramic powders data. A small contribution
of microstrain, with no evident dependence of Tm amount,
compared to that obtained at (0010) reflection which shows the
highest value of crystallite size. The contribution of microstrain
is inversely proportional to crystallite size. When The elastic
deformation is not uniform in all crystallographic directions,
uneven distribution of crystallite size with no evident depend-
ence with Tm concentration and (hkl) reflection. The average
crystallite size is small for x = 0.1 compared to other dopants.

Figure 3 shows the FTIR spectra of Tm-doped SrBi,Nb,Oq
ceramic powders. Spectra are plotted as a function of transmit-
tance (arbitrary unit: a. u.). All samples contain absorbed H,O
(3400 cm™) and two principal absorption bands at 590 and
483 cm 'corresponding to the stretching vibration oxygen-
niobium of NbOy octahedral [10]. These two bands are a char-
acteristic SrBi,Nb,0q structure. Therefore, the position of the
main bands does not change with doping.

SEM images are shown in Figure 4. SEM photographs
of fracture surface show plate-like crystal morphology. The
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Fig. 2. Crystallite size and strain for SrBi,Nb,Og ceramic powders
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average grain size varies between 1 um and 400 nm. Except
for x = 0.075, the boundaries of the plate-like structure are not
very sharp. The sample x = 0.075 shows a dense morphology
with a larger average grain size compared to undoped and the
other doped ceramics. The grains size that comes from SEM is
different than crystallite size obtained from the Williamson Hall
method. This difference can be explained by the fact that a grain
is made up of several crystallites.

The temperature dependence of the dielectric constants and
dielectric loss at room temperature of Tm-doped SrBi,Nb,Oy
ceramics are shown in Figure 5. The dielectric constants decrease
firstly and then remain constant with increasing frequency around
117 when measured at | MHz. The dielectric constant is about
235,180, 344,277 forx = 0.1, 0.05, 0.075, and 0.1 respectively
when measured at 10 kHz. The dielectric loss decrease with
increasing frequency. however, the doping has a small effect
on dielectric loss at low frequency inferior than 10 kHz. Mean-
while, at the high frequency, it’s found to be around 0.09 when
measured at 1 MHz. The sharp drop of dielectric constants at
low frequency is mainly due to space charges [11]. The evolu-
tion of these two dielectric parameters seems to be independent
of doping which could be attributed to the grain size and the
density of the ceramics [12].

Figure 6 shows the Nyquist and Bode plots of impedance
at room temperature of Tm-doped SrBi,Nb,Oq ceramics. Figu-
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Fig. 5. Frequency dependence of the dielectric constants and dielectric
loss at room temperature of Tm-doped SrBi,Nb,Oq ceramics

res present impedance magnitude (|Z|) and impedance phase
degrees as a function of frequency. The impedance magnitude
of all samples decreases with the increasing Tm amount, except
x = 0.01 which the impedance magnitude has put up smoothly
compared to other dopants. However, at a higher frequency
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Fig. 6. Bode and Nyquist plots at room temperature of Tm-doped BaTiO; ceramics



greater than 100 kHz, the magnitude remains constant around
46 kQ for all samples.

The frequency dependence of impedance phase degrees
follows the same trend with one relaxation process. This dis-
sipation peak appeared at frequency 1 kHz, does not shift with
increasing Tm amount. Meanwhile, the low-frequency behavior
of the phase angle (~n/7) suggests the existence of a transport
process through the ceramics that is best described as the physi-
cal dimensions and materials of the transmission line [13]. This
means that the current leads the voltage by 87 degrees and the
reactance could be capacitive.

The real (Z°) versus imaginary (Z”) parts of the complex
impedance involves an arc of a circle as shown in Figure 6c.
A single arc indicating that the electrical process occurring in
these materials has a single relaxation due to the contribution
of the grain and grain boundaries. The compositions x = 0.075
and x = 0.1 have the complex impedance radius smaller than
the other ones.

Frequency dependence of imaginary (Z”) and real (Z”)
parts of impedance at different Tm concentration, reveals that
when the real part decreases, the imaginary part increases with
increasing frequency until 10 kHz, then high-frequency data
tend to become bunched together around 205 kQ and 8531 kQ
for Z” and Z’ respectively.

Figure 7a shows the emission photoluminescence spectra
of Tm-doped SrBi,Nb,0Oq ceramic powders exited at 375 nm.
The Tm-doped SrBi,Nb,Oy compounds show a strong blue lumi-
nescence at 440 nm, consists of the f-f transition lines within the
Tm?>" 4f'2 electron configuration ('D, — F, transition) [14,15].

Figure 7b shows the excitation photoluminescence spectra
monitored at 440 nm. The Bi*" ion with a 6s® electronic con-
figuration shows strong optical absorption in the near-ultraviolet
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region (270 nm) due to the s>-sp transition [5]. The narrow line at
about 375 nm can be ascribed to the characteristic f-f transition
(*H ¢— 'D,) of Tm>" within its 4f'? configuration [14].

The optimum Tm>" concentration for the maximum
photoluminescence intensity was found to be at x = 0.075. Up
to x = 0.1, the photoluminescence intensity decreased due to
the quenching. Thus, when the Tm>" concentration increases,
the distance between the Tm*" ions decreases, involving non-
radioactive energy transfers between Tm>" ions [16].

It has been assumed that the process of synthesis contrib-
utes to the variation of intensity, widening, and a shift of XRD
peaks. SrBi,Nb,0Ogy sample synthesized through molten salt
route evidenced the presence of plate-like grains. However, the
same sample exhibits predominantly polygonal-shaped grains
when synthesized through the oxalate co-precipitation route
[17]. The hydrothermal route is the least expensive regarding
co-precipitation or solid-state methods. The dielectric and elec-
trical properties were controlled by the physical dimensions of
the grain. The preparation of ceramics by the solid-state method
offers a high dielectric constant compared to the hydrothermal
process [18].

4. Conclusion

A hydrothermal method was used to prepare Thulium doped
strontium bismuth niobate ceramics. The synthesized samples
were characterized by X-ray powder diffraction (XRD), Infrared
spectroscopy (FTIR). X = 0.075 exhibits densest ceramic. Based
on results obtained from XRD and SEM, grains contain several
crystallites. The Tm element was explored in this study as an
inhibitor of oxygen vacancy. The Nyquist and Bode of impedance
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Fig. 7. Emission and excitation photoluminescence spectra of Tm-doped SrBi,Nb,Og ceramic powders



50

measured at room temperature suggest that the materials have one
single relaxation. The observed differences have been attributed
to the presence of Tm in the strontium bismuth niobate ceramics.
At high Tm** concentration 0.1 mol%, the Photoluminescence
intensity decreased due to concentration quenching.
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