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Abstract

Rare-earth ions (Eu>*, Tb>*) activated magnesium calcium bismuth titanate [(MgCa),Bi,TisO,¢] ceramics were prepared by conventional solid
state reaction method for their structural and luminescence properties. By using XRD patterns, the structural properties of ceramic powders have
been analyzed. Emission spectrum of Eu3+:(MgCa)2Bi4T15020 ceramic powder has shown strong red emission at 615 nm (°Dy — "F,) with an
excitation wavelength Aex.; =393 nm and Tb3+:(MgCa)2Bi4Ti5020 ceramic powder has shown green emission at 542 nm (°D4 — "Fs) with an
excitation wavelength ... = 376 nm. In addition, from the measurements of scanning electron microscopy (SEM), Fourier transform-infrared
(FTIR) and energy dispersive X-ray analysis (EDAX) results the morphology, structure and elemental analysis of these powder ceramics have been

studied.
© 2011 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

In recent years, a great deal of research has been carried out
on the development of high optical quality rare earth (RE) ions
doped ceramics. Ceramics are not only having thermal and
mechanical properties, but these are also the best host materials
to incorporate high concentrations of dopant ions such as rare-
earth and transition metal ions and these ceramics can be
fabricated at lower cost and in much speedy processes in a large
variety of sizes and shapes [1,2]. Rare-earth ion containing
materials could perform well in respect of efficient and narrow
emissions from them in the visible region [3]. The preparation
of ferroelectrics has become an important thing for applications
such as memories, pyroelectric detectors, integrated optical
modulators, actuators, infrared sensors, display and switching
devices [4]. Bismuth titanate is a ferroelectric material and it
exhibits useful properties for optical memory, non-volatile
memory, piezoelectric and electro-optic devices [5]. Bismuth
layer structured ferroelectrics (BLSF) ceramics are useful for
piezoelectric device applications because of their high Curie
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temperatures, low dielectric dissipation factors, low aging rate,
high dielectric breakdown strengths, stronger anisotropic
electromechanical coupling factors and low temperature
coefficients of resonant frequency [6,7]. It is well known that
bismuth titanate was found to be more attractive host matrices
for rare earth ions because of their low coercive field and high
breakdown strength. (MgCa),Bi TisO,y ceramics were con-
ventionally prepared by solid state reaction process, where
oxide mixture of Bi,O3, TiO,, MgCO; and CaCO; was ball
milled, calcinide at an intermediate temperature and finally
sintered at high temperature [8]. Rare-earth (RE) ions doped
ceramics have attracted much attention in their preparation for
their applications involving the production of different visible
fluorescent colours such as cathode ray tubes, lamps, X-ray
detectors, medical diagnosis, electroluminescence, optical
markers, laser materials, phosphors and fluorescent tubes,
due to their potential luminescent properties such as high
brightness, high efficiency and long working time [9,10].
Among the various RE ions, it is well known that the Eu’" ions
show red colour emission (°Dy — 'Fy) and Tb>* ions show
green colour emission (°Dy — 'Fy). Thus the rare earth ions
such as Eu**and Tb>* ions give strong luminescence in a variety
of lattices and hence it is interesting to study the photo-
luminescent properties of (MgCa),Bi;TisO, with these ions.
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Fig. 1. XRD patterns of (a) (MgCa),BisTisOn0:Eu** and (b) (MgCa),Bi,sTisO»:Tb>* ceramics.

We have already reported earlier on the spectral analysis of
RE** (Sm** or Dy**):(MgCa),Bi,TisO,, ceramics [11]. In the
present work, we have reported the structural and luminescence
properties of couple of rare-earth (0.2 mol% Eu’*, Tb*) ions
doped magnesium calcium bismuth titanate ((MgCa),Bi4.
TisO,g) ceramic powders.

2. Experimental studies

Rare-earth ion containing magnesium calcium bismuth
titanate ceramics were prepared by heating a mixture with a
ratio of 2 mol of magnesium carbonate (MgCOs3), 2 mol of
calcium carbonate (CaCQs), 2 mol of bismuth oxide (Bi,O3),
5 mol of titanium oxide (TiO,) and 0.2 mol of rare earth oxide
(Eu,03, Tb405) of 99.99% purity in ambient atmosphere. We

have adopted the same method to prepare the ceramic powders
as described in our earlier paper [11].

Structural characterization of these samples has been carried
out from the X-ray powder diffraction measurements on a
XRD 3003TT Seifert diffractometer with Cu Ko radiation
(A =1.5406 1&) at 40 kV and 20 mA and the 20 range was varied
between 20° and 55°. Morphology of the ceramic powder was
examined on a ZEISS-EVO-MA15 ESEM. The scanning
electron microscopy (SEM) image was obtained for samples
by using a 35 m camera attached to a high resolution recording
system. The elemental analysis has been carried out by energy
dispersive X-ray analysis (EDAX) using an X-ray detector
attached to the SEM instrument. The FTIR spectrum (4000-
450 cm™") was recorded on a Perkin Elmer Spectruml
spectrometer with KBr pellets. Both the excitation and emission

Fig. 2. SEM images of (a) (MgCa)zBi4Ti5020:Eu3+ and (b) (MgCa)zBi4Ti5020:Tb3+ ceramic powders.
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Fig. 3. EDAX images of (a) (MgCa)zBi4Ti5020:Eu3+ and (b) (MgCa)zBi4TiSOZO:Tb3+ ceramic powders.

spectra were obtained on a SPEX Fluorolog-2 Fluorimeter
(Model IT) with Data max software to acquire the data with a Xe-
arc lamp (150 W) as the excitation source. A Xe-flash lamp with
a phosphorimeter attachment was used to measure the lifetimes
of the emission transitions of these ceramics.

3. Results and discussion

Fig. la and b shows the X-ray diffraction patterns of
(0.2 mol%) Eu* and Tb>*:(MgCa),Bi4TisO,o ceramic pow-
ders. From these patterns, it is observed that the powders are

well crystallized with the peaks corresponding to the tetragonal
structure of the standard JCPDS-14-0276. The morphological
properties of the obtained ceramic powders were investigated
by using the SEM images. Fig. 2a and b shows the SEM
micrographs of Eu®* and Tb’*:(MgCa),BisTisO,o ceramic
powders respectively. The obtained images have shown that the
particles are agglomerated and the average diameter of the
grain size is around at 300-500 nm. To know the presence of
rare-earth ions in the ceramics (Eu’* and Tb**:(MgCa),Bi,.
Ti5;0,¢) the elemental analysis has been carried out by using the
energy dispersive X-ray analysis (EDAX) technique which is
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Fig. 4. FTIR spectra of (a) (MgCa)zBi4Ti5020:Eu3+ and (b) (MgCa)zBi4Ti5020:Tb3+ ceramic powders.
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Fig. 5. (a) Excitation spectrum and (b) emission spectrum of Eu* activated (MgCa),Bi,TisO,( ceramic powder.

attached to the SEM system and the measured patterns are
shown in Fig. 3a and b, which confirms their presence. The
FTIR spectra of Eu®* and Tb>*:(MgCa),Bi, TisO, ceramics are
shown in Fig. 4a and b. The FTIR spectra shows the absorption
bands in the range 2700-3800 cm™' with absorption band
centered at 3435 cm ™' which is assigned to the stretching mode
of OH groups and a band at 1632 cm™' corresponds to the
bending vibrations of H,O groups. The region 450—1300 cm ™"

shows the stretching and bending modes of bismuth or titanium
bonds.

The excitation spectrum of Eu3+:(MgCa)2Bi4Ti5020 powder
ceramic is shown in Fig. 5a. From the measured excitation
spectrum, three excitation bands at 371 nm, 393 nm and
416 nm are observed and are assigned to the electronic
transitions 'Fo — °L-, "Fy — °L¢ and "Fy — °D; respectively.
Only the prominent excitation band at 393 nm has been chosen
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Fig. 6. Decay curve of the emission transition and inset shows energy level diagram of Eu®* activated (MgCa),Bi,TisO, ceramic powder.
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for the measurement of emission spectrum of Eu3+:(MgCa)2_
Bi4TisO,9 ceramic powder. The emission spectrum of
Eu3+:(MgCa)2Bi4Ti5020 powder ceramic is shown in Fig. 5b.
The emission spectrum of (MgCa)zBi4T15020:Eu3+ consists of
different spectral lines mainly located in the wavelength range
from 580 to 660 nm. These lines correspond to transitions from
the excited state *Dy to the ground state "F; (J = 1-3) of the 4f°
configuration of Eu* and the strongest emission is the electric
dipole transition Dy — 'F, which peaks at 615 nm when
excited at 393 nm. The luminescence spectrum of Eu’*:(Mg
Ca),Bi4Tis0,( ceramics consists the transitions only from 5DO
to 'Fy states. Luminescence from higher excited states such as
D, is not observed, indicating very efficient non-radiative
relaxation to Dy states because of the presence of residual OH
groups [12]. The red emission was observed from the Eu’*
doped (MgCa),Bi4TisO,( ceramic powder under an UV source
also. The three emission bands at 595 nm, 615 nm and 646 nm
are assigned to the transitions Dy — 'Fy, Dy — 'F, and
Dy — 'F; respectively [13]. Luminescence originating from
transitions between 4f levels is predominant due to electric
dipole or magnetic dipole interactions [14]. The Dy — 'F,
transition is purely magnetic dipole allowed and is usually
taken as a reference transition because the crystal field does not
considerably alter the intensity of this transition. The forced
electric dipole Dy — 'F, transition is strongly hypersensitive
to the environment of Eu>* ions [15]. If Eu®* occupies an
inversion symmetry site in the lattice, the orange-red emission
and the magnetic dipole transition SDO — 7F1 (around 590-
596 nm) is the dominant transition. On the other hand, if Eu*
does not occupy the inversion symmetry site, the electric dipole
transition °Dy — 'F, (610-620 nm) becomes the dominant
transition. From Fig. 5b, the strong red emission is at 615 nm
indicating that the electric dipole transition SDO —"F, is the
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dominant in the measured spectrum. This implies that site of
Bi** occupied by Eu’* ion is not at an inversion center. From
this mechanism it is observed that the Iluminescence
performance of activator ions depends on the symmetry site
occupied by the activator ions.. From the luminescence
spectrum of Eu3+:(Mg Ca),Bi Tis0,9 ceramics it is also
observed that SDO — 7F1 emission band split into two Stark
components. This should correspond to tetragonal site
symmetry in a crystalline structure with a high degree of
disorder [16]. This depends on the site symmetry of the Eu®*
ions in the crystalline structure. In other words it is concluded
that, the local environment of the rare earth ion plays an
effective role on the luminescence performance. The decay
curve of the emission band at 615 nm of Eu3+:(MgCa)2Bi4_
TisO,¢ ceramic powder along with its lifetime is shown in
Fig. 6. The decay curve for Eu>* emission can be fitted to single
exponential function as: I=Kexp(—#t) where ‘K’ 1is the
constant and value of ‘T’ is decay time of Eu’". The obtained
lifetime for Eu® *:(MgCa),BisTisOp ceramic powder is
1.827 ms. Inset of Fig. 6 shows the energy level diagram of
Eu3+:(MgCa)2Bi4Ti5020 ceramic powder.

The excitation spectrum of Tb3+:(MgCa)2Bi4Ti5020 ceramic
powder is shown in Fig. 7a. It indicates three excitation peaks at
350nm (Fg — °D,), 368nm ('Fg— °L,o) and 376 nm
("Fe¢ — >Gg) respectively. Only the prominent excitation band
at 376 nm has been chosen for the measurement of emission
spectrum of Tb3+:(MgCa)2Bi4Ti5020 ceramic powder. The
emission spectrum of Tb>*:(MgCa),BisTisO,o ceramics with
Aexci = 376 nm is shown in Fig. 7b. It is well known that Tb**
have four main emission bands corresponding to the °D, — "F,
transitions where J=3-6. From the emission spectrum, no
emission from the °Dj state is observed because in water the
luminescence from the “Ds state is quenched by fast non-
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Fig. 7. (a) Excitation spectrum and (b) emission spectrum of Tb>* activated (MgCa),BisTisO,, ceramic powder.
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Fig. 8. Decay curve of the emission transition and inset shows energy level diagram of Tb** activated (MgCa),Bi,TisOy ceramic powder.

radiative relaxation to the D, state, induced by the OH
stretching vibrations. Further the luminescence from the °D;
state is only observed in densified samples, where the OH
content is very low [17]. In the present work, the prepared
samples are having high OH content due to this, the emission
spectrum of Tb3+:(MgCa)2Bi4TiSOzo ceramics consists of the
transitions from D, states only. The strongest transition
occurred at 542 nm, which is characteristic of the green
luminescence of Tb>*. The most dominant peak at 542 nm
arises from the D, — ’Fj5 transition, while the other peaks at
488, 588, and 622 nm corresponds to the transitions D, — "Fe,
5 Dy — 7F4, and 5D4 — 7F3 respectively [18]. The decay curve
of the emission band at 542 nm of Tb3+:(MgCa)2Bi4Ti5020
ceramic powder along with its lifetime is shown in Fig. 8. The
decay curve for Tb®* emission can be fitted to single
exponential function as: I=Kexp(—#/t) where ‘K is the
constant and value of ‘T’ is decay time of Tb>*. The obtained
lifetime for Tb3+:(MgCa)2Bi4Ti5020 ceramic powder is
1.897 ms. Inset of Fig. 8 shows the energy level diagram of
Tb3+:(MgCa)2Bi4Ti5020 ceramic powder.

4. Conclusions

In summary it is concluded that, rare-earth (Eu3+ and
Tb>*) ions activated (MgCa),Bi TisO,o ceramic powders
have been synthesized by using a solid state reaction method.
From the XRD profiles tetragonal structure of the ceramic
powders has been observed. The morphology of the ceramic
powders has been studied by using the SEM images, which
shows that the particles are agglomerated. Photolumines-
cence spectrum of Eu3+:(MgCa)2Bi4Ti5020 ceramic has
shown a strong red emission and Tb3+:(MgCa)2Bi4Ti5020
ceramic has exhibited an intense green emission. Based on
the emission spectral results, we could suggest that these

ceramic powders are brightly luminescent and are used as
novel optical materials.
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