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The pure and Pr** doped TTB-BaTa,O, phosphors were obtained by the solid state reaction method at 1 425 °C for 20
hours. X-Ray Diffraction (XRD) and Scanning Electron Microscope (SEM) analyses confirmed a single phase of BaTa,O,
up to 10 mol % Pr,O,. SEM analysis also shows that BaTa O, grain size decreased with the increasing Pr,0, concentra-
tion.The chemical composition of Pr** doped BaTa,O, structures was confirmed by Energy Dispersive Spectroscopy
(EDS) analysis. BaTaZOﬁ:Pr3+ phosphors exhibited on a strong red emission at 620,9 nm, a green emission at 548,3 nm
and a red emission at 655,2 nm. Emission intensity increased with Pr3* doping concentration up to 1,5 mol %, then

decreased due to concentration quenching.
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INTRODUCTION

The trivalent rare earth ions doped materials have at-
tracted considerable interest due to their photoemission
across the whole visible spectral range [1,2]. The bright
luminescence of these phosphors made possible a new
generation of lighting and display devices with good ther-
mal and chemical stability, and safety in the use [3]. Pra-
seodymium (Pré*) can be excited using blue light through
the transitions from ground state (*H,) to the °P, (J =0, 1,
2) and 'D, multiplets. In most oxides, Pr** ions emit blue-
green or red light from the °P level: blue-green lines at
~500 nm (®P,—°H,) and 545 nm (*P,—*H,), red emission
lines at ~618 nm (°P,—°H,) and 650 nm (*P —°F,) [4,5].

BaTa,O, is one of the compounds in BaO-Ta,O, sys-
tem which has been studied because of its dielectric and
photocatalytic properties [6,7]. Synthesis of BaTa,O,
has been carried out by many methods: flux [8], solid
state, precipitation [9], and mechanochemical synthesis
[10,11]. BaTa,O, has three crystal structures: orthor-
hombic, tetragonal, and hexagonal. Tetragonal structure
has a TTB (tetragonal tungsten bronze) type structure
[8]. The TTB crystal structure is related to that of the
potassium tungstate (K ,,.WO,) [12].

In this study, the luminescence properties of Pr,O,
doped BaTa,O, were investigated. Also, microstructural
characterization was performed using XRD and SEM
techniques.

MATERIALS AND METHODS

Pure and BaTa,0,:xPr** (0,5 < x< 10 mol %) mate-
rials were synthesized by the solid state reaction meth-

M. ilhan, Engineering Faculty, R. Samur, Faculty of Technical Educa-
tion, H. Demirer, Technology Faculty, Marmara University, istanbul,
Turkey; F. Mindivan, S. E. University, Bilecik, Turkey

METALURGIJA 54 (2015) 2, 407-410

TTB, Pr3*; phosphors; solid state reaction

od. BaCO, with a purity of 99 % (Sigma-Aldrich) and
Ta,0, with a purity of 99,9 % (Alfa Aesar) powders
were used as starting materials to obtain BaTa,O,.
Pr,O, with a purity of 99,9 % (Alfa Aesar) was used as
a dopant. BaCO, and Ta,O, powders were mixed with
respect to the BaTa,O, stoichiometry. This mixture
was doped by using (0,5, 1,5, 2,5, 5 and 10 mol %)
Pr,O,. The doped mixture was homogenized in an ag-
ate mortar with the addition of acetone. Prepared pow-
ders were taken into alumina crucibles then sintered
for 20 hours at 1 425 °C under air atmosphere in an
electric furnace.

The average crystallite sizes and phase composi-
tions of the sintered powders were determined by X-ray
diffractometer (XRD, Rigaku Corp., D-MAX 2200) us-
ing Cu K _ radiation between 20 = 15 - 60 ° at 2 °/min
scan speed using the Ni filter. The average crystallite
sizes of the powders were calculated using the Scherrer
Formula (1) [13]:

k-4

= 1
B-cos 6 @)

Where D is mean crystallite size (nm); k is a con-
stant (taken as 0,9); A = 0,15406, the wavelength of
CuK ; B is the full width at half maximum (rad.); 6 is
the angle (°) between incident and diffracted beams.
Morphology of the sintered powders was investigated
by the Scanning Electron Microscopy (SEM, JEOL
Ltd., JISM-5910LV) equipped with EDS (OXFORD In-
dustries INCAXx-Sight 7274; 133-eV resolution 5,9
keV) after Au-Pd coating. Photoluminescence measure-
ments, excitation and emission spectra were recorded
by Scinco floromaster-FS/2 model fluorometer with a
Xe-arc lamp (150 W) as the excitation source. Photolu-
minescence (PL) analyses were performed at room tem-
perature.

407



RESULTS AND DISCUSSION

Figure 1 shows the XRD patterns of pure and doped
powders. XRD patterns of BaTa,O, showed a TTB-
BaTa,O, single phase (JCPDS card No.17-0793) up to
10 mol % Pr,0,. A secondary phase was not observed.
This shows that Pré* ions successfully incorporated into
the TTB framework. XRD analysis indicated that pow-
ders crystallized in a tetragonal symmetry with space
group P4/mbm having the TTB type structure. The cell
parameters of tetragonal BaTa,O, were reported as a =
12,52 A, c=3,956 A, V =620, 10 As [8]and Z =10[14].

Table 1 Average crystallite and grain size.

Pr* conc./ mol % Crystallite size / nm Grain size / pm
Pure 42,47 0,8-4,4
0,5 38,51 0,7 -4,2
15 35,20 0,6 -4,0
2,5 32,60 0,5-3,7
5 30,12 0,5-3,4
10 27,30 0,4-3,2

The average powder crystallite size along doping
concentration was calculated by using Scherrer’s equa-
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Figure 1 X-ray diffraction patterns of pureand Pr,O, doped
BaTa,O,samples

Flgure 2 SEM micrographs of BaTa,0, doped with Pr,0, at (a)
05%,(b)25%,(c)5%and (d) 10 mol %
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Ta BaTa,0g:Pr3* (5 mol %)
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Weight /% | 17,38 19,92 2,43 60,26 100,00
Atomic / % | 68,69 917 1,09 2105 100,00
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Figure 3 EDS analysis for Pr,0, at 5 mol %

tion. The size of crystallites was given in Table 1. The
crystallite size of the undoped powder was around 42
nm after 20 h of sintering. The crystallite size decreased
with Pr3*concentration and varied from 38 nm to 27 nm
for doping levels of 0,5 and 10 % respectively.

SEM-EDS observations confirmed the XRD find-
ings. Figure 2 (a, b, c and d) shows the SEM micrographs
of BaTa,0, with different doping concentrations. The
size of grains was shown in Table 1. The average grain
size decreased with the in the Pr,O, concentration. For all
powders, grain sizes varied from submicron to a few mi-
crons. While the grain size of the pure powder ranges
between 0,8 - 4,4 um, it was 0,7 - 4,2 um and 0,4 - 3,2
um by Pr®* doping up to 0,5 and 10 mol % respectively.
All samples were found to have similar oval shaped
grains. The EDS analysis revealed the differences in the
chemical composition of grains. Figure 3 gives EDS
spectrum of 5 mol % doped BaTa,O, structure.

The excitation spectra of BaTa,O,:Pr** monitored at
620,9 nm, was shown in Figure 4. The spectra contained
three excitation bands which were observed at *H,>°P,
(449,4 nm), *H,~>°P, (470,9 nm) and °*H,~>°P  (486,5
nm) transitions. Among these bands, the peak at 470,9
nm was used to investigate the photoluminescence
properties of different concentrations of Pré* ions in
BaTa,O,:Pr** due to sharpness and intensity. Figure 5
shows the emission spectra of BaTa,O,:Pr® phosphors
excited at 468,5 nm. Emission spectra BaTa,0,:Pr**
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Figure 4 Excitation spectra of BaTa,0,:Pr** phophors at
A,,=620,9nm
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Figure 5 Emission spectra of BaTa,0:Pr** phosphors at
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Figure 6 Emission intensity dependence of Pr¥* concentration
for BaTa,O.Pr**

phosphors exhibited three emissions: *P >°H,, °P =>°H_
and 3P,>7F, for transitions at 548,3 nm, 620,9 nm,
655,2 nm respectively.

Figure 6 shows emission with the variation of Pr3*
doping concentration. Emission of Pré* ions increased
with the increase of Pr3* concentration up to 1,5 %, then
decreased due to concentration quenching. When the
concentration of Pr* ions increases, the distance be-
tween the Pré* ions decreases. This promotes non-radia-
tive energy transfers between Pr¥* ions. XRD - SEM
analyses may also support the idea of the decreased dis-
tance between Pré* ions through the decreased crystal
and the grain size. Therefore, excitation energy transfer
strongly depends on the distance between Pr® ions.
Critical distance for energy transfer (R ) in BaTa,0O:Pr*
can be estimated by Blasse formula (2) [15]:

1/3
R =~ 2( > ] @
47 XeN

where the structural parameters namely unit cell vol-
ume (V), the number of available sites for the dopant in
the unit cell (N) and critical concentration of dopant
(X,). For the BaTa,0,:Pr** phosphor, X = 0,015, V =
620,10 (A)® and (Z = 10) N = 10. The R_ of Pr** in
BaTa,O,:Pr**was calculated as 19,92 A. The non-radia-
tive energy transfer of the luminescence of oxidic phos-
phors is based on the resonance transfer by electric
multipole—-multipole interaction or exchange interaction
[16]. This situation was explained by the Blasse’s theo-
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ry [17]: When the critical distance is greater than 5 A,
only a multipole—-multipole interaction is important
where the exchange interaction becomes ineffective.
When the distance is shorter than 5 A, the exchange in-
teraction becomes effective. Since the R_value for
BaTa,0,:Pr** was calculated as 19,92 A, the effective
mechanism of concentration quenching of BaTa, O :Pr**
phosphor was the multipolar interaction.

It is necessary to explain which type of interaction is
related to the energy transfer and which enables the pro-
cess of non-radiative energy transfers between Pré* ions
due to the multipole—multipole interactions. According
to Van Uitert [18], if the energy transfer occurs among
the same sort of activators, the strength or type of the
multipolar interaction can be determined from the
change of the emission intensity and per concentration
ion level that follows the equation (3):

Ix=K[1+B()"]* @)

In the equation, (x) is the phosphor concentration
which is not less than the critical concentration. The
(1/x) is the emission intensity (1) per phosphor (x). The
(K) and (p) are constants for the same excitation condi-
tion for a given phosphor crystal. The (6) value indi-
cates the electric multipolar character where 6 = 3 for
the energy transfer among the nearest-neighbor ions
(exchange interaction), while € = 6 dipole—dipole (d—d),
6 = 8 dipole—quadrupole (d—p) and & = 10 quadrupole-
quadrupole (g—q) interactions. Assuming that S(x)?* >
1, equation (3) can be simplified as follows:

log (I/x)=K'- 6/3 log x (K'=1log K-log ) (4)

The electric multipolar character (6) can be obtained
from the slope of equation (4), which is the slope (-6/3)
of the plot log (I/x) and log (x). Critical concentration of
Pr¥* has been determined to be 1,5 mol %. The depend-
ence of the emission intensity of BaTa,O,:Pr** phosphor
excited at 470,9 nm as a function of the corresponding
concentration of Pr3* for concentration greater than the
critical concentration (x > 0,015) is determined. The plot
of log (1/x) as a function of log (x) for BaTa,O:Pr** phos-
phors were shown in Figure 7. It can be seen that the de-
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log (I/x)
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Figure 7 Relation between the log, (I/x) and log, (x) of Pr** for
BaTa,O:xPr*

409



pendence of log (I/x) on log (x) of Pr¥* is linear and its
slope is around -1,8103. The value of ¢ can be calculated
as 5,4309, which is nearly 6. This result indicates that the
energy transfer mechanism for BaTa,O,:Pr** phosphor is
a dipole—dipole (d—d) interaction.

CONCLUSION

A new light emitted Pr* doped BaTa,O, was pro-
duced using the conventional solid state method. In the
XRD results, TTB had a single phase that formed from
0,5 to 10 % Pr®* doping concentration. In the SEM anal-
ysis, the BaTa,O,:Pr®* grain size decreased depending
on the Pr®* concentration. BaTa,O,:Pr** exhibited a
strong red emission at *P ->°H_(620,9 nm) transition.
While emission increased between 0,5 to 1,5 mol %,
after that level emission decreased due to concentration
quenching. The effective mechanism of quenching was
found to be the dipole—dipole interaction since the criti-
cal distance is 19,92 A. The results imply that the
BaTa,O,:Pr** phosphor could be potentially used as red
LEDs.
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