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Resumen

Itrio tantalio (YTaQ,), itrio niobio-tantalio (YTaNbQ,) y itrio niobio (YNbQO,), son eficientes fosforos de rayos X. La in-
fluencia de los iones de tierra rara tales como Eu®* y Tb*" en la estructura cristalina y la morfologfa de estos fésforos fueron
estudiadas. Las estructuras Y(Ta,Nb)O, simultaneamente activadas por Eu®* and Th** fueron investigadas por medio de di-
fraccion de rayos X (DRX) y de espectroscopia infraroja con transformada de Fourier (FT-IR) con el fin de ampliar el co-
nocimiento de las propiedades estructurales de estos materiales doblemente activados. La morfologia de los fésforos pre-
parados fue caracterizada por el microscopio electrénico de barrido (SEM). El método de Rietveld se llevo acabo con el fin
de calcular los datos cristalograficos de los fésforos investigados.

Palabras claves: YTaO,, YNbO,, fésforos, DRX, FT-IR, método de Rietveld.

Abstract

Yttrium tantalate (YTaO,), yttrium niobium-tantalate (YTaNbO,) and yttrium niobate (YNbQO,), are efficient X-ray phos-
phors. The influence of the rare earth ions such as Eu®* and Th** on the crystalline structure and morphology of these phos-
phors were studied. The doubly activated simultaneously Y(Ta,Nb)O, structures by Eu®* and Th* were investigated by
means of X-ray diffraction and Fourier transform infrared spectroscopy (FT-IR) in order to enlarge the knowledge of the
structural properties of these doubly activated materials. Morphology of the prepared phosphors was characterized by scan-
ning electron microscope (SEM). Rietveld refinement was done in order to calculate the crystallographic data of investi-
gated X-ray phosphors.
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1. Introduction

Yttrium tantalate has three crystal structures; high tempera-
ture (>1450°C) tetragonal (scheelite, T-structure), low tem-
perature (about 1000°C) monoclinic (fergusonite, M-
structure) and another monoclinic form called M' that can
be synthesized at lower temperatures (below 1400°C) [1,2].
M’ transforms to T at approximately 1450°C and then to M
upon cooling. It is M' modification that is used in phosphor
screens. The M' yttrium tantalate structure is an efficient

host lattice for X-ray phosphors when activated with nio-
bium or rare earth (RE), in comparison with the monoclinic
yttrium tantalate (M-YTaO,). The unit cell parameters for
M-YTaOsare a=529A b=545A¢c=511A andp=
96.45°, and the density is 7.57 g/cm™ [3,4].

In M'-YTaO, structure, tantalum atoms are in a distorted
octahedral coordination with six Ta-O bonds whereas in M-
YTaO, tantalum atoms are in tetrahedral coordination [3,5].
These distorted TaOs units share edges with one another to
form strings. Yttrium atoms are surrounded by 8-
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coordinated oxygen atoms forming a distorted cube. The
total number of atoms inside of the M'-YTaQ, structure is: 2
yttrium atoms, 2 tantalum and 8 oxygen atoms [6]. The
niobium atoms of the fergusonite M-YNbO, structure
present the same octahedral coordination with six Nb-O
bonds such M'-YTaO.,.

Different rare earth activators such as Eu®, Tb*, Gd*,
sm*, Dy*', Pr** were used in previous works to replace the
yttrium ions into the YTaO, or YNbQO, crystalline structure
[7,8]. However, the morpho-structural properties of
Y(Ta,Nb)O, doubly activated by rare earth elements have
not been studied yet. In the present study, the rare earth
activators such as Eu** and Tb** were simultaneously incor-
porated into M'-YTaQ,4, M'-YTaNbO, and M-YNbO, struc-
tures. These powder samples were investigated by means of
XRD and FT-IR in order to study their structural properties.
The crystallographic data for these phosphors were calcu-
lated using refinement method.

2. Experimental part

Y(Ta,Nb)O, doubly activated by Eu®" and Tb*" were pre-
pared by solid state reaction method from homogeneous
mixture consisting of Y,03, Ta,Os and Nb,Os. Eu,O3 and/or
Th,4O; were used in the activator system and Na,SO, as

flux. The crystal structure of the prepared materials were
determined by an X-ray diffractometer (Rigaku), we meas-
ured the powder diffraction profiles (6-26 scan) covering
the range between 10° and 80°. The morphological analysis
was performed by scanning electron microscope (SEM)
Hitachi S-4700. The infrared absorption spectra at room
temperature were measured using a Perkin Elmer FT-IR
spectrometer spectrum 2000 in the spectral range 400-1000
cm’, the KBr pellets techniques were used.

Two types of host lattices (M' and M) with double activa-
tion by rare earth elements Eu®" and Tb* were prepared.
General formula of the phosphors is Y., Eu ThyTa,.
Nb,O,, denoted as Y(Ta,Nb)O,Eu®*" Tb*". For the samples
we measured, x=0.025, y=0.025 and z=0; 0.15 or 1. The
chemical compositions of prepared phosphor samples are
listed in Table 1.

3. Results and discussion

3.1 Particle morphology

Using a scanning electron microscope, we observed stone-
like morphologies of YTaOsEu®* Tb®* and YN-
bO,:Eu® Tb* (Fig. 1).

Table No.1 Composition of yttrium tantalate/niobate phosphors with double activation by Eu** and Th**

Host lattice RE-activator

Phosphor type Phosphor formula (mol%) (mol%)
YTaO, YNbO, Eu* Tb*
MI'YTaOA,:EU,Tb Y0.95EUO_025Tb0.025TaO4 100 - 2.5 25
MI'YTaNbOA,EU,Tb Y0.95EUO_025Tb0.025Tao_85Nb0.1504 85 15 2.5 25
M'YNbO4:EU,Tb Y0.95EUO_025Tb0.025NbO4 - 100 2.5 25

(o O

1.00um

1A 10.0kV 13.2mm x30.0k SE(V)

S.0um
T

(SRR
9B 10.0kV 13.2mm x30.0k SE(V) 1.00um

(b)

Fig.1 SEM images of phosphor samples a) YTaO4Eu®", Th** b) YNbO,:Eu** Th**
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From Fig. 1, it can be seen that the samples mainly consist
of solid, uniform and non-agglomerated crystalline par-
ticles. For YTaO4:Eu®" , Tb* the crystalline grain has elon-
gated polyhedral form, the particles are estimated to be
around 3 to 5 pum. The grain size increases for YN-
bO,:Eu** , Tb* to be around 10 pm in dimension, having a
polyhedral more round shape. Such micrometer dimensions
for these powders are rather desirable particles size range,
since larger particles begin to cause difficulty in making X-
ray screen, and much smaller particles will lose emission
intensity via internal scattering as the particle size gets
much below 3 um.

The scanning electron microscope shows the physical dif-
ference between M'-YTaO, and M-YNbQ, structures.

3.2 XRD crystalline structure characterization

The X-ray diffraction (XRD) spectra of three different
phosphors doubly activated by Eu®" and Tbh** are shown in
Figure 2. The M'-YTaO,4 XRD pattern is shown in Fig. 2(a).
X-ray diffraction spectrum of YNbO,:Eu**, Tb** (Fig. 2(c))
shows the evidence of the monoclinic M-YNbO, ferguso-
nite crystal structure. Incorporation of 15% niobium atoms
into the M'-YTaO, host lattice did not change the basic M’
structure (Fig. 2(b)). The JCPDS card for M'-YTaO, com-
pletely coincides with the YTaNbO, measurement data. The
black points (2) in Fig. 2 (a,b,c) are the measured data re-
ceived from the XRD and the solid lines (1) are the calcu-
lated fitting of Rietveld analysis which was developed by
Rietveld for structure profile refinement of X-ray powder
diffraction data. The measured peak positions are in good
agreement with Rietveld fitting (1) and data given in Powd-
er Diffraction File JCPDS 72-2018 (For YTaO,4) and JCPDS
72-2077 (For YNbO,) from International Center for Dif-
fraction, (3).

The Rietveld calculation provides the crystallographic in-
formation by comparing the model profile with X-ray or

Diffraction angle (degrees)

Diffraction angle (degrees)

neutron curves using the least squares method. One uses
Rietveld analysis generally to get the lattice parameters,
atomic positions and atomic distances. The peak positions
of X-ray diffraction curve are related to the unit cell lattice
constants of the crystal structure and the peak intensities are
affected by various parameters such as atomic position,
atomic occupancy, and thermal effect. The detailed crystal-
lographic information of the measured phosphors from
Rietveld analysis is listed in Table 2 and Table 3. From the
occupation factor F (Table 2), one can see that F = 1, which
means the site is fully occupied by an atom.

3D pictures for the structures M'-YTaO, and M-YNbO,
doubly activated by Eu** and Tb* were created using the
data from Table 2 and Table 3. These pictures are presented
in Figure 3.

Fig. 3a illustrates the position of the rare earth activators
Eu®* and Th** substituting yttrium atoms in the M-YTaO,
host lattice. In M'-YTaO,:Eu** Tb* the Y atoms (Fig. 3a)
are surrounded by 8-coordinated oxygen atoms forming a
distorted cube. The average Y-O distance from our calcula-
tions is 2.37 A. The tantalum atoms (Fig. 3a) are in a dis-
torted octahedral coordination with four shorter Ta-O bonds
at 1.96 A and 1.87 A and two longer at 2.23 A. In the same
way, Fig. 3b shows the crystallographic structure of M-
YNbO,Eu** Th*. The Y atoms are also surrounded by 8-
coordinated oxygen atoms forming a distorted cube. The
average Y-O distance is 2.35 A. The Nb atoms are in a
distorted octahedral coordination with four shorter Nb-O
bonds at 1.94 A and 1.83 A and two longer at 2.43 A.

The incorporation of the rare earth ions Eu** and Th** into
M'-YTaO,4 and M-YNbO, did not change the basic crystal-
line structures and the results do not differ so much from
host lattices reported previously [3,6]. According to Ve-
gard’s law, the addition of the rare earth ions results to an
increment in the unit cell volume from 146.57 to 147 A and
292.81 t0 293.13 A for YTaO, and YNbO,, respectively
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Fig.2 XRD patterns of: a) YTaO,:Eu®*, Tb*; b) YTaNbO,:Eu** Tb*; c) YNbO,Eu** Th**. The results of fitting are shown
by solid lines. Expected peak positions from JCPDS cards are indicated.
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Table No.2 Atomic positions and lattice parameters for different host lattices

M'-YTaO,:Eu®" Tb%* Atom X y z F
a=5.298A Y 0.25 0.7605 1
b=5.461A Ta 0.25 0.3111 0.5 1
c=5.112A O(1) 04192 04033 03079 1

p=96.37 0(2) 01230 0.1117 02824 1
M'-YTaNbO,:Eu®*, Tb** Atom X y z F
a=5.299A Y 0.25 0.726 0 1
b=5.476A Ta 0.25 0.2611 0.5 1
c=5.072A O(1) 05251 04236 02746 1
p=94.51 O(2) 0.0857 0.0810 02140 1

M-YNbO,:Eu® Th*" Atom X y z F
a=7.617A Y 0 0.3791 0.25 1
b=10.95A Nb 0 0.8551 0.25 1
c=5.298A O(1)  0.2286 0.79 02422 1
p=138.42 O(2) 0.2519 09576 0.6818 1

Table No.3 Interatomic distances between anions and cations of different host lattices

Structure Y-O (R) Ta-O (A) Nb-O (A)
O(1) 2x 2524 O(1) 2x 1.957
MY TaO Eu To 0(2) 2x 2.348 0(1) 2x 2.230
o) 2x 2.322 0(2) 2x 1.870
0(2) 2x 2.296
O(1) 2x 2.545 0(1) 2x 1.926
MY TaNDO B TH 0(2) 2x 2.331 0(1) 2x 2.251
0(1) 2x 2.289 0(2) 2x 1.874
0(2) 2x 2.325
0(1) 2x 2.391 O(1) 2x 1.944
M-YNDOLEL” Th?™ 0(2) 2x 2.331 O(1) 2x 2.426
0(1) 2x 2.304 0(2) 2x 1.830

0(2) 2x 2.387

Fig.3 Crystal structures: a) M'-YTaO, and b) M-YNbO,. The substitution of Y ions by Eu** and Th®" is indicated.
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3.3 FT-IR crystalline structure characterization

FT-IR spectroscopy was also used in order to prove the
crystalline structure of investigated phosphors (Fig. 4).

We consider that the bands observed at 444 cm™ and 650
cm™ in Fig. 3a are assigned to degenerated v(Ta-O-Ta), and
the band at 745 cm™ to degenerated v,s,m(Ta-0) vibration,
that is in good agreement with data published by A. Hristea
and others for YTaO, [9]. The infrared spectra of YTaN-
bO,:Eu®", Tb* (Fig. 4b) support the idea that the crystalline
host lattice of powder with niobium atoms concentration
(15% mol) and rare earth activators (Eu** and Tb**, 5%
mol) preserve the M' crystalline structure, as already was
pointed out by X-ray diffraction. The infrared spectra sug-
gest a good incorporation of niobium and Eu®* and Tb*
ions into the host crystalline lattice, i.e. a relatively homo-
geneous distribution of NbO,> groups replaces TaO,>
groups into the M'-YTaO, crystalline matrix. In Fig. 4c, the
totally replacement of TaO,> groups by NbO,> groups
induces the conversion of M' into M phase, process that is
shown by the shift of the 444 cm™ and 650 cm™ bands, and
the disappearance of the 745 cm™ band. Moreover, the
infrared spectrum (Fig. 4c) contains different oscillation
frecuencies; v; at 806 cm™ and vs at 670, 597 and 543 cm
that are in agreement with M-YNbO, structure [10].

4. Conclusions

The detailed crystallographic data of the investigated M'-
YTaO,Eu* Tb®, M-YTaNbO4Eu* Tb* and M-
YNbO,:Eu** Th®" was estimated by means of Rietveld cal-
culation. The X-ray diffraction patterns, sustained by infra-
red spectroscopy and scanning electron microscope put in
evidence that the partially substitution of yttrium atoms by
europium and terbium ions does not change essentially the
morpho-structural characteristics of M'-YTaO, and M-
YNbO,. The investigated powders doubly activated by Eu®*
and Tb*" can be applied to the manufacture of X-ray intensi-
fying screens used in medical diagnosis.

Acknowledgements

This work was supported by the Korean Science and Engi-
neering Foundation (KOSEF) through National Research
Laboratory (Program No. M10400000045-04J0000-04510).

Absorbance

400 500 600 700 E!OO1 900 1000
Wavenumber (cm™)
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