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Abstract :

The defective fluorite-related YsNbO; host lattice was doped with Eu3* ions to understand the influence of spark
plasma sintering (SPS) process on this host lattice. The intrinsic disorder due to the occurrence of oxygen vacancies
results in amorphous-type responses of the luminescent cations, and the spectral distribution varies as a function
of the niobium content. Two spectral fingerprints of europium emissions were clearly enhanced. The correlation
between luminescence, X-ray diffraction, and electron diffraction characterizations shows the existence of local
inhomogeneity. Indeed, the particular nonequilibrium sintering conditions allowed pointing out a lack of miscibility
within the Y3NbOy7 solid solution domain. Thus, the SPS pellet is a composite of two extreme compositions. This
phase demixing is mainly induced by the pressure coupled with a current effect that makes possible ionic migration

in this YsNbO7 ionic conductive matrix.

Introduction

The ResNbOy (Re, rare earth) niobate family presents
peculiar crystallography features, as structural
studies showed. For the largest rare earth matrix
(from La to Nd) the compounds crystallize in the
orthorhombic Pnma space group. It adopts the C2221
space group for Re = Sm—Tb and finally a cubic Fm3m
symmetry for the smallest Re =Y, Dy—Lu.(1, 2) In the
case of the cubic symmetry (Re =Y, Lu, Y), electron
diffraction and high-resolution transmission electron
microscopy (HRTEM) characterization revealed local
nanodomains that were related to the pyrochlore
network (space group Fd3m),(3, 4) even if some
authors announced that the too-low intensity of the
additional diffraction spots are not consistent with
the reflections of the Fd3m space group.(5, 6)
Complementary Raman spectroscopy confirms the
position of vibrational modes, which excludes a pure
fluorite structure.(7)

Because trivalent europium luminescence is sensitive
to the local environment, yttrium matrix has been
doped with this element to investigate this structure.

We recently published first results of the europium
emission as a function of the temperature.(8) This
study reports a maximum of intensity due to the *Do—
’F, electric dipole transitions. The global spectral
distribution shows a thermal evolution of the solid-
state solution, and a decomposition is detected for
the longest thermal treatment above 1100 °C. This
results in the appearance of emission peaks
associated with the location of Eu®* ions in Y,03 and
YNbOs phases resulting from the demixing phase
process.

Powder material was sintered through spark plasma
sintering (SPS) process to ensure a high crystallization
and favor the stabilization of the rare earth
environment within the host. A pellet that does not
present trace of impurity regarding the optical
response was selected for the present investigation.
We propose here a correlation between the optical
response, the structural characterization performed
through scanning electron microscopy (SEM), X-ray
diffraction, TEM, and the SPS process.



Experimental Setup

Synthesis

The experimental procedure to stabilize the Eu®'-
doped Y3sNbO; powder is described elsewhere.(8) The
purity of the starting materials was 99.99% for the
oxides RE,O3 RE = lanthanides, 99.998% for NdCls,
99% for ethylene glycol, 99.5% for citric acid, and
99.9% for methanol.

As the stability of the niobate is announced for
Nb/[Nb + Y] atomic ratio between 0.21 and 0.28 at
1700 °C,(9, 10) we fixed the final cation proportion at
0.25 to obtain the Y,.ss5Euo.1sNbO7 composition.

SPS experiments were performed in a Syntex Dr
Sinter 515S machine. Powders were heated at 5
°C/min to 1600 °C and held 20 min under primary
vacuum. A 100 MPa pressure was applied uniaxially
from room temperature during all the sintering
process. After the sintering, the ceramics were
annealed at 900 °C under oxygen during 2 h to
remove carbon contamination. Then, the ceramics
were mirror polished on both sides using diamond
slurry.

SEM Pictures

The powder morphology and the microstructure of
the sintered pellets were observed using SEM
(TESCAN Vega Il SBH SEM). Powders and ceramics
were previously coated with gold prior to their
characterization. Sintered samples were observed
either on the surface after polishing and thermal
revelation (30 min at Tsintering — 50 °C) or directly on a
fractured sample.

Results and Discussion

SEM Pictures

The initial europium-doped niobate powder,
prepared by a Sol-Gel type of method, is presented in
amount of intergranular porosity with a spherical
shape can be observed, which is consistent with the

The SPS sintering process induced an increase of the
grain size and a large distribution in sizes, ranging
from 400 nm to 2 um (Figure 1c,d).

Luminescence Characterization

The photoluminescence properties were analyzed
using a SPEX FL212 spectro-fluorimeter. The
excitation spectra were corrected for the variation of
the incident flux; the emission spectra were corrected
for the transmission of the monochromator and the
response of the photomultiplier. The equipment used
consisted of a 450 W xenon lamp, an excitation
double monochromator, an emission double
monochromator, and a thermoelectrically cooled
photomultiplier tube. Low-temperature
measurements were collected with an Oxford
cryostat connected to the previous equipment.

X-ray Diffraction Analysis

Room-temperature powder X-ray diffraction (XRD)
patterns were collected on a PANalytical X'pert PRO
MPD using a Bragg—Brentano 6-20 geometry and
equipped with a Ge (111) monochromator to obtain
a monochromatic Cu Kal (A = 1.54059 A). The
europium/yttrium niobate matrix diffractogram was
refined using the Rietveld method with the
conventional reliability factors. The Fullprof program
package was used.(11) The unit cell parameters,
atomic positions, and Debye—Waller factors were
refined on the basis of the Fm3m space group
corresponding to the fluorite-type structure.

Electron Diffraction Analysis

Electron diffraction patterns were collected on a JEOL
2100 transmission electron microscope, working at
200 kV and equipped with a double tilt specimen
stage. Prior to its observation, a suspension of the
specimen in alcohol was prepared, and a drop was
deposited on a carbon-coated grid.

Figure la,b. These micrographs show micrometric
agglomerates, made of nanometric grains with
homogeneous size between 80 and 100 nm. Figure
1c,d shows the surface of the dense ceramics
obtained after SPS sintering process. A low

high relative density (98%) measured by the
Archimedes method.

The fracture of the sintered material is occurring
through an intergranular mode, as it can be seen in
Figure le. It is a classic feature for dense ceramic
materials, and it is consistent with the high density



obtained in our case. These micrographs also reveal a
good densification in the volume of the samples.

Luminescence Characterization

Excitation and emission spectra obtained at room
temperature on the Eu®* (5 mol %)-doped Y3NbO;
pellet are shown in Figure 2.

Excitation performed at 290 nm revealed a maximum
of the emission due to the hypersensitive *Do—"F
electric dipole transition. As observed on powder in a
previous work, the spectral distribution is quite large
and similar to that observed in an amorphous or low-
crystallized environment.(8) No clear discrimination
of the Stark component splitting can be done under
such an excitation wavelength. The excitation
spectrum is constituted by large UV absorption bands
ranging between 230 and 300 nm. The absorptions
are linked to the electron charge transfer from the
oxygen ligand (charge transfer band, CTB) to the
empty orbital of europium ions at the highest
energies(12) and probably to the charge transfer
from oxygen to niobium at the lowest energies.(13) In
addition to the large band, 4f-4f absorption lines of
the rare earth ions are detected. Their intensities are
enhanced compared to that of the UV CTB due to a
configurational quenching of the emission, which
results in a direct nonradiative de-excitation from the
CTB to the ’F, fundamental states. This nonradiative
process is by consequence a drawback that forbids
the use of such red-emitting phosphor for application
requiring high quantum efficiency.

Selective excitations were performed to obtain a
more precise resolution of the emission graph. Two
spectral distributions were isolated under excitation
at 462 nm and at 468 nm. The corresponding
emission graphs are reported in Figure 2b. The two
Eu®* fingerprints revealed that the anionic polyhedra
around the doping element possess two specific
geometries that induce changes of the Stark
component splitting. None of these sites seem to be
well-defined, as the width of each peak is large, and
the intensity of the electric dipole transitions reveals
a lack of inversion center. These measurements were
repeated at liquid He temperature (4 K) to reduce the
thermal contribution to the global emission
broadening.

Thermal evolution of surface and bulk response is
reported by Montini et al.(17) Among all the
pyrochlore structures, the La;Gdi1EuHf160s6 Hafnate
or the LasGdi1EuZri60s6 zirconate present an optical
response quite similar to the Eu**-doped YsNbO-. But

Excitation graph, illustrated in (a-left), shows a higher
contribution of the Eu—O CTB. Excitations in the CTB
or in the 4f lines are shown in (a-right) and (b, c)
respectively. (d) illustrates an intrinsic emission of the
niobate matrix. Figure 3a—c illustrates the excitation
and emission graphs related to the europium
luminescence, measured at 4 K. One can observe on
the excitation curve (Figure 3a) a clear increase of the
CTB intensity in comparison to that of the 4f-4f
absorption lines. This confirms the high impact of a
too-low location of the CTB, which contributes to the
strong configurational quenching observed at room
temperature. The decrease in temperature does not
reveal a better structuration of the lines. Selective
excitation and emission spectra were performed to
definitely attribute the nature of the observed lines.
Corresponding graphs are reported in Figure S1.

At this concentration (5% of molar substitution
equivalent to 1021 ions-cm™3), radiative de-excitation
from °D; and °D; level is still detected between 480
and 570 nm (Figure 3c) under excitation in the °D;
level.

Regarding the global emission, it is quite unexpected
to obtain such a proportion of the electric dipole
transition of Eu®* within a fluorite matrix. Indeed, one
can totally exclude the location of europium ions in
the cubic or octahedral regular cationic environment
of the fluorite host or with the sixfold and eightfold
coordination polyhedra of the pyrochlore structure
that often results from the deformation of the fluorite
structure. In this latter case, the larger site possesses
a Dsy symmetry. The °D¢—"F1 magnetic dipole
transitions split into A and E component. The energy
difference between the two lines was studied in
different pyrochlore matrices, and it was shown that
it varies as a function of the radius size difference
between the A and B cations of the A;B,0;
compounds.(14, 15) The luminescence of europium-
doped pyrochlore is mainly due to the magnetic
dipole transitions, and the corresponding emission is
orange. Moreover, a few examples of red emission of
fluorite or pyrochlore can be found in the literature.
The local symmetry is lowered to the Td punctual
symmetry for most distorted polyhedra in tetragonal-
type Ce,Zr:-,0; solid solution.(16) Ce,Zr1-,0, presents
a red surface emission due to disturbed local sites.

the authors point out a low crystalline rate of the
studied materials and the occurrence of amorphous-
type environments that can justify the lack of
symmetry around the rare earth element.(14) These
optical characterizations definitively exclude the



location of Eu* ions in pyrochlore-type
environments.

Considering the observed emission of Eu**-doped
niobate, we cannot exclude the fact that each of the
observed 1 and 2 emissions is associated with a
unique environment, as selective excitations show
modification in the intensity ratio of the electric
dipole transitions (Figure S2). But no fingerprint of the
expected secondary phases as Eu**-doped Y,0s3 or
YNbOQ, is detected. At this stage and knowing that
thermal treatment affects the spectral distribution as
previously demonstrated, we performed
complementary structural characterizations to
identify the optical response of europium ions in this
material.

In addition, the low temperature makes possible the
observation of a large emission band related to the
niobium—oxygen charge-transfer emission (Figure 3d-
right, blue curve). The corresponding absorption
consists of a large band, peaking at ~300 nm (Figure
3a-left, black curve). Such charge-transfer emission of
anionic groups is well-known in molybdate or
tungstate host lattice, and because of a large Stokes
shift, it is generally strongly quenched at room
temperature.(18-20) Recently it has been reported in
the YNbO4 matrix.(13)

X-ray Diffraction Characterization

Synthesis of the pure EusNbO; compound was
performed through the same synthetic route as the
yttrium phase to detect if the introduction of 5% of
europium could reduce the cubic symmetry of the
yttrium niobate phase. Indeed, the europium phase is
announced to be orthorhombic and crystallizes with
the C2221 space group.(2) Experimental diffraction
peaks perfectly match with the cubic yttrium phase
crystallizing in the Fm3m space group (Figure S3). As
a consequence, it can be said that the Y** substitution
by Eu®* ions will not affect the global symmetry of the
host.

Full pattern matching and Rietveld refinements were
then performed on a crushed pellet sintered in the
same SPS conditions as the one studied before. A1 h
longer postheat-treatment under oxygen at 900 °C
was performed on this sample in comparison with the
one described in Figures 1 to 3. The objective of the
postheat-treatment was to reoxidize the pellet after
5.2525(9) and 5.2398(2) A, which correspond to
Nb/[Nb + Y] ratios equal to 0.246 and 0.286,
respectively, according to J.-H. Lee et al. Because the
proportion of fluorite 1 represents 77.9% of the total

the reducing SPS sintering process. Results are
illustrated in Figure 4.

The longer postheat treatment results in a light
decomposition of the niobate phase, and traces of
the fergusonite are visible on the Figure 4b on both
sides of the main diffraction peak of the niobate
phase.  Moreover, the monochromatic-type
acquisition makes possible the observation of
diffraction peaks splitting, at the highest angles
range, which reveals the stabilization of two distinct
fluorite-type compounds. By consequence, the
refinements were run with two fluorite unit cells
crystallizing in the Fm3m space group. The data
corresponding to the full pattern matching and
Rietveld refinements are reported in Table 2.At this
stage, different XRD patterns were run on several
powders, containing different niobium content and
heat-treated at 1600 °C, to show the variation of the
cell parameters as well as the shape of diffraction
peaks at high angles as a function of the niobium
content. Under an equivalent heat-treatment
performed in a classical furnace during the same
time, no splitting of the diffraction peaks can be
distinguished on the X-ray diffraction patterns (Figure
S4). But for the lowest niobium content (21%), traces
of Y,05; are detected, whereas the X-ray pattern
reveals the predominance of fergusonite impurities in
the highest niobium content (27%) compound. Barker
et al. and J.-H. Lee et al. showed that the a parameter
of the fluorite cubic solution decreases from 5.264
t05.243 A in the 20 to 28% of niobium molar
percentage range.(10, 21) Figure 5 reports our
experimental results in the 21%—27% targeted range
of niobium ratio. Unfortunatly our samples, with 21
and 27% Nb ratio, underwent a decomposition giving
rise to Y,03 and/or YNbO,; under the 1600 °C heat-
treatment; the corresponding refined cell parameters
converge to a value that is consistent with 24% of
niobium content. However, a 23% niobium content
compound was obtained on a material treated at
lower temperature (900 °C) and for which no trace of
impurity was detected. This last point matches
perfectly with the linear law obtained by Barker and
Lee.The cell parameters of the two fluorite-type host
lattices stabilized in the pellet after SPS cycling are
distributed on both sides of the linear law, which
confirms the evolution of the composition during the
sintering process. Lebail cell parameters refinement
converge to cell parameters equal to

fluorite amount (Rietveld refinement), the balanced
calculated value obtained is equal to 5.25 A, which is
close to the expected value. The highest proportion
of poor niobium content fluorite is in agreement with



the detection of the fergusonite phase detected by X-
ray diffraction in this pellet.

This fluorite-type host lattice is known to present
ionic conductivity properties. Because of oxygen
mobility within the solid solution, the anionic
conductivity was demonstrated by J.-H. Lee et al.(10)
for several niobium contents. As a consequence, we
suggest that the SPS sintering process, which implies
current circulation from the top side to the back side
of the pellet, forces oxygen mobility and cation
diffusion, and favors the cubic fluorite-type solid
solution splitting into two different compositions.

In addition, an enlargement in the low-intensity
diffraction zone revealed additional large
contribution, which cannot be taken into account by
the two defined fluorite composition or cannot be
explained by a modification of the symmetry like
pyrochlore deformation (Fd3m space group), fluorite
defective matrix as sesquioxide (/a3) or a lowering of
the symmetry as for the Gdi;NbO; matrix (Ccmm
space group; Figure S5). Therefore, complementary
characterizations were performed by TEM to detect
potential inhomogeneity at grain scale within the
sintered pellet.

Electron Diffraction

TEM of several pyrochlore and fluorite cubic
networks are reported in the literature.(3, 6, 22) In
most of them and especially in the RE;O0s—Nb,03
systems, additional diffraction spots attributed to
superstructure microdomains existing in fixed
orientation or superstructure are discussed.
Concerning the YsNbO; matrix, Allpress et al. and
Miida et al. described several weak and diffuse spots
in addition to the strong spots, typical of the fluorite
phase.(4, 5) These spots cannot match with those of
an orthorhombic or pyrochlore structure.

Figure 6 illustrates electron diffraction patterns
obtained on the SPS sintered crushed pellet.
Nevertheless, differences exist from one grain to
another one as illustrated in Figure 6a,b. These two
patterns correspond to the same zone axis. Strong

High-resolution images would have been useful to get
an idea of the extension of the local ordering.
Unfortunately, probably because of SPS sintering, no
crystals thin enough to obtain such images could be
found on the TEM grid.

Such discrepancy concerning regular fluorite array
was already mentioned by several authors who

and sharp Bragg reflections are clearly consistent with
the fluorite Fm3m cell. However, while only the
Fm3m reflections are observed in Figure 6a, diffused
but localized spots are seen in Figure 6b.

The orientation of the latter crystal in the microscope
led to patterns 6¢,d. In these patterns, the more
intense reflections belongs to the Fm3m cell.
Additional double spots as well as rings are clearly
visible. The double spots lie systematically around the
position {1/2 1/2 1/2}. The distance between the two
spots of the doublet is ~0.45 nm™, and this distance
is always the same whatever the orientation of the
pattern. In Figure 6¢ in addition to the double spots
already described, one can observe a ring centered at
position {1/2 3/2 1/2}. The diameter of the ring,
~0.45 nm™, is comparable to the distance between
the two spots of a doublet. From these observations
one can conclude, as Withers et al.(23) already did,
that the additional doublets are part of a ring of
diffuse intensity. From the fluorite structure, two
types of superstructures have been identified: the so-
called C-type (/a3 Bixbite; a = 2aF) structure and the
(Fd3m; a = 2aF) pyrochlore structure. The former is
characterized by two sets of additional reflections
localized at 1/2 {220} and {001}. The latter gives also
rise to two sets of superstructure spots but located at
1/2{111}and {001}. The observed diffuse rings appear
around the expected positions for the ideal
pyrochlore superstructure. However, we observed
diffuse rings and not ideal spots, which indicates that
there is only a local ordering. Also note that we did
not observe any spot or diffusion at the {001}
position, which is consistent with the observation of
Lopez-Conesa et al.(3)

At least, it should be noted that the very weak
diffusion observed in the <220>* directions on the 6b
pattern is no more present on the 6c pattern. Two
explanations can be proposed: either it is a very
localized phenomena and the two diffraction
patterns are not obtained exactly from the same area
or, as the orientation of the crystal is different, the
projected thickness of the specimen is different and
does not allow the observation of a so weak
phenomena.

observed that Raman spectroscopy results were not
consistent with the Fm3m space group. Because of
their compatibility with the Fd3m symmetry, they
were attributed to a pyrochlore structure and to a
local ordering of the vacancies leading to domains the
sizes of which are inferior to the sensitivity of the X-
ray analysis.(7, 24)



Discussion

As demonstrated by the structural characterizations,
the composition of the Yi;NbO; intermediate
compound can be modulated by the SPS heat
treatment, which favors oxygen mobility under
current. The electronic diffraction microscopy reveals
in addition to the typical satellite reflections of
defect-type fluorite structure, inhomogeneity
between grains belonging to the same pellet. As a
consequence, the two spectral distributions of the
europium emission could be attributed to the
location of the europium ions into the two fluorite-
type host lattices. The emission spectroscopy of
trivalent europium reflects the dual nature of the
sintered pellet, as two extreme spectral distributions
are observed. It can be reasonably said that it also
reflects the gradual transition between two different
compositions, which results in a large and undefined
spectral distribution of the Eu®* radiative transition.

The luminescence of the 21% and 27% niobium
content (targeted niobium content) was checked to
determine if stabilization into two fluorite unit cells is
linked to a thermal demixing in addition to the SPS
effects (Figure 7). In both cases, as for the 25%
niobium content powder studied in ref 8, a unique
large emission response is observed, whatever the
excitation wavelength (Figure 7c,d). The spectral
distributions indicate a small shift of the maximum
between the two niobium content powders (Figure
7a). The emission 1 (see Table 1) is lightly closer to the
highest niobium content, whereas the emission 2
better matches with the 21% of niobium content
(Figure 7a). A systematic study as a function of the
niobium content will be run to determine the
attribution of emissions 1 and 2 regarding the
niobium concentration. At this step, we can say that
in the defective oxygen host, the occurrence of NbOs
octahedra stabilized into a fluorite-type network
contributes to create distortion of the Y3'/Eu®*
coordination polyhedra leading to high contribution
of the electric dipole transition. A higher niobium
content host lattice is associated with a decrease of
the oxygen vacancy rate within the matrix. Thus, the
local environment of the doping element is supposed

related to a lowest crystallinity of the materials, but it
can be attributed to the heating mode (natural
heating in a standard furnace) that does not
exacerbate ion mobility like in SPS sintering.
Conversely, the specificity of the SPS technique
results in the stabilization of two fluorite end-

to become less defective and thus more regular for
the highest niobium content. A higher M—O bond
covalency leads to stabilize the O(2p) band.

In parallel a more regular coordination polyhedron of
the europium ions results in a decrease of the
chemical bonding average length between europium
and oxygen ions. The europium element recovers a
central position within its coordination polyhedron.
An increased covalent character of this chemical
bonding stabilizes the 4f orbitals, which tends to
reduce the 5d-4f orbital mixing. This facilitates the
Eu**-0 CTB, which shifts to the lower energy as
observed in Figure 7b. In addition, this impacts the
electric  dipole transition  probabilities. By
consequence, even if the main part of the emission is
still due to the electric dipole transition, the ratio
between the magnetic dipole transition and the
previous ones is expected to be higher for the highest
niobium content matrix (Figure 7). The highest
niobium content phase should also present the
lowest ionic conductivity as reported in ref 10.

Excitations in the 4f lines reveal for both compositions
the presence of impurity contribution. The lowest
niobium content emission graph (Figure 7b) shows
lines of Eu*-doped Y,0; sesquioxide, whereas the
27% compound preparation contains Eu®**-doped
YNbO, (Figure 7c) in agreement with XRD analyses
and with the known Y,03—Nb,0s phase diagram. This
tentative phase diagram actually shows a Y;0s—
YsNbO; biphasic domain for Nb compositions lower
than ~20% and a YsNbO;—YNbO, biphasic domain for
Nb compositions higher than ~31%.(9) As said
previously, these secondary phases result from the
partial phase decomposition of the YsNbO;
intermediate phase at 1600 °C.(8) But whatever the
excitation wavelengths in the CTB or the A4f
absorption lines, for one given composition, the
emission curves are perfectly superimposed and do
not present coexistence between the 1 and 2
emissions as observed previously on the SPS sintered
pellet (Figure 7c,d). This is confirmed by the XRD
patterns of the powders (Figure S4), which do not
present splitting of the diffraction peaks at the
highest angles. This is not

compositions of the niobate intermediate phase. We
can conclude that the composition splitting into a low
and a high niobium content fluorite-type composition
is induced or accelerated by the SPS process and the
post-reoxidation process. The SPS experiments seem



to reveal the existence of a lack of miscibility at 1600
°C between 24% and a 28-29% of niobium content.

Interdiffusions of different phases within complex
architecture pellets as sandwich pellets prepared by
SPS and reactive sintering were observed previously.
The corresponding studies clearly highlight the
correlation between the direction of diffusion,
creation of interphases, depletion zone, and the
current sense or current pulses frequency.(25, 26)
Moreover in these studies, intermediate phases are
stabilized in the interphase because of a reactive
sintering. In the present investigation, the
experimental conditions make possible the
preservation of the niobate solid solution but create
a composite system leading to tune the luminescent
properties.

Conclusion

The occurrence of two spectral fingerprints of
europium emissions was enhanced on a pellet
sintered through SPS process. This is the consequence
of a phase splitting into two fluorite-type
compositions in which environments of the rare earth
ions slightly differ due to the different niobium
content. The intrinsic disorder due to the occurrence
of oxygen vacancies results in amorphous-type
responses of the luminescent cations, and it varies as
a function of niobium content. These observations
are also supported by electron diffraction patterns
(TEM) that show grain inhomogeneity within the
observed materials. Moreover XRD diagram
refinements show the occurrence of two fluorite
phases where the cell parameters can be directly
related to the niobium concentration. The local cubic
environment of europium ions appears non-
centrosymmetric due to the oxygen vacancies.

Because such an optical response is not observed in
powders heated under the same conditions of time
and temperature in a standard furnace, we can
conclude that this is related to the SPS sintering
process, pressure coupled with a current effect,
which activates or accelerates oxygen mobility and
cation diffusion resulting into the stabilization of two
close compositions of the initial niobate phase. These
analyses seem to confirm the existence of a lack of
miscibility at high temperature in the phase diagram.
Finally the lowest niobium rate (24%) stabilized in this
fluorite-type phase corresponds also to the highest
conductivity in the Y203—Nb205 systems on the basis
of the literature.
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Table 1. Eu®" Transitions Observed at 4 K/300 K

transitions emission 1 A,,. = 462 nm emission 2 A, = 468 nm
SD,—"F, 495-503 495-503
SD,—"F, 506—522 506—522
SD,-"F, 522—-546 522—546
D,—"F, 546—560 546—560
SD,—"Fs 568 568
SDy—"F, 576" 580
SD,—"F, 582 587
5892 592
598
SDy—"F, 600 610
605.4 629.2
629.4
SDy—"F; 642.7 655
656.6
SDy—"Fy 682 682
695.8 696.4
707.6 702.8
712.8 711.2

“Uncertainty remains in the attribution of these lines because of the
presence of a thermal population of the “F, at room temperature.

Table 2. Data Resulting from the Rietveld Refinements” on
Fluorite Phases

fluorite 1 fluorite 2
cell parameters a=52525(9) A a=252398(2) A
Bragg R factor 8.47 8.12
FR factor 6.23 6.15
conventional Rietveld R-factor Rp = 15.4, Rwp = 15.1, R, = 7.5
relative fluorites” proportion 77.9% 22.1%

“Refinements were performed by fixing the atomic position at the
general 000 and 1/4 1/4 1/4 positions for the fluorite matrix.
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Figure 1. SEM pictures of initial powder (a, b), surface (c, d), and fracture (e) of the Eu**-doped niobate. The sintering
of nanometric grains results in the obtaining of dense ceramic.
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Figure 2. Luminescence spectra of Eu*-doped YsNbO- pellet. Excitation graph (a, left) shows a strong quenching of
the charge transfer band (CTB). Excitations in the CTB (a, right) or in the 4f lines (b) lead to unstructured emission
lines maximum in the red range.
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Figure 3. Luminescence spectra of Eu**-doped YsNbO- pellet at 4 K. (a—d) Excitation and emission graphs performed
at the maximum intensities (a), emission graphs corresponding to excitation in the 4f lines of Eu3* (b) and
enlargement (c). The low-temperature measurements put in evidence the configurational quenching of the
emission (a) and an additional matrix contribution (d).
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Figure 4. (a) Rietveld refinement of a Eu**(5 mol %)-doped YsNbO- pellet sintered at 1600 °C. (b, c) Enlargement of
the lowest and highest angle regions, respectively. A splitting of the diffraction peaks is visible in the high-angle
region.

§ 52654
® ]
g) Powder
< 5260+ (pure Fluorite) ——
© 4 (partially decomposed fluorite)
5,255 ; ----------------------------------------------- u
{ Powder i SPS pellet
(partially decomposed fluorite) :
5,250 P
5,245
5,240 - .\ | SPS pellet "
I ! | ! | ! 'Il ! . | ! I ! | N I ! : |

20 21 22 23 24 25 26 27 28 29

B Experimental points inhi in O
e Niobium ratio %

Balanced value calculation

Figure 5. Evolution of the a cell parameter as a function of niobium content in niobate compounds. The vertical full
line corresponds to the splitting of the diffraction peaks observed for SPS sintered samples. Linear variation is
derived from the data of J.-H. Lee.(10)



Figure 6. Electron diffraction patterns of the Eu**-doped YsNbO- pellet: Bragg reflections observed in the [111]
direction consistent with the fluorite Fm3m cell (a) and additional diffuse and localized spots in the same orientation
(b), patterns observed in the [112] (c) and [101] (d) directions. Inhomogeneity of the grains is evidenced.
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Figure 7. Room-temperature emission and excitation of Eu®* 5%-doped Y3NbosOss (21% of niobium) and
Y3Nb1.12507.5 (27% of niobium) powders under excitation in the CTB at 290 nm (a) and emission at the maximum (b),
respectively. Superimposed normalized emission curves of both compositions for excitation in the CTB and the 4f

absorption lines of Eu* (b, ). A unique response related to the niobate solid solution is detected in addition to
trace of impurities due to partial decomposition.



