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bstract

his study is devoted to the preparation of the crystalline powders on the basis of non-agglomerated monodisperse Lu2O3:Eu3+ spherical particles
ith the diameters in the range of 50–250 nm by the soft chemistry co-precipitation route. The influence of the synthesis parameters on control
orphology, particles size and agglomeration in the final Lu2O3:Eu3+ powder was considered. Lu2O3:Eu3+ crystalline powders were characterized by
eans of electron microscopy methods (TEM, SEM), FT-IR spectroscopy, thermal analysis (TG-DTA) and X-ray diffractometry. The mechanisms

f the precursor decomposition and crystallization at the temperatures ranging from 60 to 900 ◦C were discussed. It was shown that the powders
btained were characterized by the effective luminescence under X-ray excitation in λ = 575–725 nm spectral region corresponding to 5D → 7F
0 J

ransitions (J = 0–4) of Eu3+ ions with a maximum at 612 nm and the luminescence intensity strongly depends on annealing temperature. The
elative densities of the green-bodies on the basis of Lu2O3:Eu3+ powders were estimated and the sintering of compacts at the temperatures up to
500 ◦C was studied.

2010 Elsevier Ltd. All rights reserved.
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. Introduction

Currently, crystalline powders on the basis of nano- and
ubmicron-sized spherical luminescent particles are intensively
tudied due to the possibility of their easy packing into
lose-density optical materials for high-resolution display tech-
ologies, advanced ceramic creation for laser industry and
edical detectors.1–3 High optical quality of ceramics is neces-

ary for all fields of the functional application and substantially
rovided by the highest possible density of the particles pack-
ng (the lowest volume of interparticle voids) at the green-body
ormation stage. The shape, sizes and degree of the agglomer-
tion of the particles are the main factors which influence on
ppearance of the defects in compacts, such as pores and het-

rogeneities, result in density reduction, light dispersion and
ecrease of ceramics transparency. The usage of the spherical
niform-sized non-agglomerated particles is known to promote

∗ Corresponding author.
E-mail address: yu.yermolayeva@gmail.com (Y.V. Yermolayeva).
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he uniform packing of the particles in the green-body with the
ensity up to 70%. At the same time, the density of green-
ody obtained on the basis of non-spherical particles is generally
ot higher than 40–45%.4 The grain boundary mobility and the
intering ability increase for the compacts based on submicron-
ized particles as compared with the compacts of micrometric
articles. The optimal range of diameters is 70–150 nm, since
he smaller particles will be strongly subjected to agglomeration
uring synthesis because of its extremely high surface energy.5

t is also possible to enhance the density of the compacts by
ncorporation of the smaller than the compact-forming particles
nto the interparticle voids. Therefore, the spherical shape of the
articles, homogeneity of their sizes, small degree of agglom-
ration and possibility to control the diameter of particles for
reparation of the fractions with the defined diameter are the
ost substantial requirements to powders which are used for

igh-density materials creation.

Presently, a variety of methods have been successfully

pplied to the preparation of crystalline powders for ceram-
cs, including plasma spraying, chemical co-precipitation,
ydrothermal synthesis,6,7 mechanosynthesis, combustion

mailto:yu.yermolayeva@gmail.com
dx.doi.org/10.1016/j.jeurceramsoc.2010.01.019
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ynthesis procedure with urea fuel, etc.8–10 Among the men-
ioned methods, low cost soft chemistry co-precipitation route
rom water solutions attract much attention due to its simplicity,
cological compatibility and possibility to control the shape and
he sizes of particles at high level, and also providing narrow
ize distribution of the particles.11,12 Recently the powders on
he basis of spherical particles of the compositions Y2O3:Eu3+,
d2O3:Eu3+, (Y1−xGdx)2O3:Eu3+, HfO2:Tb3+, etc. with the
iven diameters have been obtained by the chemical co-
recipitation procedure,1,13–15 some of their structural and
uminescent properties have been studied. However, the assort-

ent of the compounds which obtained in the form of spherical
articles is rather limited now. Therewith, the adaptation of the
articles obtained to the compaction processes for the prepa-
ation of the dense packing on their basis with high quality is
esired. For that purposes, it is necessary to add the techno-
ogical stages, such as specific drying,16 mechanical milling,
hich are determined the final morphological parameters of the
owder. Currently these aspects are described not enough in the
iterature.

Lutetium oxide (Lu2O3) doped with trivalent europium
Eu3+) ions is a structural analog of effective commercial

2O3:Eu3+ red phosphor, and belongs to cubic structure,
pace group Ia3. Lu2O3:Eu3+ is one of the most perspective
aterial for X-ray detection and imaging due to high effec-

ive atomic number Zeff. = 67 and its extremely high density
ρ = 9.4 g/cm3) in comparison with Y2O3 (ρ = 4.8 g/cm3) and
d2O3 (ρ = 7.6 g/cm3).17–19 It is reported earlier that lutetium

s more favorable cation than yttrium for lanthanide dopant
mission.20 Nowadays, numerous studies is known devoted
o transparent ceramics creation on the basis of Eu3+-doped
utetium oxide with the non-spherical morphology.21,22 The
arge light yield of Lu2O3:Eu3+ ceramics under X-ray excitation
90,000 photon/MeV) was achieved, which 10 times exceeds the
ight yield of commercial Bi4Ge3O12 (BGO) single crystals.23

pplication of the submicron-sized Lu2O3:Eu3+ spherical par-
icles allows one to increase the density of the green-body and
s a result reduced the temperatures of green-body densification
pon sintering.

Therefore, the main purpose of the present study is prepar-
ng of the crystalline powders based on Lu2O3:Eu3+ spherical
articles of a narrow size distribution by the soft chemistry co-
recipitation process, analyzing of the influence of the preparing
arameters, drying conditions and annealing temperature on the
u2O3:Eu3+ crystalline powder morphology and agglomeration.

. Experimental procedures

Crystalline Lu2O3:Eu3+ powders have been obtained by
he soft chemistry co-precipitation method from the water
olutions with subsequent annealing for powders crystalliza-
ion. Initially, high-purity lutetium oxide (Lu2O3, 99.99%)

nd europium oxide (Eu2O3, 99.99%) powders were dissolved
n nitric acid to form Lu(NO3)3 and Eu(NO3)3 solutions.
mmonium bicarbonate (NH4HCO3), ammonium hydroxide

NH4OH) and urea ((NH2)2CO) have been used as a precipi-

c
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t
s
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ants. In the case of synthesis with the NH4HCO3 and NH4OH
recipitants, the powder precursor was prepared by the adding
f the precipitants water solutions (0.01 mol L−1) to a mix-
ure of Lu(NO3)3 (0.5 mol L−1) and Eu(NO3)3 solutions at a
peed of 1 mL min−1 under mild stirring at room temperature.
n the case of urea, synthesis procedure was carried out in water
olution, which contains Lu(NO3)3 (0.5 mol L−1), Eu(NO3)3
nd urea ((NH2)2CO). The molar ratio [Lu3+]/urea varied from
× 10−4 to 6 × 10−3. The mixture was heated at certain tem-
eratures (80–100 ◦C) to decompose the urea and stirred during
h. Europium content was 5 at.% with respect to lutetium in
ll experiments. Completion of the reaction was established by
he pH value of the reactive mixture. The resulting suspen-
ion aged during 24 h and then the amorphous precursor was
eparated by centrifugation or filtration, washed several times
ith deionized water and ethanol, and dried in air at certain

emperatures (25–120 ◦C). In some experiments the azeotropic
ehydration was used for samples drying. The powders obtained
as crushed and annealed at 700, 900, 1200 ◦C in air for
h.

The morphology of the samples obtained were studied by
eans of scanning electron microscopy (SEM) using a JSM-

390 LV (JEOL, Japan) and a transmission electron microscopy
TEM) using a EM-125 (Selmi, Ukraine). Fourier transform
nfrared spectroscopy (FT-IR) spectra of the samples were mea-
ured on a FT-IR spectrometer SPECTRUM ONE (PerkinElmer)
ith the KBr pellet technique. The X-ray diffraction (XRD)
f the powder samples was examined on a DRON-2.0 diffrac-
ometer (Fe K� radiation, λ = 1.93728 Å). The thermal analysis
TG-DTA) were conducted using a MOM Q-1500 derivatograph
n air within a temperature interval 20–1000 ◦C at heating rate
f 10 ◦C min−1. Brunauer–Emmett–Teller (BET, NOVA 2200,
uantachrome Corp., USA) method with nitrogen as the adsorp-

ion molecules at the temperature of liquid nitrogen boiling point
78 K) was used for the specific surface area measuring of the
owders obtained.

The X-ray luminescence spectra were obtained using SDL-
(LOMO, Russia) automated complex. Luminescence was

xcited by REIS-E X-ray source (Cu-anticathode, deceleration
adiation with the energy E ∼30 keV), operating at U = 30 kV
nd I = 50 mkA.

Lu2O3:Eu3+ powders were compacted into pellets of 10-
m-diameter by means of dry uniaxial pressure method at the

ressure ranging from 40 to 440 MPa. The density of the samples
as determined by hydrostatic weighing method. The pow-
ers densification was carried out using a NETZSCH-402ED
ifferential dilatometer in air within a temperature interval
0–1500 ◦C at heating rate of the 10 ◦C min−1.

. Results and discussion

Soft chemistry co-precipitation technique has been proved to
e feasible for preparation of ceramic powders with favorable

haracteristics. Close attention is paid to the initial stages of
he co-precipitation process of the precursor because the crys-
alline powders after heat treatment in most cases present the
ame morphological properties of precursor. It is known that
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Fig. 1. TEM images of the precipitate precursors prepared with

he shape, sizes and agglomeration of the precursor particles
repared strongly depend on the co-precipitation parameters,
uch as precipitant type, concentration of the reagents and
emperature. Influence of the different precipitants (NH4OH,
H4HCO3, (NH2)2CO) on morphology of the Lu2O3:Eu3+

owders obtained was analyzed. Fig. 1 shows the TEM picture
f the precursor powders prepared using different precipitants
uring co-precipitation.

It is clearly seen, that using ammonia NH4OH as precipi-
ant results in formation of the strongly agglomerated particles
f the non-defined shape with the average size is about 15 nm
Fig. 1a). Such behavior can be explained by high reaction rate
ausing fast growing rate and uncontrolled severe agglomera-
ion of the resulting particles. The considerably low hydrolysis
ate of ammonium bicarbonate NH4HCO3 and urea (NH2)2CO
eads to more homogeneous precipitation process. Applica-
ion of the NH4HCO3 precipitant provides formation of the
pherical-like particles with the average diameter of 40 nm
Fig. 1b), however the particles prepared in such way are also
trongly agglomerated. Severe agglomeration of the powders

recipitated by NH4OH and NH4HCO3 can be explained by the
ydrogen bonding of surface hydroxyl groups on the hydroxide
nd hydroxycarbonate precipitated particles, and also bridging
he surface hydroxyl groups of neighboring particles by the

i
a
t
a

OH (a), NH4HCO3 (b), and (NH2)2CO (c) as the precipitants.

ater molecules.23,24 It was established that the uniform-sized
on-agglomerated spherical particles were formed in case of
rea-based precipitation (Fig. 1c) due to the slow decomposition
f urea at the temperature above 80 ◦C. Urea serves as a reservoir
f precipitating anions in this process. Namely, in situ decompo-
ition of urea releases precipitating ligands (OH− and CO3

2−)
lowly and homogeneously into the reaction system avoiding
ocalized distribution of the reactants and, consequently, mak-
ng control of nucleation and growth possible.14 The particles
re not agglomerated practically because of the relative high
ynthesis temperature that provides additional thermal agitation
n the reaction mixture and promotes destruction of the bonds
etween particles.

FT-IR spectra measured for the Lu2O3:Eu3+ precursor pre-
ared using the different precipitants and dried at 40 ◦C in air are
hown in Fig. 2. All FT-IR spectra have the absorption bands near
435 and 1632 cm−1, which were assigned to stretching vibra-
ion and bending vibration of O–H bonds, respectively. Two
ntense bands at 1530 and 1403 cm−1 are observed in all spec-
ra, which are concerned with the asymmetric stretch of C–O

n CO3

2− groups. The absorption bands at 1092 and 840 cm−1

re assigned as symmetric stretch of C–O band and deforma-
ion vibration of C–O in CO3

2− groups, respectively.23 These
bsorption bands indicate the presence of carbonate groups
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ig. 2. FT-IR spectra of the precursors prepared using the different precipitants
dried at 40 ◦C in air).

CO3
2−) which is caused both by formation of carbonate dur-

ng the synthesis and absorption of carbon dioxide from the
ir during the samples drying. Thus, the lutetium basic car-
onate Lu(OH)CO3·H2O precursor was precipitated after the
ynthesis with the precipitants mentioned above. It was con-
luded that only urea precipitation leads to the formation of the
u(OH)CO3·H2O precursor particles with the desired morphol-
gy, that is why urea was used in the further experiments in this
tudy.

The effects of the molar ratio [Lu3+]/urea and temperature
n the resulting particle diameter were studied in detail (Fig. 3).
he influence of the temperature on the particles diameter was
hown in Fig. 3a. The bottom limit of the temperature interval
as determined by the temperature of the urea decomposition.

t is clearly seen that the diameter of particles increased with
he rising of the temperature above 90 ◦C, probably due to the
cceleration of formative unit’s movement and nucleation rates
lteration.
The diameters of Lu2O3:Eu3+ precursor particles depend-
ng on the molar ratio [Lu3+]/urea are shown in Fig. 3b.
he particles diameter increased rather substantially with

ncreasing of the molar ratio [Lu3+]/urea in the reaction

w
t
r
o

able 1
he parameters of the Lu2O3:Eu3+ powders obtained.

recipitant Morphology The average size
(nm) (TEM data)

H4OH
Agglomerated particles of
the undefined shape ∼15

H4HCO3
Agglomerated
spherical-like particles ∼40

NH2)2CO Spherical 110
ig. 3. Diameter of the precursor particles depending on the synthesis temper-
ture (a) and [Lu3+]/urea molar ratio (b).

ixture. However it should be noted that the precur-
or particles prepared in the high-concentration solu-
ions of the initial reagents (c[(NH2)2CO] > 3.3 mol L−1;
[Lu(NO3)3] > 17.4 × 10−3 mol L−1) lose their spherical shape
nd become more aggregated by the reason of the growth in the
spatially limited” conditions. In general, the standard devia-
ion of the size distribution of the spherical particles obtained

as about ±10%. The specific surface area (BET analysis) of

he Lu2O3:Eu3+ powders obtained by the urea-precipitation was
anging from 14 to 22 m2 g−1 and depends on the diameter
f particles and the drying conditions (Table 1). It should be

Preliminary air-drying
parameters

Annealing
temperature (◦C)

Specific surface
area (m2/g)

Water, 60 ◦C
700 5.5

1000 3.7

Water, 60 ◦C
700 7.1

1000 14.0

Water, 120 ◦C 700 14.4
1000 12.5

Water, 60 ◦C 700 17.0
Water, 25 ◦C 700 21.6
Ethanol, 70 ◦C 700 18.3
Water, 25 ◦C with
azeotropic
dehydration

700 20.1
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(Fig. 5). Such a disagreement can be explained by the differences
in the time operation of the samples. DTA analysis was carried
out at dynamic heating, while before XRD analysis the samples
were additionally soaked for 2 h at specified temperature. Thus
Fig. 4. SEM images of Lu2O3:Eu3+ powders dried

oted, that the specific surface area (SSA) values for the urea-
recipitate samples are higher a little in comparison with the
ame values for the powder samples prepared applying NH4OH
nd NH4HCO3 precipitants that is testifies the agglomeration
rocesses occurred in the last ones.

The agglomeration of the particles in the highly dispersed
ystems is a difficult technological problem that limits the pos-
ible application of the highly dispersed powders for the creation
f the close-density materials. In most cases the powder material
onsists of agglomerates instead of separate particles, therefore
he additional treatment (surface modification, specified drying,
nd mechanical milling) is necessary to use for prevention of
he agglomeration. The voids formed during compaction of the
gglomerated powders are the main reason of the residual poros-
ty of ceramic material. The primary agglomeration, i.e. “soft”
gglomerates formation takes place in the stage of the precursor
rying that result in the formation of “hard” agglomerates in the
tage of high temperature annealing. Such agglomerates occur
ue to adhesion of the particles with high surface activity and
ifficultly destroyed. The comparative analysis of the SSA val-
es of the Lu2O3:Eu3+ powder at the constant diameter of the
articles allows estimating the powders agglomeration. Table 1
hows SSA values of Lu2O3:Eu3+ powders with the diameter
f the particles is about 110 nm, which was exposed to the dif-
erent drying methods, such as thermal and room-temperature
rying in air at different temperatures from water and ethanol,
nd also azeotropic dehydration of the powders. It is clearly
een, that drying in air at room temperature and azeotropic dis-
illation in the stage of dehydration allows obtaining the most
on-agglomerated powder. The SEM images of Lu2O3:Eu3+

owders dried at different conditions shows the agglomerates
ormation after the thermal exposure (120 ◦C) in comparison
ith powders dried in air at room temperature (Fig. 4).
TG-DTA curves of the precursor powders produced by urea

recipitation are given in Fig. 5. DTA shows one endothermic
eak at about 190 ◦C, a shallow peak in the region of 320–530 ◦C
nd exothermic peak at 720 ◦C. The TG curve shows two steps
eight loss up to 850 ◦C with the total weight loss is about 26%.

he first endothermic peak in the DTA curve corresponds to the

elease of hydration water and the exothermal peak is due to the
utetium oxide crystallization. An analogical exothermal effect
as observed for Y2O3 spherical particles crystallization.13 On F
r at the temperatures of 25 ◦C (a) and 120 ◦C (b).

he basis of TG-DTA, IR-spectroscopy data and also reported
arlier results for Y2O3,13 it is possible to suggest the following
echanism of the thermal decomposition of Lu(OH)CO3·H2O

nto Lu2O3:

Lu(OH)CO3 · H2O
60−245 ◦C−→ Lu(OH)CO3

(7 wt%)

245−550 ◦C−→ intermediate phases
(10−18 wt%)

550−850 ◦C−→ Lu2O3
(26 wt%)

The possible intermediate phases are the carbonates and
xycarbonates lutetium, such as Lu2(CO3)3, Lu2O(CO3)2, and
u2O2CO3.23

Fig. 6 shows the evolution of the X-ray diffraction patterns
f the undoped Lu2O3 spherical particles annealed in air dur-
ng 2 h at temperatures 700, 900 and 1200 ◦C. The precursor
nnealed up to 700 ◦C was fully amorphous. All the diffrac-
ion peaks belonging to crystalline cubic Lu2O3 reported in the
tandard JCPDS card (JCPDS card 12-0728) are present in the
atterns of the samples. XRD data shows that the crystallization
f the spherical particles was fully complete at 700 ◦C, however
he crystallization peak in the DTA curve registered at 720 ◦C
ig. 5. TG-DTA curves of the Lu2O3:Eu3+ precursor powder dried at 60 ◦C.
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ig. 6. X-ray diffraction patterns of the powders annealed at the specified tem-
eratures for 2 h.

he prolonged heating reduces the crystallization temperature to
ome extent in comparison with the thermal analysis.

The diffraction peaks become gradually narrower with the
ncreasing of the annealing temperature, which reflects the
ncreasing sizes (L) of the Lu2O3 crystallites. The average crys-
allite sizes calculated from the Scherrer’s formula increased

rom 230 to 420 Å dependently on the annealing tempera-
ure (Fig. 6). The lattice parameter calculated for the undoped
u2O3 powder (a = 10.390 ± 0.006 Å) coincides well with the

heoretical value. The increase of the lattice parameter value

t
t
c

Fig. 7. SEM images of the Lu2O3:Eu3+ particles annea
ig. 8. Room-temperature X-ray luminescence spectra of Lu2O3:Eu3+ powders
nnealed at 1200 ◦C (1), 900 ◦C (2), and 700 ◦C (3).

a = 10.413 ± 0.006 Å) of the cubic europium-doped Lu2O3
Eu3+ – 5 at.%) was observed at the isomorphous substitution
f Lu3+ by the bigger Eu3+ ion.25

The reduction of the particles diameter after the annealing at
00 ◦C is about 20% in comparison with the precursor diame-
er due to precursor decomposition. However, annealing at the
emperature over 1000 ◦C results in deformation of the particles
pherical shape and initiation of the sintering and agglomeration
Fig. 7).
Fig. 8 presents the luminescence spectra under X-ray excita-
ion of the Lu2O3:Eu3+ powders obtained at different annealing
emperatures. The X-ray luminescence spectra of the samples
onsist of group of lines in the λ = 575–725 nm spectral region

led at the 700 ◦C (a), 900 ◦C (b), and 1200 ◦C (c).
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1, respectively). The density after sintering was about 90% for
both samples in spite of their different green densities, which
can be related with the differences in the sintering processes.
N.A. Dulina et al. / Journal of the Euro

orresponding to 5D0 → 7FJ transitions (J = 0–4) of Eu3+ ions
nd conforms well to emission of the Eu3+ ions in the Lu2O3
ost lattice.9,23 The 5D0 → 7F2 electric dipole transitions with
he maximum at λ = 611 nm are dominant, and the emission
alls within the spectral sensitivity range of CCD camera. In the
ubic Lu2O3 lattice two different sites are available for Eu3+ ions
ith C2 and C3i (S6) symmetry. The Eu3+ ions in the C2 non-

entrosymmetric site demonstrate forced 4f–4f electric dipole
ransitions, while the Eu3+ ions in the symmetrical site of C3i

S6) are characterized only by magnetic dipole transitions with
ignificantly lower intensity. For the Eu3+ ion in the S6 site of the
u2O3 host lattice it was shown that only relatively weak lines
t λ = 582 nm can be registered in the luminescence spectrum.26

hus, the radioluminescence spectra of the Lu2O3:Eu3+ samples
resented in Fig. 8 correspond to the superposition of emission of
he Eu3+ ions occupying in Lu2O3 host different crystallographic
ositions. The high luminescence intensity of Lu2O3:Eu3+ pow-
ers under X-ray excitation evidences the presence of an efficient
hannel of the energy transfer from matrix to the Eu3+ emis-
ion centers according to a recombination mechanism.27 The
ncreasing of the luminescence intensity was observed with the
ncreasing of the annealing temperature. Such luminescence
ncrease can be explained both by the elimination of the resid-
al OH groups in crystalline europium-doped lutetium oxide and
mprovement of the powders crystallinity with the rising of the
nnealing temperature.

Green-bodies of 70 nm Lu2O3:Eu3+ spherical particles
nnealed at 700 ◦C were formed by the cold-uniaxial pressing
ethod. The green relative densities of the obtained compacts

anged between 38% and 52% depended on the applied pressure
Fig. 9a). At the same time, the green density of the compacts
ased on agglomerated Lu2O3:Eu3+ powders precipitated by
he mixture NH4OH and NH4HCO3 is less than 45% (pressed
sostatically).4 The compacts prepared by the cold-uniaxial
ressing in this study are characterized by the relative dense
andom packed structures without macroscopic heterogeneities
Fig. 9b). Application of the isostatic pressing method gives the
ossibility of the further increase of green-body density, results
n more homogeneous distribution of the density in the com-
acts at less quantity of internal tensions in comparison with
he uniaxial pressing method. However, the processes of com-
actions in the mentioned above methods are too fast to allow
ny rearrangement, resulting in lower green density. Applica-
ion of the sedimentation and slip casting methods yielded an
rdered packing of particles with the density about 70%.

The densification of the Lu2O3:Eu3+ green-bodies obtained
s described above with the particle size about 70 nm (Sample 1)
nd 150 nm (Sample 2) is displayed in Fig. 10, in terms of plots
f relative shrinkage (L0 − L)/L0 (where L0 and L are the length
f the sample at the beginning and during the measurements,
espectively), as a function of temperature.

The shrinkage curves are S-shaped that is typical for shrink-
ge of single-phase samples. Significant sintering for the Sample
starts at the temperature of 800 ◦C, which is lower for about
00 ◦C in comparison with the Sample 2. Shrinkage intensively
ecreases in the temperature range from 1000 to 1400 ◦C and
nter to plateau for Sample 1. The shrinkage for the Sample 2

F
o
l

ig. 9. The relative density of Lu2O3:Eu3+ green-bodies as a function of the
pplied pressure (a) and the SEM image of green-body prepared by the cold-
niaxial pressing at 440 MPa (relative density 52%) (b).

onsiderably less than in the case of the Sample 1 and signifi-
ant sintering starts at near 1000 ◦C. It is known that the tendency
owards agglomeration increases with the decreasing of the par-
icles size. That is why the green density of compacts based
n the 70 nm particles was lower than in the case of compacts
ased on 150 nm particles (45% and 38% for the Samples 2 and
ig. 10. Dilatometry data for Lu2O3:Eu3+ green-bodies prepared on the basis
f spherical particles with the average diameter 70 nm (1) and 150 nm (2) pre-
iminary annealed at 700 ◦C and pressed at 40 MPa.
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search of powders with optimum combination of spherical
articles size and its sintering ability is a further task.

. Conclusions

The non-agglomerated powders on the basis of luminescent
u2O3:Eu3+ submicron-sized spherical particles were obtained
y the urea-based homogeneous precipitation with subsequent
nnealing at the temperatures ranging from 700 to 1200 ◦C for
he precursor crystallization. Combined analysis of IR and TG-
TA characterizations reveal that the precursor has a lutetium
asic carbonate composition and its thermal decomposition pro-
ess includes the removals of hydration water, OH− and CO3

2−
ons during annealing. The diameter of the Lu2O3:Eu3+ parti-
les obtained ranging from 50 to 250 nm (dispersion in the sizes
ot exceeds 10%) was controlled by the molar ratio [Lu3+]/urea
n the initial solutions and also the temperature of the synthesis.
u2O3:Eu3+ cubic phase is found to crystallize at 700-720 ◦C
nd heat treatment above 1000 ◦C results in deformation of the
pherical shape of the particles and also initiates the processes
f sintering and agglomeration. The density of green-bodies
btained on the basis Lu2O3:Eu3+ powders by the cold-uniaxal
ressing method was about 52% and increased up to 90% after
he sintering at 1500 ◦C. Thus, it was shown that the Lu2O3:Eu3+

owders obtained are perspective for the close-density opti-
al materials creation due to the high density of the spherical
articles packing.
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