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Abstract

Europium-doped lutetium oxide nanopowders have been synthesized by the co-precipitation technique using ammonium hydrogen

carbonate as a precipitant. Effects of chemical and phase composition of carbonate precursors on the morphology and sinterability of

(Lu0.95Eu0.05)2O3 nanopowders have been studied. Two types of precursors have been obtained differing by the molar ratio

R¼NH4HCO3/Lu
3þ : a mixture of crystalline Lu0.95Eu0.05(OH)(CO3) � 4H2O and unidentified amorphous phases at R¼4–7 and

crystalline Lu0.95Eu0.05(H2O)x(HCO3)3 � nH2O precursor at R¼8–20. The two-phase precursor consists of spherulite-like aggregates,

while the crystalline one is characterized by plate-like morphology. Calcination of Lu0.95Eu0.05(H2O)x(HCO3)3 � nH2O leads to formation

of (Lu0.95Eu0.05)2O3 nanopowders that inherit the precursor morphology, while no morphology succession is observed for

(Lu0.95Eu0.05)2O3 nanopowders obtained by heat treatment of the two-phase precursor. Calcination of the two-phase mixture leads

to breakdown of the spherulites and to formation of equiaxed particles with an average diameter of 40 nm with the standard deviation

of particle size distribution of about 15%. The obtained low-agglomerated nanopowders were used in vacuum sintering to produce

(Lu0.95Eu0.05)2O3 optical ceramics with in-line transmittance of 41% at 611 nm.

& 2012 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Significant achievements in the field of optical ceramics for
photonics, optoelectronics, scintillation technique etc. are
largely due to the development of advanced preparation
technologies of weakly-agglomerated nanopowders [1]. In
comparison with their micron-sized analogs, nanopowders
show improved sinterability and provide better interaction of
the nanoparticles ensemble during densification. This enables
pressureless sintering of high-quality optical ceramics at
reduced temperatures [2]. The main feature of nanopowders
is their large specific surface, which favors surface diffusion
of atoms. However, smaller particle size increases the
agglomeration degree of nanopowders as well, which has
e front matter & 2012 Elsevier Ltd and Techna Group S.r.l. A

g/10.1016/j.ceramint.2012.08.092

ing author. Tel.: þ380 057 341 0101;

40 9343.

ess: dulina@isc.kharkov.ua (N.A. Dulina).
the same driving force, the high surface curvature [3]. In fact,
even low agglomeration of nanopowders results in translu-
cent or even opaque ceramics due to residual pores which act
as scattering centers. Thus, ensuring an optimized balance
between sintering activity and agglomeration degree in
processing of nanopowders is a key issue for advanced
ceramic nanotechnologies.
Among numerous technologies for preparation of nano-

powders, such as the sol–gel method [4,5], hydrothermal
synthesis [6,7], flame spray pyrolysis [8] etc., chemical co-
precipitation with subsequent calcination of precursor is
considered as the most promising for preparation of highly-
sinterable powders for optical ceramics [2]. Wet-chemical
processes offer considerable advantages, such as easy mixing
of the starting material and excellent chemical homogeneity of
the final product [9]. As it is known, co-precipitation by
ammonium hydrogen carbonate (AHC) results in formation
of carbonate precursors possessing low thermal decomposition
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Fig. 1. XRD patterns of lutetium carbonate precursors synthesized in the

R¼4–20 range at room temperature and aged for 24 h.
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temperatures and only loose agglomeration [10–13]. Advan-
tages of the use of carbonate precursors for synthesis of
low-agglomerated nanopowders with high sinterability were
reported for yttria and scandia [10,11], as well as for Y3Al5O12

[2]. According to [12,13], carbonate precursors are promising
as precipitants for preparation of active nanopowders of
lutetium oxide (used as active media for solid-state lasers
[14–17], ultrafast scintillators of ionizing radiation [18], trans-
parent phosphors [19–22], etc).

The properties of oxide powder obtained by wet chemi-
cal methods are closely related to properties of its pre-
cursor, so, the properties of nanopowders are largely
pre-determined during fabrication of the precipitant.
In numerous works on synthesis of lutetium oxide by
co-precipitation with AHC (or AHC-containing mixed
precipitant) [13,23,24], no regularities relating chemical
and phase composition of carbonate precursors with
structural and morphological properties of Lu2O3 nano-
powders have been established. In this work, we aimed at
obtaining of co-precipitated (Lu0.95Eu0.05)2O3 nanopowders
with controlled structural and morphological characteristics
by adjusting the precursor composition. (Lu0.95Eu0.05)2O3

was chosen as a model system promising for scintillator
application [19,20].

2. Experimental

(Lu0.95Eu0.05)2O3 nanopowders were obtained by chemi-
cal co-precipitation using NH4HCO3 (AHC) as precipi-
tant. Solutions of lutetium and europium chlorides were
used as initial materials. The chlorides were prepared by
dissolution of Lu2O3 and Eu2O3 (both of special purity
grade) in concentrated hydrochloric acid with subsequent
evaporation of excess acid. 1 M AHC solution was added to
0.1 M mother solution of rare earth chlorides. The precipita-
tion process was carried out at room temperature; the drip
rate was 1 ml/min. The molar ratio R=NH4HCO3/Lu

3þ was
varied in the range of 4–20. The resultant suspension was kept
for 24 h at room temperature with subsequent suction filtra-
tion. After repeated washing with deionized water and ethanol
the precipitant was dried at 25 1C. (Lu0.95Eu0.05)2O3 nano-
powders were obtained by low-temperature calcination of the
precursor for 2 h at 400–1100 1C. All synthesized nano-
powders contained 5 at% of Eu3þ ions, which is optimum
concentration to obtain the highest luminescence yield [19].

Phase identification was performed by X-ray diffraction
(XRD) method on a SIEMENS D-500 X-ray diffract-
ometer (CuKa radiation, graphite monochromator). The
phases were identified using JCPDS PDF-1 card file and
EVA retrieval system included in the diffractometer soft-
ware. Rietveld refinement was performed with FullProf
program [25]. An average apparent size of crystallites was
calculated with FullProf using powder pattern of LaB6 for
obtaining of instrumental profile function. Morphology of
the precursors and the nanopowders obtained was studied by
scanning electron microscopy (JSM-6390LV, JEOL), trans-
mission electronic microscopy (TEM-125, Selmi, Ukraine)
and high-resolution analytical transmission electron micro-
scopy (HR TEM, JEM-2100 F, JEOL). Differential thermal
and thermogravimetric analyses of the precursor were carried
out using a MOM Q-1500D derivatograph (Hungary). The
heating rate was 10 1C/min, the alpha alumina was used as a
reference. Specific surface area of the powders was deter-
mined by the Brunauer–Emmett–Teller (BET) method. An
average particle size dBET was determined assuming spherical
particle shape from the following equation: dBET¼6/rSBET,
where r is the theoretical density of Lu2O3 (9.44 g/cm

3) and
SBET is the specific surface area. The particle size distribution
was determined using a Zetasizer 1000HSA (Malvern Instru-
ments, England) dynamic light scattering system. Shrinkage
of (Lu0.95Eu0.05)2O3 compacts was studied using a Netzsch-
402 ED differential dilatometer in the 25–1450 1C tempera-
ture range with a heating rate of 10 1C/min. To produce
(Lu0.95Eu0.05)2O3 optical ceramics, the nanopowders were
compacted into disks by the uniaxial pressing method
and sintered at 1800–1850 1C for 15 h under 6� 10�3 Pa
vacuum. The samples were first heated to 1000 1C for
150 min and further to 1850 1C for 510 min. The resultant
ceramics was 1 mm thick, polished on the both sides.
3. Results and discussion

3.1. XRD of carbonate precursor

It is known that pH value of the solution strongly affects
the structural and morphological features of the precipitant
formed. The molar ratio R¼NH4HCO3/Lu

3þ is a conven-
tional instrument to adjust pH value in the co-precipitation
method. To study the pH influence on precursor properties,
the water solution of lutetium chloride was precipitated by
AHC within the R¼4–20 range. The XRD patterns of the
dried precursor synthesized at room temperature with 24 h
ageing period are presented in Fig. 1. The phase composition
of the precursor is strongly affected by R value. Diffraction
patterns of precursors produced at R¼4–7 and 8–20 (denoted
as A and B, respectively) are quite different indicating that
precipitants have different phase composition. The samples
precipitated in the R¼4–7 range are characterized by XRD



N.A. Dulina et al. / Ceramics International 39 (2013) 2397–2404 2399
patterns containing halo at 40–60 2y1 and several broadened
diffraction peaks of low intensity. This may suggest that A
precursor is biphasic, i.e., it is a mixture of crystalline and
amorphous phases with relatively larger content of the latter.
No halo and much more intense diffraction peaks with low
half-width were found in the diffraction pattern of the B
precursor. The XRD pattern of the precipitant obtained at
R¼8–20 is typical for the materials possessing high degree of
crystallinity and structural perfection. Since there is no
reliable data on the crystallographic structures of lutetium
carbonates in the data-base of JCPDS, the phase composi-
tion of synthesized precursors was identified using literature
data. Relative intensities and peak positions of A precursor
in the XRD pattern are similar to those of basic lutetium
carbonate reported in [26]. So we suggest that A precursor
(R¼4–7) consists of a mixture of crystalline Lu0.95
Eu0.05(OH)(CO3) � nH2O and unidentified amorphous phases.
XRD data of B precursor (R¼8–20) are close to those
described in [24], although the authors could not correctly
identify the phase of complex lutetium carbonate. The crystal
structure of B precursor correlates well with that of holmium
carbonate [27]. Assuming that holmium and lutetium carbo-
nates are isostructural due to close values of ionic radii, B
precursor, probably, has the composition of Lu0.95Eu0.05
(H2O)x(HCO3)3 � nH2O.

Obviously the basic carbonate (A) and tris(hydrocarbonato)
aquolutetium hydrate phases (B) are stable at the 4–7 and
8–20 ranges of the R value. NH4HCO3 solution contains
several types of ionic species, such as NH4

þ , HCO3
� and

CO3
2�. The composition of A precursor obtained at R¼4–7

(pHo7) is a result of competition between OH� and
carbonate species to form precipitates with Lu3þ by the
following chemical reactions:

NH4HCO32HCO3
�
þNH4

þ

HCO3
�
þOH�2CO3

2�
þH2O

Lu3þþEu3þþCO3
2�
þOH�þ4H2O-

Lu0.95Eu0.05(OH)(CO3) � 4H2O, at pHr7 (R¼4–7) (1)

At pH47 corresponding to the R values within the 8–20
range (Eq. (2)) NH4HCO3 hydrolysis via the first stage is
predominant. The hydrolysis via the second stage is less
pronounced. The HCO3

� anion formed acts as a precipi-
tating agent in the alkaline medium, resulting in formation
of B precursor with approximate composition Lu0.95Eu0.05
(H2O)x(HCO3)3 � yH2O:

NH4HCO32HCO3
�
þNH4

þ

Lu3þþEu3þþHCO3
�
þ (xþn)H2O-Lu0.95Eu0.05

(H2O)x(HCO3)3 � nH2O, at pHZ7 (R¼8–20) (2)
Fig. 2. SEM micrographs of lutetium carbonate precursors obtained in

the R¼4–7 range (A precursor) and R¼8–20 range (B precursor).
3.2. Morphology of carbonate precursors

Since the size and morphology of the precursor particles
are influenced by the growth conditions in the mother
solution, the molar ratio R significantly affects the shape of
the particles. Fig. 2 illustrates the morphologies of the
samples obtained in the R¼4–7 range (A precursor) and
R¼8–20 range (B precursor) as typical representatives for
further analysis. Obviously, the particle morphology is
composition dependent. The biphasic A precursor consists
of plates joined into flower-like spherulites of 1–5 mm in
diameter. Aggregates of similar morphology but slightly
larger in diameter (up to �30 mm) were obtained recently
from 0.5 M mother solutions [24]. In our case, we suppose
that the use of more diluted solutions as well as larger
reaction volume prevents excessive agglomeration of the
particles during precursor formation. The fully-crystalline B
precursor synthesized at higher supersaturation (R¼8–20)
forms 10–15 mm rhombic plates consisting of strongly aggre-
gated structural units. The mechanism of Lu0.95Eu0.05
(H2O)x(HCO3)3 � nH2O precursor formation is probably
related to physical adsorption phenomena. Under the action
of Van der Waals attraction forces the primary structured
particles are adjusted to each other and self-organized along
the crystallographic axes to form a plate. Sodium bicarbo-
nate NaHCO3 is the simplest example of a crystalline
precursor possessing plate-like rhombic morphology [28].
3.3. Thermal decomposition of carbonate precursors

Thermal behaviors of typical carbonate precursors
studied by DTA/TG is shown in Fig. 3. The DTA curve
of two-phase A precursor contains three extrema, namely, an
intense endothermal peak at 160–320 1C, a weak endo-
thermal peak at 420–500 1C, and a low-intensity exothermal



Fig. 3. DTA-TG traces of A (a) and B precursors (b), obtained at R¼4–7

and R¼8–20, correspondingly.
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peak at 510–580 1C (Fig. 3a). Continuous weight loss of the
sample is observed up to �650 1C, making up 36% of the
initial weight. The endotherms at T¼160–320 1C and T¼

420–500 1C are due to removal of the adsorbed and constitu-
tion water, as well as decomposition of (Lu0.95Eu0.05)2(CO3)3
or (Lu0.95Eu0.05)2O2CO3 intermediates, respectively. The exo-
therm at T¼530 1C corresponds to crystallization of lutetium
oxide. According to the TG data, the composition of the
precursor was taken as Lu0.95Eu0.05(OH)(CO3) � 4H2O. Based
on the results of thermal analysis, the phase composition
evolution of A precursor during thermolysis may be described
as follows:

Lu0.95Eu0.05(OH)(CO3) � 4H2O-Lu0.95Eu0.05(OH)(CO3)
-(Lu0.95Eu0.05)2(CO3)3 or (Lu0.95Eu0.05)2O2CO3

-(Lu0.95Eu0.05)2O3 (3)

The proposed mechanism was found to be in a good
agreement with decomposition of basic europium carbo-
nate [29].

The thermal behavior of fully-crystalline B precursor is
shown in Fig. 3b. The DTA curve reveals four extremums
corresponding to endothermal and exothermal effects. The
first intense endotherm at 130 1C corresponds to removal
of the crystallization water, the second endothermal effect
at 220–300 1C is due to decomposition of tris(hydrocarbo-
nato)aquolutetium. The third weak endotherm observed in
the temperature range of 450–570 1C corresponds to decom-
position of intermediate lutetium carbonates. Finally, the
relatively sharp exotherm at 590–630 1C with a maximum at
600 1C is related to crystallization of lutetium oxide. No
thermal effects were observed on the DTA curve for the
temperatures above 700 1C, which is in a good agreement
with the TG data. Each thermal effect on the DTA curve is
accompanied with simultaneous weight loss on the TG
curve. The total weight loss was 35%. As it can be seen,
Lu0.95Eu0.05(H2O)x(HCO3)3 � nH2O decomposes via three
well-resolved stages followed by the formation of intermedi-
ate phases of unidentified composition. We failed to estimate
the content of the constitution and crystallization water in
lutetium crystalline hydrate Lu0.95Eu0.05(H2O)x(HCO3)3 �
nH2O, probably, due to the presence of molecular water.
According to thermal behavior studies, B precursor decom-
poses in the following way:

Lu0.95Eu0.05(H2O)x(HCO3)3 � nH2O-
Lu0.95Eu0.05(H2O)x(HCO3)3-Lu0.95Eu0.05(CO3)2
-(Lu0.95Eu0.05)2O(CO3)2-(Lu0.95Eu0.05)2O3 (4)
3.4. Morphology of (Lu0.95Eu0.05)2O3 nanopowders

To study the influence of the precursor phase and
chemical composition on lutetium oxide morphology, the
obtained A and B precipitates were calcined at T¼1000 1C
for 2 h. Despite close decomposition temperatures of both
carbonate precursors (�700 1C, Fig. 3) and formation of the
same cubic phase of lutetium oxide during crystallization,
the morphology of the resulting (Lu0.95Eu0.05)2O3 nanopow-
ders is quite different. The TEM micrographs suggest that
calcination of A precursor (R¼4–7) leads to breakdown of
the flakes and formation of the low-agglomerated equiaxed
(Lu0.95Eu0.05)2O3 particles of 40 nm in diameter and stan-
dard deviation of particle size distribution of 15% (Fig. 4a).
According to our previous results [30], each particle is a
single crystal since the selected area diffraction pattern from
an isolated particle demonstrates only individual point
reflections. The improved dispersity of the obtained powder
is mainly due to the introduction of CO3

2�, which is
essential to obtain less agglomerated and uniformly dis-
persed powders. Release of CO2 during the decomposition of
the basic carbonate will prevent the particles from agglom-
erating with each other, thus resulting in weakly agglomer-
ated (Lu0.95Eu0.05)2O3 nanopowders. XRD analysis of the
powders calcined at T¼1000 1C for 2 h by the Rietveld
method gives an average crystallite size equal to 35 nm.
(Lu0.95Eu0.05)2O3 nanopowders have the specific surface area
of 16.1 m2/g corresponding to �39 nm particle size. A good
agreement between mean particle sizes determined by XRD,
TEM and BET methods indicates that resulting nano-
powders are only slightly agglomerated and consist of
near-isolated single crystalline particles. It seems that ther-
mal decomposition of A precursor results in first-order-like
phase transition. The discontinuous relief of mechanical
stresses leads to transformation of the defect phase of the
precursor (spherulites) into a family of structure-forming



Fig. 4. TEM (a and b) and HRTEM (c) images of (Lu0.95Eu0.05)2O3 nanopowders obtained by calcination of A (a) and B precursors (b and c) at

T¼1000 1C for 2 h.
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elements (homogenous nanoparticles with perfect crystal
structure). Only calcination of powders at temperatures
above 600 1C makes it possible to overcome the potential
barrier and to turn the system into the stable state. Thus
calcining of Lu0.95Eu0.05(OH)(CO3) � 4H2O precursor leads
to complete disintegration of spherulite-like aggregates
into well-dispersed individual particles indicating that there
is no morphological inheritance between basic carbonate
precursor and lutetium oxide. The same effect was recently
observed for hydroxide- and carbonate-derived yttria nano-
powders [10,31].

(Lu0.95Eu0.05)2O3 nanopowders obtained by calcinations of
B precursor (R=8–20) inherit the morphology of its precursor
due to incomplete collapse of the skeleton of the precursor
particles (Fig. 4b and c). Dimensions of the micron-sized
rhombic plates are 5� 10 mm, while their thickness is equal
to the diameter of primary particles (tens of nanometers). The
similarity of morphologies of Lu0.95Eu0.05(H2O)x(HCO3)3
� nH2O precursor and the resulting nanopowders seems to
be related to the topotactic transition reaction during thermo-
lysis [32]. The crystal structure of the oxide formed is related to
that of its precursor by certain crystallographically equivalent,
orientational relationships because there is a correspondence
of several reflections near 211, 341 and 441 in XRD pattern of
cubic lutetia and its precursor (Fig. 1). Thermolysis of B
precursor results in transformation of the plates into an
aggregated skeleton of lamellar morphology consisting of
primary lutetium oxide nanoparticles. According to XRD
analysis by the Ritveld method (Lu0.95Eu0.05)2O3 nanopowders
have an average crystallite size of dXRD �46 nm while BET
analysis reveals an average particle size of 65 nm (the specific
surface area �9.8 m2/g). This means that europium-doped
lutetium oxide nanopowders are aggregated to some degree.
HRTEM micrograph points out that adjacent primary
(Lu0.95Eu0.05)2O3 particles with diameter in the range of
25–70 nm are joined to each other by common edges within
the individual micron-sized plate.
The aggregation state of (Lu0.95Eu0.05)2O3 nanopowders

derived from different precursors was studied by the
dynamic light scattering method. Particle size distributions
of (Lu0.95Eu0.05)2O3 nanopowders calcined at 1000 1C are
shown in Fig. 5. The size of secondary aggregates of
(Lu0.95Eu0.05)2O3 A and B nanopowders significantly dif-
fers despite the close diameters of primary crystallites in
the 55–70 nm range (Fig. 4). B nanopowders form micron-
sized agglomerates whereas A powders possess narrow
particle size distribution with the median particle size
D50¼240 nm (Fig. 5b) in a good agreement with the
TEM data in Fig. 4. These results show that the dispersity
of the resultant nanopowders is influenced not only by the
agglomeration degree of the precursor particles but mainly
by their chemical and phase composition. For instance, the
agglomerated state of primary particles in A precursor
(Fig. 2a) leads to only slightly agglomerated lutetium oxide
nanopowders after calcination. Precise control of the
chemical and phase composition of the precursor formed
by co-precipitation method allows one to decrease the
median particle size of (Lu0.95Eu0.05)2O3 nanopowders
by the factor of two compared with previously published
data (D50¼458 nm) [20]. However, agglomeration cannot



Fig. 5. Particle size distribution of (Lu0.95Eu0.05)2O3 nanopowders obtained by calcination of A (a) and B precursors (b) at T¼1000 1C for 2 h.

Fig. 6. Relative density versus temperature (a) and densification rate of

(Lu0.95Eu0.05)2O3 A and B nanopowders (b).
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be suppressed completely since interparticle forces are very
strong for particles less than 100 nm in size.

3.5. Sintering of (Lu0.95Eu0.05)2O3 nanopowders

Sintering activity of nanopowders is strongly influenced by
their structural and morphological characteristics. Therefore
the distinctions in shape, size and aggregation degree of
(Lu0.95Eu0.05)2O3 A and B nanopowders may affect the final
density and microstructure of the sintered ceramics. The
densification behavior of europium-doped lutetia nanopow-
ders was studied by sintering at a constant heating rate and by
vacuum sintering methods. The linear shrinkage curves of
nanopowders derived from different precursors are shown in
Fig. 6. The initial density of (Lu0.95Eu0.05)2O3 compacts was
quite similar (�42–44% of the theoretical one) regardless of
their aggregation state, while the character of density increase
with temperature was quite different for A and B nanopow-
ders. The shrinkage of A nanopowders starts at 800 1C, which
is 200 1C lower as compared with B nanopowders. Further
temperature rise results in intense densification of A nano-
powders, and at 1450 1C the final density reaches �90%.
Excellent sintering activity of A nanopowders originates from
high specific surface area (due to weak agglomeration), small
size, and uniform morphology of the nanoparticles. After
sintering by heating at constant rate up to 1450 1C the density
of compacts from B nanopowders reaches �63% and
demonstrates a weak tendency to further increase.

Fig. 6b shows the densification rate for the nanopowders
prepared from different precursors. The linear shrinkage rate
d(Dr/r0)dt of A nanopowders is maximal when the tem-
perature reaches 1450 1C, while B nanopowders densify most
intensively at temperatures lower by �250 1C. This can be
explained by significant differences in the morphology and
aggregate size of (Lu0.95Eu0.05)2O3 nanoparticles. Highly-
dispersed A nanopowders consist of isolated particles with
relatively weak aggregation. Quite homogenous compact
possessing uniform sintering can be fabricated from them.
In contrast, B nanopowders containing micron-sized plate-
like agglomerates show significant density gradients inside
the green body owing to highly anisotropic morphology of
the secondary aggregates. Sintering of B nanopowders starts
at lower temperatures due to existence of large contact area
between the nanoparticles within individual plate (Fig. 5c).
It seems that at the initial stage occurs mainly 2D sintering
due to high anisotropy of the rhombic aggregates forming
two dimensional structures. Interagglomerate porosity sup-
presses densification of B nanopowders above 1250 1C, while



Fig. 8. (Lu0.95Eu0.05)2O3 ceramics obtained by vacuum sintering of A

nanopowders at 1850 1C for 15 h.
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A nanopowders are still sintered in the whole temperature
range studied.

Since (Lu0.95Eu0.05)2O3 A nanopowders possess better
structural and morphological uniformity and improved
sinterability compared to B powders, they have been chosen
as an object for further studies. The evolution of specific
surface area and crystallite size of A nanopowders depending
on the calcination temperature is presented in Fig. 7. The
temperature increase from 600 to 1100 1C leads to specific
surface area decrease from 37 down to 7 m2/g (Fig. 7a).
A drastic increase in average particle size dBET estimated
from BET values at the temperatures above 900 1C may be
related to the formation of contacts between the neighboring
particles and their coarsening via sintering. Thus the optimal
temperature to produce near-discrete and well-dispersed
(Lu0.95Eu0.05)2O3 nanoparticles is T¼800 1C. The depen-
dences of the crystallite size and lattice parameter deter-
mined by Rietveld refinement method on the calcination
temperature are shown in Fig. 7b. The rise of the precursor
heat treatment temperature from 600 to 1100 1C results in
the increase in the average crystallite size from 14 to 50 nm
due to activation of mass transport. As the calcination
temperature grows up, the lattice parameter of (Lu0.95
Eu0.05)2O3 nanopowders decreases, and the crystal structure
of the powder becomes more perfect. However, even
nanopowders calcined at 1100 1C have higher lattice con-
stant compared to the theoretical value (10.4147 versus
10.3908 A, respectively) because of partial substitution of
lutetium by bigger europium ions and higher defectivity of
the nano-dimensional crystallites.

The established relationship between the phase and chem-
ical composition of carbonate precursors and structural and
Fig. 7. Specific surface area, average particles size (a) and average

crystallite size and lattice constant (b) of (Lu0.95Eu0.05)2O3 A nano-

powders versus calcinations temperature.
morphological characteristics of europium-doped lutetium
nanopowders was used to synthesize nanopowders with an
optimal balance between the sintering activity and the degree
of agglomeration. Fig. 8 shows (Lu0.95Eu0.05)2O3 vacuum
sintered optical ceramics prepared from A nanopowders at
1850 1C for 15 h. The ceramics is characterized by 99.5%
density, 50 mm average grain size, and 41% in-line transmit-
tance at 611 nm for 1 mm thick specimen [33]. It should
be noted that under the sintering conditions studied B
nanopowders give only opaque ceramics. Further progress
in improvement of ceramics optical quality is expected
with colloidal compaction approaches [34]. These methods
allow to use the interparticle forces for the formation of
homogenous high-density compacts by self-organization of
nanoparticles [3].

4. Conclusions

Two types of precursors have been obtained with
different molar ratios R¼NH4HCO3/Lu

3þ
¼4–20, i.e.,

Lu0.95Eu0.05(OH)(CO3) � 4H2O (R¼4–7) and Lu0.95Eu0.05
(H2O)x(HCO3)3 � nH2O (R¼8–20). The sintering activity
and agglomeration degree of (Lu0.95Eu0.05)2O3 nanopow-
ders were found to be strongly affected not only by
structural and morphological characteristics of precursors
but also by their chemical and phase composition. Calci-
nation of diphase precursor containing a mixture of
crystalline Lu0.95Eu0.05(OH)(CO3) � 4H2O and unidentified
amorphous phases at 1000 1C results in formation of
equaxed (Lu0.95Eu0.05)2O3 particles of low agglomeration
degree with the average particle size �40 nm and standard
deviation of 15%. (Lu0.95Eu0.05)2O3 nanopowders pre-
pared by calcination of Lu0.95Eu0.05(H2O)x(HCO3)3 � nH2O
precursor inherit its morphology and form plate-like
aggregates of primary nanoparticles with dimensions of
5� 10 mm. It has been determined that (Lu0.95Eu0.05)2O3

nanopowders obtained from the biphasic precursor possess
improved morphological and structural characteristics and
higher sintering activity in comparison with those prepared
from the crystalline precursor, densifying into transparent
ceramics after vacuum sintering at 1850 1C for 15 h.
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