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Abstract

Among the methods currently used for nanophase processing, synthesis through dispersion phase (aerosol)
enables generation of ultrafine powders with controlled stoichiometry. It represents a “bottom-up” chemical
approach that provides control over a variety of important parameters enabling the formation of either amor-
phous, nanocrystalline or metastable phases. Particularly, the opportunities of the hot wall aerosol synthesis,
i.e. spray pyrolysis, for the generation of ultrafine phosphor particles with uniformly distributed components,
nano-clustered inner structure and luminescence properties is demonstrated in following systems: Gd 0 Eu,
Y,O0,:Eu, (Y, Gd):Eu and Y Al O,,:Ce, highlighting the research activities in the Institute of Technical Sci-
ences of SASA, Serbia and the University Carlos Ill, Madrid, Spain in the framework of COST 539 Action.
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1. Introduction

The field of nanoscience and nanotechnology has an
exciting progress in recent years, particularly regarding
the control synthesis of ultrafine particles or nanoparti-
cles that might have a great potential for use in solid-
state functional materials and devices, like phosphors,
sensors, catalysts, drug delivery carriers etc. [1] The
key points important for the future research of nano-
phased materials represent the ability for further im-
provement of material properties through nanostruc-
turing and fundamental research of structure-properties
relationship. The chemical synthesis routes, like liquid
precipitation, sol-gel, hydrothermal methods or synthe-
sis through aerosol, offer many advantages over con-
ventional procedures for nanoscaled materials process-
ing. Since the precursors are mixed at the molecular
level in a solution, a high degree of structural homo-
geneity is achievable; doping is effective; surface area
of powder produced is very high, leading to lower pro-
cessing temperature. Compared to other processing
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techniques, powder synthesis through aerosol routes
represents a simple method for production of oxide,
non-oxide, metal and composite powders of complex
composition, either in amorphous, crystalline or nano-
crystalline state [2]. Solution chemistry approaches of-
fer design of materials at the molecular level, spherical
particle morphology with full or hollow spheres, hav-
ing narrow particle size distribution and a very homo-
geneous composition. Depending on how the thermal
energy is provided to the precursors, affecting the most
important particle formation parameters: residence time
and temperature distribution, one can distinguish: hot-
wall processing - spray pyrolysis, flame synthesis, self
sustaining flame reactors and self combustion aerosol
synthesis [3]. Hot-wall aerosol synthesis is based on the
formation of aerosols of precursor solutions and control
over the aerosol decomposition in a high temperature
tubular flow reactor through the successive processes
of droplet evaporation, drying, solute precipitation and
decomposition. Since the heterogeneous gas/liquid-sol-
id reaction occurs in a dispersed system-aerosol at the
level of few micrometers sized droplets, composition-
al segregation is prevented and high heating rates (20—
300°C/s) could be achieved [2]. During decomposi-
tion, the aerosol droplets undergo evaporation/drying,
precipitation and thermolysis in a single-step process.
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Figure 1. Schematic of the hot wall aerosol synthesis route, i.e. spray pyrolysis methodology [5]

Consequently, spherical, solid, agglomerate-free, either
submicronic, nanostructured or nanoscaled particles are
obtained through the mechanisms of primary nanopar-
ticles coalescence, collision and sintering. Schematic of
the hot-wall aerosol synthesis routes is presented in Fig.
1. Synthesis I refers to the chemical synthesis and so-
lution preparation that could be in the form of true so-
lutions, colloids or emulsions. The modification of the
chemistry of the solution, i.e. additives like glycine,
urea, sucrose etc. alters the morphology of the parti-
cles derived as well as the particle size, size distribution
and agglomeration state. The precursors and precursor’s
chemistry are usually characterized for their physico-
chemical properties since there is a strong relationship
between them and the droplet/particle size [4]. Liquid
atomization and aerosol formation occur for the certain
values of the acoustic waves amplitude formed by ul-
trasonic beam (100 KHz—10 MHz). Depending on the
atomization technique, either monodispersed or poly-
dispersed droplets could be generated. More about the
manner of aerosol formation and equations that gov-
ern droplets and particle size distribution was published
previously [5]. The generated aerosol is carried out by
the flowing gas stream into high-temperature tubular
flow reactor. During the main process, denoted as Syn-
thesis 11, aerosol droplets undergo evaporation, drying
and solute precipitation in a single-step process caused
by the mechanisms of heat and mass transfer inside the
droplets and between the droplets and surrounding gas.
Such mechanism enables high surface reaction, solution

stoichiometric retention as well as segregation suppres-
sion to the droplet scale.

The primary particles arise through the thermal-
ly induced processes of nuclei formation, collision
and coalescence, resulting in final spherical arrange-
ment called “secondary particles”. The secondary par-
ticle size and size distribution are mainly influenced by
the properties of aerosol generator and precursor solu-
tions. Primary particles, that represent either crystal-
lites or block-mosaic assembles could coalesced entire-
ly or densified with existing nanoporosity influencing
the morphology and size of secondary particles. Pro-
cessing of nanoparticles can be achieved directly from
nano-sized droplets, from very dilute solutions or from
submicronic secondary particles, that offer a compos-
ite nanograin particle structure [6,7]. Salt assisted spray
pyrolysis (SAD) enable releasing the nano-scaled pri-
mary particles by modification the solution chemistry
and preventing formation of aggregated primary parti-
cles into the secondary particles [8].

The potentials of the aerosol routes for making sol-
id-states structures at the nano-size level are virtually
unlimited, providing possibilities for their unique appli-
cations in electronics, optoelectronics, catalysis, energy
conversion systems, drug delivery etc. In the framework
of our recent research, the synthesis of fine particles
have been established for following materials: ZnO [9],
ZnO-Py(1V) [10], ZnO- Ru(III) [11] and ZnO-Cr, O, spi-
nel phase [7]. Achievements attained in the synthesis of
phosphor materials [5,12-25], will be reviewed here.
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I1. Phosphors

Phosphors represent inorganic crystal structures ca-
pable of emitting definite quantities of radiation with-
in visible and/or ultraviolet spectrum as a result of exci-
tation by an external energy source such as electron or
a photon beam [26,27]. Such properties of these mate-
rials are an outcome from the atomic state interactions
that occur between luminescent centres and the host lat-
tice material after the excitation. Rare earth ions (Eu*’,
Eu®, Ce*, Tm*, Tb*, Nd*") and transition metal ions
(Cr**, Mn?") are commonly used as luminescent centres
[28]. The important properties that luminescent materi-
als should have are brightness, spectral energy distribu-
tion and decay time [29].

Gd,0 Ev’*

Gadolinia doped with europium has been used in
several applications for display devices as effective red
phosphor material having improved stability in high vac-
uum and the absence of corrosive gas emissions under
electron bombardment [30]. As part of a program to de-
velop high grade phosphor particles, spherical in shape,
agglomerated-free and with a narrow size distribution,
nanostructured, spherical Gd,O,:Eu*" phosphor particles
sizing bellow 800 nm were synthesized from ultrasoni-
cally generated common nitrates solutions, Fig. 2.

30,000 100nm WD 3.4mm

200nm

The particle inner structure (Fig. 2b) implies that
nano-sized primary particles are assembled in a spheri-
cal secondary particle, Fig. 2a. Visual inspection of the
particle morphology is done by means of STEM nano-
tomography corresponding to the particle annealed at
low temperature (900°C/12h). The contrast obtained
with HAADF-STEM implies bright and dark areas in a
spherical shaped particle sized approx. 500 nm, indicat-
ing the presence of voids and a rough particle surfaces
(Fig. 2¢). In the reconstructed image (Fig. 2d), the bet-
ter contrast than the original image confirms the porous
surfaces. Particle roughness and agglomeration state are
very important factors that affect the luminescence sig-
nal. Beside it, the sensitization of the as-prepared parti-
cles is a critical stage in phosphor preparation and sen-
sitivity improves with increasing the crystallinity and
homogenization of the Eu dopants within the particles.
Success in this processing have been obtained with ad-
ditional thermal treatments of the as-prepared particles
above 800°C, where the thermally induced interparticle
sintering did not occur and initially obtained morpho-
logical features were preserved [12,24]. Uniform com-
positional distribution of constitutive elements is con-
firmed by EFTEM-EELS spectrum presented in Fig. 3.
The comparison between the spectrum indicates the in-

Soonm

Figure 2. Gd,0, particles: surface morphology by FE-SEM (a), inner particle structure by TEM (b) STEM image of the
tomography tilt series (c) and reconstructed tomography image (d)
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Figure 3. EFTEM image (a) and EFTEM-EELS spectra for Gd,0,:Eu’* particles additionally annealed at 900°C/12h (grey
line) and 100°C/12h (black line); ELNES region show the Gd M4 and Gd MS signal (~ 1185 eV-1187 eV) and
the Eu M5 and Eu M4 signal (~ 1131 eV-1186 eV)

corporation of the Eu in the Gd matrix, while no chang-
es in the energy and intensity M4/M35 ratio (0.83) indi-
cates a +3 oxidation state in the samples with different
Eu content (Fig. 3b).

Host gadolinium oxide exhibits two polymorphic
forms, low temperature (cubic) and high temperature
(monoclinic), so several studies dealing with the in-
vestigation of Gd,O, crystal phases development dur-
ing aerosol synthesis and their relationship with lu-
minescence properties were reported [31,32]. XRPD
revealed here the presence of two cubic phases in as-
prepared powders: a bcc phase with la3 space group
(a = 10.829(3) A); and a fcc phase with Fm-3m space
group (a = 5.6242(1) A) for the Eu** less doping con-
centration [33]. In addition, HRTEM analysis (Fig. 4)
indicates the locally appearance of a monoclinic phase
with ¢2/m symmetry in this sample, too.

The local appearance of the higher density metasta-
ble monoclinic structure is probably a consequence of
the extreme synthesis conditions during spray pyrolysis,
i.e. high heating rates and short residence time and at-
tributable to the Gibbs-Thomson effect, associated with
increased surface tension with nanostructuring [12]. Af-
ter thermal treatment only the cubic /a3 phase has been

observed, with the cell parameters affected with Eu**
doping concentration, followed with progressive in-
crease in crystallite size.

Luminescence studies carried out in Gd,0,:Eu’*
phosphor system have demonstrated that annealing and
crystalline phases control both the thermoluminescence
and radioluminescence signals [12]. Characteristic
bands in the emission spectra are assigned to Eu** ion
radiative °D —'F, (i = 0,1,2,3,4) transitions. In all the
samples maximum intensity peak is at 611 nm wave-
length belonging to *D —'F, transition [33,34]. All ob-
served transitions are due to the Eu’* in C, crystallo-
graphic site except one line, at 581 nm (attributed to
°D,—'F, transition) that belongs to Eu’* in S, crystallo-
graphic site.

Y,0, Ev’*

Yttria represents one of the best host materials for
rare earth ions due to the fact that its ionic radii and
crystal structure are very similar to the ones of the rare
earth ions. Y,0, doped with europium is a well known
red phosphor material employed in modern high-res-
olution display devices such as plasma display panels
(PDP) and field emission displays (FED) [35]. Here,
the nanostructured particles of Y,0, doped with Eu**

Figure 4. HRTEM of Gd,0O,:Eu*" particles: primary nano-particles associated with a defect structure (a); cubic phase with
Ia3 symmetry taken along the [100] zone with (002) and (020) atomic planes resolved (b); monoclinic phase with c¢2/m
symmetry taken along the [1-10] zone axis with (110) atomic distance resolved (c)
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were processed through the spray pyrolysis method
from nitrate precursors [23]. Synthesis was carried out
with an ultrasonic aerosol device operating at 1.3 MHz
in air atmosphere connected with a triple-zone tubu-
lar flow reactor (200—-700-900°C). Particles were sub-
mitted to post-thermal treatments at temperatures of
1000 to 1200°C for 12 h in order to increase the crys-
tallinity and uniform distribution of doped centres.
The particles obtained were spherical, having nar-
row size distributions, high compositional homogene-
ity and unagglomerated (Fig. 5). Exceptionally, inter
particle sintering and neck formation were noticed in
the case of the samples thermally treated at 1200°C
[16,34]. The Y0, cubic /a3 phase has been identified
by XRD and TEM-HRTEM/FFT in both as-prepared
and thermally treated samples. Rietveld refinement re-
vealed that crystallite size of the as-prepared powders
was around 20 nm while sufficient energy supply dur-
ing the thermal treatment led to crystallite growth (40—
130 nm for annealing temperatures 1000—-1200°C, re-
spectively) and affected structural relaxation (lower
values of microstrain in comparison to the values for
as-prepared samples), Table 1.

Determination of photoluminescent characteristics
showed typical emission spectraof Eu**ion incorporated
into yttrium oxide. Emission spectra were obtained at
room temperature trough excitation of Eu®" ion into
°L, energy level under 393 nm wavelength (Fig. 6).
The emission lines of Eu** were ascribed to °D —'F,
(= 1,2,3,4) spin forbidden f-f transitions and the main
emission peak corresponded to clear red emission at
611 nm. Emission spectra consist out of sharp peaks,
originating from Eu’*ionincorporatedintoC, sight, while
only one week line belonging to Eu** ion incorporated
into S, sight was observed. Maximum Stark splitting
(4E) of the 'F manifold, occurring under the influence
of the crystal field, was in agreement with theoretical
values Y,0,:Eu’" (4E(Y,0,) = 355 cm™) [36]. Based on
the fluorescence decay curves of the *D emitting level
it was concluded that applied synthesis method leads
to the formation of nanostructured powders having
longer lifetimes in comparison to Y,0,:Eu** in its bulk
form [37]. Also, it was shown that samples with higher
doping concentration had lower°D lifetimes implying
that at higher doping level concentration quenching
occurs (Table 1).

Figure 5. SEM of (Y

0.95Eu0.05

),0, obtained at 900°C (a) and (Y

Eu  ),0, thermally treated at 1000°C (b)

0.90

Table 1. Main structural parameters derived trough Rietveld refinement and characteristics of
the luminescent measurements for Y,0,:Eu** system [23]

(Y0.95Eu0.05)203 (Y0.9Eu0.l )203
AP 1000°C  1100°C  1200°C AP 1000°C  1100°C  1200°C
cs ([nm] 19.14 40.55 60.06 129.53 20.11 40.94 66.99 132.89
a[A] 10.620 10.616 10.616 10.616 10.632 10.628 10.623 10.628
ms [%] 0.432 0.189 0.0607  0.0963 0.529 0.197 0.0794  0.0402
SD,—F, (C,) [nm] 580.3 580.4 580.4 580.4 580.4 580.4 580.4 580.4
SD,—F, (S,) [nm] 582.1 582.3 582.2 582.2 582.2 582.0 582.1 582.1
587.1 587.2 587.1 587.2 587.1 587.2 587.2 587.2
SD,—F, (C,) [nm] 592.9 592.8 592.8 592.9 592.8 592.8 592.8 592.8
599.2 599.1 599.2 599.4 599.2 599.2 599.2 599.2
AE [em™] 344.0 338.2 344.0 346.5 344 341 341 341
(°D,—F,) [ms] 1.47 1.46 1.40 1.42 1.24 121 1.14 1.14
7 (D —F) [us] 11.33 18.97 19.74 19.78 / / / /

AP - as-prepared sample
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Figure 6. Emission spectra of (Y, Eu,,.),0, system (a) and lifetime values of (Y, .Eu, ),0, system under 2, =393 nm
(4,,, = 611 nm) (b) [23]

Analysis of lifetime values for Eu**°D, emitting lev-
el for Y, O, with 5 at% of Eu* highlights the influence
of thermally treatment. It was shown that as-prepared
powders had a lower value of these parameter (around
11 ps) while the value for thermally treated was slightly
higher (around 20 ps). Knowing that decrease of emis-
sion intensity from °D, emitting level is due to increased
probability of cross-relaxation mechanism which oc-
curs [38], it was concluded that cross-relaxation effect
was stronger in the case of as prepared samples. Above
stated observations indirectly depicted more homoge-
neous distribution of Eu** ions in case of the annealed
samples.

(Y,Gd),0 Ev’*

The incorporation of gadolinium in the yttria ma-
trix may significantly contribute to the luminescent
properties and X-ray absorption coefficient, thus, in-
creasing the field of application in optoelectronic de-
vices such as ceramic scintillators for computed tomog-
raphy. (Y Gd ),O,:Eu*" system, where the gadolinium
content was varied (x = 0.25, 0.50, 0.75), has been syn-
thesized throughout the same conditions as Y, O :Eu*.
TEM investigations revealed that these systems exhibit
the same morphological features as yttrium oxide sys-
tem. Additionally SAED patterns revealed polycrystal-
line nature of the particles, while the ring width implied
high defect content in as-prepared powders, Fig. 7a. As-
prepared samples with composition x = 0.25, 0.50 had
solely /a3 phase, but the sample compositionally clos-
est to pure Gd,0,, with x = 0.75, showed the same char-
acteristics as gadolinium oxide synthesized under sim-
ilar conditions, Fig. 7b. Apart from primary, cubic bcc
la3 phase a second cubic fcc phase with Fm-3m space
group was confirmed in as prepared samples [16,23]. In
all thermally treated samples (1100°C, 12 h), /a3 phase
is solely detected.

Observing the optical properties, the same char-
acteristic emission spectra of Eu®*" ion were seen as
in the case of pure Y,0,:Eu*" system. Detailed analy-
sis of the emission spectra showed that in the case of
(Y, Gd ),0,:Eu* system a linear increase of maximum
Stark splitting (4E) occurs with the increase of gado-
linium content/lattice parameters, Table 2. Since maxi-
mum splitting of the "F, manifold is affected by crystal
field strength parameter in a proportional way [23,29],
the increase of AF value with the increase of gadolini-
um content could be treated as a clear indication of al-
most perfect mixing in solid solutions.

When doped with 5 at% mixed (Y, Gd ),0,:Eu**
oxides, thermally treated at 1100°C, had similar life-
time values of D, emitting level in comparison to yt-
tria with same doping concentration (around 1.4 ps). In
the case of x = 0.50, doping was done with 5 and with
10 at% of Eu’* and in these case °D lifetime of the sam-
ple with higher doping concentration was significantly
smaller i.e. 0.86 ps. It indicated concentration quench-
ing and that (Y, Gd ),0,:Eu** with x = 0.50 and 10 at%
of Eu** had inferior properties than the material in bulk
form. Relatively high values of °D, lifetimes for ther-
mally treated (Y, Gd ),0,:Eu’* powders with 5 at% re-
vealed, as in the case of Y, O,:Eu’", homogeneous distri-
bution of the doping ion.

Y ALO,, (YAG): Ce’*

The Y,ALO , (YAG) is optically isotropic material
with high thermal conductivity. Doped with rare earth
ions it represents very useful phosphor material for va-
riety of display applications including cathode ray tube,
low voltage field emission display, and backlight source.
Specially cerium doped YAG (YAG:Ce?*"), as a yellow-
emitting component for the production of a white light,
is a comprehensively studied previous years due to ur-
gent demand for alternative light source in an illumi-
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nation and display area. The broad Ce** emission band
originates from the 4f-5d electronic transition with in-
tensive side bands due to vibronic coupling to the lat-
tice and local vibration modes in the YAG lattice. Due
to this YAG:Ce*" easily convert blue emission from
blue light emitting diode (LED) into white LED. Even
a lack of cerium emission toward the red region can be
suppressed by a co-doping (Tb*") or cation substituting
(Ga** or Gd*") making presently this material to be the
phosphor of choice in commercial white LEDs [40].
Processing of YAG:Ce*" powder via spray pyroly-
sis (ultrasonic and FEAQG) has been previously report-
ed [41]. Significant advance is shown due to the mixing
of starting reactants at molecular scale, but obtaining
of the pure garnet phase was hindered by retaining of
amorphous phase or Y, AL O,, (YAM) and YAIO, (YAP)
phases appearing. The lack of formation of YAG in all
the spray pyrolysis experiments was ascribed to the
short heating times and fast heating rates, which result-

b)

Figure 7. TEM/SAED image for as-prepared (Y,

Intensity (arb.unit.)

ed in the formation of kinetic products. Therefore, an-
nealing process at high temperatures was applied for
the crystallization and activation of cerium-doped YAG
particles.

Rationalization of the sequence for nanocrystalline
YAG:Ce" phase evolution in the particles synthesized
by ultrasonic spray pyrolysis method through varia-
tion of processing parameters or precursors composi-
tion was also the topic of our research [17-22,34]. It
was shown that particle morphological and structural
characteristics are dependent on the applied synthesis
methodology, especially regarding the precursors so-
lution modification. Synthesis from common nitrates
precursors was performed at 900°C in a tubular flow
reactor using the air to carry the aerosol. Short res-
idence time during synthesis resulted in multiphase
powder generation. Beside garnet phase, YAM and
Y,0, were also detected [18]. Synthesized particles
were submicronic in size, highly spherical and un-ag-
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Table 2. Main structural characteristics derived trough Rietveld refinement and characteristics of the luminescent
measurements for (Y, Gd ),0,:Eu’* system annealed at 1100°C [23]

(YU 75 0. 25)2()3:]—311:er (Y(145C}(:10.5)2()3:]Eu3Jr (YO 25 0. 75)203:]—3u3+ (YO.SC}dO.S)ZOS:]—Eu3+

at% Eu* 5 at% Eu** 5 at% Eu™* 10 at% Eu**
cs [nm] 155.94 202.63 55.25 191.36
a[A] 10.667 10.724 10.771 10.730
ms [%] 0.0329 0.0563 0.0333 0.0195
SD,—F, (C,) [nm] 579.9 580.0 580.0 579.9
SD,—F, (S,) [nm] 581.6 581.6 581.4 581.4
586.8 586.9 587.1 586.9
SD,—F, (C,) [nm] 592.3 592.3 592.2 592.2
598.5 598.3 598.2 598.4
AE [em™] 333.2 324.7 316.1 3275
«(°D,—7F,) [ms] 1.36 1.25 1.32 0.86

¢ (°D,—F,) [ps] 14.3 13.9 13.6 /
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Figure 8. SEM/EDS of the YAG:Ce* particles obtained through spray pyrolysis of nitrate solution at 900°C and annealed at
1000°C, 6 h (a); TEM of the YAG:Ce*" particles obtained through spray pyrolysis of nitrate solution at 320°C
and annealed at 1000°C, 6 h (b)

glomerated. They exhibit rough surface implying that
are built from primary nanoparticles [17]. Their gener-
al morphology did not changed significantly with an-
nealing, but their roughness increase further due pro-
moted crystallization affecting their specific surface
[19]. Incorporation of Ce*" ions at the host is con-
firmed with the broad emission having peak maximum
at 533 nm [17]. The interpretation of the thermo- and
radio- luminescence signals from the YAG:Ce*" pow-
ders implies that the cerium ions are not readily ac-
commodated on the YAG lattice sites during synthe-
sis [12]. Even after annealing cerium ions do not offer
a favourable excitation decay path; instead, there are
broad emission bands typical of the host lattice defect
sites and a very weak luminescence via the cerium on
pathway near 300 nm. The complexity of the tempera-
ture dependence of the TL as a function of wavelength
also suggests that a variety of independent defect sites
contributes to the TL. They also indicated numerous
anomalies in the temperature dependence of their lu-
minescence lifetime data.

To investigate the nature of the multiphase pow-
der obtaining, an amorphous material with composi-
tion corresponding to yttrium aluminum garnet phase

10kV  X10,000 1pm

0000 10 06 SEI

with same content of cerium has been synthesized at
320°C using a similar spray pyrolysis route. Precur-
sor-derived amorphous phase crystallized at tempera-
tures as high as 900 and 1000°C gave multiphase pow-
ders with different compositions after 3 h of annealing
(YAP, YAP, YAM), while prolongation of treatment at
higher temperature result in pure YAG phase formation
(Fig. 8) [20].

In order to achieve additional heating during
YAG:Ce*" synthesis urea-assisted spray pyrolysis was
employed [25]. This route can be regarded as a self-
combustion synthesis confined within a droplet where
urea acts as an in-situ source of thermal energy due to
its decomposition. The as-prepared non-agglomerated
amorphous powder has broad particle size distribution
(200-1400 nm) (Fig. 9). They were additionally ther-
mally treated in air at 1000 and 1100°C for 6h pre-
serving their morphological characteristics. Despite
of precursor modification during synthesis, performed
annealing did not yielded pure YAG:Ce* product.
While lower temperature is favourable for YAP and
YAM phase segregation, increase of heating tempera-
ture enhanced YAG phase formation with YAM phase
retention.

I 2
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Figure 9. SEM of the as-prepared YAG:Ce* particles obtained through urea-assisted spray pyrolysis at 900°C; PL spectra of
particles treated at 1100°C (3 h)
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Figure 10. TEM/HRTEM/FFT of the YAG:Ce** particles obtained from polymeric precursor solution through spray pyrolysis
at 900°C; annealed at 1100°C; FFT inset confirm /a-3d phase formation (211) plane

Having this in mind, preservation of the molecu-
lar homogeneity during precursor synthesis was done
through polymerization with an organic complexing
agent EDTA and ethylene glycol (EG) [22]. Two reac-
tions are involved, a complex formation between EDTA
and metals (via four carboxylate and two amine groups)
and esterification between EDTA and EG. Ultrason-
ically generated aerosol droplets were decomposed at
600°C in argon atmosphere. Following the initial at-
tempt in providing pure YAG:Ce®* phase generation
the particles were additionally thermally treated for 3 h
in air at 1000°C and 1100°C. Comprehensive structur-
al analysis implied that garnet phase was formed with-
out contamination of other phase having different alu-
minum yttrium composition even at the lower annealing
temperature and in a much shorter time. The spherical
dense particles comprised grained-like structure, since
they are composed of nanosized garnet monocrystals
(Fig. 10). Although uncompleted, cerium incorporation
in garnet matrix is confirmed by broad green-yellow
emission spectra in the range of 470—670 nm peaking
at 521 nm. With this optimization of the spray pyrol-
ysis reaction conditions towards synthesis of pure, un-
agglomerated YAG:Ce*" particles with spherical shape
and filled morphology were achieved.

IV. Conclusions

Aerosol route represents a versatile synthesis method
for processing novel functional materials. An insight into
the diversity of this method and materials that could be
produced was briefly reviewed. Particularly, it was shown
that spray pyrolysis is one of the simplest among them
and is capable in ensuring particle spherical morphology,
good crystallinity and uniformity in size and shape. Those
characteristics are found to be of great value since they re-
sult in well defined phosphor powder characteristics es-
sential for achieving higher brightness and resolution in
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displays. Superior structural, morphological and func-
tional properties of Gd,O,:Eu, Y,0,:Eu, (Y, Gd ):Eu and
Y,ALO ,:Ce powders are presented and correlated with
the processing parameters applied facilitating further tai-
loring of specific properties in these materials.
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