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Structural and spectroscopical characterization of
RE**(RE = Er, Eu, Tb) doped nanocrystalline YAG

produced by a sol-gel method
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Nanocrystalline YAG powders doped with Er**, Eu®* or Tb®* were synthesized through a citrate-nitrate sol-gel process.
Thermal treatments were applied at successively increasing temperatures in the interval 600-1400 °C. The structural
transformations were monitored by XRD, FT-IR and optical spectroscopy. A pure garnet phase was observed for annealing

temperatures higher than 930 °C.
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1. Introduction

Yttrium aluminates based on the system Y ,03-Al,O3
are promising materials with regard to their optica,
mechanical, chemical, and thermal properties The yttrium
auminum garnet (YAG — Y3Al;05,) crystalizes in the
cubic form and exhibits outstanding properties when
doped with lanthanide or transition elements. Usud
applications include laser active media and phosphors.
Nd:YAG is the most widely used solid-state active
medium and, recently, highly efficient ceramic Nd:YAG
active media were produced [1]. YAG:EU*" and YAG. Tb**
are, respectively, well-known red and green phosphors
[2,3], while YAG:Er* (co-doped with Yb™) is used as up-
conversion phosphor [4].

The solid-state synthesis of YAG ceramics from
aluminum and yttrium oxides requires high sintering
temperatures (> 1600 °C) [5]. In such conditions, it is
difficult to control the homogeneity and purity of YAG
powders. An aternative synthesis approach is the sol-gel
method [6]. This method allows for preparation of high-
purity single-phase YAG a sSignificantly lower
temperature.

In this paper we use a citrate-nitrate sol-gel method
[7] to prepare rare earth (Er, Eu, Th) doped YAG
nanocrystals. The transition from the amorphous to the
garnet phase and the change of the crystallite size induced
by the therma treatment were monitored by X-Ray
Diffraction (XRD), Fourier Transform InfraRed (FT-IR)
spectroscopy and optical spectroscopy.

2. Experimental

Aqueous solutions of  Y(NO3)s;:5H,O  and
AI(NO;)3-9H,0 were mixed in a molar ratio 3:5 (Y:Al).

For the rare-earth doped YAG, Al, Y and rare earth (RE)
nitrates were mixed in a molar ratio according to the
formula Y 3, RE,AlsO5,. The mixture was added to a citric
acid solution (CgHgO7-HO) 2M, in molar ratio citric
acid:nitrates of 3:1. The sol transition into transparent gel,
with small amount of water, takes place around 80 °C. The
following compositions corresponding to: YAG:Er(1at.%),
YAG:Eu3 a. %) and YAG:Tb(10 &t.%), were synthesized.

Therma treatments were applied at successively
increasing temperatures in the interval 600-1400 °C. The
gel was decomposed at 600 °C for 6 h to obtain a black
fluffy powder in an amorphous state. This powder was
calcinated a 850 °C achieving a white amorphous powder.
After athermal treatment at 930 °C, pure crystalline YAG
phase was obtai ned.

XRD measurements were performed a room
temperature on a TUR M-62 diffractometer (on linewith a
PC) using Co K, radiation (A = 1.7902 A). Infrared spectra
were recorded on a SCIMITAR type FT-IR spectrometer
(model 2001, Digilab, SUA) using the KBr pdle
technique. The experimental gpparatus used for absorption
and fluorescence in the visble domain consisted of a
GDM 1000 double monochromator equipped with an S-20
photomultiplier in photon counting configuration and a
TURBO MCS scder in line with a computer. Fluorescence
was excited with a Xenon lamp equipped with suitable
optica filters. For absorption and fluorescence in the
visible domain, the powder was placed in aquartz cuvette.

3. Results and discussion
3.1. X-ray diffraction

X-ray diffractograms for YAG:Er, YAGEuU and
YAG:Tb powder samples annealed at various temperatures
were recorded. Regardless the dopant, the diffraction
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patterns showed the same evolution of crystalline structure
of the YAG:RE powders during the annealing process. As
an example, XRD patterns of the precursor and powders
fired a various temperatures are shown in Fig. 1 together
with diffraction pattern of a bulk crystd (YAG). No
diffraction pesks were observed for temperatures up to
900 °C. For samples annealed a 930 °C or higher
temperatures only the diffraction lines characteristic for

the Y AG phase were recorded.
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Fig. 1. a) XRD patterns of precursor and nanopowder s of
YAG:Er(1%) annealed at various temperatures, b)
diffraction pattern for  YAG:Eu(3%) nanopowder
annealed at 930 °C and for abulk crystal of YAG (as

reference).

Assuming a simplified (Lorentzian) model for size-
broadened diffraction line profile, the apparent volume-
weighted crystallite size (Dy) was estimated from
Scherrer’s equation [8]. A correction for instrumental
broadening of diffraction lines was introduced using Si
powder as standard sample. In this analysis we neglected
the strain—broadening of the profile (due to the lattice
distortion). In this rough approximation, the crystallite size

can be overestimated. Besides these peculiarities, the
apparent domain size derived from the FWHM of line
profile can be used to study changes in crystalite size due
to the annedling treatment of Y AG nanopowders.

In our YAG:RE nanopowders obtained by the sol-gel
method a monotonous increase of the crystallite size with
annealing temperature was obtained (Fig. 2). The smallest
crystallites  (corresponding to 930 °C annedling
temperature) are of ~25 nm while the largest (trested at
1300 °C) measure ~82 nm.
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Fig. 2. Effect of annealing temperature on apparent
average crystallite size for YAG: Eu(3%) nanopowder.
The continuous line is only guide for the eyes.

3.2 FT-IR spectr oscopy

The FT-IR measurements were found to be consistent
with the YAG phase crystallization process observed by
X-ray diffraction. Fig. 3 shows the FT-IR spectra of the
precursor and powders synthesized a different
temperatures for YAG:Er(1%) (left) and YAG:Eu(3%)
(right). The samples annealed at temperatures higher than
900 °C show high absorption in the region 400-900 cm™,
reveding the transition from amorphous phase of
precursor to the crystalline phase of YAG. The absorption
bands observed in this region are characteristic to the
meta-oxygen stretching vibrations [9]. In YAGRE
samples the transition from amorphous to crystalline phase
takes place in a narrow interval of temperatures (between
900 and 930 °C).

The absorption in the region of 1400-1700 cm*
observed in spectrarecorded on the samples synthesized at
temperatures lower then 900 °C indicate the presence of
the impurities adsorbed on the large surface of
nanopowders (nat fully decomposed nitrate, CO from not
burned organic precursors and O-H) [10]. The absorption
in this range amost disappears in the nanocrystalline
powders obtained after annealing at T > 900 °C.
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Fig. 3. FT-IR spectra of precursors and nanopowders
synthesized at various temperatures. a) YAG:Er
nanocrystallites; b) YAG:Er nanocrystallites.

3.3. Absorption spectra

The absorption spectrum of the transition “l1s, — “lg
of Er¥* in YAG nanocrystals annealed a 930 °C is
presented in Fig. 4a For comparison, it is shown the
spectrum of the same transition in a bulk crystal (Fig. 4b).
Only the lines corresponding to the garnet phase are
present in the Er®* spectrum in the YAG nanocrystals.
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Fig. 4. a) absorption spectrum corresponding to the transition
Y5 — *Fop in YAG:Er(1 at. %) nanocrystals; b) the
same spectrum, but in YAG:Er(1at. %) bulk crystal.

3.4. Fluor escence spectra

The amorphous — garnet phase transition is well
illustrated with the fluorescence spectra recorded on
YAG:Tb (Fig. 5) powders near the transition temperature.
At 900 °C, the fluorescence spectra are characteristic for
the amorphous phase (wide fluorescence bands, similar to
those observed in glasses) while, after the therma
trestment at 930 °C, the spectra are representative for the
garnet phase. A smilar behavior was observed for
YAG:Eu [11].
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Fig. 5. &) fluorescence spectrum YAG:Tb powder

annealed at 900 <T; b) fluorescence spectrum after

thermal treatment at 930 €. The spectral domain
includesthe®D, — "F3(J= 2, 3,...,6) transitions.

Increasing the annealing temperature, the average size
of grains increases and the fluorescence lines become
narrower (Fig. 6). To illustrate this behavior, we have
chosen two isolated fluorescent lines belonging to the
Dy — 'F4 trangition of Eu*" in YAG (see the inset in
Fig. 6). We interpret this line narrowing as a result of the
decreasing of the surface / volume ratio of the crystallites
with the increasing size of crysalites. For larger
crystallites the ratio surface / volume decreases and the
disorder produced by the surface is reduced.
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Fig. 6. The effect of the crystallite size on the width of

two fluorescent lines of YAG: Eu®* (transition ®Dg — Fy).
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4. Conclusion

In YAG.RE (RE = Er, Eu, Tbh) samples prepared by
citrate-nitrate sol-gel  method the transition from
amorphous to crystaline phase takes place in a narrow
interval of temperatures (between 900 °C and 930 °C).

This phase transition was evidenced using various
experimental techniqgues (XRD, FT-IR and opticd
spectroscopy). In XRD measurements, it is indicated by
the appearance of characteristic YAG lines. The
appearance of Y-O vibration linesin FT-IR analysisis also
characteristic to thistransition, whilein optica spectraitis
evidenced by the narrowing of the rare-earth emission and
absorption lines.
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