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Abstract
In Y,03-Al,05; system, compounds Y;AlsOp, (yttrium aluminum garnet-YAG),

YAP (yttrium aluminum perovskite-YAIO3,) and Y,Al,Oq (yttrium aluminate monoclinic-
YAM,) are well known. YAG and YAP are of considerable technological importance. The
conventional solid-state reaction techniques require high sintering temperatures (above
1800°C) to prepare phase pure compounds. Though several soft chemical routes have
been explored for synthesis of YAG, YAP and YAM, most of these methods are complex.
Moreover, phase pure materials are not obtained in one step, but prolonged annealing at
temperatures around 1000 C is necessary. One step combustion synthesis of these
compounds is reported in this paper using a modified procedure and employing mixed
(glycine + urea) fuel. Phosphors based on Eu®* activation were also prepared which
exhibited characteristic photoluminescence. The emission spectrum of Eu** doped YAG
phosphor is dominated by orange emission due to °D,-'F; transition with inversion
symmetry. However, the emission spectrum of Eu** doped YAP phosphor is dominated by
red emission due to °Dy-'F, transition without inversion symmetry. The PL spectrum of
Eu®" doped YAM phosphor consists of similar emission intensities for both °Do-'F; (590

nm) and °Do-'F, (607 nm) transitions.
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Introduction

In Y,05-Al,03 system, compounds Y3AlsO1, (yttrium aluminum garnet-YAG-, m.p. 1970 C)
having cubic garnet structure with Al-richer composition, YAP (yttrium aluminum perovskite-YAIQOs;,
m.p. 1870 C) and Y 4Al,Oq (yttrium aluminate monoclinic-YAM, 1942 C) which is a monoclinic Y-richer
phase, are well known. A metastable hexagonal phase (YAH) with the same YAP stoichiometry,
normally appearing during the synthesis of YAG and YAP by soft chemistry routes, has also been

identified. The crystal structure of YAG is similar to that of the natural gem "garnet”; hence the name.
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The unit cell of YAG (Fig. 1), crystal structure of YAP (Fig. 2) and YAM (Fig. 3) is shown in respective

figures.

Figure 2:- YAP crystal structure showing 12 coordination of Y** with neighbouring oxygen ions.
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Figure 3:- YAM crystal structure showing 7/6 coordination of Y** with neighbouring oxygen ions

The dodecahedral (Y**), octahedral (AI**), and tetrahedral (AI**) sites of the garnet
structure are suitable substitutional sites for many activators[1]. YAG based phosphors are useful
in a variety of display applications including projection TV, field emission display and backlight
source[2]. YAG is an important solid state laser host material. Nd-doped YAG has widespread
use in commercial, medical, military and industrial applications[3]. Ce®**-doped YAG is the most
widely applied phosphor in white light LEDs[4,5,6]. Part of the blue light from the (In,Ga)N
LED is absorbed by a thin layer of Ce**-doped YAG and then it is converted into yellow light.
The combination of blue and yellow gives a bright white light source with an overall energy
efficiency that is approaching that of the compact fluorescent lamp. YAP doped with rare earth
or transition metals also demonstrate very attractive properties[7] being a promising material as a
host matrix for laser, phosphors[8], scintillator[9], thermoluminescent detector[10], holographic
recording medium[11] and pigments[12]. Perovskite-Type aluminates and gallates are widely
used[13] as substrate materials for the epitaxy of HTSC and CMR materials, and GaN films[14],
as materials for solid oxide fuel cells[15], active and passive laser media[16], scintillators[17]

and as microwave dielectric materials[18].
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On the one hand, the rare-earth ions are characterized by a partially filled 4f shell that is well
shielded by 5s* and 5p° orbitals. The emission transitions, therefore, yield sharp lines in the optical
spectra. The use of rare-earth element-based phosphor, based on “‘line-type” f—f transitions, can be
narrow to the visible, resulting in both high efficiency and a high lumen equivalent [19]. Among the Ln**
ions, the trivalent europium ion, Eu®, is the mostly used choice due to the fact that Eu** (4f°) ions emit
narrow-band, almost monochromatic light and have long life time of the optically active states. Eu**
doped phosphors are commonly used as red emitting materials, which exhibit higher luminescence
efficiency compared with other luminous materials. Further, Eu®* ions have often been used as probes for
estimation of local environment around the Ln®*" ions in different matrices. This is because useful
information about the local structure around Eu®* ions can be obtained quite easily from its f—F transition
spectra. Since the ground "F, state and first excited °Dj state of Eu®*" ions are non-degenerate under any
symmetry, information regarding the local environment around the Eu®** ion depends only on the splitting
of the °Dy—"F, emission spectra [20-24].

YAG phosphors doped with activators are mainly synthesized by solid-state reaction techniques
that require high sintering temperatures (above 1800°C) to eliminate YAM and YAP phases[25]. Fluxes
such as BaF,, YF3[26] or NH,CI[27] can lower the sintering temperature down to 1500 C. Several novel
methods have been used to obtain phase pure YAG at lower temperature[28]. These include various
combustion procedures like nitrate—citrate combustion[29], combustion synthesis[30,31], gel-combustion
using ammonium triacetic acid[32], sol-gel combustion[33] etc. Combustion synthesis has also been
described for synthesis of YAP[34,35]. However, in most of the methods described in the literature, the
desired compounds are not produced in one step. Additional heating at temperatures, often exceeding
1000 C, is invariably needed. This takes away several advantages of the combustion synthesis, such as
fast, low cost, moderate temperature (500 C) method. The necessity of the additional heating may be due
to the fact that Yttrium nitrate used in the combustion synthesis does not have exothermic reaction with
urea which is commonly used fuel. Aluminum nitrate, on the other hand, has such reaction. Glycine had
been successfully used as a fuel for combustion synthesis of yttrium compound. Use of Glycine + Urea
mixed fuel may lead to maximum exothermicity and one may obtain the desired compound in one step.

In this paper we describe one step combustion synthesis of YAG, YAP and YAM carried out
at 500 C furnace temperature. Activation with Eu** could also be achieved during the synthesis without
taking recourse to any post-combustion thermal treatment.

Experimental
Instead of the conventional solution combustion synthesis, we used the modified procedure

which led to the formation of the desired compounds in a single step. Reagent grade (Indian Rare Earths,

Ltd.) rare earth oxides/carbonates were converted to the corresponding nitrates by dissolving in nitric
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acid. The nitrates were dried by prolonged, gentle warming. Stoichiometric amounts of hydrated nitrates
of yttrium, aluminium and europium were thorougly mixed with urea/glycine. Due to the presence of
large water of crystallization in aluminium nitrate, a thick paste was formed. A china dish containing the
paste was inserted in a furnace heated to 500 °C. Within minutes the paste foamed and a flame was
produced which lasted for several seconds. The china dish was immediately removed from the furnace.
X-ray diffraction patterns were recorded on Philips PANalytical X’pert Pro diffractometer. PL
characteristics were studied using a Hitachi F-4000 spectrofluorimeter, at room temperature, using 1.5 nm
spectral slit width in the range of 200-700 nm.
Results and discussions
Eu** activation

Yang et al[30], prepared YAG using combustion synthesis with urea as a fuel. However, the
combustion product was admixture of YAG and YAP. Repeated sintering for 5 hrs at 1000 C was
necessary to obtain YAG. More or less similar results were obtained by Pan et al[27]. Fu et al[36] used
carbohydrazide fuel, but annealing at 1150 C for 6 hours was required to achieve good crystallinity and
PL intensity. In our experiments, when urea was used as a fuel, the combustion products were poorly
crystallized. Yttrium nitrate does not have exothermic reaction with urea. Hence we tried mixed (Glycine
+ urea) fuel. Glycine has exothermic reaction with Yttrium nitrate and urea with aluminum nitrate. XRD

pattern of the product obtained with this fuel is shown in Fig.4.
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Figure4:- XRD Results for YAG
XRD data for YAG is compared with the ICDD data file 88-2048.
An excellent match is obtained with ICDD file 88-2048 corresponding to YAG. No lines
corresponding to YAP ( 2 theta 34.236), YAM ( 2 theta 29.289) or YAH (2 theta 32.832) could be seen.
Phase pure YAG is thus obtained in a single step combustion process without any additional thermal

treatment when mixed fuel (Glycine + urea) was used. In most of the previous works on the combustion
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synthesis of YAG, a single fuel was used. This had exothermic reaction with one of the nitrates (Y or Al).
Use of mixed fuel has optimized the combustion reaction, thus resulting into phase pure YAG in a single
step.

The Eu** ions usually occupy the dodecahedral ¢ site with D, symmetry in YAG host and thus
replacing Y**, and the exact local symmetry is only a small distortion of the centrosymmetric D,, point
symmetry[37]. The emission spectrum of Eu** doped YAG is shown, in Fig. 7a. It can be seen that the
Stark splittings of the °Dy > 'F, and Dy > 'F, emission lines are 3 (590, 591 and 596 nm) and 2 (610 and
630 nm), respectively. The strongest emission peak situated at 590 nm showing prominent and bright
orange light is due to the magnetic dipole transition "Dy > 'F1) and the 610 nm attributed to Eu** forced
electric dipole transition Dy > 'R, s relatively weak, which indicates the Eu®* site has inversion

symmetry and °Dy > 'F, electric dipole transition absent.

YAP was also successfully prepared by one step combustion with mixed (Glycine + urea)
fuel. It can be seen from Fig.5 that the XRD pattern matches excellently with the stick pattern of ICDD
file 33-0041 corresponding to the perovskite phase. No lines corresponding to YAG ( 2 theta 33.36),
YAM ( 2 theta 29.289) or YAH (32.832) could be seen.
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Figure 5:- XRD Results for YAP
XRD data for YAP is compared with the ICDD data file 33-0041.
However, the emission spectrum of Eu** doped YAP (Fig. 7c) is dominated by the °Dy > 'F, (615

nm) forced electric-dipole transition accompanied by the presence of *Dy > 'Fy transition at 581 nm.
Also, it can be seen that the Stark splittings of the °Dy = 'Fo , °Dg > 'F1 and °Dy > 'F, emission lines are
1 (581 nm), 3 (590, 593 and 597 nm) and 5 (610, 615, 616, 618 and 627 nm), respectively.
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YAM is a yttrium rich phase and due to exothermic reaction between glycine and yttrium nitrate,
high temperatures may be anticipated during the combustion process. This may lead to decomposition of
YAM and formation of YAP and YAG. Earlier, Han et al[38] prepared YAM by combustion synthesis.
In the noisy XRD of the as-prepared materials they observed few weak lines. Crystallinity was attained
only after 1100 C reheating. On the other hand, phase pure YAM was obtained by the combustion
synthesis with mixed (Glycine + urea) fuel. It can be seen from Fig.6 that the XRD pattern matches
excellently with the stick pattern of ICDD file 83-0935 corresponding to the YAM phase. No lines
corresponding to YAG ( 2 theta 34.236), YAP ( 2 theta 33.614) or YAH (32.832) could be seen.
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Figure 6:- XRD Results for YAM
XRD data for YAM is compared with the ICDD data file 83-0935.

The emission spectrum of Eu** doped YAM is shown in Fig. 7(e). It can be seen that the Stark
splittings of the °Dy > "Fo, °Dy = 'F1 and °Dy > 'F, emission lines are 2 (579 and 582 nm), 6 (585, 587,
590, 594, 596 and 598 nm) and 7 (607, 610, 612, 614, 617, 618 and 629 nm), respectively. The maximum
splitting of the F; levels for a given site is 2J+1, where J is the angular momentum. So, it is obvious that

the Eu®* ions occupy atleast two different sites.
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Figure 7:- PL spectra for Eu** activated samples
a> YAG:Eu®*" Emission for 395 nm excitation b> Excitation for 610 nm emission of
YAG:EU* c> YAP:Eu*" Emission for 395 nm excitation d> Excitation for 610 nm
emission of YAP:Eu®*" e> YAM:Eu3+ Emission for 395 nm excitation > Excitation
for 610 nm emission of YAM:Eu®**

Fig. 8 shows an emission mechanism of Eu®" ion in YAG, YAP and YAM phosphors by
monitoring 395 nm excitation. Upon excitation at 395 nm, the Eu®* ions are promoted from the ground
state to °Lg state. Then, the excited Eu®* ions relax to the D, energy level following a non-radiative

process. The °Dy level is populated and is responsible for the fluorescence at ‘F; (J = 0-2) energy levels.
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Figure 8:- Emission mechanism of Eu**ion in YAG, YAP and YAM
phosphors under 395 nm excitation.
Conclusions:

Phase pure YAG, YAP and YAM could be pepared by a one step combustion synthesis
employing (Glycine+ urea) mixed fuel at the furnace temperature 500 C. No further heat treatment was
needed. Preparation of Eu®" activated phosphors was also attempted. Eu** was successfully doped into
YAG, YAP and YAM as indicated by observation of PL spectra characteristic to these phases.
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