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MgAbO4：Eu3+ red-light emitting powder phosphor was prepared at temperature as low as 500 °C within a few 
minutes by using the combustion route. The prepared powder was characterized by X-ray diffraction, scanning 
electron microscopy and Fourier-transform infrared spectrometry. The luminescence of Eu3+-activated 
MgAbO4 shows a strong red emission dominant peak around 611 nm, which can be attributed to the 'Do-’Fz 
transition of Eu3+ ions from the synthesized phosphor particles under excitation (394 nm). Electron 
paramagnetic resonance (EPR) measurements at the X-band showed that no signal could be attributed to Eu2+ 
ions in MgAhO第
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Introduction

Recently, many aluminate materials have been extensively 
studied as phosphors for the next generation of display and 
lighting devices. Among them, magnesium-aluminum oxide 
(MgAbO4)spinel crystals with related transition dopants 
have received a great deal of attention due to its mechanical 
strength, high resistance to chemical attacks, and its out
standing dielectric and optical properties?-4 The spinel 
crystals (MgAbO4)that were doped with transition metal 
ions such as Ni저; Cr허; Fe3+, Co3+, have been studied by 
various groups?-7 Recently, we have reported that there are 
two independent emission channels in Mn-doped MgAbO4 
phosphors?

Luminescent materials with related Eu3+ dopants have 
been extensively used in optical fields including lasers, 
electroluminescent devices and oscillators. Similarly, many 
series of Eu3+-doped materials have been synthesized and 
their optical properties have been evaluated?-12 In recent 
years, a number of publications related to the synthesis and 
properties of europium-doped aluminates have appeared, for 
example Eu2+/Eu3+ emissions were studied in 
SF4AI14Q25, CaAli2Oi9? BaMgAlioOn and ZnA12O4*13-16 
Similar to sulfides,17 which have been widely used as phos
phor hosts in the past, alkaline earth aluminates are currently 
being used in a variety of applications as they are chemically 
stable in ambient environments?8

MgAbO4 has been selected as the host material in this 
work. During the past few years, non rare-earth doped 
MgAbO4 aluminates received much attention because of 
their applicability regarding solid-state optical devices, 
however, rare-earth doped MgAbO4 aluminates have received 
little attention. The aluminate of interest in the present study 
is the Eu-doped MgAbO4.

In the past, MgAhCU has been prepared by solid state 
reactions,19 which usually demand high annealing temper-

+This paper is dedicated to Professor Sang Chui Shim on the occasion 
of his honorable retirement.

atures and long reaction times. Low temperature and less 
time consuming methods will provide great commercial 
impact. We have succeeded in the production of Eu-doped 
MgAbO4 spinel powders by a low-temperature process and 
the results are reported herein. This method, the combustion 
process, involves low furnace temperatures and it can be 
carried out within 5 minutes. The prepared combustion 
product was characterized by using techniques such as 
powder X-ray diffraction (XRD), scanning electron micro
copy (SEM), F이irier transform infered (FT-IR) spectra, 
photoluminescence (PL) and electron paramagnetic resonance 
(EPR).

Experimental

Eu3+ doped crystals aluminates were prepared by the 
formula Mgo^Euo.oiAhCU [with the source materials of 
L6916 g Mg(NO3)2-6H2O? 5 g A1(NO3)3-9H2O? 2.6690 g 
urea and 0.0117 g EU2O3]. For the combustion synthesis of 
MgAbO4, metal nitrates are used as oxidizers, and urea is 
employed as fuel These ratios determine the total oxidation 
(O) and reduction (F) valencies of the components, so that 
the equivalence ratio O/F is unified, when the energy 
released by the combustion is at its maximum?0

Starting materials were crushed and ground in an agate 
mortar to form paste. The paste was transferred into a 
ceramic crucible, which was then introduced into a muffle 
furnace maintained at 500 ± 10 °C. Initially, the paste melted 
and underwent a dehydration process. This was followed by 
decomposition with the evolution of large am이mts of gas. 
The mixture was then frothed and swelled thus forming a 
foam which ruptured with a flame and glowed to incande
scence. During incandescence, the foam further swelled to 
the capacity of the container The entire combustion process 
was completed in less than 5 mia The dish was taken out 
and the foamy product was crushed into a fine powder This 
powder was white in cok)ur and its properties were 
evaluated.
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A powder-phase analysis was done using XRD. The 
diflractogram was recorded (X' pert, Philips) using Cu K« 
radiation (2= 0.15418 nm) in the 2Orange between 10° and 
70°. Particle morphologies were observed using a scanning 
electron microscope (JSM-5610LV JEOL). FT-IR spectra 
were taken using a Perkin-Elmer Rxl instrument in the 
range 4000-400 cm-1. Photoluminescence measurements 
were carried out at room temperature on a Shimadzu RF- 
5301 PC spectrophotometer. EPR measurements were con
ducted using a Bruker EMX 10/12 X-band ESR spectro
meter.

Results and Discussion

X-ray diffraction. The X-ray diffraction (XRD) pattern of 
the as-prepared Mgo.99Euo.oiAI2O4 is shown in Figure la. The 
observed difiraction peaks matched the standard MgALOq 
spinel (JCPDS, No. 77-0435; Figure lb). These diffractions 
peaks can be indexed as (111), (220), (311), (222), (440), 
(422), (511), (440) and (531). The ratios of peak intensities 
(standard and prepared powder) were determined to be the 
same. As the XRD indicated, the prepared materials were 
fully crystalline. Therefore, further heat-treatment fbr 
crystallization is not required.

Scanning electron microscopy. SEM micrographs of the 
as-prepared powder are shown in Figure 2. It is clear from 
Figure 2a that the particles are angular and of varying sizes; 
some regions contain pores while some do not. Figure 2b 
shows several non-unifbmi pores within these crystals and

Figure 1. Powder XRD patterns of (a) MgAbO4：Eu and (b) 
MgAbO4 diffraction pattern (JCPDS, No. 77-0435).
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the pore diameter ranged between 600 nm and 2 以m. This 
non-unifbmiity is caused by the non-unifbmi distribution of 
temperature and mass flow during combustion. High magni
fication (Figure 2c) images show that there are several small 
particles within a crystal and that there are some cracks on 
the surface.

It is believed that these cracks and the type of porosity are 
formed because large amounts of gas escaped during com
bustion reactions. There are some angular crystals which do 
not have cracks or porosity (shown in Figure 2d). Figure 2e 
is a magnified view of Figure 2d. From these figures, it is 
clear that several nanoparticles can be seen. By this method, 
it is possible to produce phosphor nanocrystals along with 
the incorporation of a dopant in its lattice. It should be 
pointed out that the morphology of the undoped MgAhCU 
and Eu-doped MgAhO# samples (in this work) are almost 
the same.8 This could be due to the addition of a very low 
amount of dopant.

FT-IR studies. The FT-IR spectrum of the Eu-doped 
MgAbO4 phosphor is shown in Figure 3. The band at 3432 
cm-1 can be assigned to the vibration mode of chemically- 
bonded hydroxyl groups. The band at 1622 cm-1 corresponds 
to the deformation vibration of water ( &h) molecules. Two 
sharp peaks at 696 and 533 cm-1 are due to the stretching 
mode of Al-0 in an octahedral coordination state (A1O6 
octahedral units), which must have come from MgAhOq. 
Quite similar to the XRD results (Figure la), the FT-IR also 
showed sharp and distinct Al-0 bands indicating that any 
post-treatment fbr crystallization is not necessary.

Photoluminescence studies. Rare-earth ions are known to 
exist in various valence states although the trivalent state is 
the most prevalent. In particular, Eu ions are known to be 
stable in trivalent as well as divalent states. The excitation

Figure 3. FT-IR spectra ofMgAbO4：Eu at room temperature.

Figure 2. SEM images of MgAbO4：Eu.
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Figure 4. Photoluminescence spectra of MgAbO4：Eu: (a) 
excitation spectra (，人皿=611 nm) and (b) emission spectra (人顷= 

394 nm).

spectra for Eu3+ phosphors in MgAhQ# (Figure 4) present a 
maximum at 394 nm, which is ascribed to the 5L6 level of 
Eu3+.21 The emission spectra (Figure 4) of the compounds 
obtained present characteristic Eu3+ emission transitions 
arising mainly from the 5Do level to the 7Fj (J= 0, 1, 2, 3, 4) 
manifolds.22 In the emission spectra, the band corresponding 
to the 5Do^7F2 transition has a larger amplitude than that of 
5Do^7Fi, which is an indication that the symmetry around 
Eu3+ does not contain a centre of inversion.23 The presence 
of the 5Do^7F2 transition indicates that Eu3+ is located in one 
of the Cnv, Cn or Cs symmetry groups.24 The relatively weak 
emission peaks of Eu" ions around 589 nm, corresponding 
to the 5Do^7F 1 magnetic dipole transition, compared to the 
peak at 611 nm corresponding to the induced electric dipole 
transition, clearly indicate a lower symmetry fbr Eu" ions in 
these aluminates. No broad emissions attributable to Eu2+ 
emission could be seen in the emission spectra (shown in 
Figure 4), indicating that the reduction of Eu" ions could not 
be achieved in MgAhQi phosphor.

The PL peak of the MgosgEuo.oiAhQi phosphors is due to 
Eu3+ ions. The PL peak position of the MgosgEuo.oiAhQi 
phosphors is considered to result from the crystal structures 
of the host materials. MgA^Oq with a spinel structure, Mg2+ 
ions, occupy tetrahedral sites while Al3+ ions occupy octa
hedral lattice sites. The emission spectra of Eu" ions in 
MgAbO4 (fbr excitation at 394 nm) contain both 589nm and 
611 nm peaks. The first peak corresponds to the magnetic 
dipole transition, while the second peak, which corresponds 
to the induced electric dipole transition, can be observed 
when there is a deviation from inversion symmetry. The 
presence of both peaks indicates that Eu" ions probably 
occupy octahedral Al3+ sites. If Eu3+ ions occupied tetra
hedral Mg아 sites without inversion symmetry, the intensity 
of the 589 nm peak would have been dominant.

Electron paramagnetic resonance studies. The EPR 
spectra of Eu doped and undoped MgAhOq aluminates are 
shown in Figure 5. The EPR spectrum of MgAhCXuEj 
shown in Figure 5a, contained a broad signal around 3300 G 
along with another signal at 1650G (g = 4.8). It is to be noted
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Figure 5. EPR spectra of (a) MgAbO4：Eu and (b) MgAlQs

that these signals were also present in the EPR spectrum of 
the undoped MgAbO4 (Figure 5b), indicating that they are 
from some unintentional impurity ions. The signal at 1650 G 
has been attributed to low symmetry Fe3+ ions.25 The Fe3+ 
impurity ions in our samples must have occurred from start
ing materials. These iron compounds were not detected in 
the XRD because they were in very low quantities however; 
it was difficult to assign the central broad line around 3300 
G. No signal, attributable to Eu2+, could be observed in 
MgAhO^Eu. The PL emission in the red region had already 
indicated the presence of Eu as Eu3+ ions in the prepared 
MgAbO4 samples. This is further confirmed by the EPR 
spectra that there is no signal due to Eu2+ ions.

Conclusions

The preferred route of synthesis fbr doped 
ceramic phosphors has commonly happened to be the solid 
state reactive firing of the appropriated amounts ofMgO and 
AI2O3 with the dopant oxide. Nevertheless, this conventional 
technique of ceramic menufacture required temperatures 
well above 1000 °C for prolonged firing times typically in 
the vicinity of 24 h to fbmi the sin읺e-phase, spinel phosphor 
phase. Our experiments revealed that urea-nitrate combustion 
synthesis has outstanding potential fbr producing Eu-doped 
MgA^Qi red-emitting phosphors in a single step. The mono 
phase of Eu-doped MgAhQi could be obtained at low 
temperature without any post-calcination treatment. The 
prepared phosphor consisted of nano crystals. The FT-IR 
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revealed the presence of Al-O bands indicating the formation 
of the MgAbO4 phase. These results, though preliminary in 
nature, suggest that Eu3+-doped MgAbO4 phosphors have 
the potential to be used as red-emitting phosphors in pre
paring display devices. The advantages of the combustion 
synthesis process are that it is a simple procedure; less time 
is needed, it can be conducted at low temperature, and the 
starting materials are inexpensive.
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