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Synthesis of Er3+, Eu3+ ions activated strontium hexa-aluminate phosphor using the
combustion method is described. An efficient phosphor can be prepared by this method
at reaction temperatures as low as 500◦C in a few minutes. Powder X-ray diffraction
and the optical properties were studied by photoluminescence spectra.
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1. Introduction

There is growing demand for economically viable phosphors for the newly emerg-

ing display devices with the on-going technological advancements. This has revived

interest in the area of phosphor research in recent years. Luminescent materials,

also called phosphors, can be found in a broad range of every-day applications such

as cathode ray tubes (CRTs), projection televisions (PVTs), light emitting diodes

(LEDs), fluorescent tubes and X-ray detectors. Binary hexa-aluminates, with the

formula, MAl12O19 (M = Sr,Ca), having magneto-plumbite structure belonging to

D4
6h are of immense interest due to their technological applications in display de-

vices. Strontium aluminate (SrAl12O19) is a convenient host crystal for rare-earth

and transition metal dopants. Recently, luminescence of Eu2+ in a few strontium

aluminates hosts (e.g., SrAl2O4, SrAl2B2O7, SrAl4O7, SrAl12O19, and Sr3Al2O6)

with other rare-earth ions co-doping have attracted much attention due to their

special long afterglow phenomenon.1–5 The emission of Eu2+ ions varies from blue

to red depending on the host lattice due to crystal-field effects.6 Furthermore,

Holsa et al.7 have recently reported the relationships between the co-dopant and

the persistent luminescence properties of Eu2+- and R3+-doped CaAl2O4 : Eu2+,

R3+ materials. In the past decade, new kinds of long persistent phosphors, which

overcame the shortcoming of the sulfides, were invented. These phosphors are
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Eu2+ activated aluminates, such as SrAl2O4 : Eu2+, Dy3+,8 BaAl2O4 : Eu2+, Dy3+,9

CaAl2O4 : Eu2+, Nd3+,10 BaMgAl10O17 : Eu2+,11 Sr4Al14O25 : Eu2+, Dy3+ 12,13 and

so on. These phosphors exhibit high brightness and long-lasting afterglow without

radiation and are, therefore, regarded as promising materials in the field.

The synthesis of metal aluminates usually involves solid-state reaction of

the corresponding metal carbonate with Al2O3 at high temperatures and longer

time, e.g. CaCO3–Al2O3 (1350◦C),14 SrCO3–Al2O3 (1450◦C)15 and BaCO3–Al2O3

(1150◦C).16 We have synthesized here fine particle SrAl12O19 doped with Er3+,

Eu3+ ions and also co-doped with both ions using a low temperature initiated

combustion process. The process makes use of heat energy liberated by the redox

exothermic reaction at 500◦C between metal nitrates (oxidizers) and urea (fuels).

This process is safe, instantaneous and energy-saving. The aim of the present work

was to find out the relationships between the co-dopant and the persistent lumines-

cence properties of Er3+ and Eu3+ doped SrAl12O19 phosphors. The products were

characterized by powder X-ray diffraction (XRD), transmission electron microscopy

(TEM) and photoluminescence (PL).

2. Experimental Procedure

2.1. Synthesis

Stoichiometric composition of the redox mixture for a solution combustion were

calculated using the total oxidizing (O) and reduction (F) valencies of the compo-

nents, which serve as the numerical coefficients for the stoichiometric balance so

that the equivalence ratio, φe, is unity (i.e. O/F = 1) and the energy released by

the combustion is at a maximum.17

All the reagents were of analytical grade and were used without further pu-

rification. In a typical procedure, stoichiometric composition of Al(NO3)2 · 9H2O,

Sr(NO3)2 · 4H2O, NH2–CO–NH2 and activators (Eu2O3 and Er2O3) were mixed

in an agate mortar and the resulting paste was transferred into a china crucible.

The crucible containing the paste was introduced into a muffle furnace maintained

at 500◦C. Initially, the paste melted and underwent dehydration followed by de-

composition with the evolution of large amount of gases (oxides of nitrogen and

ammonia). The mixture then froths and swells forming a foam, which ruptures

with a flame and glows to incandescence. During incandescence, the foam further

swells to the capacity of the container. The entire combustion process was over

in less than 5 min. This study synthesized particle SrAl12O19 doped with Eu3+,

Er3+ ions and also co-doped with both ions through a low temperature initiated

combustion process.

2.2. Instruments

The powder XRD pattern was performed on a Philips X’pert X-ray diffractome-

ter with graphite monochromatized CuKα radiation (λ = 0.15418 nm) and nickel
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filter at a scanning step of 0.03◦, continue time 10 s, in the 2θ range from 10◦

to 80◦. TEM images were recorded on a JEOL-JEM 200CX transmission electron

microscope. The sample used for TEM observations were prepared by dispersing

products in ethanol followed by ultrasonic vibration for 30 min, then placing a drop

of the dispersion onto a copper grid coated with a layer of amorphous carbon. PL

experiments were carried out on a Shimadzu RF-5301 PC spectrophotometer.

3. Results and Discussion

To study the effect of activator on the behavior of hexa-aluminate phosphors, a

series of samples were prepared. The formation of the compound was confirmed

by XRD. Figure 1 shows the XRD patterns of as-prepared SrAl12O19 : Er. All

the reflections can be indexed to the hexagonal SrAl12O19 phase. The XRD pat-

tern matched perfectly with the JCPDS (80-1195). The XRD patterns were sim-

ilar for all prepared samples and hence are not reported to avoid the repetition.
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Fig. 1. Powder XRD patterns of Sr0.99Al12O19 : Er0.01.

The TEM image of a single particle of the prepared SrAl12O19 : Er, SrAl12O19 : Eu

and SrAl12O19 : Er,Eu and its agglomerate are shown in Figs. 2(a), 2(b) and 2(c),

respectively. It is clear from these TEM pictures that the strontium hexa-aluminate

phosphor formed by the combustion process has nearly hexagonal platelets with

sizes ranging from 0.2 µm to 0.5 µm and the agglomerate sizes are less than 0.8 µm.

Experimental studies of the present investigation consists of a study of lumines-

cence investigation of SrAl12O19 : Er, SrAl12O19 : Eu and SrAl12O19 : Er,Eu phos-

phors. In the excitation spectra of Er3+ in SrAl12O19 shown in Fig. 3(a) (curve-a),

two peaks were observed at 365 and 379 nm. Figure 3(a) (curve-b) shows the green

emission at 524 nm and 547 nm wavelength of Er3+ in SrAl12O19 crystalline host

matrix at excitation wavelength of 379 nm. The two emission peaks in the spectra

of Er3+ are at 524 nm, due to 2H11/12 →
4I15/2 and at 547 nm, due to 4S3/2 →

4I15/2

transition. The positions of Er3+ ions in SrAl12O19 lattice are not at center sym-

metry but they are at two sides as observed in the SrAl12O19 host due to 524 nm

and 547 nm peak positions of Er3+ ion.

Europium ions can be stabilized in SrAl12O19 lattice in either divalent or triva-

lent oxidation state. The incorporation and stabilization of Eu ions in the sam-

ple were confirmed by the luminescence investigations. The emission spectra of

SrAl12O19 : Eu3+ corresponding to excitation of Eu3+ at 399 nm are depicted

in Fig. 3(b) (curve-b) with two peaks at 592 nm and 616 nm. The excitation
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Fig. 2. TEM images of (a) Sr0.99Al12O19 : Er0.01, (b) Sr0.99Al12O19 : Eu0.01 , (c) Sr0.98Al12-
O19 : Er0.01 : Eu0.01 .

spectra corresponding to these peaks are also shown in Fig. 3(b) (curve-a). In

general, the electronic transitions are influenced by the symmetry of luminescent

centers. If inversion symmetry is present, the electric-dipole transitions are forbid-

den, so that the emission is restricted to magnetic-dipole 5D0 →
7F1 transition. If

inversion symmetry is absent, forced electric-dipole transitions are allowed. The

red emission of Eu3+ is due to radiative transitions 5D0 →
7Fj .

18 It is obvious from

Fig. 3(b) that emission peaks characteristic of Eu3+ ions are present in the sam-

ples. The emission peaks at 592 nm and 616 nm corresponding to 5D0 →
7F1 and

5D0 →
7F2 transitions, respectively, are observed on excitation with 399 nm.

The hosts have different structures, and Eu2+ emission in these hosts is lo-

cated at characteristically different positions. PL emission of Eu2+ is character-

istically different in these phosphors. Thus, the maximum is located at 463 nm

in Sr5.5Mg6Al55O94,
19 520 nm in SrAl2O4,

19 490 nm in Sr4Al14O25 and 460 nm

in Sr2Al6O11.
20 Eu2+ emission in these phosphors was observed at the positions

mentioned in the literature.
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Fig. 3. PL spectra of (a) Sr0.99Al12O19 : Er0.01, (b) Sr0.99Al12O19 : Eu0.01 , (c) Sr0.98Al12-
O19 : Er0.01 : Eu0.01 .
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Figure 3(c) shows the excitation and emission spectra for SrAl12O19 : Eu2+,Er3+

phosphors. This phosphor of the hexa-aluminate family is the blue emitting com-

ponent of the blend, with a fairly broadband emission peaking at 415–460 nm

(curve-b). As in Eu2+, Er3+ activated SrAl12O19 sample, hence intense excitation

regions are found almost in the UV spectra region, and are associated with 4f →

5d electronic transitions. In this sample as can be seen, we got excitation peaks at

345 nm (curve-a). The excitation peaks are obtained due to the 4f7 (8S7/2) → 4f6

5d transitions. The emission peak observed at 399 nm is due to the transition of

Eu2+ from excited state of 4f6 5d8 configuration to the ground state 8S7/2 of 4f7

configuration. The Eu2+ luminescence which, in general, could vary from UV to red

depending on the host lattice, is in the case of SrAl12O19 : Eu2+ : Er3+, centered at

399 nm. The UV-excited luminescence is very strong since the transitions involved

are parity allowed as transitions between levels belonging to configurations of op-

posite parity. The luminescence spectra illustrated in Fig. 3(c) reveal that Eu2+

ions with characteristic emission at 399 nm are also formed when co-doped with Er

during synthesis. This observation suggests that Er can help in the partial reduction

of Eu3+ ions to Eu2+ ions. The PL spectra of the Eu2+, Er3+ co-doped SrAl12O19

samples showed intense broad emission characteristic of Eu2+ ions around 399 nm,

for excitation at 345 nm.

4. Conclusion

Our experiments reveal that singly Er and Eu-doped SrAl12O19 phosphor may be

used as green and red emitting phosphors, respectively. The results further suggest

that since the emission spectra of doubly doped (Er, Eu) SrAl12O19 phosphor are

close to blue region of spectrum, they may be useful as blue emitting phosphors.

From the results presented here, it can be seen that efficient, aluminate based PL

phosphors can be prepared using the combustion synthesis. The synthesis described

here involves commonly available materials, like urea and metal nitrate as fuel and

oxidizer. The combustion synthesis thus provides a fast, easy and convenient method

for preparing low cost aluminate materials.
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