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Nanosized strontium aluminate phosphors prepared
via a reverse microemulsion route
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bstract

Nanosized strontium aluminate phosphors co-activated by Eu2+ and Dy3+ were prepared via a novel reverse microemulsion process. This new
ynthesis technique lowered the synthesis temperature of SrAl2O4: Eu2+, Dy3+ phosphors to as low as 900 ◦C, and also reduced the particle size

o the nanometer scale (around 40 nm). In the microemulsion process, the constituent cations were trapped by numerous nano-scaled micelles,
eading to a shortening of the inter-diffusion length and enhancement of the precursor reactivity. The excitation intensity and emission peaks of
anosized SrAl2O4: Eu2+, Dy3+ phosphors significantly increased with increasing heating temperatures.
 2007 Elsevier B.V. All rights reserved.
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. Introduction

Aluminate phosphors have been extensively investigated
ecause of their high chemical stability and bright emission
haracteristics in the visible light region [1–3]. Among these
hosphors, strontium aluminate phosphors doped with rare-
arth metal ions have emerged as materials with great potential.
uropium-ion activated alkaline earth aluminates (MAl2O4:
u2+, M = Ca, Sr, Ba) are known to exhibit good phosphores-
ent emission due to their high quantum efficiency in the visible
ight region [4]. In general, the synthesis of these phosphors
equires high heating temperatures (i.e. 1400–1600 ◦C) owing
o the insufficient diffusion and low reactivity of the starting

aterials [5,6].
Various approaches, such as sol–gel and combustion tech-

iques, have been used to control the morphology and particle
ize of strontium aluminate phosphors [7,8]. These methods can
roduce small particles at low temperatures; however, the phase
urity remains a problem. The reverse microemulsion process
s one of the most useful techniques for synthesizing complex

norganic compounds at ultra fine particle sizes with controlled

orphology. The micelles that trap the reactive species can
estrict the particle growth. This technology has been demon-
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trated to improve the characteristics of various kinds of ceramic
aterials [9–11].
The aim of this study is to lower the synthesis temperature for

reparing pure strontium aluminate phosphors with bright lumi-
escence via the reverse microemulsion process. The effects
f thermal treatments on the properties of strontium aluminate
hosphors were investigated. The relation between the photolu-
inescent characteristics of emulsion derived powders and the

reparation conditions were also studied.

. Experimental

Europium and dysprosium ions doped strontium aluminate
ere prepared via the reverse microemulsion route. Strontium
itrate, aluminum nitrate, europium oxide, and dysprosium
xide were dissolved in de-ionized water to form an aqueous
olution. Polyoxyethylene(10) octylphenyl ether (OP-10) and
-hexyl alcohol were used as the surfactant and co-surfactant
dded to cyclohexane to prepare the oil phase. The aqueous
olution was dripped into the oil phase forming a microemul-
ion system. The formed microemulsion was added drop by drop
nto hot kerosene with a micro-pump at around 180 ◦C for water
vaporation. The microemulsion solution was further heated to

00 ◦C for 2 h in air to remove the residual oil to obtain the pre-
ursor powders. The obtained white powders were ground and
alcined at different temperatures in a reducing atmosphere (vol.
% of H2 gas and vol. 95% of N2 gas) for 3 h.

mailto:chlu@ntu.edu.tw
dx.doi.org/10.1016/j.mseb.2007.05.001
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X-ray diffraction (XRD) analysis was performed to inves-
igate the crystal structures of the calcined specimens derived
rom the reverse microemulsion process by employing a MAC

03 XHF diffractometer using Ni filtered Cu K� radiation as
he X-ray source at 40 kV, 30 mA. The morphology and average
article size of the obtained powders were examined using a
ransmission electron microscope (TEM, Hitachi H-7100). The
hotoluminescence characteristics and decay time of the phos-
hors were analyzed utilizing a fluorescence spectrophotometer
PL, Hitachi F-4500) which uses a Xe lamp as an excitation
ource at room temperature.

. Results and discussion

To prepare emulsions with good stability in the adopted
ystem, a ternary phase diagram consisting of oil, water and
urfactant/co-surfactant at room temperature (about 25 ◦C) was
stablished in a pilot experiment as shown in Fig. 1. The shaded
rea represents the transparent reverse microemulsion region. In
his region, the immiscible oil and aqueous phases are stabilized
y the coexistence of the surfactant and co-surfactant, and a ther-
odynamically stable microemulsion is produced in the form of
ell-dispersed nano-reactors [12]. Based on the ternary phase
iagram, a specific composition for forming a stable microemul-
ion was chosen. The surfactant and co-surfactant were added
nto cyclohexane at a volume ratio of 3:2:10, respectively, to
orm the oil phase. The aqueous and oil phase solutions were
ixed at a water-to-oil volume ratio of 1:9 to form a transparent
icroemulsion solution.
The crystal structures of the phosphors calcined at various

emperatures were investigated by XRD. The results are shown
n Fig. 2. With 750 ◦C heating for 3 h, only an amorphous phase
as formed. As the temperature reached 800 ◦C, the diffraction
eaks belonging to SrAl2O4 phase were observed without the
oexistence of any other intermediate phases. It was demon-

trated that the microemulsion derived precursors were directly
ransformed into the crystalline SrAl2O4 phase during the cal-
ination process. When the calcination temperature was raised
o 900 ◦C, the obtained diffraction pattern was consistent with

ig. 1. Ternary phase diagram composed of the aqueous solution, cyclohexane
nd mixed 1-hexanol/OP-10.
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ig. 2. X-ray diffraction patterns of the reverse microemulsion derived SrAl2O4:
u2+, Dy3+ phosphors heated at various temperatures in reducing atmosphere

or 3 h.

he data reported in ICDD [13], indicating that a pure SrAl2O4
hase was successfully prepared at a temperature as low as
00 ◦C. When the heating temperature was further increased to
000 ◦C, the crystallinity of the powders was further enhanced.
n the conventional solid-state process, the required tempera-
ure for synthesizing SrAl2O4 is around 1400–1600 ◦C [5,6].
t is clearly indicated that the microemulsion process can sig-
ificantly lower the heating temperature for preparing SrAl2O4
hase. In the microemulsion system, the constituent cations are
rapped by numerous nano-scaled micelles, leading to a short-
ned intermolecular diffusion distance between reactants and
nhanced precursor activity. As a result, the heating tempera-
ure for synthesizing pure phased SrAl2O4 can be efficiently
owered.

The microstructure of the 900 and 1000 ◦C-calcined
rAl2O4: Eu2+, Dy3+ phosphors derived via the reverse
icroemulsion method is shown in Fig. 3. The particle size of

he 900 ◦C-heated powders was around 40 nm. With an increase
n the calcination temperature, the particles of the prepared pow-
ers enlarged. The particle size of the 1000 ◦C-heated powders
as around 50 nm. The particle size of SrAl2O4: Eu2+, Dy3+

hosphors prepared via the solid-state method is about several
icrometers [5], much larger than that of the microemulsion

erived powders. The small particle size of the microemulsion
erived powders is attributed to the confinement of the con-
tituent cations by nano-scaled micelles and thereby restriction
n the particle growth. This cage effect by the micelles results in
he formation of nano-particles [14].

The excitation spectra monitored for 524-nm emission in
he prepared SrAl2O4: Eu2+, Dy3+ phosphors are illustrated
n Fig. 4. A broad band with a maximum at around 360 nm
as observed. This broad band corresponded to Eu2+ electron

ransition lying in the band gap region of the host matrix. The
xcitation intensity of the phosphor calcined at 800 ◦C was low
ecause of incomplete formation of the SrAl2O4 phase and its

ow crystallinity. As the synthesis temperature increased, the
mount of SrAl2O4 phase was increased and the crystallinity
as enhanced, the intensity of the excitation peak was greatly

ncreased. The peak position of the excitation peaks of prepared
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Fig. 3. TEM images of the (a) 900 ◦C and (b) 1000 ◦C-heated SrAl2O4: Eu2+,
Dy3+ phosphor prepared via the reverse microemulsion process.

Fig. 4. Excitation spectra of the reverse microemulsion derived SrAl2O4: Eu2+,
Dy3+ phosphors heated at various temperatures for 3 h. The emission wavelength
was fixed at 524 nm. Inset shows the position of the excitation peaks of the
phosphors prepared at various temperatures for 3 h.
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ig. 5. Emission spectra of the reverse microemulsion derived SrAl2O4: Eu2+,
y3+ phosphors heated at various temperatures for 3 h. The excitation wave-

ength was fixed at 360 nm.

hosphors is also shown in the inset of Fig. 4. When the calcina-
ion temperature decreased, the respective peak position shifted
oward shorter wavelengths. The blue shift phenomenon was
lso found in other studies related to nanosized SrAl2O4 phos-
hors [7,8,15]. When the grain size decreases to nano-scaled,
he surface energy increases significantly, resulting the change
f the crystal field around the local environment of Eu2+ and the
orresponding shift in the excitation spectra.

Fig. 5 depicts the emission spectra of the prepared phosphors
onitored for 360-nm excitation. A broad emission peak was

bserved at around 524 nm, revealing the characteristic emission
f Eu2+ activators (4f65d1 → 4f7 (8S7/2) parity allowed transi-
ion) [5]. Both the excitation and emission intensities of the
repared phosphors increased with the increase in calcination
emperature because of enhanced crystallinity at elevated tem-
eratures which results in less non-radiation recombination. The
ecay time of microemulsion derived SrAl2O4 phosphors cal-
ined at various temperatures was studied. The decay curves
f the prepared phosphors were fitted using the following
quation:

= a exp

(−t

τ1

)
+ b exp

(−t

τ2

)
(1)

here I is the phosphorescence intensity, a and b are the con-
tants, t is the time, and �1 and �2 are decay times for the

xponential components [16,17]. The obtained fitting results
ere illustrated in Table 1. The obtained data are close to those

eported in literature. According to the above results, it is con-
rmed that nanosized SrAl2O4: Eu2+, Dy3+ phosphors with good

able 1
ecay time constants of SrA2O4: Eu2+, Dy3+ phosphors heated at various

emperatures

τ1(min) τ2(min)

900 ◦C 0.67 12.06
000 ◦C 4.06 36.80
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mission properties were successfully obtained. The developed
rocess can be applied to synthesize other kinds of phosphors.

. Conclusions

SrAl2O4: Eu2+, Dy3+ phosphors were successfully obtained
ia a reverse microemulsion process at a temperature as low as
00 ◦C. This synthesis temperature was much lower than that
equired in the conventional solid-state method for preparing
ure phase. The average particle size of the 900 ◦C-heated phos-
hors was around 40 nm, which is also much smaller than that
f powders prepared via the solid-state process. These results
an be ascribed to the formation of nano-scaled micelles that
onsequently leads to better precursor reactivity and restricted
article growth. The intensity of the excitation and emission
eaks of nanosized SrAl2O4: Eu2+, Dy3+ phosphors significantly
ncreased with the increase in heating temperatures.
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