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Eu and Dy-doped strontium aluminate is a long-lasting phosphor for practical applications in displays and emergency signage.
SrAL O, synthesized samples have been systematically investigated by PXRD, SEM and photoluminescence. The optimization
of the properties has been determined in terms of varying concentrations of Sr** (alkali metal ion concentration) and the
dopant concentrations of Eu** and Dy**. A new method of synthesis requiring hydrate solutions of the metal ions and cellulose
precursor called Liquid Phase Precursor method (LPP) has been adapted. The emission intensity was observed to be higher
for the prepared samples compared to a commercial product prepared with a solid state reaction method.
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Introduction Sr;ALOsCl, lattices were prepared by spray pyrolysis,
microemulsion method, and solid-state synthesis [10-15].
In sensing applications such as bioimaging, persistent Other advantageous processes reported for the synthesis
luminescent particles have found new applications of SrAl,O, are sol-gel synthesis, combustion synthesis,
apart from their unusual usage as photostimulated and chemical co-precipitation method [16-18].
storage phosphors for optical information write-in and Persistent phosphorescence or afterglow depends
read-out processes on imaging plates [1] upon the mechanism of photooxidation of Eu** cations
Materials persistent luminescence properties with a under UV irradiation. When an energetic beam is
persistence time of more than 5 h upon stimulated incident on a phosphor, an electron-hole pair diffuses
radiation are of fundamental interest in applications through the phosphor and transfers its energy to activator
such as signage, blackouts, emergency rescue, guidance ions, which subsequently results in the emission of light.
systems, and luminous watches [2-6]. The thermal energy formally releases electrons and holes
Spectrum fingerprint anti-counterfeiting fiber ap- trapped in defects, and their recombination occurs at
plications are made of rare-earth strontium aluminates, radiative emission centers. For rare-earth Eu**-activated
which have stable physical and luminescent performance phosphors, there are two types of localized centers: C
[7]. Persistent luminescence is observed in strontium and D types [19]. The type C features Eu*" ions that
aluminate phosphors with an initial rapid decay upon are photo-ionized by vacuum-ultraviolet excitation and
doping with Eu’* ions or upon co-doping with an change to Eu’", for which photoconductivity resulting
activator ion. The long afterglow characteristics of the from electrons is observed. The second is type D, in
persistent phosphors are explained on the basis of which the excitation of Eu*" by ultraviolet light leads to
trapping and detrapping mechanisms of Dy’" ion the liberation of holes to the valence band accompanied
trapping [8]. Persistent luminescence phosphors based by the reduction of Eu** to Eu'". The holes generate
on aluminates have interesting properties, such as afterglow phosphorescence properties. In a given host,
high radiation intensity, long-lasting photoluminescence, the emission of Eu?* is influenced by the covalency, the
excellent photo resistance, robustness, color purity, and size of the cation, the strength of the crystal field, and
radiation resistance [9]. Moreover, multiphosphor systems the alignment.
such as SrALO,:Eu*, Dy*, SrAl40,s: Eu*', Dy, SrAl,O, phosphor has been prepared by cellulose-

CaAlLO, : Eu**, Nd*, CaSi,O,N,, or Sr,AlOy; : Eu*" and assisted liquid phase precursor method using hydrate
solutions of the raw materials impregnated on to the

. cellulose precursor. This method is apt for reducing the
*%rfefspggdl‘f’%%‘j%%ré synthesis cost, controlling the shape and size, and creating
Fax: +82-31-290-7371 fair crystallinity and high homogeneity for the synthesis
E-mail: dhyoon@skku.edu of SrAlL,O, products. Strontium aluminates doped with
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Eu*" and Dy** with highly emissive properties and long
afterglow have been studied.

Experimental

We used Sr(NO;); (50 wt%, Japan), AI(NOs); - 9H,O
(80 wt%, Samchun Chemical, Korea), DyCl;-3H,0O
(30 wt%, Japan), and EuCl; - 3H,0O (30 wt%, Japan) as
raw materials for the synthesis of SrAl,O, phosphors.
The raw materials were all dissolved in deionized water
to prepare their hydrate solutions and stirred thoroughly
to create better homogeneity. The homogeneous hydrate
solutions were then impregnated onto cellulose pulp
(C¢H19Os), (lint-free cellulose paper, 49-um thick,
100% cellulose, Nihun pulp, Japan) at a weight ratio of
1: 1. The impregnated cellulose pulp was placed in an
alumina crucible, rapidly fired at 600 °C for 2 h and
then at 800 °C for 2 h, and finally fired at 1100 °C
for 2h in a reducing atmosphere (5H,/95N,). The
cellulose degrades towards 400 °C and allows for the
early stages of crystallization of the SrAl,O4 phase.

The phase purity of the products was determined by
examining the powder X-ray diffraction patterns on a
Rigaku X-Ray diffractometer using Cu Ko radiation
(L =1.5418 A ) over the 20 range of 10-80 °. The SEM
micrographs of products were obtained using a field
emission scanning electron microscope (FE-SEM; XL-
30, Philips). The fluorescence spectra were recorded at
room temperature using a spectrofluorimeter (PLE/PL
Drasa Pro 5300, Korea) with a xenon lamp light source.

Results and Discussion

All the samples were prepared by liquid phase precursor
method and characterized by powder X-ray diffraction
for structural iteration and found to form homogeneous
single-phasic strontium aluminates according to JCPDS
card no. 10740794. The powder X-ray diffraction pattern
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Fig. 1. The powder X-ray diffraction pattern of Srj¢Al, Oy :
Eug015Dyo.03-
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of Sty 4Al,O4 : Eug1sDyoe; is shown in figure 1. The
structure of the low-temperature monoclinic phase of
SrAL,O, is represented by the 011, 020, 111, 120, 111,
211, 220, 211, 002, 031, and 131 reflections with a P2,
space group and lattice parameters of a=8.44 A,
b=8.81A,c=5.16 A, and B =93.42 °. The monoclinic
structure is supported by the corner sharing AlO,
tetrahedra. The Sr ions are located in two different
crystallographic sites that differ only by slight distortion
of their square planes and invariably occur in channels
of the tetrahedron [20]. The composition change induced
no phase transformation. Additional composition data is
available in Table 1. Figure 2(i) shows the scanning
electron microscopic image of the synthesized SrAl,O,
nanophosphors and a commercial sample. In SEM,

Table 1. Compositions of Sr,ALOy:Eu*", Dy*" phosphors
synthesized by the LPP method.

Composition
S.No Sr Al Eu Dy 0
(mol) (mol) (mol) (mol) (mol)
1. 1.5 2 0.015 0.03 4
2. 1.6 2 0.015 0.03 4
3. 1.7 2 0.015 0.03 4
4. 1.7 2 0.025 0.03 4
5. 1.7 2 0.035 0.03 4
6. 1.6 2 0.04 0.05 4
7. 1.6 2 0.04 0.07 4
8. 1.6 2 0.04 0.10 4
comm 0.97 2 0.01 0.02 4

Fig. 2(i). Scanning electron microscopic images of samples a-¢
for compositions 2, 3, 5, 6, 8 respectively and commercial
Srg.97ALO4 1 Eug010Dyo 0.
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Fig. Z(ii). EDS spectrum for Sr1 ‘7A1204 . EU()'015DyOA03.

irregular  bulky crystallites were observed with
agglomeration. The SEM images do not provide insight
into the compositional effect on the morphology due to
heavy agglomeration. The EDS spectrum shown in
Figure 2(ii) reveals agglomerates of the constitutive
elements Sr, Al, O, Eu and Dy, characterizing the
composition as SrAl,O, : Eu*" Dy**. This research was
proposed to explain the effect of composition changes
on the luminescent properties in SrAl,O,4:Eu, Dy
phosphors. All the compositions are listed in Table 1.
We probed the effect of varying the composition of
either the host lattice by varying the Sr concentration or
by altering the dopant or the auxiliary ion content, and
on the basis of studying the emission or the excitation
spectra. As depicted in the SEM images, the powder
samples showed heterogeneity, which resulted in the
determined luminescence properties.

Concentration dependence of Eu on emission
properties of SrALO, : Eu, Dy

The emission spectra for commercial and Sr;
Al,O4 : EuyDyg o3 is shown in Figure 3. A gradual
increase in the emission intensity was observed as the
Eu concentration was increased from 0.015 to 0.035
moles in Sr;;Al,O4 : Eu,Dygo; for samples 3 to 5, as
shown in Table 1. The characteristic green emission at
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Fig. 3. The room-temperature emission spectra at A.x = 365 nm of
samples; (a) =3, (b) =4, (c) =5 with varying Eu concentration
in Sr;;ALO4: Eu Dygo; and commercial sample Sryo7Al
Oy : Eug010Dyo.02-

525 nm corresponds to the 4f°5d — 4f’ transition of
Eu?*. The ionic radii of Eu*" is 0.117 nm in Oy, and
that of Sr*" is 0.116 nm in Oy, so it is easily replaced by
the Sr*" ion in the host lattice, and the emission
originates from the excited 4f° 5d' configuration of
Eu?*. The firing in reducing atmosphere is expected to
form mainly Eu*" [21]. The Eu** ions are present in
two crystallographically different Sr** sites with similar
environments. The emission maximum observed in the
samples prepared by LPP is higher than that observed for
the commercial sample. In this study, the concentration
was chosen to be optimum for the activator and auxiliary
ions while bearing in mind the commercial sample for
the emission as well as persistent luminescence. We did
not observe any transition at 450 nm, as the band is
observed to disappear at higher Eu** concentration [22].
Our samples prepared by the liquid phase precursor
method are shown to have better emissive properties
than the commercial product prepared by solid-state
method. The sample hydrate solutions impregnated
on cellulose after firing yield enhanced emissive
properties. The excitation profiles of these are
shown in Figure 4, where we observed a broad band at
350 nm for the commercial sample with a small
shoulder. Similar spectral features were observed for the
prepared samples, but with a red shift ascribed to the
synthesis methodology.

Concentration dependence of Dy**

We observed an increase in the emission intensity
due to the increase in Dy’" ion concentration while
keeping other concentrations constant, as shown in
Figure 5. A subtle increase in Dy*" ion concentration
with a mole % of 0.010 for composition &, results in a
significant increase in the emission intensity of the
sample. To exhibit afterglow, it is essential for a long-
lasting phosphor to have trapping levels located at
suitable depth on order with the thermal release rate at
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Fig. 4. The room-temperature excitation spectra at Ao = 525 nm
of samples: (a) = 3, (b) =4, (c) = 5 with varying Eu concentration
in Sr;7;ALO4 : Eu Dygo; and commercial sample SrggAl
Oy : Eug 91 0Dyo.02.
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Fig. 5. The room-temperature emission spectra at A, = 365 nm
of samples: (a)=6, (b)=7, (c)=8 with varying Dy
concentration in Sr;sALO; : EugosDy and commercial sample
Sro.97A1, Oy = Eug910Dyo.00-

room temperature. The lifetime of a trapped charge
carrier is given as Ep/kgT, which is the ratio of trap
depth to the thermal energy. To explain the charge
neutrality, we propose that SrAl,O4, which has Sr and
oxygen vacancies, enhances the cation deficiency when
it is codoped with Dy** [23]. Dy serves to increase the
number and depth of electron traps. The ionization
potential of the cation affects the ability of the cation to
stabilize the V,. The lower the ionization potential of
the cation (Eu*" 25.0eV, Dy*" 41.5eV, Sr** 43.7eV), the
more strongly it is attracted to the V,. Dy*" extends the
phosphorescence by completing the change of V, to
electron traps by the Eu?* cation attraction [23]. The
excitation spectra observed for the varying Dy
concentration showed dissimilar results compared to
the results of samples with varied Eu content and those
of the commercial sample. Instead of a peak maximum
of excitation at 350 nm, it was observed at 420 nm, and
only a small shoulder was present at 350 nm.

Concentration dependence of Sr**

The emission intensity does not vary monotonically
with the activator Eu*" ion, but depends upon the
change in Sr** ion concentration. Yuan et al. studied the
effect of Sr concentration in SryAl;O,s : Eu**, Dy’
phosphors on the luminescence properties and observed
that Sr-rich phosphors have poorer afterglow properties
than Al-rich phosphors [24]. But for the liquid-phase-
prepared SrAl,O, phosphors, we observed that the
effect is different from those of the samples prepared by
solid-state method. We observed enhanced emission
intensity for the Sr-rich phosphors in SrAl,O, phosphors,
as shown in figure 5.

Conclusions

By varying the compositions, the effect of variation
has been studied in SrAl,O, phosphors codoped with
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Fig. 6. The room-temperature excitation spectra at A.,, = 525 nm
of samples: (a) = 6, (b) = 7, (c) = 8 with varying Dy concentration
in Sr;sALO, : EugosDy and commercial sample Srgg7;A1,0, :
Eug 010Dyo0.02-
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Fig. 7. The room-temperature emission spectra at A, = 365 nm of
samples: (a)=1, (b)=2, (¢)=3 in SrALO;: Eug;sDyoo; and
commercial sample St ;AL Oy : Eug010Dyo.00-

Eu and Dy using a liquid phase precursor synthesis
method. The luminescence properties show a peak
maximum that is higher in the prepared samples
compared to the commercial product prepared with a
solid-state reaction method. The characteristic green
emission observed has been interpreted by studying the
substitution of varying activator ions. The emission
intensity was found to be significantly increased. Our
analysis indicates that the effect of varying Dy content
resulted in different excitation behaviors from those
observed for the Eu ion composition effect. However,
the emission spectra were observed to be similar in the
two ascribed measurements.
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