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Abstract A series of novel long-lasting phosphors,
Sr3Al,Si0,0:Eu** RE**, were prepared and studied. Under
UV irradiation, broad-band emission long-lasting phos-
phorescence located at 466 nm was observed in all of these
phosphors at room temperature. The effects of RE** as a
co-dopant in Sr3Al;(SiO,:Eu** were discussed in con-
junction with the afterglow decay curves and thermolu-
minescence (TL) spectra. Quantitative TL spectra revealed
that the introduction of RE>* jons into Sr3Al;(SiO,:Eu*
host produces a highly dense trapping level at appropriate
depth (335 K), which is considered to be responsible for
the long-lasting phosphorescence at room temperature.

Introduction

Since the reports by Palilla et al. [1] and Abbruscato [2],
long-lasting phosphors based on aluminates have been
investigated by many researchers. Till now, the most effi-
cient long-lasting phosphors are still based on alkaline-earth
aluminates, e.g. SrAl,O4:Eu,Dy (green) and CaAl,Oy:
Eu,Nd (deep blue) [3]. However, those aluminosilicate-
based long-lasting phosphorescence materials have
attracted much more attention because of their stability,
visible light transparency and practical application [4-6].
Strontium aluminosilicate SrzAl;oSiO,g, which crystal
structure was determined by XRD and solid-state NMR,
revealing that double AlOg4 octahedra chains interconnected
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with AlO, and SiOy tetrahedra to from a three dimensional
network where the strontium cations are located [7]. In this
kind of structure, it is very easy to implant rare-earth
luminescent ions into host lattice. Recently, Eu®* or
Tb**-doped Sr3Al;(SiO,, phosphors have been reported
and used as PDPs (plasma display panels) and FEDs (field
emission displays), due to theirs excellent luminescent
performance [8, 9]. However, long-lasting phosphores-
cence properties have not been reported in this kind of
strontium aluminosilicate host.

In this work, we prepared a series of Eu** and RE**
co-doped Sr3Al;(SiO,o long-lasting phosphors, and
discussed the effects of RE** as a co-dopant in Sr3Al;(Si050:
Eu?* in conjunction with the afterglow decay curves and
thermoluminescence (TL) spectra.

Experimental

Phosphor samples were prepared by firing mixtures of high-
purity SrCOs;, Al,O3, SiO,, Euy,03 and another rare-earth
oxide in a reducing atmosphere at 1500-1600 °C for several
hours. The nominal compositions of all samples were
St;.98Eug.01RE( 01 Al1(S10,0. For comparison, single -doped
St3.99EU( 01 Al1pS10,0 was also prepared by this method.
Crystal structure of all synthesized powder phosphors
were checked by D/max-IIB X-ray diffractometer. The
excitation and emission spectra were recorded on a Hitachi
F-4500 fluorescence spectrophotometer. Long-lasting
phosphorescence spectra were measured on the same
instrument. The afterglow decay curve measurements were
performed on a Varian Cary Eclipse fluorescence spectro-
photometer. Quantitative TL spectra were measured on a
model FJ-427A1 TL meter (made by Beijing Nuclear
Instrument Factory, China) with a heating rate of 2 K/s
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in the temperature range from 293 to 673 K. Before
measurement, 0.03 g power samples were pressed into
pellets (5 mm diameter and 1 mm thickness), and then
exposed for 5 min to a standard UV lamp peaking at
365 nm with a power of 15 W. All measurements were
carried out at room temperature (RT) except for the TL
spectra.

Results and discussion

Among all RE** co-doped Sr3Al;(SiOs:Eu** samples,
Sr3Al,0Si0,:Eu®*,Ho>* presented the longest phospho-
rescent decay time of these materials. Hence, Sr3Aljq.
Si0,0:Eu** Ho>* was chosen as illustration. Figure 1 gives
the emission and excitation spectra of Sr3Al;(Si050:Eu**
and Sr3Al;(SiOs0:Eu** Ho>*. Independently of the exis-
tence or nonexistence of auxiliary activators Ho’*, those
phosphors exhibit broad-band emission spectra peaking at
466 nm of Eu®" transition and no characteristic lumines-
cence of the Ho’* auxiliary activators. It is worthy of
noting that, other RE** as a auxiliary activator co-doped
into Sr3Al;0SiO,0:Eu”" host also gave the only blue broad-
band emission and no characteristic emission of the
auxiliary activators themselves. As shown in Fig. 1, the
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Fig. 1 Emission and excitation spectra of (a) Sr3A11()Si020:Eu2+;
(b) Sr3Al;4SiO:Eu*t Ho>*

excitation spectra of Sr3Al;0Si050:Eu*t and  Sr3Alyg.
SiO,p:Eu** Ho®* are wide (200—450 nm), containing at
least three bands located at 280, 348 and 408 nm. All the
emission and excitation bands can be attributed to the
4f-5d transition of Eu®* [10].

An important result of the present work is that we have
observed obvious blue phosphorescence when RE**
co-doped into Sr3Al;0Si050:Eu**. Figure 2 shows the long-
lasting phosphorescence spectra of some samples at 10 min
after stopping the excitation source. Long-lasting phos-
phorescence spectra of all samples are identical in wave-
length position and shape. Moreover, the shape and
bandwidth of the long-lasting phosphorescence spectra and
the steady-state UV-excited luminescence spectra were
found identical as well. These properties point out that the
radiation centers in both cases are the same, which can be
attributed to the characteristic emission of Eu**.

Figure 3 gives the afterglow decay curves of Eu**, RE**
co-doped Sr3Al;(SiO,y phosphors in double logarithmic
scale format. These decay curves were measured by a
Varian Cary Eclipse fluorescence spectrophotometer. The
excitation light of the samples were blocked when the
samples had been exposed for 5 min under 365 nm UV
light and the emitted afterglow from them were recorded
over a time period of 30-1200 s in the kinetic analysis
mode of the spectrometer system. The scan interval is set to
30 s. The afterglow emission intensity of all samples
decreases quickly at first and then slowly. The afterglow
intensity for these samples decreases as follows:
(a) > (b) > (¢) > (d) > (e). The phosphorescence for the
Sr3Al,0Si0,0:Eu®*,Ho>* phosphor can be seen with the
naked eye in the darkroom clearly for more than 6 h even
after the 365 nm UV irradiation source have been removed.

It is well-known that trapping centers play an essential
role for photo energy storage in persistent, photostimula-

ble, and thermostimulable phosphors [11, 12]. Usually,
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Fig. 2 Long-lasting phosphorescence spectra of (a) SrzAl;(SiOy0:
Eu”* Ho>™; (b) Sr3Al,0Si059:Eu®*,Tb**; (¢) Sr3Al19SiO0:Eu’*,Dy**;
(d) Sr3Al;4Si050:Eu?t,Gd>*; (e) Sr3Al;4SiOs0:Eu’*, Tm>*. These sam-
ples were irradiated by 365 UV light for 5 min before measurement
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Fig. 3 Afterglow decay curves of (a) SrzAl;(SiO,0:Eu®",Ho*";
(b) Sr3Al;(Si0,0:Eu**,Tb>"; (¢) Sr3Al;4SiO,0:Eu* Dy>"; (d) Sr3Al
SiOy:Eu?*,Gd>*; (e) Sr3Al;(SiOs:Eu?t, Tm>*

information of trap depth can be obtained by TL
measurements. The shallower the charge trap depth is, the
lower the temperature of TL peak is [13]. To the best of our
knowledge, the dominant peaks are situated slightly above
room temperature if materials show high long-lasting
phosphorescence performance [14]. Moreover, the long-
lasting phosphorescence performance is proportional to the
trap density p.

Figure 4 shows the quantitative TL spectra of the
co-doped Sr3Al;(SiO50:Eu”**,RE** phosphors and the sin-
gle-doped Sr3Al;(SiO50:Eu** phosphor. As shown in
Fig. 4, the trap depths of all phosphors have the appropriate
peak at 335 = 2 K. It is important to note that all the TL
intensity of the co-doped phosphors is stronger than the
single Eu**-doped phosphor. From Fig. 4, it can be also
seen that the ability of trapping electrons/holes by these
defects created via introducing both Eu** and RE** into the
host Sr3Al;(Si0,y seem to be much higher than that of the
single Eu®"-doped Sr3Al;oSiO,,. Figure 5 gives the
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Fig. 4 TL spectra of (a) Sr3Al;0SiOz0:Eu>",Ho™*; (b) Sr3Al,0SiOs0:
Eu?*,Tb>"; (¢) Sr3Al;0Si050:Eu**,Dy*; (d) Sr3Al;(SiO:Eu’*,Gd>";
(€) Sr3Al,SiO,:Eu”*, Tm>". The heating rate is 2 K/s
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relative trapping density p of all the rare earth co-doped
samples.

On the basis of the above afterglow decay curves and
quantitative TL spectra, we found that, in a series of Eu**
and RE** co-doped Sr3Al;SiO,, long-lasting phosphors,
Sr3Al,0Si0,0:Eu®*,Ho>* phosphor was the longest phos-
phorescent materials of this system and the neighborhood
of Ho** ions, such as Tb, Dy and Er ions etc. co-doped
Sr3Al,0Si0,0:Eu®" also present good phosphorescence
performance. And their phosphorescence performances are
better than the away Ce, Pr, Nd ions etc. co-doped coun-
terparts. For the case of Sm, Tm and Yb, their phospho-
rescence performances are not acceptable, while the case of
Ce, Pr and Tb give good phosphorescence result. The
partly reducible of Sm**, Tm**, Yb>* to Sm?*, Tm**, Yb**
under the prepared process should take charge of this re-
sult, which is agreement with the results of quantitative TL
spectra (Fig. 4). While for the case of Ce, Pr, Tb, the
valency of Ce, Tb, Pr is mainly +3 under the prepared
atmosphere. Accordingly, it is feasible to suggest that the
ionic radii and valences of the RE** species have an key
effect on the phosphorescence performance of RE** as a
co-dopant in S13Al,0Si0,0:Eu** phosphors. That is, the
ionic radius in the neighborhood of Ho>* and the valences
of +3 are more suitable as a co-doped auxiliary activator in
this system.

The detailed description of long-lasting phosphorescence
mechanism is not yet known. Long-lasting phosphorescence
was observed in Eu** and Dy** co-doped spinel-type
strontium aluminate phosphor and the cause of such phe-
nomenon was believed to the thermostimulated recombi-
nation of holes and electrons which enhanced by the
incorporation of Dy>* to forms a highly dense trapping level
[3]. When the highly dense trapping level is thermally
released with a proper rate at room temperature, the intense
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Fig. 5 Relative trapping density p of Sr3Al;oSiOsy:Eu®*, RE*
phosphors
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green long-lasting phosphorescence is available. In our case,
the introduction of RE** ions into the Sr3Al;(SiO,:Eu’*
also produces a highly dense trapping level at appropriate
depth, especially for the Ho>* ions, and the recombination of
trapped electrons and holes delayed the Eu”* emissions,
which resulted in the blue long-lasting phosphorescence.

Conclusions

Long-lasting phosphorescence phenomenon was observed
Eu”* and RE* co-doped Sr3Al;(SiOs, phosphors. The
luminescence properties, including fluorescence spectra,
long-lasting phosphorescence spectra and TL spectra, as well
as the afterglow decay curves, were studied. The results
revealed that the Ho™* ions are the most suitable auxiliary
activators in this system to give long-lasting phosphorescence.
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