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Abstract: Afterglow SrAI204:Eu2+/Dy3+green phosphor was prepared by sol gel method and study the effect of synthesis
parameters like calcinations temperature and time, calcinations environment and additives like addition of flux as H3BO3
and Eu2+, Dy3+ions in detailed. When the phosphor was synthesized adding 5 mol% H3BO3, it showed dense
microstructure composed of pure SrAl204:Eu2+/Dy3+phase showing higher emission intensity. Structural
characterizations of the as-synthesized phosphor by XRD, SEM and FTIR have been reported. The green emission centered
nearly at 545 nm was measured. Moreover, the emission maxima and its intensity depend on the Eu2+ and Dy3+
concentrations. Both the initial intensity and afterglow duration increased and reached maximum at 1 mol % Eu2+ and 2
mol % Dy3+, respectively, and then decreased above that value..MoreoverSrAl204:Eu2+/Dy3+phosphor were excited
under UV 254 nm for 5 min, and then the excitation source was removed to examine whether the materials show long
afterglow emission in the dark and exhibits an obvious green afterglow lasting for about 5 min, as can be seen in by the
naked eyes The decay characteristic of SrAl204:Eu2+/Dy3+phosphor is according with the double exponential
equation.SrAl204:Eu2+/Dy3+phosphor shows a green-emitting long afterglow phenomenon.
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I. INTRODUCTION to be co-doped into the ZnS based phosphors to

prolong the afterglow time. Due to the hazardous
Phosphor materials with long afterglow is a kind of radio-active radiations, the uses of such radio-active
energy storing materials that can absorb UV or visible isotope doped ZnS type phosphors were limited. As
light from sun light, and gradually release the far as the development of phosphor is concerned,
absorbed energy in the darkness at a certain Eu2+ ion was frequently used as an activator ion in
wavelengths, in the form of visible light [1]. Among various host lattices. Due to the shielding effect of the
the various phosphors ZnS-based materials doped outer shells, the 5d electrons split easily by the crystal
with Cu or Mn ions were first prepared and applied field around it. Thus the peak position of Eu2+
for the various fields [2]. However the luminescent emission strongly depends on the Eu2+ ions
intensity of these phosphors was not bright enough surrounding, consequently, Eu2+ ions can emit from
and the afterglow time was short. Some radio-active near UV to red region of the spectrum. For example,
elements such as tritium, radium and promethium had Eu2+ ions give blue (440 nm) luminescence in

[JSMRT|Sep-2024 www.ijsmrt.com Page 11


http://www.ijsmrt.com/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

o3
CaAl204 or CsBr phosphors [3-4], blue-green (495
nm) in Sr4A114025 or y-AlON phosphor [5-6], green
(520 nm) in SrAl204 phosphor [5, 7], yellow (558
nm) in CaSi202N2 phosphor [8] and orange (610 nm)
in Sr3AI205CI2 phosphor [9]. Further, it can often be
pumped by the sunlight or other natural light source.
Therefore, as a new phosphor, alkaline earth
aluminates phosphors doped with divalent europium
ion (Eu2+) have been investigated as an efficient
phosphor that has high quantum efficiency and good
stability, indicating good practical prospects [10-15].
These phosphors have decay time ranging from
nanosecond to 33 tens of seconds and were used as
important constituents of light emitting devices,
fluorescent lamps, plasma display panels and lamp for
medical applications [16]. However, for specific dark
vision applications involving signage, blackouts,
emergency rescue guidance systems and luminous
watches, the developed phosphor with appreciable
brightness, high stability and long persistent time of
more than 5 h is fundamental requisites [17]. In 1996,
Matsuzawa et al. reported a new type of aluminates-
based phosphor, SrAI204:Eu2+/Dy3+, with a strong
emission centered at 520 nm (green) [7]. The
persistent life time of this SrAl204:Eu2+/Dy3+
phosphor was found to be longer than 16 h. After a
short time, a new similar long persistent phosphor
CaAl204:Ce3+/Nd3+ was reported that showed
persistent emission at 420 nm (blue) [18]. Though,
Smets et al. reported blue-green emitting
Sr4Al14025:Eu2+ phosphor, he did not observed the
long afterglow [5]. Later, Sr4Al14025:Eu2+/Dy3+
phosphor was developed showing extremely
prolonged blue-green (495 nm) phosphorescence [19-
20]. These phosphors drew considerable attention
because of their ability to persist overnight, chemical
stability, wide range of excitation, high quantum yield
etc. opening prospect of various applications [21-22].
During the last decade, the research on the
development of new persistent phosphors and
improvement of persistent life time of existing
phosphor has been done enormously. Study on the
mechanism of persistency of the afterglow revealed
that electron and hole traps are responsible for the
long persistent time of these phosphors, which in turn
depends on the doped auxiliary ions or the defects in
the crystal lattice. Various rare metals (Dy3+, Nd3+,
Gd3+, Sm3+ etc.) have been studied to trap the
electrons and holes to prolong the afterglow durations
[23-25] and it is concluded that in the strontium
aluminates doped with Eu2+ (SAE) type phosphors,
Dy3+ is the most effective co-activator to prolong the
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afterglow life time. Long afterglow phosphor is a kind
of eco-friendly material, which could adsorb energy
from the sunlight, fluorescent lamp or UV light, and
store the absorbed energy, and then release the energy
gradually in form of afterglow. Because of the long
afterglow properties, these materials have been used
in many fields, such as illumination in darkness,
emergency sign, artwork, luminescent paints, and
detection of radiation, display, and photo catalytic
degradation. But even then, a commercial glow-in-
the-dark object had to contain a large amount of
luminescent material to yield an acceptable afterglow.
Thus, in order to improve the phosphorescence
characteristics, Dy3+ ion has been added to SAE
phosphors and fabrication conditions have been
examined [16-25]. For specific dark vision
applications, the existing brightness and persistent
phosphorescence have been improved but are not
enough and needed more improvements. Fascinated
by the techno-commercial applications, many
researchers started exploring the dependence of
various physico-chemical parameters such as thermal
parameters [14], addition of fluxes 34 [15-17, 24-28],
and effect of composition [22, 27-29] on the
luminescence and long persistence behavior of these
phosphors. The Sr4Al14025:Eu2+/Dy3+ phosphor
showed bright luminescence, extremely long
persistent time and very high quantum yield (>90%)
and can be applied in various display applications,
especially, for overnight display purposes. Thus, |
have selected SrAI204phosphor for the detail study.
In this paper, a green-emitting long afterglow material
SrAlI204:Eu2+/Dy3+ phosphor was synthesized.
Structural, photoluminescence and decay
characteristics of the material were investigated, and
the potential mechanism of the afterglow
phenomenon was discussed.

Il. EXPERIMENTAL MODEL

The persistent luminescent strontium aluminates was
synthesized chemically via a top-down approach,
flux-assisted solid-state reactions were used to
produce strontium aluminates in bulk.

I. Solid-State Synthesis

For synthesizing the samples using solid-state
reactions, all the raw materials (SrCO3, Al203,
Eu203, and Dy203) were mixed in a stoichiometric
ratio and ground into a homogeneous solid powder.
An optimum concentration of H3BO3 (15 mol %) was
also added to the mixture as flux. Boric acid is a low
melting point solvent that reduces the overall
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operating temperature, thereby promoting the
crystallization at much low operating temperatures. It
also facilitates the entry of activator ions into the
crystal lattice and aids in formation of luminescent
centers. Powder was then annealed at a temperature of
900 °C for 5 h. The sample was then grounded and
calcined at a temperature of 1400 °C for 4 h in a
reducing atmosphere of N2—NH3.

0.97SrCO3 + Al;03+0.01Eu,03+ 0.02Dy,03 —_,

Sro.97A1,04EU0.01%, Dyo.02 ¥ +CO;

I1. Characterization

The phase purity of the as-synthesized sample ray
diffraction (XRD) analysis with a Bruker AXS D8
advanced automatic diffract meter with Cu-Ka
radiation (A = 1.5418 A), over the angular range 100 <
20 < 800, operating at 40 kV and 40 mA. The
photoluminescence (PL) excitation and emission
spectra as well as afterglow of the sample were
analyzed by using a RF-5301PC (Shimadzu, Japan)
equipped with a 150 W Xenon light source and the slit
width was kept 1.5 nm.

I1l. RESULTS AND DISCUSSIONS

I. X-ray Diffraction

To determine the effect of starting stoichiometry on
phase purity of the synthesized samples has been
checked by powder XRD. Fig.1 present the XRD
patterns ofSrAl204:Eu2+/Dy3+, phosphor annealed
at 1000 oc. In Fig.1, the XRD patterns of the
Phosphors show the no impurity phase is observed in
XRD patterns, demonstrating Eu3+/Dy3+ are well
incorporated into SrAl204and formed a solution
structure. This confirms an effective doping of Eu2+
and Dy3+ ions on Sr4+ site.

— SrAl,04:Eu?*/Dy**

Standard data
’ I I JCPDS No.74-1810

20 30 40 5 60 70 80
20 degree

Intensity (arb. unit)

Figl: XRD of SrAl,04:Eu?*/Dy**phosphor
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Il. TEM Image

Figs.2 (@), (b), (c) and (b) shows the TEM
SrAl204:Eu2+/Dy3+, phosphor annealed at
10000c.The particle average size of the particle is 62
nm and 120 nm at 1000 °C respectively. If the boric
acid concentration was further increased to 4 mol%,
further particles growth occurred and there appeared
particles with very sharp corners, fixed boundary and
angular to hexagonal shgpe. However, as in Fig. 2 (b),
there was no any splfrical to irregular particles
observed. It suggests that growth of SrAl204 phase
was completed.

R A
Fig 2: TEM image of SrAl,04:Eu?*/Dy**phosphor
at 1000 °C

I11. Luminescence Properties

In order to access excitation at other wavelengths, we
investigated photoluminescence behavior further with
the Cary Eclipse fluorescence spectrophotometer
under 270 and 300 nm excitation wavelengths and the
results are shown in Figure 3and 4. The excitations
spectra of SrAI204:Eu2+/Dy3+, samples monitored
upon 505 nm emission at room temperature are shown
in Fig. 3. Excitation spectra are comprised of a broad
brand absorption peak located at 360 nm respectively.
Fig. 4 displays the photoluminescence spectra of the
phosphors excited by UV light at the wavelength of
360 nm. SrAl204:Eu2+/Dy3+phosphors exhibited the
strong green emission. Sharp emissions peaking at
490 nm and 505 nm can be assigned to the 5D0—7FJ
(where Jis 0, 1 and 2) transitions of Eu3+ ion (marked
in Fig 3). No other emission can be observed in the
Sr4Al14025:Eu2+/Dy3+sample, indicating that the
doped Dy3+ ion emission under 360 nm excitation.
The strongest green emission at 505 nm is due to the
of Eu3+ and Dy3+ ion.
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A =360 nm with H:BO;

503 nm without H;BO;
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Fig. 3. Photoluminescence  excitation of

SrAlI204:Eu2+, Dy3+ samples at Aem — 505 nm.

It is important to observe that as boron amount
increases, there is an increase in the 405 nm emission
corresponding to a decrease in emission at 492 nm
under both 270 and 300 nm excitation wavelengths.
Moreover,  SrAI204:Eu2+/Dy3+samples  were
excited under UV 360 nm for 5 min, and then the
excitation source was removed to examine whether
the materials show long afterglow emission in the
dark.

A =505 nm
360 nm

312 nm

409 nm

Intensity (arb. unit)

280 300 320 340 360 380 400 420 440
Wavelength (nm)

Fig. 4 Photoluminescence emission of
SrA1204:Eu2+/Dy3+phosphor at Aem — 360 nm.

IV. AFTERGLOW PROPERTIES

To quantify the impact of boron in extending
persistence, we measured the afterglow decay of the
emission at 490 nm of the SA7 phosphors under
ambient conditions. SrAl204:Eu2+/Dy3+samples
both with and without boron exhibited persistent
luminescence. The afterglow decay characteristics of
SrAlI204:Eu2+/Dy3+phosphor  compounds  were
measured by using a custom-built optical bench PL
system as described. The boron-containing samples
luminesced for longer than 20 minutes, after being
illuminated with a UV light source (365 nm) for 10
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minutes, whereas, the persistence duration of the
boron-free compounds lasted only a few minutes.
Both samples with and without boron exhibited
persistent luminescence in a two-step decay
mechanism: a fast decay in intensity followed by a
much slower decay profile, as shown in Fig5.

The decay curve of the SrAl204:Eu2+/Dy3+sample
was recorded and shown in Fig. 5. It contains a rapid-
decaying process and a slow-decaying process, the
decay curve is similar to that of typical long afterglow
materials, and it can be evaluated by fitting using
double exponential equation which reflects the trend
of the decay. The equation is as follows:

I=1 exp(:—lt) + 1 exp% ------ (1)

Where | represents the phosphorescent intensity; I,
and |, are two constants; represents the time; t1 and 12
are decay constants which decide the decay rate for
the rapid and the slow exponentially decay
components. The fitting results of the parameters of t1
and 12 and the fitting curves are shown in Fig. 5.
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Fig. 5 The decay curve of the

SrAl204:Eu2+/Dy3+phosphor

It contains a rapid-decaying process and a slow-
decaying process, the decay curve is similar to that of
typical long afterglow materials. The decay
characteristic of SrAI203:Eu2+, Dy3+ phosphor is
similar to the rare-earth doping alkaline-earth
aluminates long afterglow materials, which have
drawn much attention from 1990s. One of the typical
aluminates is Sr4Al14025:Eu2+, RE3+ (RE = Dy, Nd
and Ho, etc.), which was successfully synthesized by
Matsuzawa in 1996. Generally, the Eu2+ion is the
only luminescent center in SrAl204:Eu2+, RE3+
phosphors, and the doped RE3+ ions often generate
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the trap level in the host [10]. In order to exhibit long
afterglow phenomena, the phosphor should have
suitable trap level and trap density and the trapped
carriers do recombine in the luminescent centers
occurred with the afterglow.

IV. CONCLUSIONS

In the preceding sections, dispersion in the microstrip
line has been analyzed using the effective dielectric
constant concept. The result obtained by Simulation
agrees with the other empirical and semi empirical
formulas. Although the formula has been verified for
8 <&r<12and 0.1<w/h<l1.1, it is expected to be valid
outside these ranges because the formulas are quite
general. The number of available dispersion
expressions for Eeff (f) has been progressively derived
by modifying many of the previously available
expressions. By comparing the results of three of the
available expressions / formulas with a Sonnet
Software Simulation, it has been shown that a more
accurate and a wide range dispersion formula is
needed.
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