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Abstract

The purpose of this study was the production of photoluminescent strontium aluminate phosphorous pigments using varied
ratios of Sr, boric acid, Nd, and citric acid. These pigments are remarkably utilized in various areas. The presence of each one of
these compounds has a significant impact on the fluorescence or phosphorescence effect, as well as their physical properties such
as morphology and crystal structure. These physical changes were measured with spectroscopic methods. Some pigments had red
emission under UV radiation before being subjected to the reduction process. After the reduction, they showed strong afterglow. 16
samples with different constituting components were prepared among which 8 were selected for this study, labeled samples S1 to
S8. After the reduction process, they were labeled samples RS1 to RS8. The phosphorescence analysis with the wavelength of 254
and 360 nm demonstrated an intensity of 439 and 191 respectively for sample RS5, and 631 and 634 for the fluorescence
measurement with the wavelength of 254 and 360 nm for the same sample. The sample RS5 demonstrated the longest afterglow of

about 4 hours.

Keywords: Microwave synthesis, Phosphorescence, Fluorescence, Dopant Phosphors.

Full length article  *Corresponding Author, e-mail: shm_moradi@iau-tnb.ac.irb

1. Introduction

One of the methods for saving energy in
infrastructures and buildings where brightness is essential to
remain for residents after the sunset, such as metro stations,
roads, hospitals, or exits is employing materials with
afterglow properties. Strontium aluminates are susceptible
compounds with luminescence properties. If dopants such as
Eu, Dy, Nd, or other compounds are doped into their crystal
lattice during their production, they gain phosphorescence
properties based on the amounts of dopants for an extended
period. The afterglow property has been investigated in
innumerable pieces of researches. Phosphors are materials
that demonstrate the fluorescence or phosphorescence
phenomenon.  Phosphors owning fluorescence and
phosphorescence properties were first manufactured in the
20" century. The mentioned phosphors were composed of
ZnS which was doped with Mg and Cu. Cobalt was another
dopant added to the mentioned composite as a co-dopant.
Later, alkaline earth metals including Ca and Sr were
employed instead of Zn and different dopants consisting of
Eu® and Ce® were used. Strontium aluminates doped with
europium are edge-cutting materials owning durable
afterglows compared to the traditional ZnS compounds [1].
Strontium aluminates possess six common forms including
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SI’A|12019, SI’A|4O7, SI’A|2O4, SI’zA'eOll, SI’3A|206, and
SrsAl14025 [2-7]. SrAlO4 is one of the most attention-
grabbing compounds among them with excellent
luminescence properties. SrAlO, doped with Eu was
presented by Palilla et al. and it was announced that to possess
a green afterglow with a maximum intensity at 520 nm.
SrAl,O4: Eu?*, Dy®* as another groundbreaking compound
was presented by Matsuzawa, declaring that the presence of
Dy plays a crucial role in the afterglow effect [8]. The hole-
electron mechanism was introduced as the explanation for the
afterglow properties [8-16]. Production of SrAl,O4: Eu?,
Dy?*, Nd®* via laser was reported by A. H. Wako et al. They
mentioned the high photoluminescence properties of their
synthesized compounds [17]. In 2007, Tadashi Ishigaki et al.
reported successful synthesize of SrAlOs. Eu?*, Dy%*
employing carbon as a reductive agent. The process was
performed in a microwave oven [18]. There are a variety of
methods for the production of these luminescent compounds
including solid-state reaction as the most employed method
[8, 19-25], sol-gel [2, 7, 26-29], reverse micro-emulsion [30-
33], and solution combustion synthesis (SCS) [34-37]. SCS
is reported as one of the most trustworthy and feasible
methods since it presents a small crystal size, is economic,
and is quite safe. Tadashi et al. had precise investigations on
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the results of the XRD and PL techniques for the samples
before the reduction process and after that [18]. Rojas et al.
reviewed SrAl,O4/Eu/Dy phosphors as the most studied
material. They discussed different methods for synthesizing
this material and the conditions they need along with the pros
and cons of each method, the challenges for producing low-
cost/temperature persistent nanostructures, the efficiency of
each product, and their future applications [38]. Tang et al.
evaluated SrAl,O4/Eu/Dy phosphors for potential
applications in thermoluminescent dosimetry. It was proved
that the mentioned phosphor demonstrates a linear response
to both electron and photon beams, making it suitable to play
the dosimeter role [39]. Zhilin et al. employed
SrAl;O4/Eu/Dy phosphors to manufacture high-strength
flexible films with long afterglow luminescent with
introducing the mentioned phosphors into a TEMPO-
oxidized nanofibrillated cellulose (ONFC) matrix [40]. Rojas
et al. prepared a cost-efficient SrAl,O4/Eu/Dy film by a
screen-printing method on a Al.O3 substrate. They used
molten salt that generates a reactive ink-paste as a proper
precursor for the film [41]. Atul et al studied the structural,
thermal, vibrational and light emission feature of Dy, Eu, Sm,
Er and Mn doped SrAl:O; and CaAlO phosphors. they
noticed that CaAlO phosphors have better thermal stability
compared to SrAl,O4 phosphors [42]. The current study as a
modified investigation of Tadashi et al. focused on the
influence of the concentration of Sr, citric acid, Nd, and boric
acid on photoluminescence properties of produced
compounds in presence of Eu and Dy. This study was
implemented after the previous one as an investigation on the
role of dopants on SrAl,04:Nd3* composites produced in the
microwave [43]. The novelty of our study is the employment
of microwave as a facilitator for the first stage of producing
the precursor phosphors, production of doped SrAl.O4 in
presence of citric acid, Nd, boric acid and Dy altogether and
separately in turns and reduction/calcination of each sample
separately and studying the effect of presence of each
material on different properties of the produced phosphors.

2. Experimental
2.1. Materials and methods

The employed materials in the study are as follows:
purified water, Eu(NO3)3-6H,0 (99%), AI(NO3)3.9H.0 (99
%), Dy(NOs3)2.5H20 (99%), Sr(NOs), (99 %), urea (99.5%),
Nd(NOs3)s.6H.0 (99%), anhydrous citric acid (99%), and
Boric acid (99%), all purchased from Merck company. The
initial materials proportions are brought in Table 1. Adequate
water was poured over the initial materials in a small flask.
After thorough mixing on a heater, a transparent viscous
solution was produced. The solution was then poured into a
crucible and was subjected to a microwave oven where the
combustion reaction accomplished. The reaction duration
was around 5 minutes. Then the resulting foamy and fragile
products were gently pulverized and prepared for the
upcoming analysis and processes. The samples were labelled
S1, S2, S3, S4, S5, S6, S7, and S8. Then they were subjected
to a reductive furnace placed on special boat crucibles. Pure
hydrogen with atmospheric pressure was introduced to the
furnace while the samples were undergoing the 1350 °C of
calcination temperature for an hour. The samples reduced in
mass drastically because of the burning of extra nitrates. The
decreased mass ratio was average 40%. The compounds after
the reduction process were labelled samples RS1, RS2, RS3,
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RS4, RS5, RS6, RS7, and RS8. Table 1 demonstrates the
initial mass ratio of the samples in grams before the
microwave oven processing.

2.2. Instrumentation

Precursor samples were produced in the lab
microwave LG 8265 1880 W. The luminescence
spectroscopy was carried out employing a Perkin Elmer LS
55 fluorescence spectrometer at room temperature. XRD
spectroscopy was done using the STOE STADI P, 40 kV, and
30 mA spectrometer with Cu lamps at room temperature.
FTIR spectroscopy was implemented using Thermo Nicolet
8700 IR spectrometer at room temperature. SEM imaging
was performed using the Zeiss FE-SEM model SIGMA VP
SEM microscope at room temperature. These analyses were
implemented on each sample before and after applying the
reduction procedure. The reduction procedure was done in a
pressure-controlled tube furnace as shown in figure 1.

3. Results and discussion
3.1. XRD result analysis

The produced samples involve a variety of phases,
identified with XRD analysis. The following tables indicate
the data including standard and observed 20s attributed to the
samples. The crystal sizes were computed using the Scherrer
equation:

k6
€ BcosH

In this equation, X is the wavelength of X-ray beams, k is the
proportionality constant, 3 is the line broadening at half the
maximum intensity (FWHM), and 6 is the Bragg angle. The
majority of the produced samples contain SrAl,O4 as the main
ingredient. Hence, the total crystal size is roughly close to the
SrAl,O4 phase crystal size. Figure 2 represents the XRD
curves of sample S2 and RS2 as an example. The
implemented process was the reduction of S2 to RS2. The
hexagonal phase occurring in SrAl,O4 converts into the
monoclinic phase due to the reduction process. The 26=28.38
and 26=29.92 peaks belonging to the monoclinic phase were
drastically intensified after the reduction process. On the
other hand, 26=19.76 peak referring to Sr(NOs3), had a drastic
decrease in the intensity after the reduction furnace,
demonstrating the burning of extra nitrates. Other phases such
as Eu,B,0s were formed in the samples after the furnace
process in around 26=35, as the 1350 °C of temperature along
with the reduction process alters some of the phases and
compounds with the new ones.
Table 2 shows the analysis of detailed XRD spectroscopy of
the samples. Table 3 represents the main phases of samples
before and after the reduction process.

3. 2. Analysis of photoluminescence properties
3.2.1. Analysis of afterglow
For this part of the study, we used a LED light to
stimulate the samples. The LED light was in white, owning
an intensity of 24000 lux. The stimulation was performed for
30 seconds. The intensity and the duration of the afterglow
were registered as shown in figure 3. Sample RS5 was found
to own the most afterglow intensity as soon as the stimulation
source was stopped. It also had the longest afterglow of 1 hour
due to the higher absorbed energy. After that, sample RS3
possessed the longest afterglow, followed by samples RS8,
RS7, RS6, RS2, and RS4. Figure 3 demonstrates the
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afterglow curves of the samples. Figure 4 demonstrates the
afterglow picture of sample RS5 as the best sample.

3.2.2. Analysis of phosphorescence and Fluorescence
results

The laser beam excited the samples to obtain the
emissions. In fluorescence mode, the emission was analyzed
while the laser beam was radiating the samples. In
phosphorescence mode, it was done as soon as the exciting
beam was ceased. Only two out of 16 sample curves are
brought in figure 5.

3.2.2.1. Sample analysis before the reduction process
3.2.2.1.1. Fluorescence emission analysis resulted from the
254 nm excitation beam

Considering this analysis, we can conclude that the
curves are related to the lattice emission. At 254 nm of
excitation, the lattice shows an emission due to the presence
of some highly excitable band gaps. After taking a better look
at this specific excitation and emission curve, we realize that
this curve formed due to the emission lattice of aluminate. A
proof for this claim is observed in sample S1 (without
strontium) in which the first corner of the peak is omitted
(sample S5 owns the mentioned corner as the most prominent
sample). Also, another curve can be found in the wavelength
of 631 nm which could be attributed to the defects occurring
in the lattice. Keep in mind that europium can cause a peak
around the same wavelengths. Plenty of defects in the lattice
structure is very common in the SCS process. Also,
defections are one of the main parameters for the
development of inter-state states of energy. Dopants provide
numerous states like that, causing a major alternation in
electron transitions from the higher conductivity band to the
lower valence band. Hence, other than the sample S1, other
samples show deviations from the maximum intensity. Extra
boric acid in sample S4 slightly increased the intensity. The
S4 curve matches the S5 curve.

3.2.2.1.2. Fluorescence emission analysis resulted from the
360 nm excitation beam

As it is observed in the curve, the lower excitation
energy applied with the 360 nm beams led to a low energy
emission in comparison to the previous excitation beam (254
nm). The band gaps might be influenced by the excitation
factors due to the precursor materials size which was in the
nano-scale. For instance, samples S7 and S8 demonstrated
non-identical feedbacks to the excitation beams. It can be
inferred that the presence of citric acid as a chelate has had
remarkable repercussion on the lattice. In general, the
strontium aluminate lattice has generated the majority of the
emission as a reaction to the low-energy excitation beam.
Varying parameters significantly influence the crystallization
degree and in other words, the lattice emission intensity. As
proof to this claim, we can refer to sample S1 with the
maximum emission intensity which lacks Sr. Sample S8 is
purely strontium nitrate, therefore it possesses different
emission spectra. However, in the case of sample S7, only an
aluminate lattice is being observed which its nitrate can be
amorphous. Therefore, due to the pureness of nitrates in
sample S8, the least intensity belongs to it accordingly.

3.2.2.1.3. Phosphorescence emission analysis resulted from
the 254 nm excitation beam
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As figure 5 demonstrates, the phosphorescence
curve is incompatible. The obtained curve intensity is nearly
zero for all the samples. This can be attributed to the
competition between the development of inter-states of
phosphorescence and defections. Hence, any small
fluctuation in the sample composition leads to much lower
emission intensities. Sample S5 owned the highest emission
intensity followed by samples S3 and S6. Extra boric acid in
sample S4 slightly reduced the intensity in comparison to
sample S3 with no boric acid content.

3.2.2.1.4. Phosphorescence emission analysis resulted from
the 360 nm excitation beam

Unlike the previous phosphorescence curve, this
curve seems to possess the right excitations beam which is the
low-energy excitation beam. Phosphorescence is obtained
with low energy excitation. There are three identical regions
in this curve. Sample S5 owns the most emission intensity. It
can be inferred that the absence of Nd boosts the emission.
Probably Nd can act as a competitor and the charge transfer
to its states decreases the emission intensity. Sample S5
owned the highest emission intensity followed by samples S3
and S6. Extra boric acid in sample S4 marginally reduced the
intensity in comparison to sample S3 with no boric acid
content.

3.2.2.2. Sample analysis after the reduction process
3.2.2.2.1. Fluorescence emission analysis resulted from the
254 nm excitation beam

As the curves demonstrate, the reduction process
thoroughly modified the curve appearance. This is due to the
fluorescence-phosphorescence competition. The reduction
process reduced the Eu®* centers to Eu?*. This promotes the
4f% to 5d” electron transfers which are responsible for the
phosphorescence emission at 520 nm. Hence, the
phosphorescence effect was observed more than
fluorescence. The disappearance of the peak at 610 nm is
because of the mentioned reduction in Eu. The peaks
belonging to Eu®* can be observed with a 254 nm excitation
beam. The observed increased intensities in these curves
compared to the ones before reduction has a root in the high
crystallinity of the current samples after the reduction/heat
process. Sample RS5 owns the highest fluorescent emission
followed by sample RS3 and RS7.

3.2.2.2.2. Fluorescence emission analysis resulted from the
360 nm excitation beam

The curves here have high similarities to the
previously analyzed ones. Of course, there are small
divergences between them such as the peak position. Drastic
changes in the lattice due to the reduction/heat process are the
origin of this similarity between the 254 and 360 hm emission
curves. Also except for the sample RS5 with no Nd, other
samples underwent blueshifts. The presence of Nd ions
influences the crystal structure and shift the peak from 514
nm to 503 nm. Sample RS5 possesses the highest fluorescent
emission followed by sample RS3 and RS7.
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Figure 2: XRD analysis of sample S2 and RS2 where 1 represents Sr(NOs),, 2 represents SrzAl,Og, and 3 represents SrAl,04
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Figure 3: Afterglow decay curves of samples with afterglow properties

Figure 4: Afterglow illustration of sample RS5
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Figure 7: SEM analysis of samples S5 and RS5
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Table 1: Mass ratios of precursor samples (g)

Samples Eu(NOs3)3.6H,O  Dy(NO3)s.6H,O  Sr(NOs); HsBOs;  Citric  Urea  Nd(NOz)36H,O  AlI(NO3)s.
acid 9H,0
S1 0.02 0.04 0 0.06 0 4 0.02 3.74
S2 0.02 0.04 2 0.06 0 4 0.02 3.74
S3 0.02 0.04 1 0 0 4 0.02 3.74
S4 0.02 0.04 1 0.12 0 4 0.02 3.74
S5 0.02 0.04 1 0.06 0 4 0 3.74
S6 0.02 0.04 1 0.06 0 4 0.04 3.74
S7 0.02 0.04 1 0.06 0.03 4 0.02 3.74
S8 0.02 0.04 1 0.06 0.06 4 0.02 3.74
Table 2: Analysis of detailed XRD spectroscopy of the samples
Sample number Phases Observed 20  Observed hkl Standard 26 Standard Crystal
angle intensity angle intensity size(nm)
7.66 100 002 7.818 100
15.57 35.84 004 15.64 25
(NO)2AI2034 19.98 8.15 102 19.93 30
31.91 35.21 107 31.19 40 37.66
S1 35.65 40.30 114 35.74 35
44.36 9.12 206 44.34 25
66.66 48.79 220 66.76 45
Dy,03 29.36 29.98 110 29.65 100 52.99
23.81 9.17 002 23.836 80.0
33.95 22.03 112 33.94 100 59.06
EuAIO; 48.68 7.21 004 48.79 60
25.54 52.92 012 25.54 67.8
RS1 35.13 92.46 104 35.10 100
37.65 33.61 110 37.7 45 45.60
AlO3 43.28 100 113 43.30 96
57.36 90.36 116 57.42 90.9
68.06 43.53 300 68.12 53.2
SrAl;O4 29.17 19.63 220 29.27 91 72.71
34.98 15.74 031 35.11 69
Sr(NO3)3 19.71 100 111 19.64 100
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25.51 27.63 210 25.44 24.9
S2 32.45 21.54 220 32.34 21.4 40.91
38.27 67.89 311 38.12 71.6
39.97 57.14 222 39.89 55.9
31.93 41.63 440 31.94 100 41.93
Sr3Al,Og 45.79 10.23 800 45.76 30
SrAl;O4 20 48.12 011 19.94 49.70
22.74 13.95 120 22.74 18.7
29.22 100 220 29.29 94.2 38.83
35.12 54.47 031 35.12 72.1
42.86 21.82 400 42.86 19.5
RS2 47.13 15.7 222 47.12 22.9
Sr3Al,O¢ 31.90 70.63 440 31.90 100 48.79
Eu,B,05 26.78 4 -202 26.76 30 72.34
SrAl;04 29.23 77.86 220 29.27 91 52.97
34.98 15.74 031 35.11 69
S3 19.72 100 111 19.64 100
25.53 25.36 210 25.44 24.9
Sr(NOs); 32.49 18.53 220 32.34 21.4 47.62
38.21 58.74 311 38.12 71.6
40.03 47.87 222 39.89 55.9
19.98 59.45 011 19.94 49.70
22.70 23.42 120 22.74 18.7
SrAl;04 29.23 100 220 29.29 94.2 65.01
35.03 81.13 031 35.12 72.1
RS3 42.83 23.55 400 42.86 19.5
47.97 21.59 222 47.12 22.9
Dy.03 30.76 12.23 101 30.73 100 58.59
19.76 100 111 19.64 100
25.59 30.38 210 25.44 24.9
S4 Sr(NQO3)s 32.41 24.07 220 32.34 21.4 38.14
38.29 84.14 311 38.12 71.6
40.08 62.38 222 39.89 55.9
20.04 52.60 011 19.94 49.70
22.71 23.06 120 22.74 18.7
29.31 93.74 220 29.29 94.2
SrAl;O4 28.44 100 -211 28.38 100 58
RS4 35.13 82.83 031 35.12 72.1
42.91 26.10 400 42.86 19.5
Mousavi et al., 2024 530
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47.24 28.97 222 47.12 22.9
Eu203 30.63 40.12 101 30.53 100 72
SrAl;O4 29.30 28.64 220 29.27 91
35.10 18.28 031 35.11 69 58
S5 19.77 100 111 19.64 100
25.55 27.78 210 25.44 24.9
Sr(NQO3)s 32.44 16.87 220 32.34 21.4 47
38.30 70.50 311 38.12 71.6
40.15 54.58 222 39.89 55.9
20.08 52.84 011 19.94 49.70
22.65 17.07 120 22.74 18.7
28.38 100 -211 28.38 100
SrAl;O4 29.29 97.77 220 29.29 94.2 41
RS5 35.08 76.75 031 35.12 72.1
42.88 28.92 400 42.86 19.5
47.17 28.27 222 47.12 22.9
Eu203 30.54 8.20 101 30.53 100 72
SrAl;O4 19.93 69.55 011 19.94 49.70
22.57 27.03 120 22.74 18.7
28.35 58.54 -211 28.38 100
29.13 100 220 29.29 94.2 71
34.83 79.24 031 35.12 72.1
42.62 15.71 400 42.86 19.5
S6 47.46 8.37 222 47.12 22.9
19.62 61.16 111 19.64 100
25.37 14.46 210 25.44 24.9
Sr(NOs); 32.39 10.76 220 32.34 21.4 95
38.15 38.81 311 38.12 71.6
39.86 29.83 222 39.89 55.9
19.97 51.15 011 19.94 49.70
22.77 20.45 120 22.74 18.7
28.44 91.05 -211 28.38 100
SrAl;O4 29.30 100 220 29.29 94.2 65
35.16 68.58 031 35.12 72.1
RS6 42.89 30.33 400 42.86 19.5
47.12 23.03 222 47.12 22.9
NdAIO; 23.78 6.28 012 23.70 100 36
33.86 19.66 104 33.87 97.7
B.0O3 31.20 11.49 111 31.22 100 98
Mousavi et al., 2024 531
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20.00 64.52 011 19.94 49.70
22.63 20.89 120 22.74 18.7
s7 28.37 76.32 -211 28.38 100
29.24 100 220 29.29 94.2 33
SrAl,0, 34.95 80.04 031 35.12 72.1
42.80 21.13 400 42.86 195
47.15 20.62 222 47.12 22.9
20.00 55.86 011 19.94 49.70
22.66 18.86 120 22.74 18.7
28.45 80.59 -211 28.38 100
SrAl,0, 29.25 100 220 29.29 94.2 63
35.12 77.69 031 35.12 72.1
RS7 42.86 23.23 400 42.86 195
47.13 26.66 222 47.12 22.9
SrAl,O; 23.04 12.21 012 23.70 100 71
Eu;03 30.53 6.47 101 30.53 100 58
NdO, 27.92 12.26 111 27.87 100 97
32.17 6.65 200 32.28 37
19.72 100 111 19.64 100
25.51 30.43 210 25.44 24.9
S8 Sr(NO3)s 32.42 21.79 220 32.34 21.4 47
38.26 68.42 311 38.12 71.6
40.00 60.56 222 39.89 55.9
20.04 47.33 011 19.94 49.70
22.68 20.32 120 22.74 18.7
28.39 96.04 -211 28.38 100
RS8 SrAl,0, 29.22 100 220 29.29 94.2 36
35.13 66.95 031 35.12 72.1
42.78 21.33 400 42.86 195
47.09 39.14 222 47.12 22.9
SrAl,0; 23.53 7.67 012 23.70 100 71

Table 3: Main phases of samples before and after the reduction process
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Samples Constituting Phases
S1 (NO)2A|22034 Dy203
S2 SFA|204 SI’3A|206 EUszO5
S3 SrAl,O4 Sr(NOs3)s3
S4 Sr(NO3)3 Sr(NO3)s
S5 SrAl,O4 Sr(NOs3)s3
S6 SrAl,O4 Sr(NOs3)s3
S7 SFA|204
S8 Sr(NOs3)3
RS1 EuAlO3 Al;O3
RS2 SFA|204 SF3A|206 Eu,B,05
RS3 SFA|204 Dy203
RS4 SrAl,O4 Eu,03
RS5 SI’A|zO4 Eu,03
RS6 SFA|204 NdA|03 5203
RS7 SrAl,O4 SrAl,O7 Eu,03 NdO,
RS8 SI’A|204 SI’A|407
Table 4:EDX mass analysis of precursor and final products
wt% of elements
Samples B Sr O C Al Eu Dy Nd
S1 16.4 18.1 12.3 33.6 16.6 1.3 1.1 0.6
RS1 15.8 19.9 34 12 16.2 0.5 0.8 0.8
S2 16.1 17.5 19 28.7 17.4 0.3 0.6 0.4
RS2 15.4 19.4 25 20.9 17.2 0.7 1.2 0.2
S3 15.4 19.9 12.5 335 16.3 0.3 1.4 0.7
RS3 16.7 19.3 25.3 19.2 17 0.6 1.3 0.6
S4 16.6 19 34.7 10.5 17.1 11 0.3 0.7
RS4 16.2 19.1 30.2 15 17.4 0.6 0.6 0.9
S5 16 19.5 32.9 11.9 17.9 0.5 0.9 0.4
RS5 16.9 18.8 17.5 28.5 16.8 0.6 0.4 0.5
S6 15.7 19.6 19.4 26.3 16 0.9 1.4 0.7
RS6 16.5 18.1 43 3.8 16 0.8 0.9 0.9
S7 15.1 19.3 34.3 13.4 16.2 0.9 0.5 0.3
RS7 16.4 18.4 20.1 24.8 17.6 0.6 1.3 0.8
S8 16.6 18.5 31.6 15.3 16.5 0.2 0.7 0.6
RS8 16.3 19.6 26.2 19.4 17.4 0.3 0.4 0.4

3.2.2.2.3. Phosphorescence emission analysis resulted from
the 254 nm excitation beam

As the curves demonstrate, the majority of the
samples manifested a phosphorescence effect after the
reduction/heat process. We already admit that the 514 nm
peak belongs to the Eu?* centers. Another point is the sample
RS2 which seems to be different due to the formation of
competitor strontium aluminates. The red peak observed in
this sample has a root in the structural deficiencies resulting
from non-stoichiometric conditions of strontium aluminates.
Sample RS5 possesses the highest fluorescent emission
followed by sample RS3 and RS8.

3.2.2.2.4. Phosphorescence emission analysis resulted from
the 360 nm excitation beam

This mode demonstrated the best phosphorescence
effect. The position of the peak is fairly the same as the
previous phosphorescence mode which was 513 nm. The best
sample was sample RS5. A high phosphorescence effect
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emanates from an excellent composition balance. Extra boric
acid in sample S4 reduced the intensity in comparison to the
sample S3 with no boric acid content in all the curves after
the heat/reduction process. Figure 5 demonstrates the
phosphorescence and fluorescence curves of the samples
before and after the heat/reduction process under 254 nm of
excitation radiation. Generally, it can be inferred from the
figure that the majority of the samples after the reduction
process had fluorescence emission at 520 nm green spectrum
which takes place due to the electron transition of 4f55d to 4f
in Eu?* dopants. The same results have been obtained from
other studies [7-12, 15, 17, 30] discussing the SrAl,O4: Eu?*,
Dy3* emission results. Generally, the intensities of the curve
peaks are different for the majority of the samples, while the
peak wavelengths are fairly similar. The wavelength
similarities match the constitution of the samples and their
similarity, while the intensity differences match the
concentration difference in the samples. Sample RS5 owns
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the highest fluorescent emission followed by sample RS3 and
RS8.

3.3. IR analysis

Antisymmetric  stretching and bending are
demonstrated in figure 6. The stretching curve of metal
oxides at 3430 cm™ had a drastic drop in the samples after the
reductive/heat process. Also, it was concluded that the results
obtained from the FT-IR spectroscopy were significantly
similar. However, the reduction/heat process caused a
significant change in the curve shape through the samples and
there are obvious differences between the results before and
after the process. The symmetric bending of O-Al-O at 420-
447 cm?, the symmetric stretching of O-Al-O at 700 cm?, the
anti-symmetric stretching of O-AI-O at 780-900 cm, the
anti-symmetric bending of O-AI-O at 550-650 cm, and the
stretching vibration of B-O at 850-1200 cm as well as the
OH stretching at 3500 cm™, symmetric vibration of Sr(NO3)3
at 1382 cm and vibrational stretching of BOs; and BO, are
observed in figure 6.

3.4. SEM analysis

The SEM results obtained from a couple of the
samples before and after the heat/reduction process is
demonstrated in figure 7. As it is shown, the process imposed
a drastic modification in the structure of the sample. The
sample before the process had grainy accumulated structures
which turned to stacked layers after the reduction/heat
process. The average thickness of the layers was about 70 nm.
Doubling Sr(NOs); from samples S1 to S2 had an increasing
crystal size effect. Samples S3 and S7 resemble together as
they have formed crustily layered and round particles after
microwave procedure. Sample S8 owns big crystals which
can be attributed to the presence of extra citric acid which
increases the in-spot temperature and more agglomeration
and increased particle size.

3.5. EDX results

Table 4 demonstrates the EDX results obtained from
the samples. The EDX elemental analysis matches the initial
compounds used in the study.

4. Conclusion

The calcinated doped SrAl,Os pigments were
studied with different techniques including
photoluminescence, XRD, EDX, FT-IR, and SEM. The
diversified initial substances include Sr(NQs)2, H3BOs, citric
acid, and Nd(NO3)3.6H.0. On the one hand, employing
microwave synthesis set forth a bunch of supremacies, such
as being time and energy-saving and being cost-effective.
One of the superiorities of microwave synthesis was the very
quick production of the precursor pigments, owning
prominent fluorescence properties. They possessed unique
phosphorescence properties after undergoing the reduction
furnace stage. On the other hand, this method produced only
fluorescence-active pigments in the first step, which even
though they were interestingly UV-active, but had to be
submitted to the reduction process to acquire further
phosphorescence properties. Supplementary research for
evaluating other possible methods combined with different
reductive agents is suggested to discover the most optimum
synthesis route.
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