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Abstract— The combustion synthesis method was employed for the synthesis of red-emitting monoclinic
SrAl,O4:Eu®* phosphors. Structural characterization of annealed samples was carried out via X-ray
Diffraction (XRD). XRD patterns reveal that strontium aluminate samples were cubic spinel nanoparticles
and the grain size determined by the Debye-Scherrer formula is 35.34 nm. The vibrational stretching
frequencies corresponding to the composites were confirmed by FT-IR spectroscopy. The PL spectra show
the strongest emission at 612 nm corresponds to the Do — ’F, transition of Eu®*, which results in bright red
color emitting phosphor used for display devices and lamp industries.
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. INTRODUCTION

Inorganic materials doped with rare earth ions have
generated considerable interest in recent years due to their
exceptional luminescent properties. Rare-earth doped
phosphors have previously proved their utility in a variety
of sectors, including illumination, radiation detection,
medicinal applications, and solar energy consumption[1-3].
Alkaline earth aluminate, SrAl;O4, is one of the most
important persistent luminescent compounds. Due to their
high initial luminescent intensity and low-dimensional long
afterglow property, strontium aluminate phosphors are an
ideal material for widespread use in a variety of fields,
including the dial plate of a glow watch, warning signs,
escape routines, airports, buildings, and various types of
ceramic materials, as well as textiles, and this could result
in future nanoscale display devices [4-6].

Due to their amazing properties, such as safety, stability,
and high quantum efficiency, strontium aluminates have
been extensively investigated for use as phosphor host
materials in a variety of applications. SrAl,O, crystallises in
two distinct crystallographic forms, with a reversible
transition occurring at around 650°C. The low-temperature
phase is monoclinic (space group P,;, a = 8.447 A, b =18.816
A, ¢ = 5.163A and a= Y= 90°) [6-9], whereas the high-
temperature phase has a hexagonal structure (space group
P63). A three-dimensional framework of corner-sharing
AlO, tetrahedrons forms the monoclinic SrAl;O..
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Following that, the oxygen is shared with two aluminium
ions, resulting in a net negative charge in each tetrahedron
that is balanced by massive divalent cations that occupy two
unique interstitial sites inside the tetrahedron framework.
[10].

The combustion synthesis method was employed in this
study to produce SrAl>O4 phosphors doped with Eu3+ using
urea as the fuel. X-ray diffraction (XRD) was utilized to
assess the phase purity and structure of the phosphors as
they were made. At room temperature, the
photoluminescence characteristics of the resulting samples
were analysed using a fluorescence spectrophotometer. The
CIE chromaticity diagram was used to determine the CIE
coordinates for the photoluminescent colour of
nanophosphors. The FTIR technique is used to assess the
existence of specific functional groups in a molecule.

1. EXPERIMENTAL

The SrAlO4Eu®* phosphors were synthesized using a
combustion method. Strontium nitrate [Sr(NOs)2], and
aluminum nitrate nonahydrate[AI(NO3)39H,0] was used as
the oxidizers, while urea (CH4N20) was used as the fuel for
the method. Europium oxide (Eu.0s) was used as the dopant
precursor. All the reagents were obtained A.R. grade and
taken according to their stoichiometric ratio.
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The schematic of the synthesis process is shown in Fig. 1.
1. The precursor and initial reactant components were
dissolved in double distilled water and combined using a
porcelain mortar and pestle in a china dish. Later, the
mixture was heated to 80 °C for 15-20 minutes to achieve a
homogenous solution. The mixture was maintained at a
temperature of about 525 °C in a preheated muffle furnace.
As soon as the china dish was placed in the preheated
furnace, the mixture boiled, triggering a breakdown process.

This resulted in a combustion reaction in which combustible
gases such as nitrogen oxides and ammonium oxides were
liberated. The combustion process is accomplished quickly.
The generated sample was foamy, and the foamy powder
was removed immediately after the combustion process was
completed. The frothy powder was crushed to a fine powder
and sintered for four hours at 800 °C. The final produced
product was subjected to characterisation, which was
carried out at room temperature.

Urea

Al(NO3)3

Sr(NO3)2

After constant
heating and
stirringwe get a
white viscous gel

Nitrate
solution

Eu,03

Combustion

SrAl204: Eu

Fig. 1. 1 The schematic of the synthesis process SrAl204:Eu®*

II. RESULTS AND DISCUSSION
X-RAY DIFFRACTION ANALYSIS

As seen by the XRD patterns (Fig. 1. 2), crystalline phase
formation began at 800°C with the formation of a phase with
diffraction peaks suggesting the presence of monoclinic
SrAl;O4 (JCPDS #34-0379). Additionally, X-ray diffraction
patterns suggest that the different diffraction peaks at 26
values of 20.00, 22.73, 29.27, 29.88, 31.97, 35.05, 40.69,
42.88, and 62.77 correspond to the (00 2), (01 2), (220),
(121),(013),(210),(201),(202),(033)and(-107)
plane The main peak at angle 26=29.27° s the reflection of
the crystallographic plane (220) for SrAI204. The XRD
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patterns of the annealed samples demonstrated a significant
improvement in crystallinity, with more intense and sharper
diffraction peaks. Additionally, the number of diffraction
lines is increased in SrAl,O, orientations when 800°C
annealing is used.

Scherrer's equation was used to calculate the crystal size of
the sample based on the full width at half maximum
(FWHM) of the most intense peak at 26=31.875°. The
crystallite's average size was calculated to be approximately
35.34 nm. According to the literature, SrAl,O4 with filled
tridymite—like structure belongs to the monoclinic P2, space

group [9].
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Fig. 1. 2 the XRD patterns SrAl,04:2%Eu*

Table 1: Various parameters, i.e. Lattice constants (a), cell volume (V), X-ray density (X-ray) and crystallite size (D)

Lattice Constant Volume X-ray density | Molecular weight | Crystallite size
(V) A3 (px) glcm?3 (M) gm/mole (D) nm
a[A] b[A] c[A] o=y |P
5.209 8.5649 8.9113 90 93.65 396.77 3.44 205.54 35.34
FOURIER TRANSFORMATION INFRARED absorption during the compaction of the powder specimens
SPECTROSCOPY with KBr [11,12]. The appearance of a very weak band at

Fig. 1. 3 shows the FT-IR spectra of SrAl,O4: Eu®* powder.
Due to the OH stretching vibrations of free and hydrogen-
bonded hydroxyl groups, this spectrum reveals a broad band
about 3433 cm. However, a faint absorption band at 1632
cm* appears to be caused by the deformative vibration of
water molecules, which is most likely caused by water

1382 cm is owing to the N—O group's symmetric stretching
vibrations, which may have been caused by the initial
material's nitrate. Metal-oxygen stretching frequencies in
the range 400-1000 cm'* are related with Al-O, Sr-O, and
Sr—O-Al bonding vibrations. A prominent peak at 846 cm1
was seen, which was attributed to the production of SrAl;O.
[13]
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Fig. 1. 3 The FT-IR spectrum of SrAl,04:2%Eu®* powder
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PHOTOLUMINESCENCE

Fig. 1. 4 shows excitation spectrum SrAl,O4: 2% Eu® was
monitored at an emission wavelength of 616 nm and it
exhibits a broad spectrum with peaks at around 394 and 466
nm, which correspond to transitions within the 4f6
configuration of Eu®* ions [14]. Error! Reference source
not found. Under 466 nm excitation, the apparent emission
spectra of SrAl,O4: Eu®* phosphor consists of many narrow
and strong emission bands at 616 nm, as well as several
minor emission bands. The major emission band should be
defined as the transition from the splitting level Dy —7F of
Eu®* to the splitting level Do —7F; of Eu®*. The emission
spectrum must be identified as Do —’Fj. The spectra
associated with the transitions Do —'F; are composed of

several bands depending on the number of stark components
in ’Fj [15-17]. The 2J+1 rule governs the amount of stark
components of Eu®* in SrAI204 crystals. The transition 5Dy
—7F, produces bands at 581, 588, 593, and 599 nm;
transition Dy —’F; produces bands at 620 and 630 nm; and
transition 5Dy —’F3 produces bands at 650 and 658 nm
[18,19]. At 615 nm, the hypersensitive band is due to the
electric dipole transition Do —’F, of Eu®* ions.

The CIE chromaticity diagram of SrAl,04:2%Eu®
phosphors is shown in Fig. 1. 5. The CIE coordinates
(0.5774, 0.4217) indicate red emission with a CCT of 1691
K and a CRI of 42. The CIE values of SrAl,O4:Eu®* red
phosphor is nearly identical to those of the commercial red-
emitting phosphor Y,03:Eu®* [20,21].
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Fig. 1. 4 Photoluminescence graph of Europium doped SrAl,04:2%Eu*
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Fig. 1. 5 The CIE chromaticity diagram of SrAl,O4:2%Eu* phosphors

v. CONCLUSION

Our results demonstrate that Eu is stabilised in the trivalent
oxidation state in the produced SrAl204 phosphor. This
phosphor might be generated in a short amount of time
using the combustion process, resulting in a decrease in the
rate of aluminate synthesis. X-ray Diffraction (XRD) was
used to characterise the structural properties of annealed
samples. Strontium aluminate samples were found to be
monoclinic structure with a grain size of 35.34 nm as
estimated by the Debye-Scherrer formula. FT-IR
spectroscopy was used to confirm the vibrational stretching
frequencies of the composites. The PL spectrum indicates
that the highest emission occurs at 616 nm, which
corresponds to the 5Dy — 7F; transition of Eu*ion, resulting
in a bright red colour emitting phosphor used in display
devices and lamp manufacturers. SrAl;O4: Eu®* phosphors
exhibit an orange-red emission band at 616 nm in their PL
spectra. The CIE coordinates (0.5774, 0.4217) indicate red
emission with a CCT of 1691 K and a CRI of 42.
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