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Abstract 

Persistent luminescent nanomaterials, such as SrAl2O4:Eu2+, Dy3+, have gained significant attention due to their ability to emit 

light after excitation, making them suitable for various optoelectronic and display applications. However, their thermal stability 

and luminescent efficiency are highly dependent on synthesis conditions. This study investigates the thermally stable properties 

of SrAl2O4:Eu2+, Dy3+ nanoparticles (NPs) for the development of efficient luminous nanomaterials, focusing on how synthesis 

temperature influences their structural and optical characteristics. The NPs were synthesized at varying temperatures (500°C to 

1000°C) and analyzed using X-ray diffraction (XRD), Fourier-transform infrared (FTIR) spectroscopy, UV-Vis spectroscopy, 

and scanning electron microscopy (SEM). Their luminescent properties under UV excitation were also evaluated. The NPs 

exhibited a monoclinic phase, with minor impurities at 500°C and 600°C. Higher synthesis temperatures shifted absorption 

edges to shorter wavelengths, with the band gap increasing up to 500°C but decreasing at 1000°C. SEM revealed irregular 

morphologies with pores and cracks, while crystal growth at elevated temperatures enhanced green emission, peaking at 

700°C. Beyond 700°C, luminescence declined due to secondary phase formation and rare-earth ion oxidation. Due to their 

strong green emission and stability, these phosphors could be used in glow-in-the-dark signage, emergency exit indicators, and 

traffic signs, offering long-lasting visibility without external power sources. Optimized synthesis at 700°C ensures high 

performance, making them viable for commercial luminescent displays. 
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1. Introduction 

Research on nanophase materials is receiving much atten-

tion because their size-dependent physical characteristics 

change significantly as particle sizes go closer to the na-

nometer scale [1]. The optical features and practical applica-

tions of nanoparticles have drawn the attention of humanity 

for an extended time. The optical properties possess a diverse 

array of practical uses across multiple disciplines, including 

but not limited to cathode rays, plasma display panels field 

emission displays, and safety signage [2]. These features of 

luminescent materials are contingent upon a multitude of 

factors, such as dimensions, morphology, and surface quali-

ties, as well as additional variables like doping and interac-

tions with the immediate surroundings or other nanostructure. 

Phosphors exhibit favorable characteristics when generated in 
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the nanophase, rendering them a material of great potential. It 

is the grain size of luminescent materials that mostly affect 

their phosphorescent characteristics [1]. When the grain size 

is reduced to the nanoscale, a variety of novel behaviors can 

be achieved. Various strategies have been utilized to produce 

nanophase phosphors, such as the solid-state method, solution 

combustion method, and co-precipitation [3]. Regarding most 

NPs, the time frame of light emissions decay generally is less 

than mere milliseconds following the removal of excitation. 

while maintaining structural stability. 

Despite extensive research on extending the afterglow dura-

tion of luminescent nanomaterials, a critical gap remains: the 

lack of a well-defined optimum synthesis temperature that 

maximizes luminescence [4]. Previous studies have explored 

various synthesis methods (e.g., solid-state, combustion, 

co-precipitation) but the temperature-dependent luminescence 

behavior of SrAl2O4:Eu2+, Dy3+ NPs has not been systematically 

optimized [5, 6]. Many studies report enhanced afterglow at 

different temperatures, but no consensus exists on the ideal syn-

thesis conditions that balance crystallinity, phase purity, and 

luminescent intensity. Some works suggest high temperatures 

improve crystallinity, while others indicate that excessive heat 

leads to secondary phase formation and rare-earth ion oxidation, 

degrading performance [7]. Alkaline earth aluminate materials 

have recently gained considerable attention. One material that 

has garnered significant attention in academic research is 

SrAl2O4. This material has been extensively explored owing to 

its inherent characteristics such as structural stability, chemical 

resistance, minimal toxicity, and [6] exceptional optical qualities. 

Due to its broad band gap, SrAl2O4 exhibits a lack of absorption 

across the whole visible spectrum. This property essentially 

prevents the reabsorption of light produced by rare earth (RE) 

ions. Doping is a useful and inexpensive way to modify the 

structural and optical properties of SrAl2O4. These phenomena 

are fascinating because they do not involve the use of radioac-

tive isotopes. In contrast to conventional sulphide phosphors, 

aluminate has several favorable properties, including increased 

radiation intensity, improved color purity, extended afterglow, 

chemical stability, safety and non-radioactive properties [8]. The 

study of aluminates and related structures has attracted much 

attention due to their potential in occupational safety [9]. A 

phosphor substance often recognized in the field is zinc sulfide 

(ZnS), which has limited longevity [10]. To solve this problem, 

researchers have found that alkaline earth aluminates are a via-

ble alternative [11]. These materials are chemically stable and 

have long-lasting luminescent properties. Therefore, they are 

widely used as matrix materials in modern luminescent devices, 

which provide better luminescent performance [11, 12]. Lumi-

nescence can occur in the wavelength range of the electromag-

netic spectrum, extending from ultraviolet to red. The intensity 

and characteristics of this luminescence are strongly influenced 

by the specific characteristics of the host lattice [13]. RE-

AL2O4-based phosphor aluminates exhibit photoluminescence 

characterized by a longer luminescence emission [14]. Many 

methods have been discovered to synthesize phosphorous mate-

rials belonging to the alkaline-earth aluminate family [15]. 

Some phosphors with particularly impressive luminescent prop-

erties are the blue-emitting calcium aluminates doped with eu-

ropium and co-doped with neodymium. CaAl2O4: Eu2+, Nd3+, 

the strontium aluminates SrAl2O4 which produce a green light 

when activated with Eu2+ and co-activate with Dy3+ phosphor, 

and the yellow-emitting BaAl2O4: Eu2+, Dy3+ phosphor [16]. 

The luminous property of strontium aluminate is enhanced 

through the incorporation of Dy3+ ions into the matrix, achieved 

by creating highly concentrated trapping levels. The strontium 

aluminate activated with Europium ions and co-doped Dyspro-

sium is a crucial material in terms of its long-afterglow charac-

teristics [17]. One often employed method for enhancing the 

characteristics of these materials is the introduction of appropri-

ate cations into the parent lattice [18]. The aforementioned qual-

ities are also influenced significantly by the method employed 

for synthesis and the synthesis temperature. 

This paper presents a comprehensive investigation of the 

synthesis of strontium aluminate using the solution combustion 

technique [19]. Temperature is a crucial factor in thermody-

namics that significantly influences the morphology, crystallite 

size, and surface characteristics of the nanoparticles being syn-

thesized [20]. This investigation was conducted to examine the 

impact of this variable on both the optical and structural proper-

ties of strontium aluminate doped Eu2+with and co-doped Dy3+. 

The investigation is conducted using X-ray diffractometer 

(XRD) and other optical characterization methods. The alumi-

nates under study follows a general formula Sr0.97Al2O4: Eu2+ 

0.01Dy3+
0.02. The ionic radii of Eu2+ and Dy3+ are reported to be 

1.09Å and 0.908Å, respectively. In regards to the information 

provided, it is anticipated that these ions have the potential to 

substitute Sr, which exhibits a radius of the ions of around 

1.12Å and does not induce significant structural deformation. 

In this study, we propose a simple approach to create 

nanostructured powders of SrAl2O4:Eu2+, Dy3+ at various fur-

nace temperatures utilizing the combustion process. The 

combustion method shows potential as a viable method for 

producing various nanopowders. The technique is very 

adaptable, efficient, and operates at (600°C) [23]. It enables 

uniform doping in a single step and does not call for a re-

ducing atmosphere for powder preparation. The particles 

produced using conventional combustion methods have di-

mensions inside the nanometer scale. The element strontium 

aluminate hosts are appealing as a result of their exceptional 

phosphorescent characteristics and high longevity. Function-

al inorganic materials find extensive use in various applica-

tions such as persistent luminous paints, inks, and ceramics 

[21, 22]. 

2. Experimental Procedure 

2.1. Synthesis of SrAl2O4: Eu2+, Dy3+ Phosphors 

The synthesis of strontium aluminate doped with Eu2+ and 

co-doped with Dy3+ involved the utilization of high-purity start-
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ing materials, including Sr(NO3)2 (99.90%), Al(NO3)3⋅ 9H2O 

(98.99%), Eu(NO3)3⋅ 6H2O (99%), Dy(NO3)3⋅ 5H2O (98%), 

CO(NH2)2 (99.99%) along with a H3BO3 (99.90%) were sup-

plied by sigma Aldrich. The synthesis method was adapted from 

the literature [23]. A set of six samples of strontium aluminate 

phosphor doped with Eu2+ and co-doped Dy3+ phosphor were 

prepared using the solution combustion approach. Solutions 

were prepared by dissolving the stoichiometric amount of the 

precursors, dopants, 20-fold molar excess urea as fuel and along 

with a trace amount of boric acid as reducer in 10 ml of deion-

ized water. All mixtures were then stirred for 30 minutes on a 

magnetic stirrer. After that, six silica crucibles were filled with 

the mixture. After being transferred to a larger crucible, the so-

lutions were placed in a muffle furnace. The furnace was main-

tained at temperatures of 500°C, 600°C, 700°C, 800°C, 900°C, 

and 1000°C for samples 1, 2, 3, 4, 5, and 6 respectively, one at a 

time. The process commenced with the dehydration of the solu-

tion through boiling, which was then followed by the release of 

gases (such as carbon oxides, nitrogen, and ammonia) as a result 

of significant decomposition. Subsequently, the reagent under-

went spontaneous ignition, leading to combustion and generat-

ing a substantial quantity of frothy and copious ash. The com-

bination underwent a process of frothing and swelling, resulting 

in the formation of foam. This foam then decomposed with a 

flame. The process continued for a short time, after which the 

crucible was removed from the furnace and then placed in an 

open environment to facilitate cooling in the free atmosphere. 

After cooling process, the material acquired a fluffy texture. 

Afterward, the phosphor was finely powdered using an agate 

pestle and mortar. 

2.2. Characterizations 

The crystalline composition and phase development of the 

polycrystalline strontium aluminate were analyzed using 

XRD. This analysis was conducted using a Rigaku Miniflex 

XRD, with CuKα (0.15406 nm) radiation, spanning the angle 

range of 2θ (10°-90°) operating at 40kV and 4mA. The sam-

ple diffractogram was analyzed using the VESTA software 

for phase identification. Fourier transform infra-red spec-

trometer (FTIR) equipment was utilized to examine the area 

encompassing fingerprints (400-1400 cm-1) and the area as-

sociated with the functional group (1400-4000 cm-1). An 

ultra-violet visible spectrophotometer (UV-Vis) Perkin Elmer, 

Lambda 950 was used to investigate the material's optical 

energy band gap. 

3. Results and Discussion 

3.1. Morphology and Structure 

XRD is a distinctive method used to ascertain the crystal 

structure and crystallinity of a material. The XRD profiles of 

the synthesized SrAl2O4:Eu2+, Dy3+phosphor are presented in 

Figure 1. 

 
Figure 1. XRD patterns of SAED prepared at different furnace 

temperatures. 

Five prominent XRD peaks at 2θ values of 19.96, 28.46, 

29.27, 29.98, and 35.11 degrees correspond to the crystallo-

graphic planes (0 1 1), (-2 1 1), (2 2 0), (2 1 1), and (0 3 1), 

respectively. These XRD peaks of the SrAl2O4 crystal lattice 

configuration matched well with the standard JCPDS file No. 

34-0379. The synthesized samples exhibited broader and 

more peaks, which suggest a smaller particle size and an 

increase in the level of crystallinity [3]. SrAl2O4:Eu2+, Dy3+ 

exhibited two distinct phases, namely a hexagonal phase 

(referred to as the β-phase) at high [21] temperatures and a 

monoclinic phase (referred to as the α-phase) at low temper-

atures [24]. The XRD profiles found confirm the presence of a 

dominating monoclinic SrAl2O4:Eu2+, Dy3+phase. The crystal 

structure of the produced powders were determined to be in 

the low-temperature monoclinic phase with a space group P21 

using VESTA software. The nanoparticle crystallite size were 

determined by calculating the full width at half maximum 

(FWHM) values using (220) employing the Debye-Scherer 

formula. The as-prepared SrAl2O4:Eu2+, Dy3+ samples exhib-

ited crystallite sizes ranging from 35 to 42 nm. The crystallite 

size calculated using Scherrer's formula [25] represented in 

equation (1). 

𝐷 =
𝐾 λ 

𝛽𝐶𝑂𝑆θ
                    (1) 

where K denotes a fixed value that varies depending on the 

form of the grain, λ represents the wavelength of X-rays em-

ployed, β corresponds to FWHM and θ is the Bragg angle 

were 40.86, 36.85, 35.74, 38.81, 39.02, 41.62 nm synthesized 

at 500°C, 600°C, 700°C, 800°C, 900°C, and 1000°C. Con-

sequently, it was observed that the particle size exhibited a 

significant correlation with the synthesis temperature. En-

largement in crystallite size suggests that tiny particles are 

diffusing and combining to produce bigger particles as the 

synthesis temperature increases [20]. Furthermore, arise in the 
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SrAl2O4:Eu2+, Dy3+ crystallite size upon raising the synthesis 

temperature supports the idea that a small crystallite size is 

necessary to enable the formation of a monoclinic steady 

crystalline structure [11]. The lattice parameters for mono-

clinic and hexagonal phases did not match well with standard 

bulk indicating that the material is under strain(ε)[25]. The 

strain computation provides more details regarding the 

structural features of SrAl2O4:Eu2+, Dy3+ which can be de-

termined by applying equation (2) 

ε =
𝛽

4𝑡𝑎𝑛𝜃
                     (2) 

The strain of the synthesized nanocrystalline particles was 

observed to rise from 0.280 to 0.320 as the synthesis temper-

ature is raised to 700°C. However, an additional rise in the 

furnace temperature causes the strain to fall to 0.243. This rise 

in strain is attributed to the rise in dislocation density in the 

SrAl2O4:Eu2+, Dy3+. The degree of dislocation (δ) is expressed 

to be the length of the dislocations per unit volume. The de-

termination of dislocation lines per unit volume is accom-

plished through the utilization of the formula. The expression 

(3) 

δ =
1

D2                     (3) 

Table 1 presents δ and ε values for various nanostructure 

strontium aluminates phosphors. A notable observation is that 

when the value of ε increases, there is a decrease in the crys-

tallite size D, accompanied by an increase in the δ values. The 

reduction in δ and ε serves as an indication that phosphors are 

undergoing a transition toward a more crystalline state [23]. 

Table 1. The calculated values of the structural parameters of as-prepared SrAl2O4:Eu2+, Dy3+ at different growth temperatures. 

Sample Lattice parameters, a (nm) Strain (𝛆) Dislocation density (δ) Crystallite size nm (D) 

S1 0.844 0.280 5.99×10-4 40.86 

S2 0.825 0.311 7.36×10-4 36.85 

S3 0.831 0.320 7.82×10-4 35.74 

S4 0.828 0.260 6.64×10-4 38.81 

S5 0.834 0.258 6.57×10-4 39.02 

S6 0.829 0.243 5.77×10-4 41.62 

 
Figure 2. The SEM images of the synthesized SrAl2O4:Eu2+, Dy3+ nanomaterial (a) synthesized at 600°𝐶, (b) synthesized at 700°𝐶. 

The SEM analysis was conducted to examine the surface 

appearance and crystallite size of the synthesized phosphor 

powders. Figure 2 presents the SEM micrographs of 

SrAl2O4:Eu2+, Dy3+ synthesized at 600°C (a) and at 700°C (b). 

The images indicate that the majority of the particles exhibit a 

nearly spherical shape with an evenly sized distribution. A 

detailed inspection of these images provides a distinct parti-

cle-like morphology, characterized by a predominance of 
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spherical particles, with a standard particle size ranging from 

35 to 42 nm. Additionally, there are significant voids and 

pores on the surface, attributed to gas release throughout the 

synthesis process. 

 
Figure 3. Point EDS results of the SrAl2O4:Eu2+, Dy3+ synthesized at 

700°𝐶. 

The findings of the elemental analysis using EDS are pre-

sented in Fig. 3, which illustrates the existence of the antici-

pated elements, namely oxygen, aluminum, and strontium, in 

percentages consistent with the originally calculated amounts 

[26]. The majority of the components used in the phosphor 

nanoparticles are depicted in Figure 3. Eu2+ and Dy3+ were 

undetectable by EDS due to their minimal levels. 

3.2. U.V. Visible 

The band-gap value of various SrAl2O4:Eu2+, Dy3+ phos-

phor samples were determined by recording their absorption 

bands in the spectrum range of 200 to 800 nm. 

 
Figure 4. Graph showing absorbance spectra of SrAl2O4:Eu2+, 

Dy3+(SAED) synthesized at different combustion temperatures. 

The band gaps of nanocrystalline particles would be altered 

by quantum entanglement impacts, which are dependent on 

the size of the nanoparticles [16]. Consequently, this might 

impact the absorption wavelength of the generated materials. 

Figure 2 demonstrates a strong relationship between the 

growth temperature and the movement of absorbance peaks 

towards longer wavelengths [12]. An increase in furnace 

temperature resulted in a shift of the absorption edges towards 

greater wavelengths [13]. The estimated absorption edges 

were 240, 249, 250, 251, 255, and 260 nm for growth tem-

peratures of 500, 600, 700, 800, 900 and 1000°C respectively. 

The Stokes shift of SrAl2O4:Eu2+, Dy3+ nanoparticles were 

greater when the powders are produced in open air, mostly 

because of the intense phonon coupling [5, 6, 8, 9]. The noted 

Stoke shift was a result of the band-edge transition, which was 

influenced by the variation of crystal sizes. The observed 

correlation between the Stoke shift and synthesis temperature 

can be explained by the accelerated nucleation process at 

greater temperatures [13]. As a result, particles with a larger 

area of contact are formed, which facilitates a greater number 

of interactions between electrons and holes [26]. 

 
Figure 5. Tauc plot ((ahv)2 vs hv) to determine the band gap energy 

of theSrAl2O4:Eu2+, Dy3+ phosphors. 

The absorbance spectra and the Tauc relation, which is 

frequently used to determine the near band-edge optical ab-

sorption of semiconductors, were utilized to estimate the 

energy band gap of SAED. The band gap energy of the 

as-prepared SAED can be estimated by extrapolating the 

linear component hv and identifying the point where it inter-

sects. The SrAl2O4:Eu2+, Dy3+ compound exhibited band gap 

values of 5.62, 5.51, 5.50, 5.49, 5.44, and 5.4 eV at furnace 

temperatures of 500, 600, 700, 800, 900 and 1000°C, respec-

tively. Figure 3 displays the band gap value of the SAED NPs 

in their original state. The measured results exhibit a modest 

elevation compared to the documented bulk estimation of 

4.47 eV [27]. The increase in optical band gap is ascribed to 

the extremely small dimensions of the crystallite size and the 
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resulting entrapment of electronic energy in the NPs [27]. 

Overall NPs samples generated in the present research had a 

crystallite size of approximately 41 nm, as determined by 

XRD tests. The following explains the significantly larger 

optical band gaps found compared to the bulk value. 

Deriving a precise value for Eg from the experimental curve 

is challenging in practice, mostly due to the influence of 

temperature and the potential presence of excitonic charac-

teristics toward the lower end of the conduction band. The 

absence of distinct features in the spectrum poses challenges 

in determining a precise value for Eg. Conclusively, the ma-

terials used in this work have a wide band-gap characteristic. 

3.3. Fourier Transform Infrared (FTIR) 

Spectroscopy 

FTIR is a rapid and accurate method for qualitatively 

measuring compounds. The FTIR examination is a crucial 

instrument for enhancing comprehension of the qualities of 

the acquired sample. The central infrared range (4000-400 

cm-1) [27] is precious for organic and inorganic substances 

spectroscopic analysis. Figure 4 displays the FTIR transmit-

tance profile of the strontium aluminate NPs. The infrared 

spectra of strontium aluminate show distinct prominent band 

at 3399 cm-1 and weaker bands at approximately 1800-1700 

cm-1 [27] associated with vibrations caused by the stretching 

and bending vibrations of O-H [27]. A high level of dampness 

in the surroundings may result in the O-H [27] group for-

mation inSrAl2O4:Eu2+, Dy3+. The infrared profile spectra of 

SrAl2O4:Eu2+, Dy3+phosphors exhibit a prominent peak at a 

wavenumber of 1482.23 cm-1 [27]. 

 
Figure 6. FT-IR spectra of SrAl2O4:Eu2+, Dy3+prepared at different 

furnace temperatures. 

The precise provenance of this summit, however, remains 

somewhat ambiguous. The peaks detected at this specific 

wavenumber cannot be ascribed to the Sr(NO3)2 compounds 

synthesized as precursors during fabrication. These results 

align with the results published by Lu et al [24]. The peak at 

1500-1600 cm-1 [28] indicates the stretching mode of the C = 

O [27, 28] bond in a carbonyl functional group on the crystal 

surface. Table 2 shows summary of results obtained from 

FT-IR analysis. 

Table 2. Table summarizing the FTI-IR absorption peaks for 

SrAl2O4:Eu2+, Dy3+ phosphors. 

Absorption peaks Assignment 

3750 N-H stretching vibrations 

3500 O-H stretching vibrations 

1712 C=O stretching vibrations 

1360 N-O stretching vibrations 

742 Sr-O stretching vibrations 

437 O-Al-0stretching vibrations 

 
Figure 7. PL spectra of SrAl2O4-based phosphor powders synthesis 

at various temperatures. 

Figure 7. illustrates the photoluminescence spectra of 

phosphor powders at an excitation wavelength of 345 nm. The 

photoluminescence spectrum of 700°C powders exhibited a 

peak at 520 nm, corresponding to the green light emission 

band. The luminescence can be attributed to the characteristic 

4f65d1-4f7 transition of the Eu2+ ion in SrAl2O4. The spectrum 

form exhibited modest asymmetry due to the emission of 

fluorescent pigment included in the phosphor. For such 

specimens, photoluminescence intensity significantly in-

creased at elevated growth temperatures, peaking at ap-

proximately 700°C. An additional rise in growth temperatures 

resulted in diminished luminous intensity due to phase change 

and the oxidation of the Eu2+ ion. Furthermore, two emission 

peaks at 500 nm and 524 nm were noted. This may be eluci-

dated by a modification in the oxidized Eu2+ milieu. Prior 

studies have indicated that the permitted 4f-5d transitions are 

significantly affected by the chemical environment of the Eu2+ 

ion, leading to a variation in the emission of the Eu2+ ion from 
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ultraviolet to red in aluminates. The emission of Eu2+ is ob-

served to move to greater wavelengths when the synthesis 

temperature increase. 

Conclusion 

The SrAl2O4:Eu2+, Dy3+ NPs were effectively synthesized 

using a solution combustion method at different temperatures. 

The XRD experiments demonstrated the presence of nano-

crystalline nanoparticles in a monoclinic and hexagonal phase. 

Average crystallites sizes of the as-prepared SrAl2O4:Eu2+, 

Dy3+ NPs, determined using the Debye-Scherrer equation, 

exhibited an upward trend as the synthesis temperature in-

creased 40.86, 36.85, 35.81, and 39.02, 41.62 nm prepared at 

500, 600, 800, 900, and 1000°C, respectively. The UV-Vis 

examination revealed the temperature-dependent characteris-

tics of the synthesized SrAl2O4:Eu2+, Dy3+ sample. The ab-

sorption edges exhibited a red shift with increasing synthesis 

temperature. The calculated optical band gap showed an in-

verse relationship with the furnace temperature. Increasing 

the synthesis temperature led to a decrease in the optical band 

gap, which can be ascribed to growth in the crystallite size. 

The synthesis temperature is crucial in producing 

SrAl2O4:Eu2+, Dy3+ nanoparticles with adjustable material 

characteristics. The SrAl2O4:Eu2+, Dy3+ nanoparticles, syn-

thesized at a temperature of 700°C using the aqueous method, 

exhibited favorable characteristics suitable for creating a 

luminous sign for occupational safety purposes. 
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