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Abstract

Objectives: To synthesize a phosphor of more intense, high color purity,
and to last longer. Methods: We have synthesized Srg.go_.Cao.10Al12019:Dy3*,
(x=0.00, 0.01, 0.03, 0.05, 0.07) phosphors using a low temperature (560
+ 10 )°C combustion system. X-ray diffraction, Field Emission Scanning
Electron Microscopy (FE-SEM), and EDS spectra were used to perform
phase identification, morphological examination, and elemental analysis.
Spectroscopic photoluminescence techniques of the described phosphor were
used to investigate its optical properties. Findings: According to scherrer’s
formula, the crystal size of strontium calcium aluminates phosphor is between
12.58 and 84.67 nm. The Dy3* emission peaks at 475 nm (blue), 573 nm (yellow-
green), and 666 nm (red) in the phosphor. PL emission spectra can be attributed
to the 4f-4f transition of Dy3* ions. The phosphor color purity is 15%, and
the average life time is 0.96 ms, indicating that it will survive a long last. The
intensity at the wavelengths of 475nm and 575 nm is 40000 counts and 35000
counts, respectively. Novelty: With a 0.10 molar calcium concentration, we
have synthesized strontium aluminates phosphor with improved properties.
The described phosphor has long-lasting applications as a refractory structural
material, great and useful material for pale-orange colorants, and may be
employed in many solid-state lighting technologies.

Keywords: Strontium Aluminates Phosphor; Paleorange Phosphor;
Photoluminescence; Correlated Color Temperature; Combustion System

1 Introduction

Phosphor materials are utilized in Cathode Ray Tube (CRT) and plasma video display
screens, fluoroscope screens, fluorescent lights, scintillation sensors, and white LEDs,
as well as luminous paints()). Due to their extended afterglow qualities, phosphor
materials are acceptable as energy storing materials. They can absorb UV-visible light
and moderately release the absorbed energy at a certain wavelength in the dark®.
Phosphors come in a variety of forms at the moment. The earliest phosphors with Cu
and Mn were made from ZnS-based compounds. They have been used in a number of
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different fields. These phosphors have insufficient luminous intensity and a short afterglow period . As a result, a variety of
radioactive materials were used to increasing the afterglow time and some radioactive elements like Co and Pm have to be
co- doped into the ZnS origin to extend the afterglow time. When compared to phosphor based on sulphide and phosphor
based on oxide, phosphor based on aluminates has been discovered as a more suitable host material. Chemical stability, no
radioactive radiations, environmental capabilities, and long phosphorescence persistence are all advantages of aluminates-based
phosphors®). Dy** ions were commonly utilized as an activator ion for various host lattices in order to evaluate phosphor.
Researchers began looking for greater luminous and long-lasting phosphors as a result of this®). The composition of Al/Sr/Ca
impacts of flux, composition of rare earth ions, charge compensator ions, and heating temperature and time for SrCaAl;,019
phosphor have not been thoroughly investigated.

Bahram et al. created SrAlj;O19:Pr** nanophosphors using the combustion process®. Abhay Deshmukh et al. created
SrAl;,O019:Eu®" nanophosphors. Similarly, Kapil et al. created SrA;,O19: Dy>* nanophosphors via the combustion process, with
absorption peaks at 324, 350, 364, and 387 nm in visible wavelengths. When stimulated by 350 nm, two emission peaks were
seen at 478 nm and 573 nm. Radioactive free long lasting persistent after glow luminescence phosphors based on SrA1204:Eu?*,
Dy3+ was discovered by Japanese scientists Matsuzawa et al.in 1996 (J. Electrochem). It was a breakthrough in the field of
luminescence ?).

We synthesized the SrCaAl;;019 (host) material based on the advantages of Dy>* ions, which may have a variety of useful
features. As a result, we decided to investigate and study the material properties of Sr.99_xCag.10Al}2019:Dy,** (x=0.00, 0.01,
0.03, 0.05, and 0.07) in this paper.

2 Material and Methods

2.1 Synthesis of Sr0 o,_,Ca, 0Al;,019:Dy,3* Phosphor

At (560 + 10)°C, the phosphor Srg 99— Cag.10Al;2019:Dy,>" (x=0.00,0.01, 0.03,0.05, 0.07) was synthesized using a combustion
synthesis apparatus. Starting AR grade ingredients (99.99 % purity) were employed to generate phosphors, including strontium
nitrate [Sr(NO3)2] (Merck), aluminum nitrate nine-hydrate [Al (NO3)3.9H,0] (Merck), calcium nitrate tetra hydrate
[Ca(NO3), 4H,0] as host lattice, dysprosium nitrate [Dy(NO3)3.xH,O] as a dopant and urea (NH,CONH;) (Merck) , was
used as fuel. The oxidizer-to-fuel ratio has been set to one ®. The analytical balance (WENSA) was used to weigh the appropriate
number of reactants. Using an agate motor pestle, the raw components were successfully mashed into a thick paste. They were
placed in a china crucible and then burnt in a vertical muffle furnace at a constant temperature of (560 &= 10)°C. At first, the
mixture boils and dehydrates. After that, significant quantities of gases (oxides of carbon) are released and the process becomes
exothermic, resulting in spontaneous flaming ®). The solution flowed through, causing a large amount of irritation and creating
white frothy ash. The flame temperature rises to a point where the vapor phase oxides are converted to mixed aluminates. The
flame lasts about 20 seconds before the crucible is removed from the furnace and the frothy product is pulverized for 45 minutes
at room temperature to yield a homogeneous white powder of Sr 99— Cag.10Al;2019:Dy,>* (6), Powder materials were annealed
at 1000° C for four hours in a high temperature muffle furnace to improve crystallinity. The flow diagram for the combustion
technique is shown in Figure 1. The chemical process for the sample synthesis is blown out.

0.90-x Sr (NO3)2 + 0.10 Ca (NO3);, + 12 Al (NO3)3 .9H20 +x Dy (NO3)3 .XH,0 +

NH,CONH, = Sl’()_g(),nyx3+ Cag.10Al12019 . (Hy + Ny + NH3 Oy + CO2+ H,O)

2.2 Phosphors Characterization Techniques

The X-ray Diffractometer was used to determine the crystal size, crystalline structure, and particle size of the predominant
powdered material. Details regarding the surface structure, surface morphology, and elemental analysis, among other things,
were obtained using field emission scanning electron microscopy and EDS Spectra. Transmission electron microscopy was
used to examine the substance’s internal structure and particle size. The purity of the material was measured using Fourier
transform infrared. The excitation and emission spectra were measured using a photoluminescence spectrometer to examine
PL properties.
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Fig 1. Flow chart for combustion system

3 Results and Discussions

3.1 Powder X-ray Diffraction (PXRD Analysis

The diffraction peaks of Sr.99_yCag.10Al12019:Dy,>* (x=0.00,0.01, 0.03,0.05,0.07) phosphor synthesized through combustion
synthesis system are shown in the X-ray diffraction pattern Figure 2a. Because the level of impurity doping is minimal, the XRD
peaks of doped and undoped are identical. All of the samples XRD patterns are shown in Figure 2a and match the typical XRD
pattern of SrAl;,O19 (JCPDS File No. 89-2505) (10) The crystalline properties of the material formed by the sharpness of the
peaks are well demonstrated, as well as the particle size being nano due to some peak broadening. The XRD diftraction peaks
of the hexagonal phase are idiosyncratic to the [101], [102], [006], [110], [107], [114], [203], [204], [205], [1010], [303], [304],
[215], [2014], and [1016] lattice planes of hexagonal phase (P63/mmc). Crystal parameters (a = b # ¢) and crystal volume are
computed using (Eq.1), where a, b, and c are crystal parameters, and dj; is the interplanar spacing corresponding to the miller
indices h, k, %nd 1 ir% Tabl% 1.

A= =" + 5+ 5 [BqlliD= 5 [Bq.2]52dSin 6 =n A [Eq.3]; € = b5 [Eq. 4]

The crystallite size and crystal strain of the samples are calculated by the Scherer formula (Eq .2) and hall Williamson
equation (Eq.4) respectively, as shown in Table 2!V, The crystalline size were found to be in the range of 12.58 nm — 84.67 nm of
synthesized phosphor. The low crystal strain and high crystalline properties are due to peak sharpness. The main reason for peak
sharpness is urea (NH,CONH,) which increases the temperature of combustion to high temperature 1), By these crystalline
properties of synthesized phosphor increased. When we have intentionally introducing impurities (in sufficient amount) to the
host phosphors, the lattice parameters of the crystal will dilate giving rise to a slight shift in the peaks at the direction of higher
angle. The results obtained are displayed in Figure 2b. The data of crystal parameters and volume of lattice cell is tabulated in
Table 1.The Sample name, average crystal size, FWHM and calculated crystallite strain of the synthesized powder sample also
tabulated in Table ?2.

Table 1. Lattice parameter and Cell Volume for Sro,go,xCao,1OA112019:Dy3+ » (x=0.00, 0.01, 0.03, 0.05, 0.07)

lattice Parameter (a=b # )

Samples - - Cell Volume
a(A) c(A)
(A)3
SrCaAl12019:Dy3+0.00 4.79 19.01 438.23
SrCaAl12019:Dy3+0.01 4.71 21.80 483.61
SrCaAl12019:Dy3+0.03 4.78 21.63 494.21
SrCaAl12019:Dy3+0.05 4.80 21.86 503.65
SrCaAl12019:Dy3+0.07 4.83 22.00 513.23
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Table 2. FWHM values, crystal size, d-spacing and Miller indices forSrg 99—, Cag 10Al12019:Dy**, ( x=0.00, 0.01, 0.03 , 0.05 , 0.07)

Samples 20 FWHM Crystal Size Micro d-Spacing Miller
(degree) (degree) (nm) Strain (nm) Indicates (hkl)
SrCaAl12019:Dy3+0.00 49.66 0.29 12.58 72.66 0.03 0.18 [1011]
SrCaAl12019:Dy3+0.01 67.33 0.17 39.47 84.67 0.02 0.14 [1015]
SrCaAl12019:Dy3+0.03 36.44 0.14 38.79 72.66 0.10 0.25 [200]
SrCaAl12019:Dy3+0.05 60.30 0.24 32.4078.48 0.03 0.15 [2011]
SrCaAl12019:Dy3+0.07 71.88 0.45 27.27 74.45 0.08 0.13 [315]
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Fig 2. (a) Theoretical and experimental PXRD pattern of Srg 9o ,Cag.10Al;2019:Dy>"; (x=0.00, 0.01,0.03, 0.05, 0.07) (b) Extended view of
main peak of PXRD pattern

3.2 Scanning Electron Microscopy and EDS Analysis

The morphology and microstructure of synthesized nanoparticles were studied using SEM data from several samples. The
foamy, non-uniform forms and agglomerated character of the powder samples were clearly visible in the SEM images presented
in Figure 3. The EDS spectrum was used to determine the elemental compositions of the synthesized phosphors, which are
shown in Table 3. The Dy-doped SrCaAl;,09 phosphor shows peaks of strontium (Sr), aluminum (Al), oxygen (O), and
dysprosium (Dy) elements, as shown in Figure 4 (a-d). As a result, the EDS data show that Dy>* ions have been well integrated
into the SrCaAl;,019 host 2.

3.3 Transmission Electron Microscopy (TEM Analysis)

TEM was used to examine the size and structure of nanoparticles in greater detail. TEM images of Srg 90— Cag 10Al12019:Dy,>*
(x = 0.07 % molar concentration) nanoparticles with particle sizes ranging from 14 to 30 nm are shown in Figure 5. The
considerable variance in particle size could be due to agglomeration. We can plainly observe from the TEM image that
the particles are precisely hexagonal, but deformed hexagonal. The doping of Dy-ions atoms in the hexagonal lattice of
SrCaAl;»019 causes this deformation in particle shape. The computed d-spacing from the HRTEM image is 1.12 nm, 0.58
nm, and 0.38 nm. We can see that there are white spots surrounding the core bright area and some ring in the SAED pattern
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Table 3. Tabulation of element distribution of Sro_go_xCao_1()A112019:Dystr (x=0.03).

Element Weight % Atomic % Net Int. Error % P/B Ratio R F
Oxygen K- 4556 63.49 96.99 18.23 0.0000 1.0000 1.0000
Series

Aluminum 40.22 33.23 455.00 14.86 343.7694 1.0092 1.0032
K-Series

Strontium L-  6.93 1.76 27.35 27.03 50.7908 1.0125 1.0013
Series

Calcium K- 1.21 0.68 6.63 69.06 16.8702 1.0247 1.0269
Series

Dysprosium  6.08 0.83 3.02 74.51 56.4136 1.0343 1.0216
L-series

Fig 3. (a - e). SEM image of Sr()_g()_xcao_10A112019:Dy3+x (x=0.00, 0.01,0.03,0.05,0.07)

WeH G0 M CeCmePad

[EEE

Fig 4. EDS spectra of Sr 90— ,Cag.10Al12019:Dy,>* (x= 0.01,0.03,0.05,0.07)
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Figure 4d. This demonstrates that samples contain big particles!?). Image-j software was used to calculate D-values for the
[002], [004], [103], and [102] planes. These values are determined to be consistent with the XRD results for these planes.

Fig 5. (a) & (b) TEM image of SrA112019:Dy3+0'07 sample referring particle size distribution in nm range (c) The HRTM image of sample
exposition the lattice fringes (d) The SAED pattern of sample, labeled with lattice planes.

Table 4. d-spacing and hkl values for SrCaA112019:Dy3+0.07'
SrNo. 1/D(nm) 1/r(nm) r(nm) d-Spacing (A)  hklvalue

1 17.06 8.53 0.117 1.27 002
2 38.34 19.17 0.052 0.52 004
3 43.03 21.51 0.046 0.46 102
4 46.50 23.25 0.043 0.43 103

3.4 FTIR Analysis

The absorption peaks of Srp.g9_CaAl;2019Dy,** may be seen in the FTIR spectra. (x = 0.00, 0.01, 0.03, 0.05, 0.07) in the
500 cm™! to 4000 cm! range, as illustrated in Figure 6. The FTIR spectra are made up of absorption peaks derived from
FTIR spectroscopic data in order to identify active functional groups, organic-inorganic impurities, and symmetric and anti-
symmetric stretching between active bands. At 2363 cm™!, the peaks can be attributable to ambient water vapour. These peaks
are responsible for the ant symmetric stretching vibrations of unbound O - H bonds. C - O vibrations could account for the
peaks found at 760 cm™!. The residual carbon in the samples or CO, absorption from the surroundings could be the cause of
these peaks. Al-O vibrations account for the peak at 689 cm1, while Sr-O vibrations account for the peak at 579 cm™. As a
result, the peaks detected in the IR range between 800 cm™! and 500 cm™ can be attributed to the typical metal-oxygen (M -O)
vibrations, indicating the creation of SrCaAl;2019 crystals a9,

3.5 Photoluminescence (PL Analysis)

The excitation and emission spectra of the synthesized phosphor St 99—yCag 10Al;12019:Dy,>* (x = 0.00, 0.01, 0.03, 0.05, 0.07)
were noticed and exhibited in the study of luminescence properties Figure 7. The phosphor was excited with 470 nm radiations
in the excitation spectra, and the excitation spectra were collected over a range of 320 nm to 440, and the emission spectra were
collected over a range of 450 nm to 680 nm. Dy**ions are excited from their ground state ®H;s ; to a variety of excited states,
resulting in a variety of excitation peaks in the UV and visible spectrum. The first peak was detected at 350 nm (°H; 5 /2—6P7 /2)>
the second peak at 364 nm (6H15/2-6P5/2), the third peak at 387 nm (6H15/2-4I] 3/2) and the fourth peak at 427 nm in excitation
spectra. In the emission spectra, three height peaks were found at 475 nm, 573 nm, and 666 nm !>, All emissions occur through
excitations within Dy>* through 4f-4f forbidden transitions which are usually quite weak compared to 4f-5d allowed transitions
from Eu?* or Ce** because of which the latter two ions are employed in most lighting devices ") 19, Maximum intensity in
emission spectra is found for Dy**(0.07) in the pale-orange area. At a wavelength of 350 nm, the decay curve and average life
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Fig 6. FTIR spectra of Srg g0_»Cag.10Al12019:Dy,>* (x=0.00, 0.01,0.03,0.05,0.07).

duration of Sro.go,xCaO_10A112019;Dyx3+ phosphors (x = 0.01, 0.03, 0.05, and 0.07) are shown in Figure 8. It indicates that curve
could be well fitted in single exponential decay function.

3.5.1 Chromaticity Co-ordinate and Correlated Color Temperature

International Commission of T'Eclairage to investigate the emission color of synthesized phosphors, a chromaticity co-ordinates
(1931) diagram was displayed in Figure 9 Using PL emission spectra, the chromaticity co-ordinates of synthesized phosphors
were estimated and displayed in a 1931 chromaticity co-ordinate diagram with unique dopant concentrations, as shown in.

3000 4

Excitation Spectra 60000 4 Emission Spectra ssm!
[ T T
2500 4 hgqn =470 8
- M B 500001
—_ Qr —
:: e 'Pry "mﬂ 3 da7snm
& 2000 350am Hua'F |‘| @ 40000+
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Fig 7. (a) Photoluminescence excitation spectra of Srggo_.Cag.10Al12019:Dyg07°" (b) Photoluminescence emission spectra of
Srp.90—xCag 10Al12019: Dyf’*(sz.OO, 0.01, 0.03, 0.05, 0.07)

It was concluded from the graphic that the (x, y) co-ordinate for all dopant concentrations is in the bluish white zone. The
phosphors that have been synthesized can be used to generate near-white light. Table 5 shows the calculated CIE co-ordinates
of all phosphors. Color purity describes the purity of radiated light; lower color purity indicates a greater likelihood of emitting
white light, whilst higher color purity indicates the creation of a specific color. It is clear that the Dy** doped SrCaAl;,09
phosphor material is an excellent cool white light source that might be used commercially for communal lighting, nUV- LED,
reading lamps, and illuminating living areas!”). The color purity of Srg.go_,Cag.10Al12019:Dy,>* (x = 0.00, 0.01, 0.03, 0.05,
0.07) phosphors was calculated using CIE chromaticity co-ordinates.

—Xi 2 s —Yi 2
Color purity = \/[[(();jfx;;zi_((); y jy?)z}] x 100 % [Eq.5]
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Fig 8. Decay Curve for Srg 99_,Cag,10Al12019:Dy,>* (x=0.01, 0.03, 0.05, 0.07)

Where (xy, y5) are the co-ordinates of phosphors reported in present work, (x;, y;) co-ordinates of white light and (x4, y,4)

co-ordinates of dominant wavelength. Calculated color purity of prepared phosphors is listed in Table 5.

Table 5. Average life time, correlated coordinates of chromacity (x,y) and correlated temperature (CCT) , Color purity , Quantum efficiency

for Sro.go_xcao'1QA112019;DYX3+ (X =0.01, 0.03, 0.05, 0.07)

Color coordinate

Srno ]()J(})’fl:entration é:fzr;fie (n.s.) CCT (K) Color Purity
X Y

1 0.01 0.87 0.305 0.290 7130 18 %

2 0.03 1.60 0.309 0.301 6975 16 %

3 0.05 1.15 0.310 0.305 6975 14 %

4 0.07 0.95 0.312 0.301 6975 15 %

0.4 0.6 0.8
CIEX

Fig 9. CIE Spectra for Sl‘()_g(),xca()_1()1\112019:Dyx3+ (x=0.00, 0.01,0.03,0.05, 0.07)
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4 Conclusion

The samples were synthesized by combustion synthesis system and annealed at 1000 °C. Sample shows hexagonal structure
and the crystal size calculated by Scherer’s formula ranging from 12.58 - 84.67 nm. The good connectivity with grains and
the hexagonal structure was found by SEM. The study of the photoluminescence characteristics of Dy>*activated pale-orange
emitting SrCaAl;019: Dy** phosphors in the near UV-vis and visible range show the excitation bands at 350nm -433 nm.
Emission characteristics of SrCaAl;;019: Dy>* shows emission band at 475nm — 666 nm because of the corresponding energy
level. The influence of activator concentration level on the photoluminescence properties of SrCaAl;;019: Dy>* phosphor
realize in conditions of smaller changes in relativistic intensity variation of the 4f-4f transition ascribed to conceit and improved
splitting of crystallographic field. The synthesized phosphors have long-lasting applications prospective pale - orange application
for the solid state lighting, may be used in fluorescent lamp in photocopiers and other devices. In future by little quantity of
silicon switching the aluminum can enlarge the intensity of prepared phosphor.
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