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A B S T R A C T

BaAl2O4/CaAl2O4/Ca4Al6O13/Ca3Al2O6:x% Sm3þ (0 � x � 1.9) (hereafter called BCCC:x% Sm3þ) nanophosphors
were successfully prepared by citrate sol-gel method. The structure, morphology and photoluminescence prop-
erties of the prepared nanophosphors were investigated. X-ray diffraction (XRD) indicated that the nanophosphors
composed of the mixed phases of the hexagonal (CaAl2O4, BaAl2O4) and cubic (Ca4Al6O13, Ca3Al2O6) crystal
structures. Scanning electron microscopy (SEM) revealed that doping influences the morphology of the prepared
nanophosphor. High resolution transmission electron microscopy (HR-TEM) confirmed that the prepared phos-
phor particles are in the nanoscale range. Photoluminescence (PL) results showed emission peaks originating from
the intrinsic defects within the BaAl2O4, CaAl2O4 and Sm3þ transitions. The optimum luminescence intensity was
found at 0.7% Sm3þ. Commission Internationale de l'�eclairage (CIE) shows that the Sm3þ doped samples emitted
the orange colour.
1. Introduction

In recent years, nanophosphormaterials have received great attention
from researchers around the globe due to their luminescence properties
and this has led to the development of new light emitting devices (LEDs)
[1]. Barium aluminate (BaAl2O4) is one of the multifunctional materials
that can be used for the water purification, binders for ceramics and
refractory, light-cumulative fluorescent materials, and afterglow phos-
phors [2, 3]. It has hexagonal structure with lattice parameters a ¼ b ¼
10.4490 Å and c ¼ 8.7930 Å [4]. It has the wide band gap energy (Eg) ~
5.3 eV [5]. It is one of the best aluminate phosphors amongst the group of
luminescence materials which has great efficiency, high quenching
temperature, and high stability [6].
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The other aluminate material that has been used in new applications in
the field of advanced ceramics such as optical ceramics, catalyst support,
flame detectors, dental cements and structural ceramics is calcium alumi-
nate (CaAl2O4) [7]. CaAl2O4 possesses properties such as, compressive
strength, splitting tensile strength, elastic modulus, stress-strain response,
mass loss, compressive toughness and can easily be grown in crystalline
form [8]. It has a wide Eg of 6 eV with hexagonal crystal structure and the
lattice parameters a ¼ b ¼ 8.74 Å and c ¼ 8.09 Å [9].

Reports have also focused on tetracalcium trialuminate (Ca4Al6O13)
and tricalcium aluminate (Ca3Al2O6) [10,11]. These calcium oxides are a
special constituents of Portland cements. Ca4Al6O13 is a cubic
indirect-gap semiconductor with Eg of 5.41 eV and the lattice parameters
a ¼ b ¼ c ¼ 8.86 Å [12] while Ca3Al2O6 has a wide band gap of 6.2 eV
otloung).

15 December 2022
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

mailto:abongile.bele@gmail.com
mailto:cchataa@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2022.e12573&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2022.e12573
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.heliyon.2022.e12573


A. Bele et al. Heliyon 8 (2022) e12573
with cubic structure and the lattice parameters a ¼ b ¼ c ¼ 7.624 Å [13,
14]. Generally, the crystalline powders depend on the method of prep-
aration [15]. The synthesis of oxide phosphors has been achieved by a
variety of methods such as the sol-gel method [16], co-precipitation [17],
solid-state reaction [18], combustion [19] and hydrothermal [20]. In
comparison with other methods, the sol-gel has advantages such as high
homogeneity, safety, takes only few hours to complete, is environmen-
tally friendly, produces nanopowder at low temperature, is very simple
and very cheap [21]. Thus, the sol-gel methodwas employed in this study
to synthesize BaAl2O4/CaAl2O4/Ca4Al6O13/Ca3Al2O6 (BCCC).

Recently, doping has been introduced to enhance the luminescence
properties of the nanomaterials. In most cases, rare earth ions (RE3þ) are
introduced into the crystal structure of the host material. Among the
RE3þ ions, Sm3þ have been studied due to its unique optical character-
istics [22]. Shashikala et al. [23] reported the synthesis and photo-
luminescence (PL) studies on an orange-red colour emitting novel
CaAl2O4:Sm3þ nanophosphor for light emitting diodes (LED) applica-
tions via combustion method. The results showed emission peaks centred
at 564, 601 and 647 nm which were attributed to 4G5/2→

6H5/2,
4G5/2→

6H7/2 and 4G5/2→
6H9/2 transitions of Sm3þ, respectively.

Although investigations have been done on single phase host mate-
rials, a little has been explored on the mixed phases [24, 25, 26, 27].
Mixed phases might possibly result on the new and advanced phosphors
materials with the combined properties of their bulk counterparts. For an
example, Yuan et al. [25] showed that the mixed oxide ZnO/ZnAl2O4 has
excellent stability and much higher photocatalytic activity than their
bulk oxide counterparts. This study investigates the effect of varying the
Sm3þ concentration on the structure, morphology, and photo-
luminescence properties of BCCC:x% Sm3þ mixed phases phosphor ma-
terial. The optimum doping concentration was found at x ¼ 0.7% Sm3þ.
Which resulted in tuning the emission colour from violet to orange.
Therefore, this work will provide scope and add “new” knowledge to the
development of new light-emitting materials that could be used in the
fabrication of LED devices.

2. Experimental

2.1. Synthesis

BCCC:x% Sm3þ(0 � x � 1.9) nanophosphors were successfully pre-
pared by using citrate sol-gel method. The un-doped BCCC was prepared
by dissolving Ba(NO3)3.6H2O (98%), Ca(NO3)3.6H2O (98%),
Al(NO3)3.9H2O (98%) and citric acid (CA) C8H8O7.H2O (99%) in
deionized water. Similar procedure was followed for the preparation of
BaAl2O4 and CaAl2O4. The doped samples were prepared by varying x%
Sm3þ (0 � x � 1.9) into the prepared un-doped sample nanophosphor.
The sols stoichiometric molar ratio of Ba:Ca:Al and Ba:Ca:CA was found
to be 1:1:2 and 1:1:0.75, respectively. The solution was constantly stirred
using a magnetic stirrer at a constant temperature of 80 �C until the gels
were formed. The gels were left overnight for more gelling. The gels were
annealed in a furnace at 1000 �C for 2 h. This was done to ensure
formability of the as synthesized samples. The solid products were
grinded using mortar and pestle to form powder samples. The powder
samples were then analysed using different techniques.

2.2. Characterization

The crystal structure of the prepared samples was characterized by
Bruker D8-Advanced powder XRD with a Cu-Kα (1.5405 Å). The
presence of multi-phases were identified using X'Pert Highscore plus
software and the relative phase amounts (weight %) were estimated
using the Rietveld method. The surface morphology, elementary
composition and particle distribution of the prepared phosphors was
investigated using a Zeiss Supra 55 scanning electron microscope
(SEM) coupled with an energy dispersive X-ray spectroscopy (EDS).
The nanorods images and SAED patterns were obtained using High-
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resolution transmission electron microscopy (HR-TEM) JEM-2100
equipped SAED operated at 200 keV accelerated voltage. Lumines-
cence spectra and the lifetime measurements were performed
at room temperature using the Hitachi F-7000 fluorescence
spectrophotometer.

3. Results and discussion

3.1. X-ray diffraction (XRD)

XRD patterns for the BCCC and BCCC:x% Sm3þ(0 � x � 1.9) are
shown in Figure 1. Figure 1 (a) indicate that the nanophosphors consist of
the mixed phases of the hexagonal (CaAl2O4, BaAl2O4) and Cubic
(Ca4Al6O13, Ca3Al2O6) crystal structures. These structures matched ICSD
cards 157457, 16845, 16177 and 151369, respectively. Figure 1 (b)
shows the patterns of BCCC:x% Sm3þ(0 � x � 1.9) samples and the re-
sults confirmed similar diffraction patterns to the one of the BCCC sam-
ple, which suggest that doping does not affect the crystal structures of the
mixed phases. Similar results have been reported by Shashikala et al.
[23], and Zhang et al. [28].

Figure 2 (a)–(d) shows the analysis of the most intense peaks (012)
(030) (112) and (002) of the BaAl2O4, CaAl2O4, Ca4Al6O13 and Ca3Al2O6

phases, respectively. Generally, the results show that there is a shift of
diffraction peaks towards the lower angles when doping with Sm3þ. The
peak shift to the lower diffraction angle is attributed to the increase in
lattice parameters [29]. The lattice parameter increase is attributed to the
replacement of smaller atoms with bigger atom in crystal lattices of in-
dividual phases. The incorporation of Sm3þ to the phases within the
BCCC lattice is likely to be by substitution of either Ba2þ (1.34 Å) [30],
Ca2þ(1.12 Å) [31] or Al3þ (0.53 Å) [30]. Thus, we propose that Sm3þ

(1.079 Å) [32] is possibly replacing the Al3þ in a lattice of each phase
present in BCCC. Thus, these results suggest that the Sm3þ was success-
fully incorporated into crystal structure of the BCCC mixed phase. The
phase quantification of the individual phase is shown in Table 1. The
phase quantification revealed that in all samples, the CaAl2O4 phase is
the highest in all samples.

The lattice parameters for the hexagonal (CaAl2O4, BaAl2O4) and
cubic (Ca4Al6O13, Ca3Al2O6) were calculated from Eqs. (1) and (2),

dhkl ¼ affiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
h2 þ k2 þ l2

p (1)

dhkl ¼ 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
4ðh2þk2þhkÞ

3a2 þ
�
l2
c2

�r (2)

where, a; b and c are the lattice parameter, d is the interplanar distance
and hkl are the Miller indices [33]. The lattice parameters of the
un-doped (BCCC) mixed phases sample are presented in Table 2. The
average lattice parameters for the hexagonal CaAl2O4 were estimated to
be a¼ b¼ 8.74 Å and c¼ 8.09 Å, while for hexagonal BaAl2O4 were a¼ b
¼ 5.21 Å and c ¼ 8.76 Å, which is similar to the reported values in
Ref. [34, 35]. The lattice parameters for the cubic (Ca4Al6O13 and
Ca3Al2O6) structures were respectively estimated to be a¼ b¼ c¼ 8.86 Å
and 7.624 Å, which is comparable to the reported values in Ref. [12, 14].

The crystallite size (D) of the un-doped and BCCC:x% Sm3þ were
estimated from most prominent diffraction peaks (012) (030) (112), and
(002) using the Scherer's formula given in Eq. (3) [36].

D¼ 0:9λ
β COS θ

(3)

where D is the crystallite size (nm), λ is the radiation wavelength
(0.15406 nm), β is the full width at half maximum (FWHM) (radians) and
θ is the angle of diffraction (degrees). The estimated crystallites sizes are
presented in Table 3. The results show that doping concentration in-
fluences the crystal size of the prepared nanophosphors.



Figure 1. The X-ray patterns of the (a) BCCC and (b) BCCC:x% Sm3þ (0 � x � 1.9) samples.
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3.2. Energy dispersive X-ray spectroscopy (EDS)

Figure 3 (a) shows the EDS spectra of the BCCC sample. The results
affirm the presence of the Ba, Ca, Al, and O as expected. Figure 3 (b)
shows the x ¼ 0.7% sample, which confirmed the presence of the
elementary compositions of the BCCC and Sm. The presence of carbon
(C) peak is due to carbon tape which was used to coat the sample holder
during the analysis. No external impurities were observed. The EDS
elemental map of the x ¼ 0.7% is shown in Figure 4. The results indicate
that the Ba, Ca, Al, O and Sm3þ were evenly distributed on the surface.
3.3. Scanning electron microscope (SEM)

Morphological aspect of the selected nanophosphor samples was
analyzed with SEM technique as given in Figure 5. Figure 5 (a) shows the
BCCC sample, and the results reveal the presence of the nano-rods that
are packed randomly with additional irregular particles. Similar
morphology is observed for the samples doped with the x ¼ 0.1% in
Figure 5 (b) and 0.7% in Figure 5 (c). Figure 5 (d) shows the x ¼ 1.9%
sample, and the results clearly reveal the morphological change to the
mixture of nano-rods and irregular particles. These results suggest that at
3

higher Sm3þ doping concentration, denser irregular particles are formed
with lower population of the rods structures. It is very clear that the Sm3þ

concentration influences the morphology of the prepared samples.

3.4. High-resolution transmission electron microscopy (HR-TEM)

Figure 6 shows the HR-TEM images together with their respective
SAED patterns. The BCCC, x¼ 0.1%, x¼ 0.7% reveal the nano-rod nature
of the samples. The middle column shows the higher magnification of
respective samples, and the lattice fringes can be seen, which confirms
the crystalline nature of the samples. The SAED image of the samples also
confirmed that the samples are highly crystalline. The SAED images
could not be indexed due to samples undergoing phase transition under
the HR-TEM beam. This phenomenon is well known for oxides [37] and
maybe this can also be considered as another proof that the samples
consist of mixed phases.

3.5. Photoluminescence (PL) spectroscopy

Figure 7 (a) shows the PL emission spectra of the BCCC sample excited
at different wavelength. Figure 7 (b) shows the emission intensity as a



Figure 2. The analysis of the most intense diffraction peaks for (a) (012) of BaAl2O4 (030) of CaAl2O4 (112) of Ca4Al6O13 and (002) of Ca3Al2O6.

Table 1. Phase quantification of the BaAl2O4, CaAl2O4, Ca4Al6O13 and Ca3Al2O6

mixed phases.

Sample ID CaAl2O4 (%) BaAl2O4 (%) Ca4Al6O13 (%) Ca3Al2O6 (%)

BCCC 58.4 22.5 9.4 9.7

x ¼ 0.1 58.4 23.0 8.5 10.1

x ¼ 0.3 45.1 24.6 21.3 9.0

x ¼ 0.5 38.2 22.9 30.7 8.2

x ¼ 0.7 45.9 18.5 28.9 6.7

x ¼ 0.9 44.6 18.6 29.5 7.4

x ¼ 1.1 42.1 22.5 29.3 6.1

x ¼ 1.3 47.3 20.8 24.5 7.4

x ¼ 1.9 61.0 21.5 8.3 9.2

Table 2. Estimated lattice parameters of the un-doped mixed phases sample.

Lattice Parameter
(Å)

BaAl2O4

(012)
CaAl2O4

(030)
Ca4Al6O13

(112)
Ca3Al2O6

(002)

a 5.21 8.74 8.86 7.62

b 5.21 8.74 8.86 7.62

c 8.76 8.09 8.86 7.62

Table 3. Estimated crystallite sizes (nm) of the prepared mixed phosphors.

Sample ID BaAl2O4 (012) CaAl2O4 (030) Ca4Al6O13 (112) Ca3Al2O6 (002)

BCCC 34 32 53 44

x ¼ 0.1 38 37 43 47

x ¼ 0.3 36 28 54 51

x ¼ 0.5 34 24 45 44

x ¼ 0.7 37 26 55 58

x ¼ 0.9 37 26 35 49

x ¼ 1.1 39 25 43 70

x ¼ 1.3 40 28 46 56

x ¼ 1.9 38 23 22 51
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function of the excitation wavelength and the Gaussian fit results
revealed that the optimum excitation wavelength is 214 nm. This exci-
tation is attributed to the band-to-band excitation of the BaAl2O4 [38].
4

Figure 7 (c) shows the excitation and emission spectra of the CaAl2O4,
BaAl2O4, and BCCC samples. The emission bands were observed at 434,
492, 551, 573 and 613 nm Figure 7 (d) shows the normalize emission
spectra of Figure 7 (c), which shows the additional emission peaks at 424,
454, 478, 514, 599 and 662 nm. The emission peaks at 424, 434, 492,
551 and 599 nm are attributed to the intrinsic defects in CaAl2O4 [39].
The results suggest the presence of trap centers in CaAl2O4 such as V2þ

O :

Emission peaks at 454, 478, 513, 573, 613 and 662 nm are attributed to
the intrinsic defects within BaAl2O4 such as oxygen vacancies (VO) and
Ba vacancies (VBa) [40]. This also suggest that there are luminescence
active traps located at different energy levels within BaAl2O4. Figure 7 (e)
shows the excitation and emission spectra of the doped samples. The
results show emission peaks also at 454, 573 and 613 nm with an



Figure 3. The EDS spectrum of the (a) BCCC sample and (b) x ¼ 0.7% samples.

Figure 4. The EDS elemental map of the x ¼ 0.7% sample.
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additional peak at 662 nm. The emission peaks at 573, 613 and 662 nm
can also be attributed to 4G5/2 →

6H5/2, 4G5/2 →
6H7/2 and 4G5/2 →

6H9/2
transitions of Sm3þ, respectively [41]. The emission intensity as a func-
tion of Sm3þ concentration is shown in Figure 7 (f), which shows that the
optimum concentration is at x ¼ 0.7%.

Figure 8 (a)–(c) shows the proposed emission pathways. Emission
occurs when electron absorb enough energy and get excited from the
valence band (VB) to the conduction band (CB). Then after excitation
they lose energy and returns to the VB. However, after losing energy
5

some of the electrons are de-excited by non-radiative relaxation denoted
by (*) and trapped within the defect's centres present inside the BaAl2O4
and CaAl2O4 material.

Figure 9 presents he lifetime measurements (at room temperature)
taken at 214 nm excitation and 573 nm Figure 9 (a) shows the expo-
nential decay curves of CaAl2O4, BaAl2O4 and BCCC. Figure 9 (b) shows
the exponential decay curves for BCCC: x% Sm3þ (0 � x � 1.9) series.
The decay curves were fitted with 1st order exponential decay Eq. (4)
[42].



Figure 5. SEM images of the (a) BCCC (b) x ¼ 0.1% (c) x ¼ 0.7% and (d) x ¼ 1.9% samples.

Figure 6. HR-TEM and SAED images of the BCCC, x ¼ 0.1%, and x ¼ 0.7%.

A. Bele et al. Heliyon 8 (2022) e12573

6



Figure 7. (a) BCCC excitation spectrum at different wavelengths, (b) Optimum excitation (Gaussian fit) (c) Emission spectrum of un-doped samples (BaAl2O4,
CaAl2O4, and BCCC) (d) normalized spectrum of figure (c), (e) excitation and emission spectrum of un-doped and BCCC:x% Sm3þ (0 � x � 1.9), and (f) emission
intensity at 573 nm as a function of Sm3þ concentration.
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IðtÞ¼A expð�t = τÞ (4)
where I represent the phosphorescent intensity, A is the fitting parameter
which contributes to the decay component, t is the time of measurement
and τ is the decay time. The obtained values for the decay time and the
fitting parameter are shown in Table 4. The results show that doping with
Sm3þ concentration does not affect the afterglow mechanism. The results
also show a longer lifetime. The longer lifetime could be attributed to the
phases within the BCCC [43], which are due to the defects present within
7

these individual phases [44]. In comparison to the un-doped BCCC
sample, the lifetime induced by the Sm3þ is quite short ~0.01 s on
average. Thus, this clearly indicates that the long lifetime of the samples
must be attributed to the matrix within the BCCC mixed phases. The
results also confirm that the Sm3þ forms a new type of trap within these
phases, which are luminescence active although their lifetimes are quite
short.

Figure 10 shows the Commission Internationale de l'�eclairage (CIE)
colour chromaticity coordinates of the prepared samples, which was



Figure 8. The proposed excitation and emission pathway mechanism from the (a) CaAl2O4, (b) BaAl2O4, and (c) Sm3þ.

Figure 9. The exponential decay curves of the 573 nm emission for the (a) BCCC, CaAl2O4, BaAl2O4, (b) BCCC: x% Sm3þ (0 � x � 1.9) series.

A. Bele et al. Heliyon 8 (2022) e12573

8



Table 4. Summary of sample identification fitting parameter, decay time and CIE
coordinates.

Sample ID A τ(ms) CIE (x; y)

BCCC 10142.8 � 1.9 1025.6 � 0.2 (0.308; 0.298)

x ¼ 0.1 10082.8 � 0.2 1025.8 � 0.2 (0.536; 0.433)

x ¼ 0.3 10165.3 � 0.1 1026.8 � 0.8 (0.541; 0.435)

x ¼ 0.5 10165.3 � 0.1 1026.8 � 0.2 (0.541; 0.440)

x ¼ 0.7 10168.1 � 1.6 1028.9 � 0.2 (0.502; 0.413)

x ¼ 0.9 10168.7 � 1.1 1027.5 � 0.2 (0.530; 0.434)

x ¼ 1.1 9241.5 � 0.4 1026.2 � 0.2 (0.534; 0.440)

x ¼ 1.3 10179.8 � 3.8 1027.3 � 0.2 (0.535; 0.440)

x ¼ 1.9 10156.5 � 1.2 1025.9 � 0.2 (0.541; 0.436)

Figure 10. CIE diagram of the BCCC: x% Sm3þ (0 � x � 1.9) series.

A. Bele et al. Heliyon 8 (2022) e12573
obtained using CIE coordinate calculator software. The colour co-
ordinates are shown in Table 4. The results show that varying the Sm3þ

concentration tuned the emission colour from violet to orange. These
results also confirm the orange PL emission at 573 nm.
4. Conclusion

BCCC:x% Sm3þ (0 � x � 1.9) nanophosphors were successfully
prepared using citrate sol-gel method. XRD suggested that Sm3þ doping
does not change the crystal lattice of BCCC. SEM showed doping with
Sm3þ alters the morphology of the prepared mixed nanophosphor. EDS
confirmed all the expected elementary composition. PL results showed
emission peaks at 424, 434, 454, 478, 492, 513, 551, 599, 573, 613 and
662 nm. Peaks at 424, 434, 492, 551 and 599 nm were attributed to the
defects within CaAl2O4 and peaks at 454, 478, 513, 573, 613 and 662
nm were attributed to the defects in BaAl2O4. The doped samples
showed the peaks at 573 nm, 613 nm and 662 nm which were attrib-
uted to 4G5/2 → 6H5/2, 4G5/2 → 6H7/2 and 4G5/2 → 6H9/2 transitions of
Sm3þ. The optimum doping concentration for Sm3þ was found to be x ¼
0.7%. The long lifetimes of the samples were attributed to the matrix
within the BCCC mixed phases, while the Sm3þ contributed a very short
lifetime. Commission Internationale de l'�eclairage (CIE) showed that
emission colour can be tuned from violet to orange by varying Sm3þ

concentration.
9

Declarations

Author contribution statement

A. Bele: Conceived and designed the experiments; Performed the
experiments; Analyzed and interpreted the data; Contributed reagents,
materials, analysis tools or data; Wrote the paper.

M.R. Mhlongo, L.F. Koao: Conceived and designed the experiments;
Analyzed and interpreted the data; Contributed reagents, materials,
analysis tools or data.

T.E. Motaung, T. D. Malevu, T.T. Hlatshwayo, S. Mpelane, M.
Mlambo: Analyzed and interpreted the data; Contributed reagents, ma-
terials, analysis tools or data.

S.V. Motloung: Conceived and designed the experiments; Analyzed
and interpreted the data; Contributed reagents, materials, analysis tools
or data; Wrote the paper.

Funding statement

This work is supported by the South African National Research
Foundation (NRF) Thuthuka programme (fund number: UID 13947),
NRF incentive funding for rated researchers (IPRR) (Grant No: 114924).

Data availability statement

Data will be made available on request.

Declaration of interests statement

The authors declare no conflict of interest.

Additional information

No additional information is available for this paper.

References

[1] K. Murugesan, P. Sivakumar, P.N. Palanisamy, An Overview on synthesis of metal
oxide nanoparticles, SAJET 14 (2016) 58.

[2] Y. Ishii, H. Tsukasaki, S. Kawaguchi, Y. Ouchi, S. Mori, Structural investigation of
the SrAl2O4-BaAl2O4 solid solution system with unstable domain walls, J. Comm.
Mat. 249 (2017) 149.

[3] K. Park, J.W. Pi, D.A. Hakeem, Effect of alkaline metal ions on the
photoluminescence properties of Eu3þ doped Ca3Al2O6 phosphors, J. Rare Earths 34
(2016) 1193.

[4] A. Pandey, M.L. Chithambo, Thermoluminescence of the persistent-luminescence
phosphor, BaAl2O4; A stuffed tridymite, Radiat. Meas. (2018) 1.

[5] M.V.S. Rezende, P.J. Monte, M.E.G. Mario, R.A. Jackson, A computational and
spectroscopic study of Dy3þ doped BaAl2O4 phosphors, Opt. Mater. 34 (2012) 1434.

[6] S. Liao, X. Ji, Y. Liu, J. Zhang, Highly efficient and thermally stable blue-green
(Ba0.8Eu0.2O)(Al2O3)4.575�(1þx) phosphor through structural modification, CS Appl.
Mater. Interfaces 10 (2018), 39064.

[7] J.M.R. Mercury, A.H. De Aza, P. Pena, Laser sintering of persistent luminescent
CaAl2O4: Eu2þ, Dy3þ ceramics, Opt. Mater. 68 (2017) 2.

[8] W. Khaliq, H.A. Khan, High temperature material. properties of calcium aluminate
cement concrete, Construct. Build. Mater. 94 (2015) 475.

[9] A.H. Wako, F.B. Dejene, H. C Swart, Roles of doping ions in afterglow properties of
blue CaAl2O4:Eu2þ,Nd3þ phosphors, Phys. B Condens. Matter 439 (2014) 153.

[10] L. Selyunina, L. Mishenina, T. Belyaninova, T. Botvina, Sol-gel synthesis of
fluorescent materials based on tricalcium aluminate, J. Phys.: Conf. Ser. 1145
(2019), 012031.

[11] S. Lee, H. Xu, H. Xu, R. Jacobs, D. Morgan, Valleyite: a new magnetic mineral with
the sodalite-type structure, Am. Mineral. 104 (2019) 1238.

[12] H. Mei, Y. Zhong, P. Wang, Z. Jia, C. Li, Electronic, optical, and lattice dynamical
properties of tetracalcium trialuminate (Ca4Al6O13), N. Cheng, Materials 11 (2018)
449.

[13] S.M. Kim, P.M. Abdala, D. Hosseini, A. Armutlulu, T. Margossian, C. Coperet,
C. Muller, Bi-functional Ru/Ca2Al2O6–CaO catalyst-CO2 sorbent for the production
of high purity hydrogen via sorption-enhanced steam methane reforming, Catal.
Sci. Technol. 9 (2019) 5745.

[14] N.C. Korosin, A. Meden, N. Bukovec, Structural and luminescent properties of Eu2þ-
doped aluminates prepared by the sol-gel method, Acta Chim. Slov. 59 (2012) 912.

[15] M. Freeda, T.D. Subash, Photoluminescence studies of Terbium doped Calcium
Aluminate nanophosphors (CaAl2O4:Tb) synthesized by sol-gel method, Mater.
Today 4 (2017) 4283.

http://refhub.elsevier.com/S2405-8440(22)03861-0/sref1
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref1
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref2
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref2
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref2
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref2
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref2
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref2
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref2
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref3
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref3
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref3
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref3
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref3
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref3
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref3
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref4
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref4
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref4
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref4
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref5
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref5
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref5
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref5
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref5
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref6
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref6
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref6
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref6
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref6
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref6
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref6
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref6
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref6
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref6
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref7
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref7
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref7
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref7
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref7
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref7
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref8
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref8
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref9
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref9
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref9
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref9
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref9
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref9
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref10
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref10
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref10
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref11
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref11
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref12
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref12
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref12
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref12
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref12
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref12
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref13
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref13
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref13
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref13
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref13
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref13
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref13
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref13
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref14
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref14
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref14
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref15
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref15
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref15
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref15
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref15


A. Bele et al. Heliyon 8 (2022) e12573
[16] J.N. Hasnidawani, H.N. Azlina, H. Norita, N.N. Bonnia, S. Ratim, E.S. Ali, Synthesis
of ZnO nanostructures using sol-gel method, Procedia Chem. 19 (2016) 211.

[17] N.D. Kandpal, N. Sah, R. Loshali, R. Joshi, J. Prasad, Co-precipitation method of
synthesis and characterization of iron oxide nanoparticles, J. Sci. Ind. Res. (India)
73 (2014) 87.

[18] P. Sun, N. Su, Y. Wang, Q. Xu, Q. Fan, Y. Sun, Synthesizing nonstoichiometric
Li3�3xV2þx(PO4)3/C as cathode materials for high-performance lithium-ion
batteries by solid state reaction, RSC Adv. 7 (2017), 32721.

[19] A. Manikandan, L.J. Kennedy, M. Bououdina, J.J. Vijaya, Synthesis, optical and
magnetic properties of pure and Co-doped ZnFe2O4 nanoparticles by microwave
combustion method, J. Magn. Magn Mater. 349 (2014) 249.

[20] L.Y. Meng, B. Wang, M.G. Ma, K.L. Lin, The progress of microwave-assisted
hydrothermal method in the synthesis of functional nanomaterials, Mater. Today
Chem. 1 (2016) 63.

[21] G.J. Owens, R.K. Singh, F. Foroutan, M. Alqaysi, C.M. Han, C. Mahapatra,
H.W. Kim, J.C. Knowles, Sol–gel based materials for biomedical applications, Prog.
Mater. Sci. 77 (2016) 1.

[22] G.S. Thool, M.A.K. Kumari, A.K. Singh, S.P. Singh, Shape tunable synthesis of Eu-
and Sm-doped ZnO microstructures: a morphological evaluation, Bull. Mater. Sci.
38 (2015) 1519.

[23] B.S. Shashikala, H.B. Premkumar, G.P. Darshan, H. Nagabhushana, S.C. Sharma,
S.C. Prashantha, H.P. Nagaswarupa, Synthesis and photoluminescence studies of an
orange red color emitting novel CaAl2O4: Sm3þ nanophosphor for LED applications,
Materials 4 (2017), 11820.

[24] Y.H. Li, X.L. Zhang, C.X. Fan, M. Liu, B. Zhai, H. Lin, Mixed-phase crystallization
and visible fluorescence in rare-earth ions doped germanate glass-ceramics, Adv.
Mater. Res. 399–401 (2012) 904.

[25] X. Yuan, X. Cherng, Q. Jing, J. Niu, D. Peng, Z. Feng, X. Wu, ZnO/ZnAl2O4
nanocomposite with 3D sphere-like hierarchical structure for photocatalytic
reduction of aqueous Cr(VI), Materials 11 (2018) 1624.

[26] Y. Takebuchi, H. Fukushima, T. Kato, D. Nakauchi, N. Kawaguchi, T. Yanagida,
Optical, scintillation, and dosimetric properties of Mn-doped MgAl2O4 single
crystals, Jap. J. of App. Phys. 59 (2020), 052007.

[27] W. Nantharak, W. Wattanathana, W. Klysubun, T. Rimpongpisarn, C. Veranitisagul,
N. Koonsaeng, A. Laobuthee, Effect of local structure of Sm3þ in MgAl2O4:Sm3þ
phosphors prepared by thermal decomposition of triethanolamine complexes on
their luminescence property, J. of All and Comps 701 (2017) 1019.

[28] X. Zhang, H. Dong, Z. Mei, Structure and luminescence properties of Sm3þ doped in
CaAl2O4 phosphor, Optoelectron, Adv. Mater. Rapid Commun. 4 (2010) 28.

[29] V.P. Singh, S.B. Rai, H. Mishra, Stabilization of high temperature hexagonal phase
of SrAl2O4 at room temperature: role of ZnO, Chandana Rath, Dalton Trans. 43
(2014) 5309.
10
[30] D. Jia, X.J. Wang, E. van der Kolk, W.M. Yen, Electron traps in Tb3þ-doped CaAl2O4,
Opt Commun. 204 (2002) 247.

[31] R.D. Shannon, Revised effective ironic radii and systematic studies of inter-atomic
distances in halides and chalcogenides, Acta Crystallogr. A 32 (1976) 751.

[32] V. Singh, G. Sivaramaiah, N. Singh, J.L. Rao, P.K. Singh, M.S. Pathak, D.A. Hakeem,
D.A., EPR and PL studies on UVB-emitting gadolinium-doped SrAl12O19 phosphors,
Optics 158 (2018) 1227.

[33] S. Iaiche, D. Djelloul, ZnO/ZnAl2O4 nanocomposite films studied by X-ray
diffraction, FTIR, and X-ray photoelectron spectroscopy, J. of Spec. 2015 (2015),
836859.

[34] L. Yu, D.D. Engelsen, J. Gorobez, G.R. Fern, T.G. Ireland, C. Frampton, J. Silver,
Crystal structure, photoluminescence and cathodoluminescence of Sr1�xCaxAl2O4
doped with Eu2þ, Opt. Mater. Express 9 (2019) 2175.

[35] A.H. Wako, F.B. Dejene, H. C Swart, Combustion synthesis, characterization and
luminescence properties of barium aluminate phosphor, J. Rare Earths 32 (2014)
806.

[36] J. Kim, H. Choi, C.S. Kima, Magnetic properties of polycrystalline Y-type hexaferrite
Ba2-xSrxNi2(Fe1-yAly)12O22 using M€ossbauer spectroscopy, AIP Adv. 10 (2020),
015204.

[37] N. Jiang, Electron beam damage in oxides: a review, Rep. Prog. Phys. 79 (2016),
016501.

[38] R.H. Krishna, B.M. Nagabhushana, H. Nagabhushana, R.P.S. Chakradhar,
N. Suriyamurthy, R. Sivaramakrishna, C. Shivakumara, J.L. Rao, T. Thomas, Auto-
ignition based synthesis of Y2O3 for photo- and thermo-luminescent applications, J.
Alloy, Compd 589 (2014) 596.

[39] B. Qu, B. Zhang, L. Wang, R. Zhou, X.C. Zeng, Mechanistic study of the persistent
luminescence of CaAl2O4: Eu, Nd, Chem. Mater. 27 (2015) 2195.

[40] X. Zhang, H. Dong, Z. Mei, Asymmetric microstructure of hydrogel: two-photon
microfabrication and stimuli-responsive behaviour, Adv. Mater. Rapid Commun. 4
(2010) 28.

[41] V. Maphiri, M.R. Mhlongo, T.T. Hlatshwayo, T.E. Motaung, L.F. Koao,
S.V. Motloung, Citrate sol-gel synthesis of BaAl2O4:x% Cu2þ (0 � x � 1) nano-
phosphors: structural, morphological and photoluminescence properties, Opt.
Mater. 109 (2020), 110244.

[42] H. Yu, J. Chen, S. Gan, Synthesis and luminescent characteristics of Ce3þ activated
borosilicate blue-emitting phosphors for LEDs, J. of Spec. (2016) 1.

[43] R. Sakai, T. Katsumata, S. Komuro, T. Morikawa, Effect of composition on the
phosphorescence from BaAl2O4: Eu2þ, Dy3þ crystals, J. Lumin. 85 (1999)
149.

[44] F. Du, Y. Nakai, T. Tsuboi, Y. Huang, H.J. Seo, Luminescence properties and site
occupations of Eu3þ ions doped in double phosphates Ca9R(PO4)7 (R ¼ Al, Lu),
J. Mater. Chem. 21 (2011) 4669.

http://refhub.elsevier.com/S2405-8440(22)03861-0/sref16
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref16
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref17
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref17
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref17
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref18
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref18
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref18
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref18
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref18
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref18
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref18
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref18
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref18
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref19
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref19
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref19
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref20
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref20
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref20
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref21
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref21
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref21
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref21
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref24
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref24
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref24
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref26
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref26
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref26
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref26
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref26
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref26
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref26
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref27
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref27
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref27
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref27
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref28
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref28
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref28
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref28
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref29
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref29
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref29
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref29
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref29
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref30
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref30
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref30
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref30
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref30
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref30
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref31
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref31
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref31
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref31
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref31
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref32
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref32
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref32
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref32
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref32
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref33
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref33
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref33
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref33
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref33
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref34
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref34
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref35
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref35
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref35
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref35
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref35
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref36
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref36
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref36
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref36
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref36
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref37
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref37
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref37
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref37
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref37
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref37
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref37
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref37
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref38
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref38
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref38
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref39
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref39
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref39
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref39
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref39
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref39
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref39
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref39
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref39
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref39
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref39
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref40
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref40
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref41
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref41
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref41
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref41
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref41
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref41
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref42
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref42
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref42
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref42
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref43
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref43
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref43
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref44
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref44
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref44
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref44
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref44
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref44
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref44
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref44
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref44
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref45
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref45
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref45
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref46
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref46
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref46
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref46
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref46
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref46
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref46
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref46
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref46
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref47
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref47
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref47
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref47
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref47
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref47
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref47
http://refhub.elsevier.com/S2405-8440(22)03861-0/sref47

	Effects of varying Sm3+ concentration on the structure, morphology and photoluminescence properties of the BaAl2O4 /CaAl2O4 ...
	1. Introduction
	2. Experimental
	2.1. Synthesis
	2.2. Characterization

	3. Results and discussion
	3.1. X-ray diffraction (XRD)
	3.2. Energy dispersive X-ray spectroscopy (EDS)
	3.3. Scanning electron microscope (SEM)
	3.4. High-resolution transmission electron microscopy (HR-TEM)
	3.5. Photoluminescence (PL) spectroscopy

	4. Conclusion
	Declarations
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interests statement
	Additional information

	References


