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Abstract: A series of novel temperature-sensitive phosphors
LiAlO2:Yb® (with Yb3* concentration, 0.01, 0.02 and 0.03 mole %)
were synthesized by microwave triggered solution combustion
synthesis method. The structural identification and phase
determination of the prepared sample were carried out by powder
X ray diffraction and FT-IR techniques whereas the physical
morphology of the sample was investigated by SEM. The XRD
peaks along with rietveld refined data confirms the formation of
tetragonal single crystal LiAlO2 with space group P4 12 12 having
92 space group number. All the substituted materials adopt the
same structure to that of LiAlO: indicates that ytterbium ion has
been well incorporated in to the crystal lattice without disturbing
natural crystal structure of the host. The SEM image of the
material shows transparent phosphor with irregular shape and
surfaces of the foams shows lot of cracks, voids and micropores.
The photoluminescence spectra of ytterbium doped LiAlO2 exhibits
absorption and emission due to 2F72 to 2Fs; transitions. The strong
interaction of Yb®" ions within the lattice vibration gives rise to
strong vibrational sidebands.

Index Terms: LiAIO,
refinement, SCS method.

phosphors, Luminescence, Rietveld

I. INTRODUCTION

In the world of clean and ecofriendly energy sources,
phosphors play vital role in designing phosphor lamp, light
emitting diodes, lasers, optical amplifiers, medical diagnostics
and luminescence sensors etc. (D. Sevi¢, 2020) Usually
phosphors are primarily based on luminescent properties of
activators typically from different lanthanides series, located in
wide-band gap spinel or hosts organized during the course of the
synthesis. (KA Gedekar, 2018) Normally host materials ought to
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exhibit proper mechanical, optical and thermal residences in
order to prepare excellent phosphor (Belekar R. M. & Dhoble S.
J., 2018). Aluminates form supported with alkali, alkaline earth
or rare-earth oxides have high melting point and resistance to
chemical attack. (KA Gedekar, 2017) Additionally such
ceramics materials have a variety of applications as cements,
castable ceramics, bioceramics, and electro ceramics (Ning Xie,

2020).
The LiAIO spinel is an optically inert medium and possesses
chemical and thermal stability, transparency, mechanical

strength, chemical inertness, extensive band gap, low density
and excessive melting point increases its beauty for luminescent
ions. (Monali R. Kadukar, 2017) Lithium-ion batteries have
attracted significant attention nowadays due to higher power and
small size (Feixiang Wu, 2020). In typical lithium-ion batteries,
energy release mechanism is exhibited due to the diffusion of the
delocalized ions, or transfer of lithium ions between an anode
and a cathode (Taehoon Kim, 2019). The cathode of such
batteries is basically made up of lithium or transition metals such
as nickel, cobalt and manganese (R. Jung, 2019). Though
lithium-ion batteries find its great application in electric
vehicles, but due to the limited life span power efficiency and
high cost restrains its widespread deployment of electric vehicles
(Shanhai Ge, 2020). To increase the life span and power
efficiency, we must dope host material with the nickel or cobalt.
The ions will transfer the energy to the host material during the
process of diffusion. The charge carriers flows their energy in
the system which enhances the power rate (Tianmei Chen,
2020).

In the literature, Lithium aluminates (LiAIO,) spinel matrix
exists in various phases like hexagonal a-LiAIO2, monoclinic B-
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LiAIO,, and tetragonal vy-LiAlO, generated at different
temperature range (Liu, 2018). The thermodynamically stable
crystal phase of any material mostly generated at 1000°C. Out of
all phases, the spinal matrix y-LIAIO, is mechanically,
chemically and thermally stable when operated at higher
temperature with remarkable irradiation permanency (Heo Su
Jeong, 2016). The host matrix can be prepared via many
strategies like sol-gel, co-precipitation, mechanical-chemical
procedure, hydrothermal, micro emulsion, conventional
combustion technique and solid state reaction (Belekar R. M. &
Dhoble S. J., 2018). But all of these methods were complicated
and they required greater energy, long time for synthesis and
excessive high temperatures which bring non-homogeneous and
commonly low surface area solids (Raju M Belekar, 2014).

In order to overcome these complex synthesis methods, we
have adopted microwave assisted solution combustion method
because it has enormous traits along with simplicity, quick
synthesis time and much less quantity of external power
required, also it produce powders of oxides more homogeneous,
greater crystalline and of better purity (Belekar, 2018).

This technique basically includes the usage of aluminum and
lithium nitrates as oxidant and fuel like urea, glycerin and citric
acid would be preferred. The prepared suspension solution is
then dragged into the microwave oven, heat generated all
through the combustion response among oxidant and fuel
(reducing agent) that promotes the formation of the phosphor
(ZS Khan, 2016). A massive amount of plumes of gases are
released throughout this process (CO2, N2, H,O, CO) and is
liable for the destruction of agglomerates and the formation of
microspores within the material. In case of convection heating
process the material formed is non-homogeneous due to
formation of temperature gradient (H. Aihara, 2019).

To conquer this trouble we choose microwave triggered
combustion technique, where homogeneity is maintained within
the material and whole quantity of particles is uniformly
warmed, due to this the penetration depths of radiation are
commonly high. (Xie Xinxin, 2019) This minimizes the
formation of thermal gradients during synthesis. Hence in the
present investigation LiAlO, doped with different rare earth
metals of various concentrations can be carried by means of
microwave-assisted combustion. The wuse of various
combinations of the fuels like starch, urea and glycerin could be
used to synthesize phosphor materials. In the present study we
have used urea as fuel because it is safe, relatively cheap, and
available in pure form. The photoluminescence exhibited by
prepared phosphor will be carried out by monitoring excitation
and emission spectrum within the wavelength 240 nm to 1100
nm. Various factors responsible for luminescence observed in
ytterbium and trapping parameters were discussed with utmost
accuracy. Based on multicolor luminescence, the phosphors may
have potential applications for color displays and fluorescent
lamp.
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Il. EXPERIMENTAL

The Ytterbium oxide doped lithium aluminate (LiAlO2)
materials was prepared by microwave assisted solution
combustion synthesis (SCS) method. The inorganic materials
like lithium nitrate [Li(NO3)], aluminium nitrate [AI(NO3)3],
urea (NH,CONH,) and Yb,Os; (99.99%) from Merck (AR
Grade) were used for the synthesis. The activators in the oxide
form were first converted into nitrate form by dragging Yb,0s
into in concentrated HNOs. The doping concentration of the
dopants were maintained at x= 0.01, 0.02, and 0.03 (mole %).
The stoichiometric amount of the initial ingredients were taken
corresponding to composition of LiAIO, and collected into
beaker containing in 30ml de-ionized water maintaining uniform
stirring. In order to achieve uniform doping, previously prepared
homogeneous solution of Yb3*ions added to this mixture drop
wise. This solution was then kept on hot plate until more than
half of water contents gets evaporated and viscous gel was
formed. The prepared suspension solution was kept in
microwave oven at 550°C for at least 3 minutes. The heat
generated all through the combustion response amongst oxidant
and fuel (reducing agent) that promotes the formation of the
phosphor with evolution of large amount of flames. The reaction
gets complete in two minutes and foamy ash product gets
formed. This foamy product was crushed throughout in agate
mortar to form homogeneous product to carry further
characterizations. LiAlIO2:Yb* samples were annealed at
different calcinating temperature at 600°C, 800°C and 1000°C
for at least 5 hours to form promising material of well desirable
crystal phase. The prepared material was identified by XRD, FT-
IR and SEM techniques and crystal structure along with phase
was determined by powder XRD technique.

I1l. CHARACTERIZATION TECHNIQUES

Crystallographic characterization of the prepared sample was
carried out using X-ray diffraction (Rigaku Miniflex
diffractometer) using Cu Ka radiation, accelerating voltage:
40kV, 15mA, recorded from 10° to 80°. Fourier transformed
infrared spectroscopy wused to investigate prominent IR
absorption peaks for LiAlO,:Yb®. The morphology and particle
size of a synthesized material were investigated by a Philips
CM200 scanning electron microscope (SEM) JSM-7600F model
with  operating voltage 0.1-30kV  was used. The
photoluminescence excitation and emission spectra were
recorded using a spectrophotometer (Model Hitachi F-7000)
carried with a 150 W xenon lamp serves as a source of
excitation.
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IV. RESULTS AND DISCUSSION

Powder x-ray diffraction technique is used to investigate phase
purity of typical phosphors of LiAlO,:Yb3* sintered at different
calcinations 600°C, 800°C and 1000°C for 5h is shown in Fig. 1.
It can be seen that all the peaks of the samples are found to be
well matched with the standard JCPDS data file number
PDF(#75-0905) which is corresponding to y-LiAIO, phase,
which indicates the formation of single phase. The diffraction
peaks also shows crystalline and single phase nature of the vy-
LiAIO; samples. The y- LiAIO; unit cell possesses tetragonal
crystalline structure having lattices parameters a = b = 5.1663 A
and ¢ = 6.2703 A. The space group for LiAlO; is P41212 having
92 space group, with calculated particle density of 2.615gcm >,
and with each cation coordinated with the oxygen ions in
tetrahedral structure (Su Jeong Heo, 2018). The ions of
aluminum and oxygen can be viewed into tetrahedral
coordination. It can be visualized as each oxygen ion forming
the vertices of lithium and aluminum of centered tetrahedron.
The ions of the aluminum and oxygen get accommodated at the
corners of the tetrahedral. The substituted activator of the rare
earth elements on the lattice site does not affect the geometry of
the crystal structure (O. Mondal, 2015). The figure 2 represents
Rietveld refinement of x-ray diffraction corresponding to LiAIO;
investigated using Fullprof suit program. The fundamental input
parameters for Rietveld refinement was provided from the
earlier reported data by researchers (Peter T. Dickens, 2017).
The figure 2 shows good agreement with observed values and
predicted values by rietveld which are uniform. Figure 1
describes the formation and disappearance in the X-ray
diffraction of phases at different temperatures besides few
unidentified weak peaks. The average crystallite diameter for the
prepared sample calculated from XRD peaks broadening using
Debye Scherer’s equation (Dennis Wiedemann, 2016):
D =0.9 A/ Bcoso.......... €))

Where A (1.54A) is the wavelength of the X-ray radiation and
0 is known as Bragg’s angle, and B represents the full width at
half maxima (FWHM). The lattice parameters is estimated and
related to both Laue and Bragg’s equation. The calculated
average grain diameter of the prepared samples found within
ranges from 50 nm to 65 nm.

The lattice constant (a) of tetrahedral structure is calculated

from the Bragg’s law using following equation.

Aexp = dpig V2 + K2 +12...... .. 2)
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Fig. 1 Shows the XRD diffractogram of LiAIO2:Yb3* (for Yb%*=0.01
mole %) sintered at 600°C, 800°C and 1000°C
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Fig. 2 Rietveld refined XRD pattern of y-LiAlO2

330



Green Ball — Li (r =1.57A)
Blue Ball- Al (r = 1.43A)
Red Ball - O (r = 0.74A)

Fig. 3 Primitive cell of LiAIO2

Table 1 Crystallographic parameters for y -LiAIO;

Crystal Parameters Values
Crystal system Tetragonal
Crystal space group P4,2:2 (92)
a(d)=b=R)=c=(A) 5.1663

a (%) =PBC)=7(°) 920
Volume (A%) 167.3640

The SEM micrographs of the prepared samples via
microwave assisted solution combustion for the doping
concentration 0.01 mol. % (ytterbium) are shown in figure 3.
The microstructure of the ytterbium doped LiAIO, ceramic
shows transparent in nature makes it suitable luminescence
material. As all the samples with different dopant concentrations
were prepared by same method, hence surface morphologies
with different dopant concentrations are hardly affected (V.D.
Mote, 2015). It also indicates that different particle dimensions
and shapes were formed. Irregular tetragonal crystals of
LiAlO,:Yb® with grain size 10-20um was obtained. The SEM
micrographs shows irregular shape and size of particles with
large number of pores which might due to large amount of gases
liberated during combustion reaction between metal nitrates and
fuel (Arvind Varma, 2016). It can also be seen from SEM
micrograph that few grains possess tetragonal morphology as
predicted by X ray diffraction study. In case of solution
combustion synthesis, there is flow of mass in irregular fashion
during reaction which usually produces highly agglomerated
particles involving lot of voids and pores. However there is
uniform doping of trace element like rare earth in the host
lattice.
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Fig. 4 SEM micro image of LiAlO2 doped with Yb3* (x= 0.01 mole %)
sintered at 800 C

Fourier transformed infrared spectroscopy (FTIR) is used to
investigate important absorption peaks corresponding to major
vibrations in LiAlIO2:Yb3* (x= 0.01 mole %) as shown in figure 5
at wavenumber 1100 cmt, 873 cm, and 740 cm®. The infrared
absorption observed at wave number 1100 cm* represents Al-O
vibration stretching mode. The absorption peak at wavelength
873 cm exhibits the Li-O mode of vibration. The absorption
band observed at wavenumber 1100 cm™ attributed due to Al-O
stretching mode vibrations. The strong absorption peaks
observed within 700 cm™*-900 cm™ should be assigned to Al-O
bending vibrations which assures the presence of Al-O bond in
the material. Few absorption peaks beyond 1100 cm was also
observed which may arise due to varying bond length of Al-O
bond. It was worthwhile to note that there were not any peaks
observed within 1500 — 2500 cm™* which indicated the complete
removal of unreacted nitrates and other organic volatile matter
during sintering. The peaks observed at 3300-3500 cm is
assigned to stretching O-H bond which is attributed due to
physically adsorbed water. The FT-IR spectra also shows few
bands at wavenumber of 650 cm™ and 810 cm™ which can be
assigned to stretching vibration frequencies of AlO, tetrahedral
whereas few weak absorption bands observed at 520 cm™ and
550 cm?® which are corresponding to AlO,LiO, lattice
vibrations, respectively (Masoud, 2016).
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Fig.5 FT-IR spectra of synthesized Ytterbium (l11) doped
lithium aluminates (0.01 mole %) sintered 800°C

The absorption and emission spectra of LiAlO,:Yb3* for 0.01
mole % concentration of Yb® thermally treated at 800°C are
shown in figure 6. The Absorption spectra monitored from 240
nm to 500 nm recorded under UV excitation. The spectrum gives
clear look of broad excitation peak observed with maxima
centered at 254 nm, which corresponds with band gap of 4.26 eV
arise due the defects present in the host lattice. Such wide
absorption band is arising due to transition of Yb®* electron
present in the band gap area of the host matrix.

LiAlO2:Yb*

70 Emission Excitation

2F 72 - 2F5/2

) N

4
[=]
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w
o

200 300 400 500 600 700 800 500 1000 1100
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Fig. 6 Luminescence Excitation and Emission spectra of
LiAIO2:Yb?* (for Yb®=0.01 mole %)

The emission spectra of LiAIO2:Yb** monitored from 650 nm
to 1020 nm under UV excitation of 254 nm. The strong electron
phonon coupling of Yb®" ion is responsible for the additional
peaks which appear in emission spectra band centered at 981
nm. Different absorption and emission lines can be seen due to
the different transitions between the two 2F7, and 2Fs; multiplets
(L.Van Pieterson, 2000). This two energy states splits to form
seven stark levels, levels 1 to 4 for the ground state %Fs, and
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levels 5-7 for the 2F7;excited state. The peak observed at
1020 nm arises due to the transition from stark level 5 — 1. No
significant changes were observed in the photoluminescence
spectrum of LiAlO,:Yb® for various concentrations of dopants,
which might due to the smaller amount of doping variation.

CONCLUSION

The LiAlIO2:Yb* phosphors have been successfully
synthesized via microwave assisted solution combustion
synthesis method. The prepared material was identified and
characterized by using powder X-ray diffraction method, SEM,
FTIR techniques. The XRD peaks along with rietveld refined
data assures the formation of tetragonal single-crystal LiAIO;
with space group P4 12 12 having 92 space group number. All
the substituted materials adopt the same structure to that of
LiAIO, indicates that the ytterbium ion has been well
incorporated in to the crystal lattice without disturbing natural
crystal structure of the host. The SEM micrographs show sponge
like agglomerated particles with irregular shape and size
(typically 10-20 um) has sponge like structure with large amount
of pores and voids present on the surface of the material which is
due to the evolution of enormous amounts of gases during
combustion synthesis. In the infrared absorption spectroscopy,
absorption bands observed at wave number 1100 cm™ and 873
cmt represents Al-O and Li-O mode of vibration respectively. In
order to study optical properties of the phosphor material,
excitation and emission spectra of the phosphor were
recorded. The spectrum gives clear look of broad excitation peak
observed with maxima centered at 254 nm, which corresponds
with band gap of 4.26 eV arise due the defects present in the
host lattice. The emission observed at 981 nm and 1020 nm
arose due to transitions observed between the two 2F7; and 2Fs/;
multiplets.
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