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Abstract

Present glasses are synthesized by the melt-quench method. The ashes of rice husk and sugarcane leaves are taken to synthe-
size the present samples. The eggshell powder is used to modify the glass-network and reduced the melting temperature of
rice husk ash and sugarcane leaves ash. The as-quenched samples are characterized using different experimental techniques
to study their structural and optical properties. The optical band gaps are found in the insulating range, i. e. 3.34-3.72 eV. The
as-prepared glasses showed good luminescent properties due to some trace transition elements oxides present in the agro-
food wastes. The agro-food wastes could be used as a resource and valuable materials to synthesize value-added engineering
materials like glasses. The addition of eggshell powder into the main content showed the blue shift in photoluminescence
spectra with enhanced intensity. This property may be exploited to develop UV-visible light-emitting diodes and some other

non-linear optical devices.

Keywords Agro-food wastes - Continuous and pulsed laser applications - Glasses - Luminescence - Optical properties -

X-ray diffraction

Introduction

Silica is the most important inorganic chemical compounds
[1] used for various applications in the engineering and med-
ical sciences [2—4]. Usually, most of the silica is extracted
from either chemical or metallurgical routes. These routes
are time-consuming and expensive. On the other hand, natu-
rally available silica, especially those found in agro-wastes,
could be used as the resource materials for various applica-
tions [5]. The agro-food wastes are available in all coun-
tries, for instance, rice husk in most of the Asian countries
and Brazil. On the other hand, eggshells are available all
over the world [6-8], whereas other agro-food wastes like
SCLA, corn husk and peanut shell are also produced, at large
scale, as by-products in various countries like South Africa,
France, Indonesia, Mexico, United Kingdom, Nigeria, USA,
China and India, respectively [9-12]. The ever-growing
amounts of the agricultural and food wastes are creating lot
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of problems to the environment, which leads to the threat of
intoxication to the humans and animals. Presently, agricul-
tural and food wastes are being used as a fuel in the power
plant and sugar factories, cattle food, rubber reinforcement
and in construction of roads and buildings [13—15]. Recent
time, efforts have been made to utilize these wastes as the
new source of valuable and alternative materials [16—18]. It
is reported that rice husk, dry sugarcane leaves and wheat
straw ashes are containing a variable amount of silica with
some trace elements [19-22]. The presence of high silica
with variable amount of other oxides like CaO, MgO, Na,O,
K,O, etc. could be used as an alternative source of conven-
tional oxides for making glasses/glass—ceramics. Similarly,
eggs are another basic food, which is consumed at a large
scale all over the world. Mostly, the cover of eggs dumped as
waste, has higher amount of CaO with some trace elements.
This eggshell powder (ESP) can also be used as value-added
products such as a bone substitute [23, 24].

Silicate-based glasses/glass—ceramics are being used for
many applications like optical devices, window glasses, non-
linear optics; renewable-energy production in solar cells and
solid oxide fuels cells [25, 26]. Normally, required glasses
are made by various high-purity commercially available
chemicals such as SiO,, Ca0O, K,0, P,0s, Na,0, etc. [27].
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Earlier, few researchers have reported that the well-known
agro-food wastes could be used to synthesize the glasses
[25, 28]. It is not only helpful to manage harmful wastes but
also converted these wastes as the value-added materials for
different engineering applications.

Moreover, Sigel et al. [29] suggested that the silicate
glasses with some impurities like alkali and alkaline earth
metals, and some other trace elements can be used as lumi-
nescent materials from 290 to 350 nm. Barbieri et al. [30]
have reported the CaO-Al,05-SiO, based glass—ceramics
prepared from the agro-food wastes.

Based on above background, the calcined rice husk ash
(RHA) and sugarcane leave ash (SCLA) contains very high
content of silica [31-33]. On the other hand, ESP contains
very high CaO [23]. As far as our knowledge, nobody use
ESP to synthesize the glasses yet. The addition of ESP in
calcined RHA and SCLA not only decrease the melting point
but also modify the properties of the proposed glasses [34].

Therefore, proper and systematic addition of the eggshell
powder at the cost of RHA constant weight percentage (wt%)
of the SCLA has been used to prepare glasses/glass—ceram-
ics. The as-prepared samples are characterized for their
structural, optical and luminescence properties to investi-
gate the possible use of resultants glasses/glass—ceramics in
non-linear optics, device applications such as wide-band gap
semiconductors and UV-visible light-emitting diode (LED).

Materials and methods
Sample preparation

Rice husk and dry sugarcane leaves were taken from the rice
mills and agricultural fields, respectively. The proposed agri-
cultural wastes and eggshells are mostly available in Asian,
African and all over the world [10, 35]. These agricultural
wastes were cleaned using acid and distilled water to remove
the impurities. After proper drying, these wastes burnt in air
to get fine ashes. Before making desirable samples, SCLA
and RHA were heat-treated at 1000 °C for 12 h to remove
organic impurities. On the other hand, the eggshell was col-

Then, the eggshell was dried in an oven at 110 °C for
3 h and ground in an agate mortar-pestle to make the fine
powder. The chemical compositions of these heat-treated
waste ashes and label of samples are given in Tables 1 and
2, respectively. Ashes and eggshell powder were mixed and
ground in an agate mortar-pestle to obtain homogenized
powder. The homogenized mixture was kept at the program-
mable furnace for melting at 1550 °C. The melted samples
were quenched on the solid copper plates. These samples
were crushed using an agate mortar-pestle to get fine powder
for further characterizations. Scanning electron microscope/
energy dispersive spectroscopy (SEM/EDS) measurements
were done to find the final composition of the as-quenched
samples. These measurements were carried out by JOEL-
JSM 6460 LV (Tokyo, JAPAN) microscope at the accel-
eration voltage of 15 kV. The samples were coated with
the platinum (thickness 100 A) to avoid electron charging.
The density of the samples was calculated by Archimedes’
principle in xylene using a sophisticated microbalance. The
least count of the balance was 0.01 mg. The density of the
samples was calculated as follows [36]:

Wa

psample = W —w X Pxs (1)

a X

where pg,n 18 the density within the sample, w, and w, are
the weight of the sample in air and in xylene. p, is the density
(0.863 g/cc) of xylene at room temperature. The structural
properties of the samples was studied using X-ray diffraction
on PANalytical X’Pert PROX-ray diffractometer with CuK,
radiations (A =1.54 A). The scan rate and step size were
~3°min~! and 0.017°, respectively, during the experiments.
Information about the functional groups and their arrange-
ment in the glassy system of these samples were investigated
by analyzing the Fourier transform infrared (FTIR) spec-
tra. Fine powder samples were mixed with KBr, and then
recorded spectrum was normalized to the spectrum of KBr.

Table 2 The ashes of the agricultural wastes and eggshell powder in
(Wt%) along with their labels

lected from the poultry farm. Similarly, eggshell was also ~ Samples ID SRE-1 SRE-2 SRE-3 SRE-4
washed with distilled water followed by acid-treatment in
. . . .. . Sugarcane leave ash 45 45 45 45
a dilute solution of hydrochloric and nitric acid (1:1) to .
. . . .. Rice husk ash 45 40 35 30
remove the adhering albumin and impurities.
Eggshell powder 10 15 20 25
Table1 The chemical Chemical composition Si0, Ca0 MgO Na,0 K,O ALO,
composition of the sugarcane -
leave ash and rice husk ash . Sugarcane leave ash (SCLA) 74.74 6.39 242 0.15 12.37 1.87
?ief }ﬁeat'treatmem atl000°C  pice husk Ash (RHA) 91 1.95 0.81 0.08 321 035
Eggshell powder (ESP) 0.54 98.18 0.41 0.41 - 0.46
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FTIR spectra was checked using Perkin Elmer-Spectrum-
RX-I FTIR spectrometer in the range 400—-4000 cm™. All
the samples were examined by thermal gravimetric to check
the stability of the samples. The experiment was performed
on the heating rate with 10 °C min~' in air. The samples
were heat-treated at 900 °C for 10 h to study the crystalline
phase formation and their effect on the coefficient of thermal
expansion (CTE). CTE was done (DIL402PC, Netzsch) in
air at a heating rate of 5 min/°C. The HITACHI U-3900 H
double beam spectrophotometer used to diffuse reflectance
UV/visible spectra were recorded within the spectral range
200-800 nm. Resolution and scanning speed of the instru-
ment were 0.20 nm and 120 nm min~'. The optical band
gap (E,), Urbach energy (Ey) and refractive indexes were
evaluated from the observed reflectance spectra. The lumi-
nescence behavior of the samples was analyzed by photolu-
minescence (PL). The room-temperature, PL excitation and
emission spectra were recorded in the fluorescence mode
with a fluorescence spectrophotometer (Model-Agilent
Carry Eclipse G9800A, Mulgrave Melbourne, Australia)
equipped with a xenon flash lamp. The wavelength cor-
responding to the maximum PL intensity of the excitation
spectrum was observed from 235 to 265 nm.

Result and discussion
Elemental analysis

The ashes of various agro-food wastes are taken in wt% as
given in Table 2. The EDS analysis is done to check the
chemical composition of the as-quenched samples. It is
given in Table 3. Interestingly, all the as-quenched samples
contain Al,O5. The highest amount of Al,O5 is found in
SRE-4. It seems that this Al,O5 picks up from the re-crys-
tallized alumina crucible since samples are melted at high
temperature 1550 °C in the re-crystallized alumina crucible.
It seems that agro-food waste materials are more reactive as
compared to conventional oxides of SiO, and CaO [37]. It
is associated with lower particle size than used mineral for
glass formation.

ARt as compared to Si** cations. However, the ionic radii
of Si** are much smaller than Ca®* ions [38]. Moreover, the
silicate is formed when the well-connected glass-network
may decrease the possibility to react with Al,O; crucibles.
On the other hand, most of the modifiers like K,0, CaO
and Na,O create non-bridging oxygen (NBOs), which may
provide good sites for AI** diffusion and may form the bond
with NBOs. The EDS analysis shows the systematic vari-
ation of SiO, and CaO content. However, K,0, MgO and
Na,O could not show any ordered variation in their weight
% as shown in Table 3.

Density

The physical properties like density, molecular weight and
molar volume are depending on the local structure of the
glasses. In the silicate glasses, normally, density increases
with increasing the atomic weight of the constituents [39].
Therefore, the increasing of ESP in initial constituents,
increase the density and molecular weight from SRE-1 to
SRE-4, which is given in Table 4. The density of the sam-
ples is also showing increasing trend. The density of the
present glasses is comparable to other synthesized glasses
by the minerals [37]. The molecular weight of constituent
oxides in the present compositions follows the following
trend; Na,O <K,0 <Si0, <MgO < CaO < Al,O5. The modi-
fier breaks the glass network led to the compactness of the
glassy system. It is also reported by many researchers, when
glasses were synthesized using the minerals [39]. At very
high-temperature, where the melt is fluid, the melt consists
of a eutectic mixture of modifier ions and various structural
units of the network. They may be as small as the basic
building block of the network or it may consist of a few
of these building blocks connected to form small discrete
ions of modifiers. When the melt is cooled rapidly, the net-
work begins to form as the local structural units become
connected. The alkaline earth metal or other modifier ions
could break the connectivity of the glass network. A certain

Table 4 Molecular weight and density of as-quenched samples

It is observed that as eggshell content increases in initial Sample ID SRE-1 SRE-2 SRE-3 SRE-4

composition (Table 1), the tendency of AI** diffusion is also

increased from the crucible as shown in Table 3. The alkali MOle.Cular weight (g/mol) — 61.38 = 6136 61.69  62.31

and alkaline earth cations may have higher affinity towards Density (g/cc) 227 244 248 254

Table3 The chemical Samples ID Si0, Ca0 K,0 MgO Na,0 ALO,

composition (Wt%) of the

as-quenched glasses calculated SRE-1 81.85 8.02 4.77 3.59 0.45 1.32

from EDS data SRE-2 78.37 1276 438 2.66 0.09 1.74
SRE-3 74.98 15.05 3.68 2.90 0.00 2.22
SRE-4 69.91 18.36 4.34 2.51 0.35 4.52
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amount of alkali and alkaline earth metals like K,O, Na,O,
and CaO always increase the density within the silicate glass
system due to their molecular size and modifying behav-
ior [40]. In addition to this, SiO, and alkali/alkaline earth
elements like MgO, K,O replaced by CaO result reduced
the electrostatic forces between the kinds of non-bridging
oxygen (NBO) considerably and hence decreases the char-
acteristic temperature such glass transition temperature (7),
crystallization temperature (7,) of the glasses [39]. These
modifiers have broken the network and increased the com-
pactness of the system, which leads to decrease the molar
volume of the glasses [41].

X-ray diffraction

The X-ray diffraction patterns of the as-prepared and heat-
treated samples are presented in Fig. la, b, respectively.
A very broad hump is observed between 26 =17-35°,
which is associated with the amorphous characteristic of
the as-quenched samples. The broad halo shifts towards
the higher diffraction angle as SiO, content decrease after
adding the eggshell powder, which acted as a modifier. It
may be associated with the higher number of non-bridging
oxygen (NBO) and glass network connectivity and pack-
ing [39]. It is well reported that the modifiers break the
network units and modify the packing of the different
glass network, which influences the density of glasses.
The higher amount of K,0, CaO, Al,O; and other trace
elements promote to disturb the connectivity of the glass
network. SRE-4 has more modifying cation, hence, the
viscosity is lower as compared to SRE-1. Therefore, as
ESP increases, the glass formation tendency also increases
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in the present samples. All the samples heat-treat at 900 °C
for 10 h to study the crystalline behavior of the glasses.
SRE-1 sample exhibits two crystalline phases. These
phases are formed accordingly to the given Egs. (2), (3)
and (4):

4Ca0 + 28i0, = 2(Ca,Si0,), 2)
9A1,0; + 15Ca0 = 3Cas(AL,0,),, 3)
Ca0 + Al,0; = CaAl,0,. )

This sample forms the polymorphous phase of the sili-
cate, i.e., stishovite phase SiO, (ICDD No. 010-80-0371)
and SiO, phase (ICDD No. 010-82-1554). Whereas SRE-2
sample exhibits stishovite SiO, (ICDD No. 01-081-1666)
and calcium aluminum oxide CaAl,0, (ICDD No. 010-
88-2477) with monoclinic structure. On the other hand,
SRE-3 samples also show two crystalline phase, i.e, larnite
Ca,Si0,, (ICDD No. 010-73-2091) with the monoclinic
crystal structure and stishovite SiO, (ICDD No. 010-80-
0373) Ca,Si0O, phase shows the phase transition at differ-
ent temperature. SRE-4 sample shows higher crystalliza-
tion tendency due to higher CaO and Al,O; content. In
this sample, calcium silicate Ca,(SiO,) and calcium alu-
minum oxide Cas(Al;05), (ICDD Nos. 01-087-1261 and
010-70-0801) crystalline phases are formed. The crystal-
lization tendency of the heat-treated SRE-4 sample could
be clearly seen in Fig. 1b. At the same time, the SRE-1
sample shows lower tendency of crystallization. All the
samples are formed from the silicate-based crystalline
phases. Additionally, SRE-2 and SRE-4 samples formed

o
cgs(Alsov)z
Ca,(Si0,)

Intensity (a.u.)

40 50
20 (Degree)

Fig. 1 XRD patterns of the SRE samples a as-quenched, b heat-treated at 900 °C for 10 h
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aluminates based phases. It is also reported by many
researchers in the literature that in case of silicate-based
glasses, during heat-treatment initially, SiO, is nucleate
that followed the diffusion of the modifier cations which
lead to form the different crystalline phases [26]. In addi-
tion to this, it seems that intermediate oxides (Al,O3) also
acted as nucleating species to form aluminates related to
crystalline phases. In all the four samples, the Ca;Al;O,, is
a very good ionic conductor, as well as it exhibits excellent
oxygen storage within nanocages in wide concentration
range [9]. Therefore, this ceramic sample can be useful
for electrolytes in fuel cell applications.

FTIR analysis

FTIR spectra of the quenched samples are shown in Fig. 2.
The FTIR result indicates that the intensity of these peaks
is increased after adding ESP in initial constituents of the
glasses. FTIR bands at ~2955 cm™! belongs to Si-O—OH
groups. The small kink is also observed at — 3688 cm™!,
particularly in the SRE-4 sample. These bands may belong
to H-OH group. Both the bands are prominent only in the
SRE-4 sample. The presence of hydroxyl group in this par-
ticular sample can be exploited for bioactive properties.
Since, OH™ group always promote the hydroxyapatite layer
formation during in vitro test [42]. The prominent and a
broad band are observed at ~ 1000 cm™', which corresponds
to various silicate units like Q,, Q;, Q,, Q5 and Q,. As CaO
increases in initial composition at a certain level, this band
become diffuse up to SRE-3 clearly indicates the disturbance
in the silicate glass network. Moreover, this bands shift
towards lower wave number. It means the addition of ESP
leads some modification in silicate units. The band becomes
sharp in SRE-4 sample. It may be associated to some order-
ing that is taken place at the local level in this particular

SRE-4

L

s 8V . 8\/3)
318 & | SRE-3 o R
e SRE-2
c
S
g
c SRE-1
e —
-

T T T T T T v T v I M T v 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Fig.2 FTIR spectra of the as-quenched glasses

glass. It is possible that even X-ray amorphous sample may
have some crystalline or nanocrystalline phases in short
range regions or sand-witch between two amorphous matrix
[43]. The broadness of the band is due to the superposition
of the IR-bands of the asymmetric vibrations of different
type of Q-units of silica network. All molecules containing
tetrahedral coordinated silicon are presented because this
band becomes more intense and sharp in SRE-4 as compared
to other samples. Therefore, it could be related to crystalline
silicate network presented at the local level in this sample
[44]. The band at ~790 cm™! corresponds to the stretching
vibrations of the silicate network, 1. e., Si-O-Si bond vibra-
tions [45].

Thermal properties
Thermogravimetric analysis

The TGA curve of the as-quenched samples is shown in
Fig. 3. All the as-quenched samples show weight loss with
minima at 350 °C except SRE-3 sample. SRE-3 sample
shows the continuous weight loss up to 900 °C. However,
initial weight loss is very steep up to 350 °C followed
by 0.5% weight loss up to 900 °C. On the other hand,
all other samples show weight loss up to 350 °C due to
evaporation of crystalline water or trapped water in closed
pores in the glasses. After that SRE-1, SRE-2 and SRE-4,
glasses exhibit weight gain continuously. SRE-2 sample
shows the highest weight gain ~ 1% followed by SRE-1
and SRE-4 sample, respectively. In general, the weight
gain is related to the oxidation of the transition metals.
In the present samples, the transition metal oxides are not
found as shown in Table 3. However, some trace transi-
tion metals are reported in the agricultural or food wastes,
when these wastes analyzed by more sophisticated analysis

100.5 4
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1oo.o-%

™ SRE-4

99.5 4
99.0 4

1%

$ 98.5
(1]
s

98.0 4

97.54

o - SRE-2

96.5 —r7—7—T1—1
100 200 300 400 500 600 700 800 900
Temperature (°C)

Fig.3 Thermo gravimetric curves analysis of the SRE samples
heated at 10 °C min~! in air
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techniques like MP-AES or ICP [46]. In contrast to other
samples, SRE-3 shows different behavior, i.e., continuous
weight loss in this particular sample is observed either it is
related to some trace elements are reduced or loss of some
organic contents, during the TG measurement. However,
further and more sophisticated measurements are required
to confirm the above interesting results. For the thermal
stability point of view, the SRE-4 sample is more stable
than the other samples. Moreover, the thermal stability of
the present samples (derived from wastes) is comparable
with those glasses synthesized by normal chemicals (min-
erals) for similar compositions [47].
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Fig.4 The coefficient of thermal expansion of glass—ceramics sam-
ples after sintering the pellets at 900 °C for 10 h
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Fig.5 a Reflectance and 5 (b) Tauc’s plot of the as-quenched samples
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Dilatometric analysis

The coefficient of thermal expansion (CTE) is calculated
on the heat-treated samples at 900 °C for 10 h. The ther-
mal expansion curves of heat-treated samples are shown
in Fig. 4. The addition of eggshell (CaO) act as a modi-
fier and then it creates more non-bridging oxygen (NBO)
in the samples, which affects the stabilization of glass-
network to decrease the characteristic glass-transition
temperatures. The heat-treated SRE-4 sample shows the
deviation at 260 °C. It may be related to the phase transi-
tion. The crystalline phase Ca;Al4O,, exhibit phase tran-
sition as reported by [26]. The SRE-1 and SRE-2 show
the softening temperature at ~800 °C, which clearly
indicate that, some glassy matrix still present in these
samples, even after heat-treatment. SRE-3 and SRE-
4, glasses show higher tendency to grow the crystalline
phase become glass—ceramics as compared to SRE-1 and
SRE-2, samples. SRE-1 sample also shows higher slop
that indicates higher CTE of this sample as compared to
the other samples. The replacement of RHA by eggshell
powder, at a particular level in the samples, is in support to
enhance the crystallization tendency of the glasses as also
observed in XRD Fig. 3b. The properties of the glasses
and glass—ceramics could be tailored to select proper agro-
food wastes. SRE-3 and SRE-4 samples show remarka-
ble thermal stability up to 900 °C. It is comparable with
glasses, which are synthesized with minerals [37].
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UV/visible analysis
Optical band gap and Urbach energy

Diffused reflectance spectra of the as-quenched glasses are
shown in Fig. 5. The signature of phase separation phe-
nomena in the glasses could be established by the UV/vis-
ible spectra. A kink at ~262 nm is clearly seen in all the
glasses. This kink might be originated due to the presence
of a different glass matrix within the glass matrix, i. e. phase
separated glass. From spectra, the optical band gaps of the
as-quenched glasses were calculated using Kubelka—Munk
function [48] reported elsewhere [32]. Tauc’s plot shown
in Fig. 5b, ensures optical band gap decreases trend with
increasing ESP content. Maximum optical band gap
(3.72 eV) is shown in SRE-1 sample. The minimum value
of band gap is measured in SRE-4 sample due to the RHA
is replaced by ESP (wt%). These values are comparable to
the silicate-rich glasses as synthesized by mineral route
[35]. Band gap of all the samples lies into insulator region.
Usually, NBO’s is responsible to vary the band gap in the
glasses. After increasing the modifiers content, band gap
decreases, this expected trend is also followed in the pre-
sent samples. A kink is observed in agro-food wastes, which
become diffuse due to higher amount of CaO. In addition to
this, phase separation tendency decreased by the addition of
ESP in the present glasses. It clearly indicates that the phase
separation tendency decreases and urbach energy increases
by the addition of ESP in initial composition.

Refractive index

The refractive indexes of the glasses are determined by the
interaction of light with the electrons of its glass constituents
and other details related to optical properties are given else-
where [36]. Normally, the covalent character of the bonds
and difference in the electro-negativities of the bond forming
influenced the refractive index. Additionally, it also depends
on the NBO’s created by adding of different modifiers. The
increasing trends of the percentage of the covalent character
of the bonds are following this sequence SiO, > CaO>K,O,
etc, whereas in K,O bond, refractive index also decreases with
decreasing covalent bond character. The variation of the cova-
lent character of the bonds is responsible to vary the refractive
index. However, the refractive index is shown as increasing
trend in all the samples after increasing the ESP (CaO). ESP
rich modifier creates non-bridging oxygen’s (NBO), which is
more polarizable than bridging oxygen. Therefore, the for-
mation of the non-bridging oxygen increases the refractive
index of the glasses. Therefore, refractive index (n) is higher
in SRE-4 with maximum ESP containing glass in comparison
to other samples. Although, the formation of partial crystal-
line phases may affect the refractive index of the samples.

Table 5 Optical band gap, refractive index and Urbach energy along
with their samples labels

Samples ID SRE-1 SRE-2 SRE-3 SRE-4
Optical band gap (eV) 3.72 3.60 3.51 3.34
Refractive index (n) 2.23 2.25 2.27 2.31
Urbach energy (Ey)) eV 0.29 0.30 0.32 0.34

However, the covalent character and polarizability have been
the dominating factors to influence the refractive index of the
as-quenched samples. For calculating the Urbach energy (Ey)
of all samples details are given somewhere else [32]. All the
values like optical band gap and Urbach energy are shown in
Table 5. The Urbach energy increases with increasing ESP in
the agricultural waste based samples. Actually, RHA is having
maximum SiO,, which act as a glass matrix with the small
amount of alkali and alkaline earth metals and these trace ele-
ments can act as the modifiers as well as the network former
[46]. However, in the given samples, modifiers contents are
higher in the SRE-4 sample due to the higher ESP amount.
Conclusively, covalent character, plausibility and NBO’s play
important role to decide the values of band gap and Urbach
energy in these samples.

Photoluminescence

In the present study, the as-quenched glasses are heat-treated
at 900 °C for 10 h then photoluminescence (PL) spectra
recorded in the region of 300-500 nm. In this region, it
exhibits strong, medium and weak intensity peaks. These
peaks lie in the blue to the green spectral region. All the pre-
pared glasses show high refractive index (n~2.31) and good
transparency (T-80%) in the UV-visible (A-235 nm) and
near-infrared range. In more complex silicate glasses, lumi-
nescence can be promoted by the incorporation of several
alkaline and rare earth ions, but the concentrations are usu-
ally effective due to heavy elements in these glasses. Impu-
rities have been identified in silicate glasses by luminescent
effects atomic concentration levels, which produce undetect-
able optical absorption [32, 49]. PL spectra are shown on the
pellet of four samples sintered at 900 °C for 10 h in Fig. 6.
The UV-Vis—NIR absorption spectrum reveals several peaks
centered at excitation of electron from ground state 4l to
4D;, +4Ds,, (360 nm), 2Ggy)y +2D5) +2P5), (485 nm).
It is clearly observed that emission consists apparently of
many broad bands at 360-364 nm, 369-373 nm, 408 nm,
421-423 nm, 446 nm and 484—485 nm also shifted to the
right side for all the samples [40]. At 360-373 nm peaks
observed in UV—-visible region due to the exceeding defects
of Si- and oxygen defect center (ODC), the singlet—singlet
transition of Si-divalent of Ca>* [41]. Consequently, an inves-
tigation of the source of this luminescence was undertaken.
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Fig.6 Photoluminescence behavior of the as-quenched glasses

Weak luminescence is observed in many glasses, but in the
present samples, the PL sources are not generally understood.
A blue luminescence in silicate glasses has been ascribed due
to traces of elements. Emission band at 421 nm show blue
shift due to self-trapped exciton (STE) associated with AI**
and creation of =O-O= bond and ODC.

It is also affected with enhancing intrinsic defects, which
was found due to the presence of dopants or impurity in the
glass. The green region also observed at 485 nm, which is
directly influenced by AI**, Na*, K*, and Ca>* implantations
ODC or A**"-centre impurity corporation during growth or
Ca-0 valance-related defects attached with the triplet—singlet
emission of Ca—O valency [32, 50, 51]. In the present samples,
as crystallization increases from SRE-1 to SRE-4 as discussed
in XRD section, the intensity of PL emission spectra increases
as eggshell content increase and shift towards to lower wave-
length blue shift particularly bands at 300-380 nm. Conclu-
sively, higher wavelength PL peaks are not shifted with respect
to ESP content except peaks at 375-362 nm. The PL of the
silicon clusters has potential applications in Si-based optoelec-
tronic devices, especially in green—blue and UV luminescence
devices. Moreover, these glasses and glass—ceramics could be
used in the continuous as well as pulsed laser applications.

Conclusions

The agro-food wastes are successfully used as resource materi-
als to synthesize glasses. After heat-treatment different crystal-
line phases are formed in heat-treated glasses. The density and
molar weight of the glasses increases with eggshell content.
The replacement of RHA by eggshell powder enhanced the
crystallization tendency of the glasses. SRE-3 and SRE-4 show
remarkable thermal stability up to 900 °C. Optical band gap

@ Springer

value lies in the range of wide band gap semiconductor, i.e.,
3.34-3.72 eV. The PL intensity increases as eggshell content
decrease. It shifts towards to lower wavelength particularly
bands at 300-380 nm. These glasses and glass—ceramics may
find application in the continuous as well as pulsed lasers.
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