Journal of Materials Science: Materials in Electronics (2019) 30:3871-3881
https://doi.org/10.1007/510854-019-00671-z

@ CrossMark

Blue-green light emitting inherent luminescent glasses synthesized
from agro-food wastes

Shivani Punj' - K. Singh’

Received: 25 October 2018 / Accepted: 2 January 2019 / Published online: 7 January 2019
© Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract

Silica-phosphate glasses are synthesized using various agro-food wastes as resource materials instead of minerals. These
glasses are synthesized using the melt-quench technique. These as prepared glasses are characterized by X-ray diffraction
analysis, Energy dispersive spectroscopy, Fourier transform infrared spectroscopy, UV—Visible and photoluminescence tech-
niques. The X-ray diffraction showed the amorphous nature of the prepared samples. The presence of elemental composition
and inherent trace elements such as TiO,, Fe,0; determined using energy dispersive spectroscopy. The density and vicker
micro hardness of these glasses have been increased by increasing of egg shell powder contents (CaO). The hardness of the
present samples is higher than earlier reported similar type of glasses. The presences of Si-O—Ca and Al-O—-Ca groups in
the glass are identified. The presences of different silicate-phosphate units are also observed. The optical band gap of these
glasses lies in the range 3.63—3.84 eV. The refractive index and photoluminescence of theses glasses have been also increased
by increasing of CaO content in the glasses. TiO, is a “self activating” anion which helps to improve the luminescent quality
of these glasses. The color purity is 66% of these glasses. The presences of inherent trace element oxides are responsible for

good photoluminescence properties of the present glasses.

1 Introduction

Agricultural and food wastes are increasing with increasing
the population of the world. One-third of agricultural wastes
ashes are usually dumped in various places which create
lots of environmental problems [1]. It is an important and
necessary to utilize the wastes ashes in a meaningful way
to protect the environment as well as human health. Pre-
sent times, few amounts of agricultural and food wastes are
being used as constructions, biodiesel, fuel, fertilizers and
electricity generation [2-5]. Agro-food wastes could also be
used as resource materials to make silicate based glasses/
glass—ceramics because these wastes have SiO,, CaO, Na,O
etc. that are usually required to make silicate glasses and
glass ceramics [6]. The addition of alkali metal oxides and
trivalent oxides particularly rare earth oxides affect the
local glass structure as well as luminescence properties of
the glasses. Because each alkali and alkaline earth metal
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ions have in different field strengths, ionic radii ratios and
coordination numbers in the glass structure.

Some researchers have reported the agro-food wastes
such as rice husk, wheat straw, sugarcane baggase, can be
used to extract silica [7, 8]. Corn husk ashes (CHA) contain
Si0, (35 wt%), P,05 (22.5 wt%), K,O (20.2 wt%) along
with some oxides of trace element [6]. On the other hand,
sugarcane husk ashes (SCLA) and eggshell powder (ESP)
are also good sources of SiO, and CaO respectively. Phos-
phate glasses become an important area for different applica-
tions such as optical amplifiers, fibers, laser and biomedical
applications etc. [9-11]. But its poor chemical durability
makes them ineffective [12]. The chemical durability can
be improved by adding some alkaline earth metal oxides
and adding Al,O5 because AI’* ions acts as cross linkers
between chains [13]. SCLA contain the maximum amount
of silica (70-75 wt%) along with some trace elements such
as Al,0; TiO, and Fe,O; [13]. ESP has a rich amount of
alkaline earth metal oxides such as CaO (98 wt%) and with
some trace element oxides. ESP helps to reduce the melting
point and improve chemical durability of silica-phosphate
glasses, especially for biomedical applications [14].

In recent times, our group has reported that agro wastes
such as rice husk, wheat straw and sugarcane baggase can
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be used as resource materials, instead of conventional oxides
to synthesize glasses and glass ceramics. Danewalia et al.
[15] studied structural and dielectric properties of glass/
glass—ceramics derived from rice husk and sugar cane leave
ash synthesized by melt quench method. The results indi-
cated that the addition of sugarcane leaves ash increase the
tendency of glass formation. These as prepared glasses were
inherently porous, which was responsible for low dielec-
tric permittivity i.e. 9-40 at room temperature and 100 Hz.
Sharma et al. [16] have studied optical and thermal prop-
erties of glasses/glass—ceramics using agriculture wastes.
The results indicated that optical band gap of as-quenched
samples were in wide-band gap semiconductor range, i.e.
3.49-4.17 eV. The coefficient of thermal expansion (CTE)
is in the range of 13-16x 10%/°C.

Devi et al. [17, 18] reported the structural and lumines-
cence properties of Ca,Si0, doped with Dy** and Eu**
phosphors using rice husk ash and egg shell powder as
resource materials. The results showed single phase mon-
oclinic structure for both the phosphors. Phosphors Dy>*
showed blue-yellow emission spectra. This was due to
energy transfer between Dy>* ions by dipole—dipole inter-
actions. Eu** phosphor showed emission in the deep red
region due to high intense emission of 5D0 — F, at 703 nm.
Aktas et al. [19, 20] studied structural, optical and mechani-
cal properties using peanut shell powder (PSP) doped in
soda lime silica (SLS) glasses prepared by the melt-quench
technique. The UV—Vis spectroscopy results indicated that
the light transmitted by the SLS glass decreased and became
dark green with increasing PSP content (> 1 wt%), due to the
presence of Fe,O; in PSP contents. The micro hardness and
fracture toughness also increased of SLS glass samples due
to the presence of CaO (29.7 wt%) in the PSP. Teixeira et al.
[21] developed glass—ceramics using sugarcane baggase ash
and reported their structural and mechanical properties. The
results indicated wollastonite (CaSiO;) as the major crystal-
line phase and higher value of micro hardness i.e. 564 HV.
Some of the agro-food wastes exhibit some trace element
oxides. These trace element oxides may act as luminescent
species if it is used as resource materials. Thus, agro-food
wastes can be used to synthesize value added glasses and
glass ceramics for engineering applications. Theses glasses
could be replaced the conventional glasses that synthesized
from conventional oxides. In addition to this, these glasses
have some advantages over conventional glasses since they
have some amount of transition and heavy metal oxides as
trace element oxides inherently. So, the presence of these
inherent trace element oxides acts as active centers for pho-
toluminescence in agro-food waste derived glasses and glass
ceramics.

The main objective of the present study is to develop
luminescent glasses by keeping fixed composition of CHA
and SCLA replaced by ESP. Moreover, as per our knowledge
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Table 1 Elemental chemical composition of all the raw materials
using for glass preparation

Elements CHA (wt%) SCLA (wt%) ESP (wt%)
SiK 372 36.24 0.07
Na K 6.64 0.30 -
CaK 3.97 2.99 70.21
PK 2.06 - 0.02
Mg K 6.61 3.87 0.63
KK 37.09 8.19 -
ALK 2.94 - 0.03
TiK - 0.41 -

Fe K 4.26 0.62 -
OK 32.71 4738 29.04

The data is obtained from EDS

Table 2 Density of as prepared glass samples

Sample ID CHA (wt%) SCLA (wt%) ESP (wt%) Density (g/cc)

CSE-1 60 gm 30 gm 10 gm 2.46
CSE-2 60 gm 20 gm 20 gm 2.57
CSE-3 60 gm 10 gm 30 gm 2.70

corn husk ashes have not been reported to make glasses/
glass—ceramics. The prepared glasses are characterized by
various techniques to study their structural and photolumi-
nescence properties.

2 Materials and methods
2.1 Glass sample preparation

The presence of different elements and their amounts
in raw materials (CHA, SCLA and ESP) were given in
Table 1. Three glass samples were prepared using differ-
ent weight percent of CHA, SCLA and ESP. Glass com-
position was selected as [60CHA-(40-x)SCLA-(x)ESP]
where, x =10, 20, 30. The glass samples were designated
as CSE-1, CSE-2 and CSE-3 also shown in Table 2. The
ashes of different samples were calcined at different tem-
peratures such as CHA was calcined at 500 °C for 5 h
(h) and SCLA at 1000 °C for 2 h. Egg shells were taken,
washed with distilled water to remove impurities from it
and kept in a 1 M HCI solution for 2 h. Then, the egg-
shells were washed again with distilled water. Then, egg
shells kept in oven at 70 °C for 6 h to make it totally dry.
Finally, egg shells ground in an agate mortar to convert
in powder. The calcined powder of different ashes and
egg shell powder mixed in an agate mortar pestle for 2 h.
After grinding, the mixture was put into recrystalized
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alumina crucible and melted at 1550 °C at a heating rate
5°C min~! in a programmable furnace. At 1550 °C, the
samples were kept for 0.5 h to get homogeneous melt.
The melt was quenched in air using thick copper plates.
The as quenched samples were crushed into powder for
further investigation.

2.2 Characterizations

The density of the quenched samples was determined by
Archimedes’ principle at room temperature with xylene as
reference using a sensitive microbalance (Mettler Toledo).
The least count of the balance was 0.01 mg. The densities
of the samples were calculated as follows:

Wy

psample = X Py

Wa — Wy

Where pj,,,, density of the sample,p, is the density of
xylene at room temperature, w,is the weight of the sample
in air and w, is the weight of xylene. Density of xylene
is 0.863 g/cc at room temperature. The X-ray diffraction
(XRD) analysis of all powder samples was obtained from
Philips X’Pert e PRO PANalytical using Cu-Ka source
(A=1.54 10%) between the diffraction angles 10° to 90° that
operating at 30 kV and 15 mA. During the experiment,
the step size was 0.02° and scan rate was ~ 1.25°/min.
FTIR was carried out at room temperature in the region
4000-400 cm™! using Perkin Elmer Spectrum RX (1)
spectrometer. Approximately 0.5 mg of each sample was
mixed with 20 mg of KBr in an agate mortar and then this
powder was used for recording the transmission spectra.
Energy dispersive spectroscopy (EDS) analysis was car-
ried out on the raw materials as well as quenched glasses
to know the presence of different element oxides (Oxford
Instruments INCA-Act Energy 200). Vickers micro hard-
ness of glass samples was calculated using the model
(Mitutoyo MVK-HO, Japan) from the indentations using
the formula; H=1.854 L/d%, Where HV is the Vickers
hardness number, L is the applied load in kg and d is the
diagonal length of the square indentation in mm. A 500 gm
load is applied to the samples for 15 s. The optical band
gap of glass samples was recorded using double beam
UV-Visible spectrophotometer in diffused reflectance
mode (model: HITACHI U-3900 H) within the wavelength
range of 200-800 nm. Scanning speed was 120 nm/min
and resolution of the instrument was 0.20 nm. PL spec-
troscopy was used to study the luminescence properties
of the glass samples. PL excitation and emission spectra
of all samples were recorded at room temperature in the
fluorescence mode with a fluorescence spectrophotometer
using Model-Agilent Carry Eclipse G9800A with a xenon
flash lamp.

3 Results and discussions
3.1 Density

The apparent density of the prepared glasses lies in the
range from 2.46 to 2.70 g/cc. The density of the glasses
(Table 2) increased on replacing SCLA by ESP. As net-
work modifier increases, the modifier ions occupy the
interstitial sites within the glass network leads to increase
the density. The density of glass samples is compara-
ble to earlier reported conventional glasses, such as
455i0,-25Ca0-10Na,0-5P,05—15TO, doped with TiO,,
MnO,, Fe,O5 and ZnO [22]. The density of conventional
glasses has higher values, i.e. 2.75 g/cc, 2.83 g/cc, 3.02 g/cc
and 2.98 g/cc respectively. The reason of lower density of
present glass samples may be due to the presence of inherent
porosity lead to increase the overall volume of the glasses.

3.2 XRD analysis

The amorphous nature of as prepared samples was con-
firmed by X-ray diffraction. XRD patterns of three powder
samples do not reveal any sharp peaks which is an indication
of absence of crystalline phases in all the samples. All the
samples exhibit a broad hump centered on ~29° as shown
in Fig. 1.The position of broad humps depends on the initial
constitutes of the samples.

3.3 EDS analysis

The EDS analysis was done on the raw materials as well
as quenched glasses. A representative EDS spectrum of
CSE-1 glass is given in Fig. 2. SiO,, Ca0O, P,0s, K,0, MgO
and some trace element oxides are also present as shown in
Table 3. As egg shell powder added to the cost of SCLA,

CSE-3

CSE-2

Intensity (a.u)

CSE-1

10 20 30 40 50 60 70 80 90
20 (degree)

Fig. 1 XRD patterns of as quenched samples
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Fig.2 Representative EDS spectrum of CSE-1 glass sample

both the primary glass former (SiO,, P,0O5) decreases in
CSE-2 and CSE-3 glasses. On the other hand modifiers CaO,
K,0 and intermediate oxide Fe,O; increases, whereas, other
modifiers such as Na,O and MgO decreases. The content
of TiO, and Al,0O; did not show any trend in the present
glasses. Good amount of Al,O; is also present as shown
in Table 3. This is picked up from the crucible as glasses
are melted in recrystalized alumina intentionally. Basically,
Al,Oj; increase the durability of the glasses and prevent
non-radiative decay which leads to increase PL intensity in
silica—phosphate glasses.

3.4 FTIR analysis

FTIR spectra of the samples manifest the stretching and
bending bonds of the constituents. The FTIR spectra show
the bands at 3624, 1802, 1035, 764, 560 and 470 cm™". The
band around 3624 cm™! corresponds to the H-O-H attrib-
uted the stretching vibrations of absorbed water molecules.
It is assumed that the glasses absorbed atmospheric moisture
during the sample preparation for FTIR measurement. This
band becomes prominent as an ESP content increase in the
glasses. It indicates that ESP addition increase the tendency
of water absorption of the present glasses. It is particularly
good sign that the present glasses could be used as biocer-
amics since their glass surface enhance the tendency to form
the silanol group responsible for the hydroxyapatite layer
formation [23]. Another broad band centered at 1802 cm™"

% Transmittence

4000 3000 2500 2000 1500

Wavenumber(cm'1)

3500 1000 500

Fig.3 FTIR transmission spectra of all glass samples

corresponding to stretching mode of Si-OH group [24]. The
most intense and broad IR bands occurs at 1035 cm™! corre-
sponding to the vibrations of [Si04]4_ and [PO4]3_ which may
overlap one another. Similar results have also been reported
by Singh et al. [25] for mineral glasses. The reason of broad-
ness of this band is due to the presence of different silicate
units. The band at 764 cm™" show combined effect for Si-O-Si
bending vibration and Si—O—-Al sterching mode. This band
is more prominent in CSE-3 glass. It is confirmed that these
glasses exhibit the contents of Al,Os. It is also reported by
EDS analysis (Table 3). It can be seen that with increasing
ESP contents on replacing SCLA, the concentration of SiO,
decreases in the glasses and position of these band shifts
towards lower wavenumber. Bands at 470 cm™! corresponds
to bending vibrations of SiO, tetrahedra. It indicates that silica
is formed the glass network [26]. Another band at 560 cm” s
related to asymmetric bending vibrations of P-O bonds. The
FTIR spectra and EDS results are consistent to confirm that
P,0O5 also present in the glasses. By increasing the contents
of ESP in the glass structures the intensity of P-O—P bending
band is decreased. The content of P,Oj5 is also decreased as
observed in EDS analysis (Table 3). This is due to the pres-
ence of the network modifiers results in disrupting the conti-
nuity of the glass network, this increases the number of NBO
groups, which changes the glass structure. So, lead to change
the nature of P-O—P band as observed in Fig. 3. The deconvo-
lution was done on broad spectra of the glasses to distinguish
the silicate units. The deconvolution spectra of the glasses is

Table 3 The chemical

SamplesID  SiO Na,0  CaO P,0. MgO K,O0 ALO, TiO, Fe,0
composition (wt%) of all ampes ™ b & 25 & 2 2-3 M2 23
glass samples. Elemental wt% CSE-1 5502 148 1390 527 725 6.36 997 020  0.63
convertor in oxides using INCA ¢, 5143 096 1650 519  7.16 655 1136 027 065
software which is inbuilt in

CSE-3 4786 083 2349 455 641 6.96 805 015 142

EDS set up
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showing six bands i.e. 733-724 cm™!, 870-861 cm™! (Q°)
915-906 (Q") cm™!, 1035-1012 cm™! (Q?),1173-1153 cm™!
(Q?) and 1208-1205 cm™! (Q*). These bands are correspond-
ing to the discrete anionic structural units such as 3D net-
works; sheets, infinite chains, dimmers and monomers with
non bridging oxygen’s versus silicon ratio of Q°, Q, Q?, Q
and Q* respectively. All bands mentioned in the spectra are
slightly different to each other as shown in Fig. 4. The bands
870-861 cm™! are corresponding to Si-O~ stretching vibra-
tions mode in Q° units in the silicon oxygen sub networks.
The band near 915-906 cm™ is corresponding to asymmetric
stretching vibrations Si—O-Si and P-O-P mode. Broad band

% Transmittance

CSE-1

1300 1200 1100 1000 900 800 700

Wavenumber (cm'l)

at 1035-1012 cm™! corresponds to stretching vibrations of
Si—O~ bond in the Q? structure of the silica network [27]. A
shoulder at 1173-1153 cm™! is related to asymmetric stretch-
ing vibrations of Si—O—Si and P-O groups to Q> unit [28]. A
band at range 1208—1205 cm™! is of Q* unit corresponding
to stretching vibration mode of Si—O-Si and O-P-O bridging
unit. The deconvolution fitting indicates that the intensities of
all bands in CSE-2 sample decrease as compared to other glass
samples. This may be due to the presence of higher contents
of intermediate oxide i.e. Al,O; as compared to Na,O, MgO
and K,0. With the increase in Al,O; content, there may have
more Al-O-Si or AI-O-P linkages in the glasses. The relative

%Transmittance

CSE-2
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Fig. 4 Deconvolution spectra by peak fitting method using Gaussian curves of all glass samples in the wave number of 700-1300 cm ™"
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area of bands are decreasing in the range of 866-912 cm™' and
1153-1205 cm™". On the other hand, the relative area cor-
responding to band 1035 cm™! increasing in CSE-2 glass. In
case of a CSE-3 glass, band occurs at around 1153 cm”! due
to asymmetric stretching of Si—O-Si and P-O units. It showed
maximum intensity as compared to CSE-1 and CSE-2 glasses.
This band corresponds to the Q* unit that form the inter link-
age of one SiO, group with another SiO, tetrahedron. It may
also relate to SiO, tetrahedron with an AlO; group. All these
Si0,4 and AlO; tetrahedral form the glass network in alumina
silicate glasses due to the presence of AI** in four fold coordi-
nation [29]. The AlO, needs charge balancing in spite of SiO,
tetrahedral. In this case Ca>" may play dual role as modifiers
and charge balancing in AlO; units. So Ca** plays the role of
network modifiers to form more NBOs. Similarly the presence
of some other network, modifying oxides can also disrupt the
BOs of Si—O—(Si, Al) bond leads the formation of NBOs. The
intensity of all bands in CSE-three glass is increased relates
due to breaking of Si—O-Si and P-O-P bonds in the glass
network. It is taken place due to increase of CaO contents
and some other modifiers. The NBOs may be increased due
to Si—O-Ca, AI-O-Ca bonds in the glasses. So, the relative
area of these bands is increased. The full width at half max-
ima in the CSE-3 glass is also increased as compared to two
other glasses (Table 4). The FWHM increases with increase
of cation field strength due to the presence of modifiers. This
indicates that degree of disorderness increases due to changes
in the distributions of the Si—-O~ and P-O bonds. The vibra-
tional frequency of molecular units is directly related to force
constant which associated with cation—anion bonds [30]. The
bond length of Si—O~ can be calculated by using stretching
vibrational modes and force constant, K. The K is correlated
to the average bond distance (r) by the following relation:-

where v is the frequency of vibration, c is the velocity of
light, and u is effective mass of the units.
Two body reduced mass is

MM, 3)
Mg+ M,

where Mg; and M, are the atomic weights of Si and O.
The calculated force constant for SiO, units and bond dis-
tance values is given in the Table 5. The change in force
constant confirmed that bridging oxygen converted into non
bridging oxygen with increasing contents of ESP.

The decrease in intensity of deconvoluted bands is proba-
bly related to lowering of the network dimensionality. This is
caused by the addition of modifiers and intermediate oxides
like Al,O;. The increase in intensity is related to a breaking
of Si—O-Si and P-O-P bonds in the glass network. It is con-
cluded that the changes in their peak positions shifts towards
smaller wavenumber due to change among Q% Q', Q% @?
and Q* units and their amount in the glasses.

3.5 Hardness

The hardness is very complex property which depends upon
different factors such as bond strength, porosity, degree of
polymerization and fictive temperature [31]. Hardness also
provides information about the compactness of the materi-
als. When SCLA is replaced by ESP the micro hardness
value of the glass samples showed an increasing trend. It lies
in the range 575-638 HV as shown in Table 5. The Vickers’s

Table 5 Calculated force constant and bond distance of glasses using
the most intense bands along with micro hardness

K= 1r—37 (1) SampleID Wavenum- K (N/m) R (A°) Micro hardness (HV)
ber (cm™)
K is determined by using
CSE-1 1035 387.5 3.52 575+0.04
1 k CSE-2 1034 386.8 3.53 583+0.07
Y= e \/; @ cses 1012 370.5 357 638+0.01
Table 4 Deconvolutiop CSE-1 CSE-2 CSE-3
parameters of glasses in wave
number of 700-1300 cm™ C A FWHM C A FWHM C A FWHM
733 6.1 94.9 724 5.1 85.68 731 5.7 86.9
870 1.1 47.2 866 1.2 459 861 1.9 494
915 7.9 105.5 912 8.3 106.2 906 11.6 107.3
1035 64.9 2222 1034 68.7 227.2 1012 48.5 181.9
1173 15.3 123.9 1165 11.6 114.6 1153 26.6 143.9
1208 2.2 53.4 1203 2.3 55.4 1205 3.0 62.0

C is the band center (cm™") of the component bands, A is the relative area and FWHM is full- width at half

maxima
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hardness of the oxide glasses is ~2—8 GPa [32]. Researchers
have earlier reported maximum value of micro hardness to
be 574 HV using ESP in soda lime silicate glasses. In the
present study, maximum obtained value of the hardness is
638 HV. The higher contents of the ESP (CaO) can increase
the non bridging oxygen by disrupting the silica and phos-
phate network chains as also observed in FTIR spectra. This
leads to compacting of the local glass structure. It can also
be said that with the increasing concentration of the modi-
fiers the packing of the molecules becomes denser. Another
reason may be the presence of CaO (3.35 g/cc) has a high
density as compared to SiO, (2.65 g/cc). The higher ESP
(CaO) contents make the glass structure more rigid, result-
ing in higher hardness. This results in increase of micro
hardness with increase of CaO contents due to densifica-
tion. Conventional phosphate-soda glasses containing Li,O
or K,O as modifiers showed the maximum value of Vick-
ers hardness i.e. 630 HV [33]. It was observed that glasses
with higher contents of CaO and lowest contents of Na,O
have the highest value of hardness in these glasses. Jha et al.
[34] reported the hardness in the range of 464-502 HV for
55510,-10K,0-(35-x) CaO—x—MgO mineral based glasses.
The value of hardness increases with replacement of CaO by
MgO due to the higher field strength of Mg** (0.45A°) than
Ca®" (0.33A°). Thus, it is concluded that the increase in the
compactness of the glass structure is due to the presence of
mixed modifier ions present in these glasses.

3.6 UV/Visible spectroscopy
3.6.1 Optical band gap and Urbach energy

Optical band gap can be determined using Kubelka—Munk
function, F(R) in diffused reflectance mode for solid samples
[35].

(1-R)"
2R

FR) = 4

where R is reflectance and n is the index whose value
depends on the type of transition takes place (where n=1/2,
2, 3/2 and 3 for direct allowed, indirect allowed, direct for-
bidden and indirect forbidden transitions respectively).
The present glasses are opaque in nature. The glass sam-
ples reflectance increases with increase of the ESP contents
CSE1 > CSE2 > CSE3 as given inset of Fig. 5. On the other
hand, their transparency decreases with ESP content. The
optical band gap is calculated using tauc plot as shown in
Fig. 5. By plotting the graph between (F(R).E) % and energy
(E) extra plotting the linear region of curves to E (E=hv)
axis for CSE-1, CSE-2 and CSE-3. The lowest optical band
gap is observed in the CSE-3 glass sample as shown in
Table 6. As SCLA is replaced by the ESP up to 30 wt% the
optical band gap of the glasses is decreased. The value of
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Fig.5 Optical band gap for all glasses

Table 6 Optical band gap, Urbach energies and refractive indices for
all glasses

Glass samples CSE-1 CSE-2 CSE-3
Band gap (Eg) (eV) 3.84 3.72 3.63
Urbach energy (Eu) (eV) 0.30 0.31 0.34
Refractive index 2.20 2.22 2.24

Eg also depends on the nature and relative concentration
of BOs and NBOs. With the increase of ESP, Si—O-Si and
P-O-P bonds depolmerize the glass network and produce
non-bridging oxygen (NBO). This causes energy gap shifts
to lower energies can be due to the formation of NBOs in
CSE-1, CSE-2 and CSE-3 glasses. Moreover, the negative
charge on NBOs has higher magnitude than BO. When the
bridging oxygen is converted into non bridging oxygen then
the ionicity of oxygen atoms is increased. Due to this the top
of valence band moves up leading to decrease in the band
gap with an increase in NBOs [36]. Moreover, the presence
of heavy modifiers in glass composition decreases the opti-
cal band gap [19].

Reflectance coefficient (F(R) (E)) of the material is
related to the Urbach energy as follows [37]:

F(R)(E) = Aexp (E/E,) ®)

where, A is a constant called tailing parameter. Urbach
energy (E,) was determined by taking the reciprocal of the
slope of the linear portion of the In (F(R) (E)) versus energy.
The change in Urbach tails can be dependent on many fac-
tors like thermal vibrations, dislocations and electric field of
defects etc. The higher value of Urbach energy is observed
for glass sample CSE-3 and lower energy for glass sam-
ple CSE-1 as shown in Table 6. This is also confirmed that
CSE-3 glass exhibit more disordering (NBOs etc.) than other
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two glasses. This showed again an increase in disorderness
as well as an open structure of the glasses due to the forma-
tion of non-bridging oxygen. FTIR results also support the
above observations.

3.6.2 Refractive index

According to Dimitrov and Sumio [38], the refractive index
(n) of a solid is related to the optical band gap of the mate-
rial as:

2 E
Ll SR b 6)
nz+1 20

The density, coordination number, field strength and
NBOs of the material are the factors that affect the refrac-
tive index of the glass samples [39, 40]. The refractive index
is also a structure dependent property. With the increase of
ESP, the glass networks of Si—~O-Si and P-O-P bonds are
depolmerized that produced more NBOs. Baki et al. [41]
reported that bridging oxygen’s are converted into non-
bridging oxygen when more alkaline earth metal ions added.
These provide more oxygen to the network. The increase of
more NBOs produces more polarizability of oxygen ions
which causes increase in the refractive index values. The
refractive index is also directly proportional to density.
Refractive index of glasses is changed when the structure is
changed as it depends on the density. The result of (Table 2)
density of present glasses also supports the refractive
index. The refractive index increases with Fe,O5 contents
in 45810,-25Ca0-5P,05-10Na,0—(15-x)-MnO,—xFe,0;
glass composition synthesized by minerals [42]. The vari-
ation in the refractive index is in good accordance with the
changes in the ionic character of the bonds. Increase of more
non bridging oxygen’s leads to formation of more ionic bond
character in spite of covalent character. However, the den-
sity, ionic character and polarizability have been the domi-
nating factors for refractive index of the present samples.

3.7 Photoluminescence spectroscopic analysis

PL emission bands can be observed at 348, 362,409, 460,
484, 510, 528 and 542 nm as shown in Fig. 6. The bands
348 nm and 362 nm ascribed from an intrinsic defect in
amorphous Si0O,. The luminescence from the 348 nm and
362 nm is attributed to silicon dangling bonds developed
from E defects centers (O =Si) being an oxygen vacancy
that has trapped hole. This is due to the increase of the ESP
contents (Ca>"), some Si—O~ bonds disrupts during the pro-
cess of silica networks associated with non bridging oxygen.
Siu et al. [43] observed a UV emission bands at 350 nm
and 368 nm corresponds to the defect related luminescence
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Fig.6 Photoluminescence spectra for all glasses

centers in SiO,. PL band corresponds to 409 nm for all
glasses shows broaden peaks. It is observed from the Fig. 6
that the PL intensities show a similar tendency for 409 nm
band. When ESP contents increase the intensity of PL also
increases. It may be associated with difference in ionic radii
of Si** (0.41A°) and Ca* (0.100A°). This could affect the
defect centers and structural changes. It also increases the
concentration of silicon dangling bonds and oxygen vacan-
cies in the glass networks. These changes are related to the
inhomogeneous broadness of PL peaks. The role of CaO
in Si0,—-GeO,-P,0s—Er,0; composition has been reported
by Acapito et al. [44]. The presence of CaO increases the
spectral bandwidth with inhomogeneous broadening of PL
spectra.

Fitting PL spectra show four peaks at 410 nm, 422 nm,
445 nm and 460 nm (Fig. 8). The bands lie in range
410-422 nm indicates an extensive distribution of the
energy levels that are corresponding to appropriate emis-
sion centers. The disturbances in the silica network by trace
elements are responsible for this peak [16]. The 410 nm
band generally attributed to the characteristic emission of
Ti** that is activated through charge-transfer transitions.
The transition is taken place from the 2p orbits of the sur-
roundings oxygen ion to empty outer 3d orbit of Ti*" in the
titanium-oxygen units, i.e. O>~-Ti**— O>~-Ti**. The tran-
sition from emitting level °T, or °T, to 'A, is responsible
for blue PL emission shown in Fig. 7. This band was also
reported for conventional glasses, TiO, doped in Al,O4
[45]. This process of transition from excited Ti** jon to
0~ ligands exhibit the fluorescent behaviour of Ti** ion in
glasses which might be corresponding to the energy trans-
fer by ion-phonon coupling. The band 445 nm in silica
glasses corresponds to defects of ODC (Oxygen deficient
centre) represented as =Si— Si=. This is also due to the
presence of trace element oxide TiO, in the glass sam-
ples. The reason is ionic radii of Ti** (0.684°) is greater
than ionic radii of Si** (0.41A°) which disrupts the silica
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Conduction Band

Excitation at 255 nm
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Fig. 7 Band model show Ti** emission mechanism

Intensity(a.u)
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Fig. 8 Deconvolution spectra by peak fitting method using Gaussian
curves of glass CSE-1 in the wavelength region from 400 to 470 nm

network that affects the defect concentration and produced
radiative transitions [46]. The energy transfer from the
defect centers to Ti** that also produced blue emission.
TiO, is a “self activating” anion which helps to improve
the luminescent quality of SiO, glasses. A low intensity
of the PL band at 460 nm is originated due to diamagnetic
radiative recombination of self-trapped excitons (STE) and
neutral oxygen vacancies (V,). A sharp band at 484 nm is
ascribed to the presence of Al,O; in the glasses. The low
intensity of PL bands 510 nm, 528 nm and 542 nm show
green emission of light due to the presence of some trace
element oxides. This also depends on the excitation power
and characteristics of radiative recombination of STE. Two
photoluminescence bands at 420-430 nm and 510 nm are
observed in when ZnS doped with TiO, due to Ti**and
Ti** precipitation, which leads to excitonic emissions and
trapped luminescence [47].

3.7.1 CIE coordinates and color purity

The Commission International de I’Eclairage (CIE) 1931
XY chromaticity co-ordinate diagram was plotted using
emission spectra to determine the color purity of CSE-3
glass (Fig. 9). The CIE co-ordinates for CSE 3 glass was
observed (x=0.17, y=0.23) respectively, which lies in the
greenish-blue region. Finally, the color purity of CSE-3
glass was determined using Eq. (7). The color purity of
a light source is the distance in the chromaticity diagram
between the (X, y) color coordinate point of the test source
and the coordinate of the equal energy point divided by the
distance between the equal energy point and the dominant
wavelength point.
The color purity is thus given by following equation:

\/(x —x) + -y
Color purity (%) =

x 100 @)
(xg — xi)2 + Oy - yi)z

where, (X, y), (X;, y;) and (x4, y4) represent the chromatic-
ity coordinates of the light source under test, equal-energy
reference illuminant with a value of (x;=0.3333, y;=0.3333)
and dominant-wavelength coordinates (x4, y,) respectively
[48]. The color purity was determined by putting the coordi-
nates of (X, y), (X4, ¥4) and (x;, y;) to Eq. (7). The color purity
of the sample CSE-3 was 66%. In case of agro-food waste
derived glasses, particularly at room temperature showed
the optimal intensity of photoluminescence and 66% of
color purity due to the charge transfer by coupling between
ions and phonons. In case of mineral glasses same may not
take place probably at room temperature. Agro-food wastes
derived glasses exhibit some advantages over conventional

~<

CIE 1931 chromaticity diagram
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0.6 CIEy=0.23
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Fig.9 Colour coordinates calculated from emission spectra
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glasses. The presence of an inherent trace element oxides
acts as PL activator in host glass matrix. However, in case
of mineral based glasses some rare-earth PL activator must
be added for deriving PL. It will be very interesting to study
the effect of rare-earth elements in agro-food waste derived
glasses and glass—ceramics for further modify and enhance
the PL luminescence of agro-food waste derived glasses.

4 Conclusion

Agro-food wastes are used to synthesize glasses. XRD con-
firmed the amorphous nature of agro-food waste derived
samples. The density of the glasses increased with increase
of ESP (CaO) contents. The density of these glasses is lower
to the similar glasses formed from minerals. The addition of
ESP (CaO) increases the hydrophilic nature of the glasses.
All the glass exhibit all four structural units of SiO, i.e. QO,
Q', Q% Q® and Q* However, the addition of ESP increases
Q°, Q! and Q? structural unit. The optical band gap lay in
wide semiconductor range and decreases with the increase of
the ESP contents due to more NBO’s in the glasses. Vickers
micro hardness is higher than the earlier reported hardness
of the mineral based glasses. The high refractive index and
Urbach energy observed for CSE-3 glass as compared to
other two glasses. PL spectra showed greenish-blue emission
peaks with 66% of color purity. The peak intensity increases
with CaO contents. The trace elements act as ‘self activator’
center to generate PL. These synthesized samples can be
used in the lamp industry, especially for solid state lighting
(mercury free lamps) and LEDs.
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