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ARTICLE INFO ABSTRACT
Article history: The presence of toxic compounds in waste leads to unfavorable hazardous properties,
Received 31 August 2022 there is an urgent urge for the remediation of environmental contamination. This work
Accepted 10 October 2022 focuses on the removal of organic pollutants from the water. Piezocatalytic properties of
Available online 14 October 2022 transparent glass nanocomposites of Bi,ZnB,0; (BBZO) were studied for water-cleaning
application. Melt quenching followed by heat treatment of fabricated glass-
Keywords: nanocomposites were able to degrade different organic dyes. To study the microstruc-
Glasses ture of the samples under consideration, X-ray diffraction (XRD) and high-resolution
Nanocrystals transmission electron microscopy (HR-TEM) were performed. To get the elemental
Piezocatalysis composition of the glass nanocomposite samples, XPS (X-ray photoelectron spectroscopy)
Crystallization was utilized. Methylene blue (MB) dye was used as a model dye for degradation, and it is
Phytotoxicity found that heat-treated glass nanocomposite sample at 475 °C for 1 h (HT/475 °C/1hr) gives

maximum dye degradation of 78% under 240 min of ultrasonication with a degradation rate

of 0.0065min"'. Furthermore, an obtained by-product from degraded dye was used to

experiment to study phytotoxicity assessment using brown gram seeds and it has been

found that treated water with BBZO HT/475 °C/1hr sample gives less phytotoxicity of water

(Germination Index is found to be 88%).

© 2022 The Authors. Published by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

[1]. To create a comfortable environment, many enterprises
are set up to satisfy human wants, which results in a signifi-
cant volume of biological waste that needs to be managed.
This waste contains poisonous substances, and because of its

1. Introduction

Nowadays, the numerous pollutants found in the water, soil,
and air provide a persistent threat to the natural environment
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risky characteristics, they create an ecosystem that could
harm human health [2]. There is a pressing need to address
environmental contamination since fresh water, clean air,
and healthy soil are essential for maintaining life on earth.
The goal of this work is to purge the water of organic pollut-
ants. Research on wastewater remediation is still ongoing,
and wastewater from businesses like textile and pharma-
ceutical contains organic waste in the form of dyes. The
development of photocatalysis using semiconductors, which
has been used for pollutant decomposition by the generation
of reactive oxygen species and their recombination into dye
molecules in the presence of ultraviolet and visible light
sources to degrade and clean water is still in development
[3-5].

Borate-based crystals are a known family of materials in
optics. It is because of associated nonlinear optical properties,
fluorescence, laser hosts, optical filters, X-ray and y-ray ab-
sorbers, photonic devices, and other potential applications [6].
These crystals include Li,B40;, BiBaBO,, Li3BO; etc. [7,8].
Above mentioned crystals are non-centrosymmetric and
demonstrate nonlinear optical properties. As crystals always
have a higher cost and longer manufacturing process, re-
searchers have been exploring borate-based glass-ceramics as
a possible substitution for borate-based crystals [9,10]. Borate-
based glass ceramics can easily be fabricated by the conven-
tional melt quenching technique as borates are good glass
former and have a moderate melting point. There are signifi-
cant articles that are published on transparent borate-based
glass-ceramics in the domain of ferroelectric glass-ceramics.
Two decades from 1990 to 2010 witnessed borate-based
ferroelectric glass ceramics [11-15]. These glass-ceramics
have also shown potential in electrical energy storage de-
vices due to higher electrical breakdown strength as no
porosity exists in glass-ceramics fabricated from the melt
quenching method [16—20]. Some of these glass-ceramics
have also demonstrated piezoelectric properties in the case
of oriented crystallization. One of the very important features
of glass-ceramic is controlled microstructure (crystallization)
for desired physical properties.

In order further explore any novel application of these
glass ceramics, catalysis for water treatment and self-cleaning
point of view could be promising. A review article has been
published for photocatalyst glass-ceramics as well as possi-
bilities of borate for catalytic applications [9].

Piezocatalysis is another type of catalysis where a
piezoelectric semiconductor can act as a catalyst [21]. There
are many articles published in piezocatalysis using

polycrystalline ceramics [22—24]. A ferroelectric material can
demonstrate piezoelectric properties only after electrical
poling. Ferroelectric ceramics have shown effective piezoca-
talytic performance in poled samples [25,26]. It is already
established that catalyst in powder form is difficult to recover
and reuse. Utilizing poled ceramic in pellet form was able to
overcome the drawback of powder as a catalyst, but its
applicability is limited by the need for a high power source for
poling. Therefore in the finding of potential catalyst for water
remediation, Glass-nanocomposite, an emerging area need to
be investigated. Non-centrosymmetric glass-nanocrystals can
exhibit piezocatalysis even without poling, in the case of
nano-crystals single domain material [27—29]. As the catalysis
process is associated with local piezoelectric properties, every
crystal embedded in the glass nanocomposite can act as a
piezoelectric crystal for catalytic applications [30].

From the above-mentioned discussion, catalytic glass
nanocomposite can be a game changer and open a new di-
rection for glass nanocomposite applications. To understand,
piezocatalysis in glass nanocomposites. Bi,ZnB,0; (BBZO) is
selected here. BBZO is a polar material and has significant
borate [21—-26]. Borate is important for glass-ceramic forma-
tion. In this study glass-ceramics for BBZO compositions were
fabricated and investigated for piezocatalysis applications.

2. Experimental

For the synthesis of Bi,ZnB,0; (BBZO) transparent glass
nanocomposites, the conventional melt quench technique
was used. Initially, ZnO, Bi,O; and H3;BO; reagents of high
grade (purity >99%, Fisher Scientific) were used according to
their stoichiometric ratio for the fabrication of glass under
consideration. All the initial precursor powders were mixed
properly in the mortal pestal for 30 min to get a homogenous
mixture, then obtained mixture was transferred to a platinum
crucible. The crucible with the prepared powder is then placed
in a Nabertherm furnace set to 1000 °C for 5 min to melt the
powder. The melt was then poured onto a hot stainless-steel
plate at 350 °C and pressed with another hot plate at the
same temperature to quench the desired glass of Bi,ZnB,0;
chemical compositions. To ensure their strength and mini-
mize thermal stresses, the produced glass plates were
annealed at 350 °C for 5 h. After quenching, the transparent
yellow BBZO glass plate is heated to a different temperature to
achieve crystallization of the samples following the previ-
ously reported Differential scanning calorimetry (DSC) data

Table 1 — Comparison of catalytic activity of ferroelectric materials to present study.

Catalyst Catalytic Targeted pollutant Power source Rate constant Reference
phenomenon (concentration) specification (k)

LiNbO; glass Piezocatalysis Methylene Blue (5 mg/L) 40 kHz, 70W ultrasonicator ~ 0.01281 min™" [35]
-ceramics

BaTiO; nanowires Piezocatalysis Methyl orange (5 mg/L) 40 kHz, 80W ultrasonicator ~ 0.015 min* [36]

BaTiO; Piezocatalysis Methyl orange (5 mg/L) 40 kHz, 80W ultrasonicator ~ 0.019 min * [37]
nanoparticles

ZngBgO13 Photocatalysis TC solution (1.6 mg/mL) UV light 0.0067 min~*  [38]

InBO; Photocatalysis 4-CP (0.325 mg/mL) A > 30 nm, UV light 0.043 min™* [39]

Bi,ZnB,0; Piezocatalysis Methylene Blue (5 mg/L) 40 kHz, 150W ultrasonicator 0.0065 min~*  Present Study
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Fig. 1 — (a) XRD plots of AQ and heat-treated samples of BBZO glass at 450 °C, 475 °C, and 500 °C for 1 h, (b) and (c) are the
diffraction pattern obtained with TEM, Obtained TEM images of AQ and heat treated at 475 °C for 1-h BBZO glass samples are

(d), (f) and (e), (g) at respective scale.

[31]. To analyze crystal structure and phase purity, the pro-
duced glass nanocomposites of BBZO were evaluated using
the X-ray diffraction (XRD) technique with a powder diffrac-
tometer from Rigaku (Japan) based on a Cu Ko rotating anode
of 9 kW. Scan rates of 2°/minutes were used for XRD in the 26
range of 10°—80°. To study the nature of the glass nano-
composites, High-Resolution Transmission Electron Micro-
scopy (HR-TEM) was also utilized. Imaging of all the samples
under consideration was done by HR-TEM of FEI Company,
USA (model: FP 5022/22-Tecnai G2 20 S-TWIN). A Nexsa X-ray
photoemission spectrophotometer using an Al-Ka source was
used to conduct X-ray photoemission spectroscopy (XPS) to
validate the existence of elemental states in the synthesized
BBZO glass nanocomposites. The obtained binding energy was
calibrated using the 284.8 eV C1s peak. A Shimadzu (UV-2600)
UV-visible spectrophotometer was also used to record all of
the catalytic degradation rates. Piezocatalytic dye degradation
was carried out using prepared samples of BBZO glass nano-
composites (AQ, HT/450 °C/1hr, HT/475 °C/1hr, and HT/500 °C/
1hr). All the initial degradation experiments were done with
Methylene blue as a model dye. A 5 mg/L concentration of MB
was initially present in a 10 mL solution. Samples of BBZO
glass nanocomposites with a surface area of 140 mm? were
dipped in a 10 mL dye solution. Before beginning catalytic
studies, adsorption equilibrium was to be reached and for
that, the glass nanocomposite samples containing dye solu-
tion were left in the dark for 24 h. Following this, ultra-
sonication was performed using a 150 W ultrasonicator
functioning at a 40 kHz frequency. Every 30 min, the ultrasonic

medium (water) was changed to avoid a temperature increase
that would cause thermocatalytic dye degradation. A 1000 uL
proportion of the solution was examined and then added back
to the main solution at specified intervals of 30 min due to the
possibility that high temperatures could cause water to
evaporate. Monitoring the fluctuations in dye concentration
allowed for the determination of the shift in a relative position
of the MB dye absorption peak in a UV-visible spectropho-
tometer. Equation (1) was used to assess the dye degradation
obtained (in terms of %). The pseudo-first-order rate constant
was examined using the following equations (2) and (3) to
determine the reaction kinetics [32].

D% = <A° A; A) x 100 = <C° c; C) x 100 (1)
C = Coe ™ )
In[C/Col =kt 3)

Here, Ao and Co stand for the pollutant solution's original
absorbance and concentration, whereas A and C stand for the
pollutant solution's vague absorbance and concentration,
respectively. D % calculates the percentage of pollutant
degradation. The reaction time is expressed by t, whereas k
specifies the pseudo-first-order rate constant. According to
the methodology for the germination test, brown gram seeds
were properly washed multiple times with distilled water
before the experiment to achieve surface sterilization. Then,
each pair of four replicates of five seeds was given 4


https://doi.org/10.1016/j.jmrt.2022.10.041
https://doi.org/10.1016/j.jmrt.2022.10.041

JOURNAL OF MATERIALS RESEARCH AND TECHNOLOGY 2022;21:2028-2037

2031

Bi 41

(2)

(b)

530.11

Intensity (a.u.)
Intensity (a.u.)

Bi 5d

531.50

Ols Ols
AQ HT/450°C/1hr

Intensity (a.u.)

0 200 400 600 800 1000 1200 52 530

Binding Energy (eV)

h

Binding Energy (eV)

O1s
HT/475°C/1hr

(d)

533.7

Intensity (a.u.)

X

525 550 555 5:10
Binding Energy (eV)

535 540 525 530 535 540
Binding Energy (eV)

Ols

HT/500°C/1hr|
3
&
z
w
=
2
=

525 550 555 5:10

Binding Energy (eV)

Fig. 2 — (a) XPS survey with (b)—(e) O1s plots of AQ, heat-treated at 450 °C, 475 °C, and 500 °C for 1-h BBZO glass samples.

treatments (distilled water, treated 5 mg/L MB, untreated
5 mg/L MB, and 100 mg/L MB dye) in four 10 mL glass vials. As a
control, distilled water was used; 1 mL was added on the first
day, and 0.5 mL was added every day after that. For seven
days, the glass vials were kept in the chamber at a constant
room temperature. When the cotyledons of the seed had
expanded to a length of more than 2 mm, the seeds began to
sprout. Radicle length, plumule length, and germination
percent were used to calculate the germination index (GI),
which was then calculated using the following equation (4)
[33].

Seed germination (%) x rootlength of treatment
Seed germination (%) x root length of control

GI (%)= % 100

(4)

3. Results and discussion

X-ray diffraction (XRD) measurements were performed on all
the fabricated BBZO glass and glass nanocomposite samples
(AQand heat-treated) and are shown in Fig. 1(a). As seenin the
obtained XRD plots, AQ glass substantiates the amorphous
nature along with heat-treated samples. In addition, HT/
450 °C/1hr, HT/475 °C/1hr, and HT/500 °C/1hr glass nano-
composites samples also do not exhibit any clear peaks for the
crystallographic planes in obtained pattern. As noted from all
the attained patterns, the sharpening of the peak is occurring
from AQ to HT/500 °C/1hr BBZO glass nanocomposites sample
giving rise to (221) plane of Bi,B,Zn0; (ICSD file no: 152281) and
hence, giving rise to an idea about the advancement of

nanocrystals in the glass matrix. Generally, XRD is considered
a bulk technique, with the purpose to investigate the possi-
bilities concerning the formation of nanocrystals, high-
resolution transmission electron microscope (HR-TEM) imag-
ing is conducted for AQ and HT/475 °C/lhr glass nano-
composite samples. The obtained selected area electron
diffraction (SAED) pattern and the image are shown in
Fig. 1(b)-(g). Fig. 1(b) is the attained SAED pattern for the AQ
glass sample and, it is noted that there is no diffraction pre-
sent in it, revealing its amorphous nature. The captured im-
ages presented in Fig. 1(d) and (f) show that there are no/few
crystals present in the AQ glass sample. Fig. 1(c) is the
observed SAED pattern for the heat-treated BBZO glass
nanocomposite sample at 475 °C for 1 h, which confirms the
presence of nanocrystals in the glass matrix. The same can be
validated by the images shown in Fig. 1(e) and (g).

The surface chemical state and chemical constitution of
the BBZO glass nanocomposite samples were investigated
using X-ray photoelectron spectroscopy (XPS). The acquired
survey spectra are shown in Fig. 2(a) which is illustrating the
elemental existence in the parent glass of BBZO. Bi 4p, Bi 4f, Bi
4d, Bi 5d, B 1s, O 1s, Zn 2p, and C 1s of the currently present
elements in BBZO are highlighted in the wide range XPS sur-
vey showing the presence of elemental states at different
binding energies. The change in the oxygen peak positions
was observed for the AQ, HT/450 °C/1hr, HT/475 °C/1hr, and
HT/500 °C/1hr glass nanocomposite samples are shown in
Fig. 2(b—e). For the AQ glass sample, the spin-orbital states
were found to be at 530.11 eV and 531.50 eV binding energy in
the O1s plot. As the heat treatment to the samples takes place,
a change in the peak position and splitting of the peak in
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oxygen spectra can be observed. The presence of oxygen in
the sample can be quantified in the terms of bridging sites (BO)
and non-bridging sites (NBO). The possible reason for the peak
shift from AQ to heat-treated samples may be the addition of
network modifiers such as Zn. The crystallization of glass
samples enables Zn to increase the NBO and decrease the BO
in the crystal structure of the glass sample. Peaks at
530 + 0.3 eV are due to the Zn-O and the rest are due to the
adsorbed hydrocarbon from the environment [34].

Transmittance and absorbance spectra were collected for
the AQ, HT/450 °C/1hr, HT/475 °C/1hr, and HT/500 °C/1hr BBZO
glass nanocomposite samples with UV-vis spectroscopy in the
range of 200—800 nm at room temperature and obtained plots
are shown in Fig. 3. Fig. 3(a) shows the effect of heat treatment
on the transparency of the samples under consideration and it
is observed that the transparency reduces as the temperature
of heat treatment increases. It is obvious that because of
crystallization, transparency is reduced. Due to the presence
of nanocrystals, the reduction in transparency is very less.
The obtained absorbance spectra as shown in Fig. 3(b) in-
dicates an increase in absorbance as the transparency of the
sample is reduced. Interestingly, transparency was not
decreased with heat treatment. It is due to the fact that the
chemical composition of crystals and the amorphous matrix
is very close and hence refractive index would be very similar.
The scattering will also be minimal as these glasses have
nanocrystals.

Piezocatalysis is used to eradicate contaminants from the
organic dye (MB) using samples of BBZO glass nanocomposite
ceramics. Fig. 4 represents the results of dye degradation
using AQ, HT/450 °C/1hr, HT/475 °C/1hr, and HT/500 °C/1hr in
comparison to control MB dye degradation. Fig. 4(a) illustrates
how the peak intensity of the sample of HT/475 °C/1hr, which
has the highest dye degradation among the samples under
investigation, decreased during 240 min of piezocatalysis. The
results show that the BBZO glass nanocomposite sample can
degrade dye when introduced to ultrasonication. Fig. 4(b)
demonstrates the samples under consideration capability as a
catalytic material for dye degradation in the form of C/C, to

100
80 -
60+
X
ot a
=N IR C)
20- ——— HT/500°C/1hr
~———HT/475°C/1hr
—— HT/450°C/1hr
ﬂ B L} L] Ll L] ‘AQ L]
200 300 400 500 600 700

Wavelength (nm)

800

Absorbance

time. Fig. 4(d) illustrates the acquired results for dye degra-
dation of control MB dye, which were 12%, compared to AQ,
HT/450 °C/1hr, HT/475 °C/1hr, and HT/500 °C/1hr BBZO glass
nanocomposite samples, which were 38%, 74%, 78%, and 60%,
respectively, after 240 min of ultrasonication. The specific
surface area available in smaller crystals leads to more cata-
lytic sites. Crystallization will be more pronounced and with
increased heat treatment temperature and duration, catalytic
activity may well diminish. A similar trend is observed here as
depicted in Fig. 4(d). As discussed, the degradation follows
first-order kinetics, Fig. 4(c) illustrates the calculated values of
the rate constant (k) for the degradation process using several
samples of BBZO glass nanocomposite samples. The obtained
slopes for the control MB dye, AQ, HT/450 °C/1hr, HT/475 °C/
1hr and HT/500 °C/1hr sample of BBZO are 0.0005min~?,
0.0021min"?, 0.0030min~!, 0.0065min~!, and 0.0058min?,
respectively. HT/475 °C/1hr, which has the highest k value of
0.0065min~! among the fabricated glass nanocomposite
samples, has the highest dye-degrading capabilities. It is
because the HT/475 °C/1hr sample has smaller crystals, which
serve to enhance the specific surface area. Crystals grow as
heat treatment temperatures and durations rise, while their
specific surface areas decrease.

An indirect scavenger method was used to pinpoint the
active species responsible for piezocatalytic activity. Together
with the BBZO glass nanocomposite sample, three scavengers
Ethylenediaminetetraacetic acid (EDTA), p-benzoquinone
(PBQ), and Isopropyl alcohol (IPA), (10 mM each) were subse-
quently added to the test dye solution to acquire reactive ox-
ygen species (ROS) like holes (h*), superoxide (-02), and
hydroxyl (-OH). The primary active radical can be discovered
because its capture results in the greatest reduction in cata-
lytic performance. By trapping radicals, the observed order of
dye degradation is BQ(-02) > EDTA(h™) > IPA(-OH). (-02)
trapped by PBQ is the principal active species involved in dye
degradation. For executing the experiments up to 5 cycles, the
repeatability of the BBZO glass nanocomposite sample for
piezocatalytic performance was evaluated, and the results
have been plotted as shown in Fig. 5(c). There was no
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Fig. 3 — (a) Transmittance plot and (b) absorbance plot for AQ, heat-treated at 450 °C, 475 °C, and 500 °C for 1-hr BBZO glass

samples.
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Fig. 4 — Piezocatalytic dye degradation: (a) Reduction in the peaks intensity while performing piezocatalysis with the heat-
treated sample at 475 °C for 1 hr of BBZO glass (HT/475 °G/1hu). (b), (c) Results of piezocatalysis for all the fabricated samples
as well as of pure MB dye in the terms of C/C, vs. time and In C/C, vs. time for kinetic rate. (d) Results of dye degradation in
the terms of percentage for all the samples under consideration.

discernible change, and BBZO is a potential candidate for
reuse. Different kinds of dyes were investigated for piezoca-
talysis in addition to assessing the behaviour and capabilities
of prepared BBZO glass nanocomposite samples. Methyl violet
(MV) and Rhodamine B (RB) dyes, in addition to Methylene
blue (MB), were investigated for 240 min of ultrasonication on
a glass sample that had been heated for 1 h at 475 °C (HT/
475 °C/1hr). Fig. 5(b) illustrates the outcomes of these experi-
ments using varying dyes. As stated in Table 1, a comparison
of such previously reported catalytic materials with the
ongoing study has been done.

Crystalline non-centrosymmetric crystals possessing the
ability to respond mechanically to an external electric field
and vice versa fall under Piezoelectric. As a consequence of
structural anisotropy, atomic displacement within the piezo-
electric materials results in a mismatch between the cation
and anion centers, which generates a dipole moment/polari-
zation. There are two main theories to explain the piezo effect:
the Energy Band Theory and the Theory of the Screening
Charge Effect. A specific chemical reaction is mainly deter-
mined by the energy band levels (valence and conduction

bands). Band bending of semiconductors normally occurs in
the space—charge layer of the catalyst surface, which in turn
induce an electric-potential gradient that boosts carrier sep-
aration and transfer. In energy band theory, the generated
piezopotential initiates the reaction by modulating the band
structure and managing the internal charge carrier flow to the
surface of the catalyst surface. Screening charge effect, pri-
oritize the roles of piezopotential along with associated
surface-charged adsorbates from an external system. These
adsorbed charges are called external screening charges. These
charges from the external system participate in the redox
reactions and not the internal charges from the material. In
short, polarization generated in material induces an opposite
charge near the surface of the catalyst. More importantly, the
surface screening behaviour induced by polarization governs
the piezocatalytic process. The magnitude of the piezopo-
tential must fully satisfy the required redox level and deter-
mine the ability of the piezocatalyst to realize a specific
chemical transformation [40].

The complete process flow of dye degradation via piezo-
catalysis using fabricated BBZO glass nanocomposite is shown
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Fig. 5 — (a) Scavenger test for radical trapping, (b) degradation using different dyes, and (c) repeatability test.

with the help of a schematic in Fig. 6. To accomplish compo-
sition homogeneity, initial precursor powders were thor-
oughly pulverized in a mortar and pestle. Then, the
composition was transferred to the platinum crucible. After
that, to melt the prepared powder, the crucible containingit is
placed in a furnace. The appropriate glass was then quenched
by pouring the melted powder onto a hot stainless-steel plate
at a temperature and pressing it with another hot plate of the
same temperature. The obtained BBZO glass was then sub-
jected to different heat treatments as per the experimental
conditions and then piezocatalytic dye degradation was
accomplished. To get rid of organic impurities from water, MB
dye is used. Experiments incorporating the ultrasonication of
water results in bubble formation, expansion, and ultimately
collapse. The continual cycle of this bubble formation,
expansion, and collapse results in high-temperature regions
of roughly 5000K with a high-pressure wave of 10% Pa. At this
high pressure and temperature, the bubble breaks down into

Mortar Pestel

Degradation

W | -
Pt Crucible | / B z

radical species, interacting with the dye to contribute to the
breakdown process of sonolysis (thermolysis) [41,42]. The
obtained results show that, in comparison to heat-treated
samples, self-dye degradation values are almost negligible.
Without any samples, ultrasonication caused the dye to
degrade by thermolysis at a rate of 12% in 240 min. However,
the BBZO glass nanocomposite samples that were employed
helped to degrade the dye by piezocatalysis. The BBZO glass
nanocomposite samples that produce piezoelectricity during
ultrasonication separate charges by electrochemistry, which
causes the dye to degrade through redox processes. Piezo
sensitization is another potential method of dye degradation.
The excited state of the surface-complexed dye molecules is
captured onto the surface of the BBZO glass-nanocomposite
sample by the positive charge produced by mechanical vi-
brations. The degradation of the dye is facilitated by this
surface redox process. The following is an explanation of a
potential piezocatalytic dye degradation mechanism [43]:

~

Hot Plates
.

==

Furnace

BBZO Glass
nanocomposite

Ultrasonic
Vibrations

Furnace heat-treatment

Fig. 6 — Schematic layout for synthesis and piezocatalytic dye degradation using BBZO glass nanocomposites.
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used as control), (b) demonstration of treated MB dye water for growing brown gram seeds.
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An electric field is produced when the crystallite of BBZO
glass nanocomposite samples is strained by ultrasonic vibra-
tions. This causes polar surface generation as one negative
and one positive due to a localized electric field. The influence
of this localized electric field promotes the generation of free
radicals by causing segregated charges in the BBZO crystallites
to migrate toward the surfaces (e” to the positive surface and
h™ to the negative surface, respectively). A free electron will be
captured on the positive surface, where it will interact with
the hydroxyl ion to form the radical hydroxyl, and the dis-
solved oxygen will have been reduced to produce superoxide
anions. These generated ¢02", ¢OH act as strong oxidants,
which will attack dye molecules giving degradation of dye as
result.

Water sources used for irrigation include untreated textile
industry wastewater because it is related to ecosystem secu-
rity, this practice of discharging effluents directly into water
bodies is tremendously damaging to the environment. Both
directly and indirectly, irrigation water affects soil fertility.
Numerous byproducts are produced during the biodegrada-
tion of wastewater. Therefore, it is crucial to research how
hazardous these metabolites are to plants. Frequently eaten
sprouts of brown gram seeds have been used to check the
sensitivity towards the byproducts of MB dye. % Germination
was evident in the control sample, the germination index for
all three samples is shown in Fig. 7(a) and, brown gram seeds

germination data after 7 days are shown in Fig. 7(b). At IIT
Mandi in India, all seed germination studies were conducted
at a temperature of 25 °C. The lengthening of the seeds will be
inversely correlated with the toxicity of the water used for
seed germination. Consequently, the seed that is cultivated
using treated water will be a non-toxic indication. Phytotox-
icity is analyzed based on its GI values, GI<50%, GI>80%, and
50%<GI<80% for high phytotoxicity, low or absence phyto-
toxicity, and medium phytotoxicity. As shown in the figure, it
has been observed that GI values of 5 mg/L and 100 mg/L are
45% and 22% whereas treated water GI is 88% which falls in
the category of less phytotoxicity. Varying several parameters
like concentration of MB dye, increase in catalyst amount or
different catalytic processes will hopefully enhance the GI
value.

4, Conclusions

BBZO (Bi,ZnB,0,) glass nanocomposites were fabricated using
the conventional melt quenching technique and optimum
selected heat treatment was done to get desired crystalliza-
tion of the glass samples. XRD (X-ray diffraction) was carried
out on AQ, HT/450 °C/1hr, HT/475 °C/1hr, and HT/500 °C/1hr
glass nanocomposite samples, which shows amorphous na-
ture with a converging peak leading to an idea of the devel-
opment of nanocrystals. To confirm the crystalline nature of
the prepared glass nanocomposites, HR-TEM (High-resolution
transmission electron microscopy) was done. The observed
diffraction pattern with high-resolution images of the sam-
ples, confirms the presence of nanocrystals in it. To get the
elemental composition of the glass sample under consider-
ation, XPS (X-ray photoelectron microscopy) was utilized and
the obtained results confirm the presence of all the constitu-
ents with their orbital states in the BBZO glass nanocomposite
samples. Piezocatalysis technique was used to get degrada-
tion of dye with MB dye as a model dye and it is found that
heat-treated glass nanocomposite sample at 475 °C for 1 h


https://doi.org/10.1016/j.jmrt.2022.10.041
https://doi.org/10.1016/j.jmrt.2022.10.041

2036

JOURNAL OF MATERIALS RESEARCH AND TECHNOLOGY 2022;21:2028-2037

(HT/475 °C/1hr) gives maximum dye degradation of 78% under
240 min of ultrasonication with a degradation rate of
0.0065min"*. To confirm the reliability and capabilities of
prepared glass samples, different dyes were used and exper-
iments were repeated five times. Furthermore, an obtained
by-product from degraded dye was used for phytotoxicity
assessment using brown gram seeds and it has been found
that treated water with BBZO HT/475 °C/1hr sample has
reduced phytotoxicity of water (GI = 88%).
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