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Abstract—As  pollution  from  industrialization, holes identified as key active species, while maintaining

urbanization, and population growth increases,
particularly from the textile industry's dye effluents,
pure and drinkable water is becoming rarer and more
expensive, prompting interest in innovative solutions like
nanomaterials for degrading organic pollutants through
photocatalysis. BaPbFe:Os  photocatalyst  showed
exceptional performance in degrading Toluidine blue

over 86% efficiency after five cycles and minimal metal
ion leaching, highlighting their potential for effective
wastewater treatment and environmental remediation.

Index  Terms—Photocatalyst, dye  degradation,
wastewater treatment, pollution, toluidine blue dye,
basic fuchsin dye

and Basic fuchsin dyes, with superoxide radicals and
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I. INTRODUCTION chemicals which causes water pollution at large scale

@)
The textile industry plays a crucial role in meeting one
of humanity's fundamental needs, yet it remains one of
the leading contributors to global pollution. These
pollutants contain precarious organic and inorganic

Due to high demand majority of colored pigments
(dyes) are produced by harmful chemicals. A fraction
of colored wastewater is discharged into the
environment, leading to ecological contamination @.
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This discharge is harmful to plants, aquatic life, and
humans due to its toxic, cancer-causing, and mutation-
inducing properties ®. Two of such type of dyes
triaminotriphenylmethane (Basic Fuchsin) dye and
triaminotriphenylmethane (Toluidine Blue) dye are
widely used which causes very serious impact on
environment if present even in small amounts.
Toluidine Blue (TB) dye is popularly used for staining
tissues rich in DNA and RNA, identification of
microbiological diseases, such as H. pylori. The
substance is highly toxic to humans and can cause
long-term health issues in workers who come into
contact with the dye, leading to conditions such as
anemia, anorexia, weight loss, central nervous system
depression and methemoglobinemia . Basic Fuchsin
(BF) dye is used to stain muscle, mitochondria, and
collagen. Basic Fuchsin's presence in wastewater
systems presents significant concerns due to its poor
biodegradation,  toxicity, carcinogenicity, and
unsightliness, necessitating prompt testing and
implementation of removal methods ©.

In recent years, there has been significant research
dedicated in creating affordable technology for
purifying polluted water, with photocatalysis
emerging as a successful approach for breaking down
harmful pollutants in wastewater ®. To degrade these
toxics from wastewater several methods have been
employed. Among them photocatalytic degradation
has become increasingly popular because of its
affordability and effectiveness (. This technology
utilizes oxidative processes to generate reactive
oxidative species that can interact with organic
contaminants in the presence of sunlight ©®,

Several technologies including photocatalytic
degradation of these dye pollutants. The focus is
currently shifting to the discharged water from
wastewater treatment plants as a valuable resource for
reuse. In this study, the removal of Basic Fuchsin dye
and Toluidine Blue dye from aqueous solutions by a
newly synthesized BaPbFe,O¢ nanomaterial in
sunlight with variable pH, dye concentration, radiation
intensity  and  nanomaterial  amount.  The
semiconducting photocatalyst, which can absorb
energy greater than or equal to the energy gap, creates
electrons and holes, thereby improving the
effectiveness of organic dye oxidizers .

Lately, significant advancements in nanotechnology
have highlighted the importance of metal oxide
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nanoparticles (NPs) for a wide range of technological
purposes, such as sensors and photocatalysis 9

BaO nanoparticles (BaO NPs) possess distinctive
characteristics, including a highly reactive surface,
broad bandgap, narrow emission, and strong electrical
conductivity. These properties enable BaO NPs to be
utilized in various applications, such as the production
of crown glass, humidity sensors, and photocatalysis
(1)

Numerous photocatalysts based on BaO have been
documented for the degradation of these organic
contaminants likewise, BaAl,O4 12, Ba,NaNbsOy5 )
and pervoskite BaSnO3 ¢4,

Examples of iron oxides commonly found in nature
include  antiferromagnetic  hematite  (Fe203),
paramagnetic iron oxide, ferromagnetic iron oxide,
ferromagnetic  maghemite, and supermagnetic
magnetite (FesO4). The most abundant iron minerals
are magnetite, hematite, and maghemite (111)3%. Iron
oxide nanoparticles (FesOs NPs) possess several
advantageous properties when compared to other
types of nanoparticles. These include low toxicity,
biocompatibility, cost-effectiveness, and a high
surface area to volume ratio (9),

Lead oxide (PbO) possesses several distinctive
characteristics that make it suitable for wvarious
photocatalytic applications. These characteristics
include a low band gap energy, high thermal and
stiffness properties, superior tensile strength stability,
and appropriate photocatalytic activity. These
inclusive features enable lead oxide to effectively meet
the requirements of photocatalytic applications @7,
Numerous photocatalysts based on MOF and PbO
have been documented for the degradation of organic
contaminants such as PbBiO21-PbO ¥ MOF/CuWO,
19), and Sh,03/PbO @9,

In this study, BaPbFe;Os nanomaterial was
synthesized using the co-precipitation method and its
catalytic effect on the degradation of cationic dyes,
toluidine blue, and basic fuchsin under visible light
irradiation was investigated. The samples were
carefully analyzed using X-ray diffraction (XRD), X-
ray photoelectron spectroscopy (XPS), transmission
electron microscopy (TEM), photoluminescence (PL)
spectroscopy and Brunauer-Emmett-Teller (BET)
analysis. The findings showed that the substance could
be more extensively examined for the breakdown of
additional dyes, the decrease of toxic ions, and the
presence of organic substances. The method described
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above has led to the development of a highly effective
environmentally friendly photochemical material for
remediating the environment.

Il. MATERIALS AND METHODS

At first, Barium Nitrate, Lead Nitrate, and Iron Nitrate
were combined. A suitable quantity of Sodium
Hydroxide was then incorporated into the mixture to
facilitate precipitation, all while maintaining constant

stirring. For the scavenger test, EDTA was employed
@1

I11. REAULTS AND DISCUSSION

A. Characterization

The UV-Vis spectra indicate the highest absorbance at
199.2nm with an optical bandgap of approximately
5.45¢eV.

The EDX spectrum of BaPbFe;Os NPs reveals
prominent peaks corresponding to Ba, Pb, Fe, and O
elements with weight percentages of 4.83, 5.24, 12.91,
and 77.02, respectively, providing strong evidence for
the successful synthesis of BaPbFe;Og NPs.

The X-ray diffraction (XRD) analysis of BaPbFe,Os
NPs shows diffraction peaks at 24.03°, 34.38°, 40.93°,
42.21°, and 44.21°, corresponding to the (101), (110),
(111), (113), and (103) planes, respectively @2, The
average size of the pure BaPbFe;Ognanoparticle is
found to be 12.31 nm.

The nanomaterials underwent thermal analysis (TGA)
at a heating rate of 15 °C/min, and most of the weight
loss occurred between 350 °C and 600 °C, indicating
the loss of OH.

The reduction in Photoluminescence (PL) intensity is
clearly observed, and the PL emission peak is broad,
positioned at 471.7, 627.5, and 548.2 nm, due to the
direct excitation of BaPbFe,Os at the 263.2 hm region
@3, This decrease in intensity is depicted in Figure 4
and is linked to the stabilization of charge carriers @4,
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The direct excitation of BaPbFe,Os at 263.2nm leads
to PL emissions with peaks at 471.7, 627.5, and 548.2
nm.

The XPS spectrum of the synthesized composite
nanomaterial exhibits two peaks at 136.7 and 138 eV
for Pb 4f7;, 711.87 and 724.7 eV for Fe 2ps;, and Fe
2p12, and 780.1 and 795.72 eV for Ba 3ds;; and 3dsy.
Additionally, there is a broad peak at 531.23 to 533.27
eV attributed to oxygen vacancies @,

The BET analysis was utilized for identifying the
porosity and morphological characteristics of NPs, as
well as for determining the specific surface area of
adsorbents ?®, The specific surface area plays a crucial
role in determining the performance of catalysts, and
usually, a larger specific surface area leads to more
significant surface interaction 7,

The BET results for the surface area and possible pore
size of the prepared BaPbFe,Os are shown in Fig 8.
The P/P, of prepare material is measured as 0.99. The
pore volume is calculated as 0.07cc/g with surface
area of 18.37 m?g L. The pore diameter is calculated as
8.856 nm. It is confirmed from BET results that the
prepared BaPbFe;Os is capable to adsorb higher
quantity of dyes owing to its increases surface area and
pore size @9,

B. Photocatalytic degradation of dyes

TB and BF dyes have been used to study the
photocatalytic  degradation method. Percentage
degradation (% D) efficiency of TB and BF has been
calculated using BaPbFe;Os nanomaterial as
comparative study.

The % D (percentage degradation efficiency) has been
calculated using standard formula given equation @9
D% = 2% X 100

The results obtained for degrading Toluidine Blue
(TB) dye for BaPbFe,O¢ was 68.94 % while for Basic

Fuchsin nanomaterial exhibited 83.56 % degradation
efficiency.
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Figure 1: XRD spectra of nanomaterial
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Figure 2: FTIR spectra of nanomaterial
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Figure 4: PL intensity of nanomaterial
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Figure 6: Band gap of nanomaterial
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uFigure 7: HR-TEM analysis of nanomaterial

T [W((PoIP) - 1)] (1
=8R8

g 888

o o o o

‘,@/

" 200000 Q/

16.0000 /

12.0000
8.0000 ///@
o |
0.000e+00 4.000e-02 8.000e-02 1.200e-01 1,6008-01 2,000e-01 2.400e-01 2.800e-01 3.2008-01

Relative Pressure, P/Po

Figure 8: BET analysis of nanomaterial

C. Effect of pH on dye degradation

Figure 9 shows degradation of toluidine blue dye and
basic fuchsin with varying pH. It was found that the
rate of the degradation reaction for Toluidine Blue
increases as the pH level goes up, and that when it hits
its peak at pH 10.5, it starts to decline with further
increases in pH. In case of Basic Fuchsin dye
degradation rate increases till pH 9.5 then it decreases
with further increase in pH.

IJIRT 170914

A higher pH value can increase hydroxyl ion
concentration, leading to more hydroxyl radicals. A
hydroxyl radical can generate a superoxide radical
which enhance the photocatalytic decolorization of
dyes, with the combined effects of adsorption on the
photocatalyst and superoxide radical concentration
influencing degradation levels.
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Figure 9: dye degradation with pH variation

D. Effect of dye concentration

The degradation rate was shown to be affected by
changes in Toluidine Blue dye concentration 0.4x107°
to 1.8x10°° M while maintaining the same values for
all other parameters. Dye concentration for Basic
Fuchsin was varied in the range of 0.4x10 to 1.8x10"
4. Figure 10 represents the graph of % degradation
versus time in different dye concentration with
sunlight irradiation. When the amount of dye in the
solution goes up, the speed of the reaction goes down
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because there are more dye molecules around, leading
to fewer interactions between the dye molecules and
the Oy radicals.

As dye concentration rises, the interference from
intermediates created during the degradation of

the original dye molecules become more significant,
amplifying the suppression effects associated with
higher concentrations of degradation intermediates.
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Figure 10: dye degradation with dye concentration variation

E. Effect of amount of catalyst

Determining the optimal catalyst loading is crucial in
photocatalytic studies to prevent excessive use of the
catalyst. Other parameters remaining the same,
various amount of catalyst changes the rate of dye
discoloration in the range of 0.04g to 0.16 g.

The effect of different amounts of catalyst loading on
the photocatalytic degradation percentage was tested
and shown in Figure 11. When BaPbFe,Os is exposed
to light energy equal to or exceeding its bandgap,
electrons are excited from the valence band to the
conduction band, creating holes in the valence band;
these excited states can either recombine or interact
with adsorbed species on the semiconductor surface,

IJIRT 170914

leading to the formation of reactive hydroxyl radicals
and superoxide radical anions.

BaPbFe;0s + hv (UV) — ech” + huwp*

hw*+ H,0 — H"+ "'OH

e + 02— 02

0>~ + 'OH + dye — degraded product

The percentage of degradation of TB was decreased
from 96.4%, 96.15%, and 94.6% with the increased
amount of loading of 0.16, 0.14, and 0.12 g,
respectively. The percentage of degradation of BF was
decreased from 83.79%, 70.62%, and 63.54% with the
increased amount of loading of 0.16, 0.14, and 0.12 g,
respectively.
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Figure 11: dye degradation with semiconductor variation

F. Effect of light intensity

Assuming all other factors remain the same, the impact
of varying light intensity on the speed of color
deterioration was also investigated for BaPbFe;Oe.
The graph illustrates the percentage degradation as a
function of sunlight exposure duration under various
light intensities. According to the data, there is a direct
correlation between the irradiation intensity and the
reaction rate of degradation. The catalyst
demonstrated its highest rate of degradation at 1850
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mWecm2, This can be attributed to the increase in
irradiation intensity leading to a higher number of
photons/quanta reaching the catalyst's surface area.
This results in a more efficient degradation process of
dye molecules. Furthermore, the avoidance of
increased light intensity is recommended due to the
potential for thermal side reactions caused by
additional light exposure.
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Figure 12: dye degradation with intensity variation
G. Effect of Scavenger on the Photocatalytic ‘'OH"). EDTA has been utilized to scavenge
Degradation Efficiency of the Dye: superoxide (*0O%) radicals. When employing 5 ml of
The efficiency of breaking down photocatalytic dyes IN EDTA with the nanomaterial BaPbFe,O¢, the
through products relies on how well electron-hole degradation of toluidine blue dye resulted in only 2.70
pairs (e7/h*) can be separated to produce active species % of the dye. In the presence of EDTA scavenger only,
such as superoxide and hydroxyl radicals («O* and basic fuchsin dye degrades by just 1.97%.
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Figure 13: scavenger test for dyes

H. Mechanism of toluidine blue dye degradation

The simultaneous monitoring of the dye solution's
chromatographic separation on 2 min intervals of
photocatalytic ~ treatment  revealed  significant
decolorization and degradation of the dye, as
evidenced by the reduction of its visible and UV bands
and the emergence of new compounds, which were
characterized through mass spectrometric analysis.
To study the degradation of TB dye under visible light,
liquid chromatography-mass spectrometry (LC-MS)
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was employed to identify its photodegradation
byproducts as illustrated in Fig.13, leading to a
proposed degradation pathway in Fig. 14, where TB
dye remained the primary component, during the dark
adsorption phase with no detectable peaks at higher
m/z ratios, suggesting no further degradation or
polymerization occurred.
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Figure 14: LC-MS spectra of the observed products under visible light

Figure 15: Proposed degradation pathway of TBO dye under visible light irradiation followed by the identification
of several intermediates by LC-MS spectral techniques
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V. CONCLUSION

The co-precipitation method was used to produce
BaPbFe;Os nanoparticles, and their structure and
morphology were analyzed using various techniques
including XRD, FE-SEM, EDS, XPS, HR-TEM, and
UV-VIS-NIR, revealing an average grain size of 12.31
nm and the formation of regular small
spherical/cylindrical particles. At high light intensity,
the photo degradation rate increases as the pH rises to
an optimal level when the initial dye concentration is
low. In the heterogeneous photocatalytic process, O~
radicals react with dye molecules, breaking them
down into smaller particles like H,O, CO,, and NO3~
ions.

A. List of Abbreviations

TB: Toluidine Blue

BF: Basic Fuchsin

XRD: X-ray diffraction

FE-SEM: Field Emission Scanning Electron
Microscopy

EDS: Energy Dispersive Spectroscopy

XPS: X-ray photoelectron spectroscopy

HR-TEM: High Resolution Transmission Electron
Microscopy

UV-VIS/NIR: ultraviolet-visible-near infrared

TGA: Thermogravimetric analysis

BET: Brunauer-Emmett-Teller

PL: Photoluminescence

B. Availabilty Of Data and Materials:
All data is original.
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