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INTRODUCTION

In India, the textile industry is a significant and swiftly
developing industrial sector. The textile business makes use
of a variety of resources, including cotton, wool and synthetic
fibers. A large amount of industrial waste is generated from the
apparel business, remarkably an eminent industry [1]. Given
a higher demand for water for its various wet-treatment techni-
ques, the textile sector is a major contributor to effluent waste-
water production. As a result, the textile sector is thought to
have the greatest worldwide demand for water and the highest
level of pollution in its wastewater discharges of any business.
Water usage in textile mills on an average size is approximately
200 L/Kg of cloth manufactured daily [2]. Contaminants like
acids, alkalis, hydrogen peroxide, colloids, dispersants and metal
constituted cleaners exist ineffluent wastes [3].

Approximately 60-70% of azo dyes are toxic, carcino-
genic and resistant to physio-chemical treatments. Following
their molecules breakdown and the formation of aromatic amines
like benzidine, dimethoxy-benzidine and dimethyl-benzidine,
azo dyes become toxic [4,5]. By electrostatically adhering to
sediments or drainage sludge, azo ionic dyes that are dumped
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on the ground or sewerage may attach to suspended organic
materials, prolonging their permanence [6]. Furthermore,
coloured water or polluted sludge that comes into touch with
marine life spreads harmful chemicals to mankind as well via
the food chain leading to ailments such as cramps, elevated
blood pressure, vomiting, hemorrhage and blistering of the
skin. Significant harm to the renal system, reproductive system,
central nervous system and organs such as the liver and brain
may result depending on the dye exposure dosages [7,8].

Conventional methods like filtration, chlorination and 0zo-
nation have shortcomings of particular importance, including
the need for complementary energy sources and the creation
of hazardous waste. Because of their potent oxidation capac-
ities, affordability, eco-friendliness, photocatalytic degradation
strategies of organic dyes ought to be appealing for the remed-
iation of textile contaminants [9,10]. An innovative and succe-
ssful technique for treating dye house discharge is semiconductor
photocatalysis, which can dissolve pigment molecules into
smaller components like CO, and water and neutralize them.
This reduces the possibility of generating sludge and harmful
byproducts, which frequently lead to additional challenges with
treatment and disposal [11].
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The problem could be remediated by incorporating nano-
particles, particularly bimetallic nanoparticles. The superior
electrocatalytic performance and faster reaction time of bimet-
allic nanoparticles have led to their widespread application in
electrochemical monitoring [12]. Bimetallic catalysts also show
promising prospects for nitrate reduction applications from
wastewater [ 13,14]. Furthermore, the Zn-based bimetallic nano-
particles play a significant role as a photocatalyst in photo-
degradation activities. Zinc oxide (ZnO) exhibits a high degree
of mineralization and reactivity, making it a more effective
catalyst for water purification. It also contains a greater quantity
of highly reactive active sites on its surface [15], based on the
higher starting activity rates and its efficiency in absorbing
solar radiation [16]. With a large direct band gap energy (E,
=3.2eV),ZnO is regarded as the second most popular photo-
catalyst. Remarkable photoreduction efficiency, antifouling
and antibacterial qualities are displayed by ZnO. It exhibits
superior photocatalytic effectiveness due to its increased electron
mobility (200-300 cm*/Vs), which enhances its quantum effici-
ency [17]. Improved photoinduced activity via enhanced light
absorption rate and more accurate inhibition of photoinduced
electron-hole pair recombination, thus preserving elevated
charge separation, have been two primary advantages of associ-
ating two semiconductor metal oxides [18,19]. Moreover, nano-
particles having an amalgamated Fe-Zn crystalline matrix can be
magnetically recovered, making them attractive for industrial
usage due to the atomic structure of iron [20]. In addition, due
to their distinctive chemical composition, compact dimensions,
magnetic properties, organization and synergistic effects, such
nanoparticles have the potential to be more efficient in their
primary use and can be easily recovered or recycled. Therefore,
Zn-Fe BN is considered as suitable for the photodegradation
processes, to improve the environmental impacts caused by
the dyestuff. For the purpose of adsorptive removal of the carci-
nogenic dyes brilliant blue and Amaranth from water, a new
bimetallic Fe-Zn nanoparticle as photocatalyst was synthesized
via a microwave irradiation.

EXPERIMENTAL

Ferric chloride anhydrous (96%; Nice Chemicals Pvt. Ltd.,
India), zinc sulphate heptahydrate (99%; Loba Chemie Pvt. Ltd.,
India), sodium hydroxide pellets (97%; Molychem, India),
sodium dodecyl sulphate (99%; CDH, India). The brilliant blue
(BB) (50%; Sigma-Aldrich) and Amaranth (AM) (85-95%;
Sigma-Aldrich) were used as model dyes in this work. All the
chemicals and reagents used were of analytical grade.

Synthesis of photocatalyst: The bimetallic nanoparticles
used in the present study were synthesized under microwave
irradiation. FeCls (8 g) and ZnSO,-7H,0 (14 g) were dissolved
in distilled water by stirring vigorously for 15 min while heating
at 80 °C. Sodium dodecyl sulphate (SDS, 0.05 g) was added
to the solution mixture acting as a stabilizing agent while stirring
for further 15 min and the solution was agitated in a microwave
reactor at 180 °C for 30 min. Later, added 2 M of NaOH and
NH; solutions dropwise to the above solution and again micro-
wave irradiated at 180 °C for 1 h. The deposition acquired was

percolated, cleaned with distilled water followed by acetone
and then dried for 6-7 h at 70 °C in a hot air oven.

Characterization: The synthesized bimetallic nanoparticles
were characterized by XRD using a MiniFlex II X-ray diffracto-
meter from Rigaku, Japan, having a radiation source of CuKo.
with A = 1.4406 nm. FTIR spectrometer ‘Nicolet iS50’ from
Thermo-Fisher Scientific, Madison, USA was used to record
the FTIR data. Carl Zeiss Model Spra 55 was used for capture
the SEM images and elements within the sample were observed
with EDAX analysis using EDS, TESCAN-1105 instrument.
The Zetasizer nano ZS, UK was used to record the DLS evalu-
ation. A Shimadzu UV-1900 UV-Vis spectrophotometer from
Kyoto, Japan was used to record the rate of photodegradation.

Kinetic measurements: All the kinetic assessments were
conducted spectrophotometrically by working on a double-
beam UV-Vis spectrophotometer. A 3 mL quartz cuvette having
a 10 mm path length was employed to analyze the absorbance
of the prepared samples at room temperature. The kinetic runs
were carried out under the pseudo-first-order reaction condi-
tions in which the concentration of NaOH was kept more than
the quantity of other components in the reaction medium. The
decrease in absorbance as a function of time was measured at
a fixed wavelength for the selected dyes to monitor the degrada-
tion of the dyes.

A 100 mL volumetric flask was used to generate a working
concentration (5 x 10° mol dm™) from stock solutions of brilliant
blue (1 x 10 mol dm™) and Amaranth (1 x 10 mol dm™), which
were dissolved in distilled water. The stock solutions of sodium
hydroxide were prepared with different concentrations to inves-
tigate the effect of NaOH on the studied dyes. The requisite
amounts of reactants (distilled water and respective dye) were
taken in two separate 100 mL conical flasks. The zero-time
absorbance was noted to attain the maximum absorbance for
both dyes. The Amaranth dye shows its maximum absorption
at Amax = 521 nm while the brilliant blue dye demonstrates at
Amax = 556 nm. The reaction was then allowed to react with the
desired amount of NaOH solution along with the synthesized
Zn-Fe BN (0.005 g) in the reaction vessels. The reaction mix-
tures were kept under the natural sunlight and absorbance was
recorded after the intervals of 15 min using the UV-Vis spectro-
photometer and the rate constant was calculated from the slope
of the plot of absorbance versus time. Similarly, the experi-
ments were conducted with the desired amount of Zn-Fe BN
in the reaction vessel with NaOH (0.1 mol dm™). Sunlight-
assisted degradation was conducted and the absorbance was
recorded after every 15 min of intervals. From June through
August, solar exposure was executed on beaming sunny days
from 9:00 am to 5:00 pm. Initally, the reaction happened quite
quickly and the maximum degradation was discerned within
15 min of collision time.

RESULTS AND DISCUSSION

XRD studies: Fig. 1 shows the phase and structure size
of the synthesized nanoparticles for characteristic reflections
corresponding to a crystalline layered phase through XRD
impression. The report of the nanoparticles exhibited peaks
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related to Fe,Os along with reflections of ZnO, which suggest
the confirmed formation of Zn-Fe BN. The characteristic difft-
action peaks of Fe,Oswere observed at 20 = 15.508°, 17.402°,
24.298°,28.599°,49.713°, 54.743° and 59.857° that correspond
to the (110), (111), (012), (220), (024), (430) and (520) crystallo-
graphic planes, respectively. The lattice parameters for Fe,Os
matched well with the JCPDS no: 39-1346 and 33-0664. On
the other hand, the diffraction spectrum at 20 = 28.937°, 39.306°
and 45.694° attributed to (100), (101) and (102) crystallographic
planes, respectively were assigned to ZnO, which matched
with JCPDS card no: 01-089-0510. The highest peaks are obse-
rved at 20 = 28.599° and 28.937° for Fe,Os and ZnO, respec-
tively. These results confirmed the formation of Zn-Fe BN
with high crystalline quality.
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Fig. 1. X-ray diffraction spectrum of Zn-Fe bimetallic nanoparticles

FTIR studies: Fig. 2 shows the FTIR spectrum at room
temperature which have approximate similarity to that reported
in the literature [21,22]. In the FTIR spectrum of Zn-Fe BN,
the broad strong adsorption band centered at 3307 cm™ is attri-
buted to O-H stretching vibration originating from the hydroxyl
group, which is probably on account ofthe adsorption of water
molecules on the top of nanoparticles. The peak at 2092 cm™
is allotted to the -CH bands vibration of the -CH, group in SDS.
A weaker band at 1624 cm™ was given to the bending vibration
mode of water molecules. The -CH, groups bending vibrations
in SDS are localized at 1421 cm™. The peaks appearing at 1174
cm™, 1076 cm™, 983 cm™ and 618 cm™ corresponds to vibra-
tions of S=0, whereas the peak 451 cm™ is identified as the
Fe-O bond.

SEM studies: Fig. 3 shows the SEM images of the synthe-
sized Fe-Zn BN photocatalytic material. The nano-sized cubic
sample appears to be in clusters with smooth surfaces at low
magnification (Fig. 3a-b). Fig. 3c demonstrates the image at a
higher magnification that indicates the interconnected cubic
assembly from a nano-cluster shape. According to the results
obtained from SEM, Zn-Fe BN has a size in the nanometer
scale with cubic morphology.
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Fig. 2 FTIR spectra of synthesized Zn-Fe bimetallic nanoparticles

Fig. 3. SEM images of the synthesized Fe-Zn bimetallic nanoparticles
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EDAX studies: Fig. 4 shows the chemical composition
confirmed the presence of Zn and Fe in Zn-Fe bimetallic nano-
particles photocatalytic material. The elemental distribution
of bimetallic Zn-Fe bimetallic nanoparticles exhibits 38.81%
of zinc, 38.19% of iron and 23% of oxygen.
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Fig. 4. EDAX spectrum of Zn-Fe bimetallic nanoparticles

Dynamic light scattering (DLS): Information on the size
distribution can be found in the light scattered by the particles.
DLS analyzed the particle size distribution is given in Fig. 5.
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Fig. 5. DLS size distribution of Zn-Fe bimetallic nanoparticles

Degradation rate: The photocatalytic activity of the prep-
ared bimetallic Zn-Fe BN photocatalyst was used to disintegrate
brillant blue and Amaranth dyes under the influence of sunlight
irradiation. The concentration of both dyes reduced as the
period of sunshine exposure increased, ultimately showing that
the photodecomposition of both dyes occurred in the presence
of Zn-Fe BN. The degree of degradation of brillant blue was
significantly faster in comparison to the moderate deterioration
of Amaranth dye.

Influence of amount of Zn-Fe BN on degradation of
dyes: Catalyst concentration significantly affects the degra-
dation of both dyes (Fig. 6). Dye concentration was kept
constant at 5 x 10~ mol dm~and the evaluation of Zn-Fe BN
effect on the degradation of brillant blue and Amaranth dyes
was studied in the range between 0.005 g to 0.025 g. An incre-
ment in the amount of Zn-Fe BN showed an increment in the
degradation rate. The maximum degradation was observed for
0.025 g of catalytic dose for Zn-Fe BN. Dye degradation incre-
ases with a rise in catalytic concentration till the saturation
point, as is evident from the decrease in the rate of absorbance
intensities with time. However, after the saturation point, the
degradation decreases with the increase in the amount of
catalyst. Dye degradation is proportional to the amount absor-
bed on the surface of the catalyst till the attainment of the
saturation point. As per the available literature, the maximum
quantity of solid catalyst used for the maximum degradation
is 3-4 g/L of dye solution [23].

Influence of concentration of NaOH on the degradation
of dyes: The reaction mixture was subjected to regular exami-
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Fig. 6. Plots of rate constant versus varying amounts of Zn-Fe bimetallic nanoparticles for brilliant blue (a) and Amaranth (b)
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nations at fixed time intervals of 15 min. These spectra indicated
that the absorbance intensities at Ay, = 556 nm (brillant blue)
and Amu = 521 nm (Amaranth) progressively decreased with
time. A decrease in the absorbance intensities was due to the
degradation of the dyes due to the effect of NaOH concentra-
tion as well as the photocatalyst. To assess the effect of NaOH,
the degradation rate of brilliant blue and Amaranth dyes was
studied in the range of 2 x 10 mol dm™ to 1 x 10~ mol dm™
concentrations. The observed results are presented in Fig. 7.
The rate constant versus [NaOH] plot demonstrates that the
value of the rate constant rises with advancements in the
[NaOH], attributing that the degradation rate of brilliant blue
and Amaranth dyes increases.

Comparative studies: The efficiency of the synthesized
Zn-Fe bimetallic nanoparticles photocatalyst is compared to
various Zn-based bimetallic nanoparticles employed for the
removal of industrial dyes and the results are demonstrated in
Table-1.

Conclusion

In summary, the ZnO-Fe,O; bimetallic nanoparticles as photo-
catalyst was synthesized using microwave irradiation method,
for the effective photodegradation of brilliant blue and Amaranth
dyes. The degradation rates were varied with the NaOH solution
concentrations and catalyst amounts. The pseudo-first-order
kinetic rates for the decay of both dyes at room temperature were
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Fig. 7. Plots of rate constant versus varying concentrations of NaOH for brilliant blue (a) and Amaranth (b)
TABLE-1
A COMPARATIVE DATA FOR DIFFERENT Zn-BASED BIMETALLIC
NANOPARTICLES EMPLOYED IN REMOVAL OF INDUSTRIAL DYES
Photocatalyst Model dye Reaction time (min) Degradation rate (%) Ref.
Zn0O/CdO Methylene blue 360 97.8 [24]
ZnOSnO, Methylene blue 150 88.0 [25]
Ag-Zn Methyl red 60 855 [26]
Phenol red 60 93.0
Eosin yellow 60 78.0
Zn-Cu Reactive blue 99 120 98.33 [27]
rGO@AgZnCo,0, Methylene blue 105 75.3 [28]
Ag/ZnO Basic violet 3 30 79.0 [29]
ZnO/CuO NPs/CSC Reactive red 195 120 80.5 [30]
Ni-ZnO Methylene blue 270 100.0 [31]
Ag/ZnO Methylene blue 200 82.6 [32]
Ag@ZnO Rhodamine B 120 90.0 [33]
Ag/ZnO Methylene violet 120 88.93 [34]
GO/ZnO Methylene blue 90 84.0 [35]
ZnSe Methyl orange 120 75.0 [36]
Cu/ZnSe Methyl orange 120 87.0 [37]
7ZnCo,0, Crystal violet 180 84.3 [38]
Methylene blue 87.9
Rhodamine b 89.5
Zn-Fe BN Brilliant blue 45 98.0 Present study
Amaranth 75 93.0
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observed at their respective wavelength. Under the identical
conditions, except for the varying presence of [NaOH], the
oxidation rate of both dyes was estimated.
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