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Textile dyes

Prior to being released towards water sources such as rivers, lakes, and groundwater, the efficient technique of
removing color out textile effluents seems to have become widely used. Such contaminants are extremely
difficult for traditional wastewater treatment methods to completely eliminate. This innovative development of
phytonutrients uses Fe3O4 nanorods, that have been employed as photocatalytic to change substrate colors in the
aqueous layer when exposed to light. Given prominence was adopted to incorporate phytonutrients with Fe304
nanorods. The degradation of the methyl violet colour has been acknowledged by the depletion of the UV light

(UV) absorption edge that also originated at 581 nm. The significant colour expulsion of the Fe304 nanorod was
proved to really be 97% after 60 min. The findings demonstrate that ecologically responsible Fe304 nanorods are
immensely beneficial in the photocatalytic reaction of harmful pollutants.

1. Introduction

In this materialistic society, first most highly toxic modern toxins are
assimilated in the raw material to considerable extent being used
nutrition, skincare, textiles, paper and cardboard sectors for purely
aesthetic reasons. The vast numbers of them are outright dangerous that
also embodies a remarkable threat to the current condition of the
ecosphere. The dyes also were extensively employed in dye
manufacturing [1] so upon intravenous mixture that leads to serious
carcinogenicity and melanoma ailments [2]. Primarily, there seem to be
various physicochemical strategies like as membrane filtration,
bio-sorption on functionalized but also layer separation process. Mag-
netic nanoparticles (MNPs) are the foremost nanoscale materials with
many practical applications such as ferrofluids, biosensors, catalysts,
separation processes and environmental remediation. Especially, Fe304
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(ferric oxide) belonging to the class of metal oxides was very well known
for its unanimous photo catalytic and photo-oxidizing capacities. In
Great Plains appealing iron oxide nanoparticles (Fe304 NRs) have
indeed been adhered in distinctive sectors, such as validation and
detachment of amino acids to continue improving the sensitivity of
magnetic resonance imaging. (MRI), immunoassay and targeted drug
delivery [3,4]. In part due to this, the consumption of the nanostructures
has indeed adhered in a good deal with the consideration in the domain
of Photocatalysts [5], polymer electrolyte membrane fuel membrane but
also biosensor [6]. Likewise, a few really iron oxides and their matrix
have revealed as a great tool for colour corruption by adsorbent [7,8]
because of their substantial surface area to the volume ratio and diverse
nanostructure materials.

Up to this point, various approaches have really been developed for
the fabrication of Fe3O4 NRs, for solvothermal, ultrasonication, micro-
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Fig. 1. (a) Electronic absorption spectra for Flavonoids @ Fe3O4 NRs using
green route (b) In-situ of energy gap of Flavonoids @ Fe304 NRs.

emulsion, electrochemical, sol-gel and co-precipitation approaches [9,
10]. The sustainable green encapsulation has been used to fabricate
Fe304 NRs because of its numerous advantages over biological and
physicochemical strategies, such as the feature in that it doesn’t use
conceivably hazardous materials as well as being renewable, environ-
mentally friendly, and cost-effective [9,10]. It uses readily accessible
bioactive compounds from plants. One-dimensional Fe3O4 nano-
structures have been high-lighted for many applications due to unique
properties such as high specific surface area, single-crystal structure,
high transparency, high electron mobility, large exciton binding energy
(~ 60 meV), piezoelectricity and biocompatibility. In addition that
Fe304 nanostructures-like nanowires, nanotubes and nanorods possess
high surface-to-volume ratio and high areal density which can supply an
electron transportation path. Particularly, Nanorod materials possess
great anisotropic with exceptional magnetic behavior, which increase
substrate combustion efficiency for waste water treatment compare to
various metal oxide compounds like as ZnO NRs, CeO2 NRs and grpa-
hene oxide doped ZnO NRs and so on [11-14].

Punica grantum leaves of the plant have been used as they would be
widely obtainable. The pomegranate (Punica granatum) seems to be the
prevailing hybrid of multiple species comprising the Punicaceae rela-
tives. The phytoconstituents reveal in this plant extract of leaves en-
compasses triterpenic acids, alkaloids, tannins, flavonoids [15]. These
phytochemical constituents play a role as stabilizing and capping agents
and refine metal oxide nanoparticles by chemical reduction. According
to our expertise, none research upon that usage of P. granatum leaves in
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Fig. 2. Functional group analysis of flavonoids containing Fe304 NRs by
FTIR spectrum.

the production of Fe304 NPs has been done so far.

The proposed approach has used a promising strategy for perhaps the
first time; it places an emphasis on incorporating as well as employing
flavonoid @ Fe3O4 NRs and highlighting one’s photocatalytic investi-
gation, synergist action upon methyl violet (MV) colour eviction in a
watery medium.

1.1. Experimental

Punica grantum leaves, which act as functionalization agents, being
gathered from the botanical herbal garden at Annamalai University in
Tamil Nadu, India. All of the metal precursors, including NaCOOCH3 >
99.9%, FeCl3.6H20 > 99%, NaOH > 99.9% and methyl violet fabric dye,
were received from Sigma Aldrich. Without additional sanitization, the
prescribed chemicals were used in deionized water.

1.2. Separation of functionalization agent (SFA)

5 g of powdered punica grantum leaf (PGL) were extracted solublely
in a Soxhlet apparatus using a mixture of 50% methanol and 35% HCL.
The acquired methanolic extracts subsequently neutralised with 0.3 mol
of Sodium carbonate provisions, and so when petroleum ether and ethyl
acetate were being separated, they have been triple-emptied and also the
upper part disappeared. Punica grantum leaf extract (PGL), which has
been fractionalized, has been eluted by proclivity. Five partitions was
fractionalized using column chromatography from the 30 ml portion of
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Fig. 3a. Crystallite structure identification by powder X-ray analysis.

the collected component. The acquired flavonoids isolates was evalu-
ated by adding 0.5 ml hydroxide, and the extricated assays was ho-
mogenized at temperatures. It was evident that the PGL isolate used to
have a yellow colour, indicating confirms the existence of flavonoids
[16].

1.3. Construction of magneto recyclable Fe304 photocatalyst

A cheap and ecologically responsible strategy has been employed to
construct Fe3O4 MNRs. The traditional method has been employed but
probably adapted [17]. The construction of 3 g of FeCl3.6H50 with 5.56
g of sodium acetate was inserted as a bio-catalytic agent (flavonoid 50
ml) then vigorously agitated by 2 h at 80 °C. As an outcome, the ho-
mogeneous slurry assumed on such a block color, as well as the block
products was subsequently obtained & separated as seen in Scheme 1.

1.4. 4Photocatalytic responsive of methyl violet (MV) dye degradation

The photo catalysis platform has examined the effects of fla-
vonoid@Fe304 NRs on textile dye removal. 50 ml of 0.1 M MV dye
combined with 10 mg of Fe3O4 NRs were used in the experiment, which
was then exposed to UV light. A control (MV) set was also employed in
the absence of a catalyst. The essence of the reaction medium was to
offer desorption stability for repetitive exposure. Eventually, the
chromphoric group started splitting by UV light. While also exposed to
an accelerator (a mercury lamp of 120 W) for various periods of time
[18]. Decomposition of the color was represented by a sharp reduction
in the absorption maximum at (max = 581 nm), as illustrated in Fig. 6.

(.
2. Results and discussion

Electronic absorption bands of embedded Fe3O4NRs have been
obviously two shoulder bands were noticed like band I (Flavonoid) at
248 nm. The characteristic peaks for flavonoids and other phenolic
compounds traditionally are located in the range of 210-290 nm and
band II (Fe-O) at 402 nm was immobilised flavonoid @ Fe304 NRs was
identified in Fig. 1 (a). Identical findings also backed up [19,20]. This is
as an outcome of Fe304 NR development seeming to be dependent on the
nucleation and growth pathway [16]. In relation to its Fourier transform
infrared [FT IR] spectrum clearly demonstrated that perhaps the
carbonyl aggregating flavonoids component had been in strong coordi-
nating relationship. The energy band gap of Fe3O4 NRs in situ is revealed
by Tauc’s correlations in Fig. 1(b).

ahv = C(hv—E,)* m
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Fig. 3b. Williamsons Hall plot of Fe304 NRs.

Flavonoid@Fe304 NRs have been revealed to possess a binding en-
ergy of 2.7 eV, which has been caused by a substantial photonic
attraction and a higher electrode potential of +33 eV.

According to Fig. 2, the FTIR characteristic peak for Fe304 nanorods
was extended greatly at 3421, 2925, 1626, 1407, 1234, and 1067 em L.
Unexpectedly, further groups at 590 & 622 cm ™! are attributed to the
typical extended oscillations of the Fe-O bond [21]. The FTIR charac-
teristic then reveals the significant role of the flavonoids group in
bioactive molecules, which adjusts the flavonoids at Fe304NRs that re-
duces Fe*/Fe?* metal ions.

The powder X-ray diffraction (XRD) analysis was employed to
determine the crystalline phase composition of FegO4 NRs. The XRD
characteristic of Fe3O04 NRs obtained using the flavonoid extract is
shown in Fig. 3a (PGL). Fig. 3b shows the Williamson hall plot of
dislocation density. The cubic inverse spinal structure of FesO4NRs
(JCPDS # 76-045) has been well correlated to six relatively strong re-
flections peak that also are present in (111), (200), (220), (311), (400),
and (440) in the XRD patterns of the Fe3O4NRs, which facilitates the
construction of Fe3O4 NRs. The Scherrer equation was employed to
determine the crystallite size [21,22].

D = 0.91/p Cosd
E— 2

The average crystallite diameter of the predicted Fe3O4 NRs
approximately 17.7 nm, as well as the microstrain of the Fe304 NRs was
estimated using algorithm.

€= B COSOM e coos oeee e e e e e e e e e 3)
Dis-location density is derived this equation
8 =1/D% .. i e “

The dislocation density of Fe3O4 NRs was estimated to be 8.75 x
10'®, and the micro strain was determined to be 0.807 x 1073, Therefore
could assume from of the outcomes that its crystal field distracts and
potentially active strain rate of degree of crystallinity also facilitated in
the color cleanup process [23].

The dimensions and Morphologies of the FesO4 NRs have been stated
to really be wire, rod-shaped through the scanning electron microscopy
(SEM), and transmission electron microscopy(TEM) appraisal. Fig. 4(a)
and (b) show multiple magnifications of the SEM micrographs of the
Fe3O4 NRs that also strongly indicates wire-like structures Fig. 4(c)
represents TEM image of derived Fe304 NRs that also clearly presented
rod-like configuration. The mean size of the nanorods has indeed been
evidenced 15-20 nm. The rod like configuration of Fe3O4 nanoparticles
was improving the resilience ROS radicals that empower with photo
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Fig. 5. (a) HRTEM profile (b) SEAD pattern of synthesized Fe304 nanorods.

catalytic activity [24,25]. The EDS assessment of the Fe3Oy is illustrated
in Fig. 4(d) that also evidently reveals the presence of Fe and O in the
material surface and also other susceptible peaks were Na, Cl, K found
present in PGL extract.

HRTEM image Fig. 5 (a) has given us further insight into the
microstructure and crystallinity of as-prepared Fe3O4 nanoparticles. The
clear and uniform lattice fringes confirmed that the spherical particles
are highly crystallized. The lattice spacing of 0.216 nm, corresponds to
(311) planes of Fe3O4 nanocomposites. The results show that the
dominant faces of Fe3O4 spheres are (311). The SAED pattern has been
obtained by directing the electron beam perpendicular to one of the

spheres. The hexagonal symmetry of diffraction spots pattern shown in
Fig. 5(b) confirmed that the nanorods are well crystalline, and its face is
indexed to (311) planes. Both HRTEM image and SAED pattern
confirmed that the prepared Fe3O4 nanorods are single crystals.

Fig. 6 (a) reveals that pore space and distribution of pores has been
obtained by Barrett-Joyner-Halenda evaluation. The observations evi-
denced that fabricated Fe304 NRs appeared to possess a massive specific
surface area of 114.2 m® and 166.6 m?¢" with 10.30 nm pore diameter
and 0.328 cm®/g high porosity. This will also be potent for photo-
catalysts execution to obey Methyl violet dye degradation [Fig. 6b].
represents the isotherms architects plot of the derived Fe304 NRs [26].
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Fig. 6. (a) adsorption-desorption isotherm curve (b) pore distribution graph (¢) M — H loops of Fe304 NRs at room temperature.

Fig. 6 (c) proves the hysteresis loop validating the ferromagnetism of
Fe304 NRs with saturation magnetization (Ms) value of about 38 emu/g,
the coercive force (Hc) of 265.48 G and magnetic remanence (Mr) of
2.62 emu/g. These magnetic properties would then acknowledge to the
composite materials that also are to be used in photo catalytic attentive
of fabric dye degradation and also possessing an excellent reusable
assets.

Fig. 7(a) and (b), which represents the existence of different bio-
moieties onto the Fe3O4 and surface of Fe304 modified with PGL extract.
The binding energy values for the main peak maxima Fe 2p 3/2 and
2p1/2 were found at 712.1 and 726.5 eV, respectively (Fig. 7(a)). Our
results are in good agreement with the values reported for Fe304 and
surface modified Fe304 in the literature [27]. The main Cls peak at
284.6 eV (Fig. 7(b)) can be assigned to the carbon atoms within phenyl
and carbonyl groups residues of the polyphenolic constituents. The Ols
core level decomposed into three chemically distinct components at
529.8 eV denotes the existence of carboxylate groups. The N1s core level
centred at 398.5 attributes the amine groups present in the indole de-
rivatives and protein moieties. From these results, we speculate that the

Fe3p ions are in strong coordination with water-soluble heterocyclic
metabolites of PGL. During nucleation, these active bioconstituents
could be preferentially adsorbed onto the surface; also it controls the
nucleation position through special confinement [28].

2.1. Effect of contact time

Fig. 8 (a) represents the modifications in the Methyl violet absorp-
tion bands during photodegradation with FezO4 at various exposure
times differing from O to 60 min. Upwards of 97% of the MV is dimin-
ished within 90 min existed synchronously with expanding illumination
time. The hypsochromic shift could be prompted by an N-demethylation
stage. The absorbance signals at 581 nm have dropped significantly, that
also demonstrates that the complete conjugated chromophore compo-
nent of Methyl violet (MV) has been excluded [29].

2.2. Effect of pH

The effect of different pH (4, 6, 8, and 10) regard on the defilement
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efficiency of MV was investigated, which is shown in Fig. 8(b). The
customary pH worth of MV course of action was considered to be 5.8.
The pH regard was changed including debilitate HCI or debilitate NaOH
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Scheme 2. profile of photo catalytic mechanism of methyl violet dye removal on Fe304 nanorods.
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Fig. 9c. Reusability of Fe;04 NRs photocatlyst after five cycle exposure.

shows the effect of pH on the photodegradation of MV plan. At pH 5.8, it there is no new maintenance band in the UV range. It shows that there
is seen that the maintenance band of the MV is 581 nm. Since, the would be a cleavage of the framed chromophore development of the MV
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avowed that there is adsorption of MV on Fe304 stimulus surface. It is
found that defilement works out (99.53%) inside 60 min at pH 6. The
electrons in the conduction band can be gotten by the dissolvable O,
and the openings can be gotten by the surface hydroxyl, these cycle
achieving the advancement of hydroxyl fanatic species (¢OH), which are
successfully made by oxidizing more hydroxide particles in acidic plan.
As such, the capability of the debasement cycle is worked on in the
acidic medium, especially at pH 6. Thusly, the acidic medium endow-
ments the complete defilement of MV on the external layer of the
stimulus.

2.3. Effect of catalyst dosage

The amount of photocatalyst is another factor affecting the perfor-
mance of the photocatalyst. The photo-catalytic study was conducted
under the following conditions: a source of irradiation, visible light, type
of photocatalyst (Fe304 photocatalyst), the weight of photocatalyst (10
mg-50 mg) and concentration of MV dye solution (2 x 107> M). The
effect of the loading of the Fe304 heterogeneous photocatalyst on the
degradation of MV dye is shown in Fig. 8(c). The results reveal that the
photocatalytic activity increased 80-95% after 60 min by increasing the
weight of the Fe3O4 photocatalyst from 10 mg to 50 mg/L due to
increased. The degree of decomposition reaction increases with the in-
crease in the reactive sites on the catalyst, beyond which, it shows that
the degradation process is reduced, because of the scattering of light.
There is a decrease in the penetration of light in the solution. When the
amount of catalyst is higher in the solution, the activated molecules get
deactivated by the collision of the lower energy molecules thereby
increasing the turbidity of the medium and reduction in penetration of
light leads to decrease in the rate of the reaction. Also, when the pho-
tocatalyst absorbs the highest light; hence, the surface area becomes
high, as a result of agglomeration at higher concentration of catalyst.

2.4. Kinetic model

The kinetic behavior of Fe304 nanorods on methyl violet dye was
inspected by photo catalytic method (PCM) and LangmuirHinshelwood
mechanism was followed:

In (C/Cp) = Kappt (5)

The plot of the graph In (C/Cy) vs time for the Fe304 NRs were rate
constant which was found to be 0.0789 min ! and also pseudo first
order kinetic model was shown in Fig. 9b [30].

2.5. Mechanisms pathway

Fig. 9a shows that once the light is incident on the material, the
excitation of electrons occurs from VB to CB, and forming the electron-
holes in the VB. Furthermore the separation of charge and movement of
produced charge carriers to surface ofFe3O4 layer and can be led to the
redox process. The reactive oxygen (ROS) species of (h+) (VB) in Fla-
vonoid@Fe304nanorodsis oxidation of MV to responsive intermediates
radicals (*OH) that can convert into decomposition of water in Scheme 2
[3,21]. Fig. 9c showed that the reusability and stability of fla-
vonoid@Fe304 NRs were highly stable were evaluated for five cycles
with strong effective nature [2].

2.6. Determination of fragmentation products by LC-MS

Fig. 10 (a) and (b) shows that the LC-MS spectra of defilement
consequences of methyl violet. General pathway for the defilement of
methyl violet has been presented in plot 2. The debasement cycle occurs
inside seeing ROS and for our circumstance, hydroxyl progressives are
the huge one. Attack by hydroxyl fanatics came to fruition into methyl
violet corruption as scholarly by the LC-MS spectra with huge cooper-
ation saw as de-methylation attack by uncommonly open hydroxyl
progressives onto methyl violet was provoked the lack of methyl pack
yielding thing with regard 344.7 m/z. Further demethylation of this
separated thing provoked the advancement of parts with m/z potential
gains of 58.3 93.2, 94.1, 135.7, 178.6, 213.6 and 241.1 as presented in
Fig. 10 (b). Thing with m/z regard 288 has been recognized as p-rosa-
niline which was formed by the lack of all methyl bunches [30,31] (see
Fig. 11).

3. Conclusion
In accordance with the plan, the flavonoids @Fe304 NRs have been

successfully obtained employing PG leaves extract in a more environ-
mentally friendly manner. In this way, various logical representations of
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the reusable and photo endurance of Fe3O4 NRs have been established.
The strong dis-area thickness of 8.75 x 10'°, crystal field fascination,
and adaptable oxygen species (AOS) constituent were also delivered to
as fast response rates and simple to attain quickly in the color removal
process, which contributed to the fascinating colour eviction of flavo-
noids @Fe3O4NRs were seen to be 97% at an hour period. The flavonoids
@Fe304 NRs are potentially useful for contaminated water treaments,
MR, diagnostic devices, and other applications.
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