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Abstract

The quaternary nanocomposite of Ag(0)-Fe(0)/Fes0s@GO was synthesized using a facial green technique employing
Camellia sinensis leaf extract, which acts as reducing and stabilizing agent. This nanocomposite (NC) is magnetically
separable. Confirmation of the presence of total phenolic content was made by UV-visible spectroscopy. The surface
deposition of Ag nanoparticles over FesOs@GO was established by the colour change to brown. The crystalline nature of
green synthesized quaternary nanocomposite (Ag(0)/Fe(0)/Fe3s0s@GO) was determined by X-ray diffraction analysis.
This NC was also assessed for the catalytic behaviour under mild conditions for the removal of organic contaminants in
water, i.e., Rhodamine B, Methylene blue and bisphenol A. The results revealed the excellent activity of bio-synthesized
NCs within seconds. Outcomes also indicated the distinctive and combined influence of silver and iron nanoparticles on
the immobilized support of Fes04@GO magnetic nanocomposite in the removal of Rhodamine B and Methylene blue.
The catalyst was found more effective because of their excellent properties such as robust magnetism, easily recoverable,
using an external magnet, excellent conductivity and the large surface-volume ratio. This catalyst was also found reusable
and shows recyclability up to 4-5 cycles without losing its efficiency. The 70% bisphenol A removal efficiency was
observed with catalyst.
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The textile and printing industries are the top polluting
industries in terms of volume and complexity of their effluent
discharge. These industries release organic dyes exclusively,
which are mutagenic as well as carcinogenic. These organic
effluents cause serious damage to the underwater life leading to
the destruction of aquatic beings and cause a sharp decline in
photo-synthetic activity of aquatic ecosystems as well [1-5].
Mostly used organic dyes include Rhodamine B and Methylene
blue. Rhodamine B is highly water soluble, cationic and
carcinogenic in nature which can cause skin and eye irritation
when contacted with. Similarly, Methylene blue is another
cationic dye, which is widely used in bio medical sciences and
long exposures to this can lead to nausea, vomiting and
hypertension [2-3], [5]. Hence, Removal of these dyes is an
important concern. There are many methods which are applied
traditionally to treat contaminated water. These methods
include incineration, precipitation, biological treatment,
ozonation and adsorption on solid phase [1-2], [5]. These
classical techniques have serious disadvantages like the
formation of harmful by-products, extended period of
treatment, foul smell, extraordinary high cost and an exhaustive

energy requirement. From the last decade, the nanoparticles
(NPs) are being employed extensively for decolouration,
adsorption, degradation and the reduction of organic dyes [1-2],
[6], [21].

In recent times, various chemical and physical methods
have been utilized for synthesizing NPs of metals and their
oxides, but these techniques are costly, consume more energy,
and comprise harmful chemicals. Biosynthetic methods are the
one among the best alternatives for their synthesis using plant
extracts that are safe, green, eco-friendly and cost effective [9],
[22]. On the other side, the NPs synthesized by the physical,
chemical or biosynthetic methods have a common tendency of
agglomeration. To prevent the agglomeration, utilization of
support has attracted much attention in recent years. Support
not only prevents agglomeration but also increase the efficacy
and stability of the NPs. The catalysts produced by using
support are heterogeneous and offer various advantages as
compared to homogenous metal catalysis like easy control,
hassle-free work-up, stress-free easy separation and reusability
over the homogenous metal catalysis [12], [22].
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The Graphene oxide (GO) provides a promising and
efficient catalytic support. Graphene oxide has a two-
dimensional structure and is obtained from graphite sheets
having multiple oxygen containing groups like epoxy, hydroxyl
and carboxylic groups. GO is thermally and chemically stable,
having a large specific surface area, good mechanical strength,
better dispersion in simple solvents like water and good specific
electronic conductance [22-25].

In recent times, the combination of graphene oxide and
Fes04 in a single nanocomposite has become a remarkable area
of the investigation [15-16]. Having an advantage of two
component system, this can be used in the variety of
applications. Good conductivity, robust magnetism, an
enormous surface-volume ratio, and easy external magnetic
recoverability are some of the exclusive properties of these type
of hybrid materials [18]. Some of the green protocols have been
applied for the synthesis of different nanocomposites utilizing
various plant extracts and their catalytic efficiency was also
investigated for the removal of different dyes and other organic
effluents [15-16], [21]. As per forgoing discussion, a simple,
greener, eco-friendly, and safe protocol for synthesizing Ag(0)-
Fe(0)/Fes0.@GO nanocomposite using Camellia sinensis leaf
extract has been reported in this research article. The advantage
of this bimetallic magnetic nanocomposite is taken to enhance
the photocatalytic activity of carbon-based graphene oxide
materials. Multi-metal doping has also provided a synergistic
effect for visible light absorption. The Ag (0) acts as a good
reducing agent, but it absorbs in the UV region due to its larger
band gap. To reduce the band gap of Ag (0), it is combined with
Fe (0) which absorbs in visible light. Fe (0) cannot be used alone
because of its less stability and reactivity. The blend of both the
metals gives a combined enhanced effect for photocatalytic dye
removal [17]. The purpose of this work is to synthesize
quaternary magnetic nanocomposite and to investigate its
catalytic activity against the removal of Rhodamine B and
Methylene blue dyes with improved recovery and reusability of
the catalyst. The nanoparticles of Ag (0), Fe (0) and Fe3O4 are
synthesized through a greener synthetic route. Further, to
investigate its structure, UV- visible spectroscopy and powder
XRD techniques are used. The catalytic activity of
nanocomposite is evaluated for the removal of Rhodamine B,
Methylene blue and BPA.

MATERIALS AND METHODS

Camellia sinensis leaves were purchased from the local
market. Graphite (fine powder, extra-pure, <20 p synthetic),
ferrous sulphate heptahydrate (FeSO4.7H.0), silver nitrate
(AgNO3, > 99.0%), potassium permanganate, hydrochloric
acid, hydrogen peroxide (30% v/v), ethanol, sodium hydroxide
pellets, Methylene blue and Rhodamine B were procured from
Merck and Aldrich. These are used as such without any
supplementary refinement. All the solutions were prepared
using distilled water. Bisphenol A was provided by Sigma-
Aldrich (Steinheim, Germany).

Characterization

Among the wide assortment of plants parts, green tea
(Camellia sinensis) leaves are the frequently used plant product.
These are being used in the green synthesis of Ag (0), Fe (0)
and Fe304 NPs because of containing the high amount of poly-
phenolic molecules (especially catechin). These molecules
behave as reducing agents as well as capping agents [14]. In this
study, nanocomposite is synthesized by a safe and greener
method under mild reaction conditions. This eco-friendly
protocol replaces hazardous chemicals by simple plant extract.

The synthesized NC is not only easy to recover but its dye
removal activity also doesn’t decrease appreciably even after 4-
5 cycle.

XRD diffraction measurements of nanocomposite were
performed with analytical empyrean. Cu radiation was used to
collect XRD data. UV visible spectroscopy was done on carry
series UV-Visible spectrophotometer of Agilent technologies.
FT-IR was done on Agilent spectrophotometer.

Preparation of Camellia sinensis leaf extract

Initially, an amount of 2 g of green tea (GT) powder was
taken in 100 ml of distilled water upon continuous stirring and
heating to get the GT-extract. The GT-extract was filtered, the
cake was discarded and the filtrate was employed further for the
preparation of nanoparticles.

Preparation of graphene oxide (GO)

The modified Hummer’s method was used to prepare
graphene oxide from graphite powder [20]. To prepare
graphene oxide, 1.25 g of pure graphite powder was added to
0.625 ml of sodium nitrate in a round bottom flask (RBF). It
was further added with 30 ml of concentrated Sulphuric acid in
10 ml portions while keeping RBF in the ice bath, being the
exothermic reaction and stirred at 400 rpm for 30 minutes. Then
3.75 g of KMnO4 was added slowly in 1.5 hrs. Keeping RBF in
the ice bath, the solution was stirred for 40 min at 400 rpm.
After 40 minutes, the flask was removed from ice bath and
mixture was further stirred overnight at 400 rpm. A dark brown
paste was formed. Afterwards, 60 ml of distilled water was
added in 2-4 ml portions maintaining the temperature of RBF
near to room temperature. The solution was stirred for 1.5 — 2
hrs. 8 ml of 30% hydrogen peroxide was added in one lot that
provided effervescence and the solution was further stirred for
20 minutes. Light yellow precipitates of GO were obtained and
filtered with Whatman filter paper no. 1. It was washed with 5%
HCI solution and subsequently washed with distilled water until
the filtrate becomes neutral to pH. The product was dried in
oven overnight at 60 °C.

Synthesis of nanomaterials

Synthesis of Ag NPs

To synthesize AgNPs, silver nitrate (75 ml, 0.1 mol/L)
was mixed with green tea extract (75 ml). The final solution was
maintained at pH 10.5 with the addition of 1M NaOH solution.
The solution was stirred for 15 min over magnetic stirrer and
centrifuged for 10 minutes at 12000 rpm. The change in colour
of the solution indicates the development in the synthesis of
AgNPs. Supernatant was decanted off and the precipitated Ag
(0) NPs were washed twice and dried in oven at 60 °C for 12
hrs [8], [10], [18].

Synthesis of Fes04 NPs

Solution of FeS0O4.7H,O (0.1 M) was prepared and a
solution of NaOH (0.2 M) was added in to it drop-wise.
Precipitation starts immediately. After the addition of the whole
of the NaOH solution, it was kept aside for the completion of
the reaction. After 30 min, the solution was separated by
centrifugation twice at 3000 rpm. Supernatant was discarded.
The obtained precipitates of Fe(OH), were dissolved in 50 ml
of distilled water that was further heated at water bath to
boiling. The Fe304 particles start settling down upon heating.
The upper clear solution was discarded. This process was
repeated for 2-3 times. The precipitates were filtered using
Whatman filter paper no. 1 and dried in oven at 60 °C for 3
hours. Brownish black precipitates of FesOs were obtained
which are found to be magnetic [1], [12], [19].
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Synthesis of Fe (0) (nZV1)

nZVI1 (Nano zero valent iron) was synthesized using an
eco-friendly process. Fe (0) was prepared by dissolving solid
1.39 g FeSO4-7H,0 in 100 ml of distilled water. Further, 50 ml
of GT-extract was mixed with Fe (Il) solution in an inert
atmosphere of nitrogen gas. After stirring for 10 minutes, the
black-coloured suspension was obtained. The green tea (GT)-
nZV1 suspension was separated by filtration and subsequently
washed with water and anhydrous ethanol. The GT-nZVI was
dried overnight in an oven at 60°C [9].

Synthesis of Fe;0.@ GO

The synthesized FesOs NPs were added to the 0.1%
suspension of GO in distilled water and the mixture was
sonicated for 15 minutes. Then this suspension was filtered and
dried in oven at 80 °C for 4 hours [6], [13], [16].

Synthesis of Ag (0)-Fe (0)/FesOs@GO nanocomposite (NC)
0.3 g of Fe304@GO nano-composite was dissolved in 30
ml water by sonicating for 15 minutes. Further, 15 ml of an
aqueous solution of AgNO3 (0.1 M) and 15 ml of FeSO4.7H,0
(0.5 M) was mixed slowly into the suspension of Fes0.@GO
nanocomposite. Subsequently, it was sonicated for 1 hr and 40
ml of aqueous Camellia sinensis leaf extract (5.0 g/L) was
added slowly into it. pH of the solution was maintained at 9.0
using an aqueous solution of sodium hydroxide with constant
stirring and heating (under reflux) for 24 hours at 80 °C. Upon
completion, the Ag-Fe/Fe;0,@GO nanocomposite was isolated
by using an external magnet. NC was washed multiple times
with water and dried overnight in an oven at 60 °C for its use.

RESULTS AND DISCUSSION

Identification of NC
UV-Visible spectroscopy

The UV-Visible spectrum of Camellia sinensis leaf
extract presented the bands at 300 nm and 369 nm
corresponding to m—m" transitions of phenolic aromatic
systems of the extract. These bands are due to localized
transitions within the benzoyl ring and cinnamoyl ring systems.
The UV-Visible spectrum of Ag NPs synthesized using
Camellia sinensis leaf extract. This presented a broad peak at

460 nm, representing the surface plasmon response (SPR) of Ag
NPs in solution [2].

XRD patterns

(Fig 1) shows the XRD pattern of Ag(0)-
Fe(0)/Fes0.@GO nanocomposite. The XRD peaks of this
nanocomposite have been marked at an angle 26=39.04° (111),
20=45.26° (200), 26=65.4° (220), and 26=78.3° (311). All
these peaks have been matched with JCPDS file for Ag (JCPDS
04-0783), for Fe;O3 (JCPDS 001-136), for FesO4 (JCPDS 002-
1035) and for Fe (0) (JCPDS 06-696), which confirm the
crystalline structure of nanocomposite.
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Fig 1 XRD pattern of Ag (0)-Fe (0)/Fes0,@GO NC
EDX spectra

To confirm the elemental composition of Ag (0)-Fe
(0)/Fes0,@GO, NC was analyzed by EDX analysis. This
analysis confirmed the presence of oxygen (O), carbon (C), iron
(Fe) and silver (Ag) in 30.36%, 29.12%, 27.87% and 12.67%
by weight respectively in Ag (0)-Fe (0)/Fes0.@GO NC.

SEM images

The morphology of the surface of Ag (0)-Fe
(0)/Fes0.@GO is analyzed using SEM technique. The images
are demonstrated in (Fig 2a-b). Images show spherical particles.
The GO surface is covered by Ag, Fe and Fe3O..

Fig 2 (a) and (b) SEM images of quaternary magnetic nanocomposite (NC)

Raman spectra

This technique is used to characterize carbon supported
material having alternative double bonds. The Raman spectra
of graphene oxide exhibited two fundamental vibrations at 1319

and 1605 cm* correspond to the D and G bands respectively.
The D and G bands at 1300 and 1600 cm™* shows the shifting of
D and G band in NC that are due to strong interaction between
AgNPs, FeNPs and GO.



The catalytic action of quaternary magnetic nanocomposite for
the removal of dyes and endocrine disrupters from water

Removal of rhodamine B

After determining the structure of nanocomposite, its
catalytic action was investigated for the removal of organic dye,
i.e., Rhodamine B. This dye is one of the highly poisonous
organic contaminants and its removal under normal conditions
is quite challenging. It is very tough to remove the dye without
using the catalyst due to kinetic barrier [2-3], [5], [7]. The
catalytic removal of Rhodamine B was performed at room
temperature in aqueous medium and was observed by
visualizing UV-visible spectra as a function of time. The
Rhodamine B has absorption maxima at 553 nm in aqueous
medium. After the addition of 40 mg of NC to 10 ml aqueous
solution of dye, it was stirred at 220 rpm using a magnetic
stirrer. The time taken by dye to decolourise the solution was
noted.

Comparison of catalytic activity of NC and its constituent in the
removal of Rhodamine B

The comparative dye removal by nanocomposite and its
constituents is shown in (Fig 3). It is clearly shown that the dye
is removed by GO, Ag(0) and NC which is indicated by the
disappearance of the absorption peak of Rhodamine B at 540-
580 nm.
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Fig 3 UV-Visible spectral analysis for the catalytic removal of
rhodamine B under different conditions: (a) Ag(0) (b) Fe(0) (c)
Fes0. (d) GO (e) NC

Efficacy of the NC in the removal of Rhodamine B

The time taken by the different components individually
as well as NC to remove Rhodamine B from aqueous solution
was investigated. It shows the high efficacy of NC in the
removal of Rhodamine B. The catalyst Ag(0), GO and NC took
time of 240s, 120s and 55s respectively.

Recyclability of NC in the removal of Rhodamine B

40 mg of NC was taken to 10 ml of aqueous solution of
Rhodamine B. Upon completion, the NC was recovered
magnetically using an external magnet. Later, it was washed
and dried. The NC was reused for 4-5 times and time taken to
remove the dye was noted. The results showed the reusability
of the NC up to 5 cycles in good catalytic activity.

Removal of Methylene blue

Catalytic removal of Methylene blue was performed
under normal conditions in aqueous medium and observed
using UV-Visible spectra as a function of time. The methylene
blue has [Tmax at 663 nm in aqueous medium. After the addition

of catalyst to an aqueous solution of dye, it was stirred at
magnetic stirrer under normal conditions. The time taken by
nano catalyst to decolourise the solution was noted.

Comparison of catalytic activity of NC and its constituents in
the removal of Methylene blue dye

Figure 4 presents the comparative analysis of dye
removal by nanocomposite and its constituents. It is clearly
shown that the dye is removed by GO, Ag (0) an NC as
indicated by the disappearance of absorption peak of Methylene
blue at 663 nm.
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Fig 4 UV-Visible spectra of catalytic removal of Methylene blue:
(a) Ag (0) (b) Fe (0) (c) FesO4 (d) GO (e) NC

Efficacy of the NC

The time taken by the different components individually
as well as NC to remove methylene blue from aqueous solution
was analyzed. The NC has shown high efficacy in removing
methylene blue. The catalyst Ag(0), GO and NC took time of
300s, 360s and130s respectively.

Recyclability of NC in the removal of Methylene blue

40 mg of NC was added to 10 ml of aqueous solution of
Methylene blue. Upon completion, the NC was recovered
magnetically, afterward washed and dried. The NC was reused
for 4-5 times and time taken to remove the dye was noted. The
results presented the reusability of NC catalyst up to 5 cycles
with good catalytic activity.

Removal of bisphenol A.

A 5 mg/L solution of bisphenol A (BPA) was made in
methanol. After the addition of catalyst to an aqueous solution
of BPA, it was stirred at magnetic stirrer under normal
conditions The determination of bisphenol A in sample was
performed using microextraction in packed syringe and gas
chromatography—mass spectrometry methods previously
developed in our lab [26]. The total 70% of BPA adsorption was
observed.

CONCLUSION

The magnetic nanocomposite was synthesized by a
facile, efficient; eco-friendly and green route using green tea
(Camellia sinensis) leaves as reducing and stabilizing agent.
The nanocomposite is synthesized using mild reaction
conditions. The reported method is safe, cost effective and free
from toxic and hazardous chemicals. This catalyst was
successfully evaluated for the removal of Rhodamine B and
Methylene blue. The catalyst was recovered easily by using an
external magnet and found to be effective for its reuse up-to 4-
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