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ABSTRACT

Objectives: This study primarily aims to develop a simple, cost-effective, eco-friendly nanocomposite fil-
ter for dye removal by adsorption. In this work, graphite oxide and graphene oxide were synthesized
using a modified Hummers’ process and used to fabricate nanocomposite filters by co-precipitation reac-
tions. Scanning electron microscopy and X-ray diffraction were performed on nanofillers revealing crys-
tallographic and morphological properties of the nanofillers.
Methods: Furthermore, bio-based cellulose composite filters were fabricated using graphene oxide, gra-
phite oxide, and graphene on the leaf of Ficus religiosa (L.) (i.e., Peepal leaf) in various concentrations and
were studied for the adsorption of organic dye (i.e., methylene blue). Scanning electron microscopy was
also performed on nano filters where a good dispersion of nanofillers in the composite was observed.
Results and Conclusions: The efficiency and capacity of these materials as filters were compared via col-
umn studies. These findings offer a direction for the development of an eco-friendly, efficient nano filter
for the removal of organic dye from water. The composite containing graphene oxide and cellulose in the
weight ratio of 4:1 (wt:wt) was significantly useful in combination with Peepal leaf as a filter to adsorb
organic dyes from water.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

tion (Yang et al., 2014; Zhu et al., 2011), which have disturbed the
balance of the aquatic ecosystem, seriously damaging environmen-

In the past few decades, rapid and aggressive industrialization
and urbanization have led to the production of various toxic pollu-
tants, both inorganic (e.g. Mercury, Lead), and organic (e.g. dyestuff
wastewater (Dotto and Pinto, 2011), oil spills from sea transporta-
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tal and human health. Industrial wastewater contains harmful con-
taminants or pollutants and needs further treatment required to
remove them before discharge. For example, wastewater dis-
charged from the textile industry contains harmful dyes such as
Crystal Violet, Congo Red, and Methylene Blue. (Robinson et al.,
2001; Mahmoodi and Arami, 2009) Dyes are coloured carcinogenic
organic compounds or mixtures that may be used to give colour to
a substrate and are often found in the releases from textile, rubber,
plastic, printing, leather, and cosmetic industries, which are among
the most exponentially growing industries. (Malik and Grohmann,
2012; Foroughi-Dahr et al., 2015) Among these methods, adsorp-
tion is a promising technique that is highly effective and widely
applied due to its high efficiency and simplicity, specifically, many
effective carbon-based nanocomposites have also been prepared
for the adsorption of dyes in wastewater. (Rashed, 2013; Sadegh
et al., 2017)
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Various cellulose-based bio-filtration methods are applied to
further enhance the adsorption capacity of adsorbents including
large specific surface area fillers like graphite and graphene mate-
rials into biofilter networks could effectively increase the capacity
of decontamination for dyes. (Feng et al., 2020; Balathanigaimani
et al., 2009) Graphene nanoplatelets (GNP) contain sp (Yang
et al., 2014)-hybridized carbon atoms that form a two-
dimensional network structure that retains a C=C conjugated ring
structure. Graphene oxide (GO) is one of the derivatives of GNP
which possesses many functional groups of oxygen such as car-
boxylic acid, phenol, hydroxyl, and epoxide groups on the surface.
(Park and Ruoff, 2009; Fan et al., 2008; Li and Kaner, 2008; Lerf
et al., 1998; Chen et al., 2009; Dreyer et al., 2009) In addition to
this, graphite oxide (GrO) is a relatively unexplored yet readily
available and inexpensive material that can be modified into a
novel material for low-cost water purification (Lerf et al., 1998;
Gao et al., 2011) including radioactive waste (Romanchuk et al.,
2013) and dyes (Rajabi et al.,, 2017; Cheng et al., 2013; Stoller
et al., 2008) Furthermore, Graphene, GrO, and GO nanofiller are
liable to develop the 3D network structure in polymer composites.
Several researchers have reported that a 3D network structure in
the composite can demonstrate excellent adsorption capacity
towards cationic dyes by controlling the porous structures and sta-
bility properties of the nanocomposite. (Feng et al., 2020) Since dye
adsorption activity exists predominantly occurs on the inter-
molecular level of the adsorbent and dye which means the molec-
ular interaction between them may greatly influence the adsorp-
tion property of the composite. Over the past years, GO as an
adsorbent material to remove several types of pollutants from
wastewater has attracted excessive attention due to its combined
advantages and other promising properties such as high surface
area, oxygenated functional groups, strong affinity with dye mole-
cules (Rajabi et al., 2017), and excellent thermal stability. (Ersan
et al.,, 2017; Zhang et al., 2011; Yan et al., 2015) Previously, several
researchers have reported the adsorption mechanism that the
decontamination of dyes from aqueous solution could be driven
by hydrogen bonding, electrostatic force, or others in the adsorp-
tion process. (Wei et al., 2015; Ahmad et al., 2019; Yu et al,,
2017; Self-Assembly, 2021; Travlou et al.,, 2013) However, the
adsorption mechanism of graphene, GrO and GO nanofiller on dif-
ferent organic dyes still lacks systematic study due to complexities
such as the type of reagents used in the process, its microstructure,
and so on of both dye and adsorbent. Furthermore, cellulose is the
most abundant biopolymer available in nature. (Holtzapple, 2003;
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Khandelwal and Windle, 2013) Generally, cellulose has been used
widely as a raw material for the production of biocompatible and
biodegradable materials. Cellulose sources include paper, cotton,
wood, agricultural residues, and other plant or plant-derived sub-
stances that are abundantly available. (Lavanya et al., 2011) This
provides an answer to the rising need for biodegradable and
environment-friendly materials and also a solution for waste
management.

Ficus religiosa (L.) (sacred fig, see Fig. 1) is a large perennial tree
found throughout the plains of India up to 170 m altitudes in the
Himalayas. It belongs to the Moraceae family or Mulberry family
(Ficus religiosa - Peepal https://web.archive.org/web/, 2021), and
its medicinal leaves contain phytochemicals like flavonoids, ter-
penoids, and tannins. (Bhalerao, 2014) Though literature suggest
on heavy metal removal using peepal leaves there is no literature
on dye removal. (Zaheer Aslam et al., 2010)

Literature studies reveal the usefulness of graphene-based com-
posites of Graphene with metal oxides (MOy), carbon derivatives,
metal hybrids, and polymers for the removal of organic dyes from
contaminated water. (Rouhi et al., 2019; Apul et al., 2013) Gra-
phene oxide and cellulose are generally used for applications like
flexible conductive films, but there is immense potential in the
application in the field of wastewater purification as they are inex-
pensive, effective, and in an eco-friendly especially for toxic dyes.
(Tian et al., 2019; Lv et al., 2018)

In this manuscript, the authors focus on creating enhanced gra-
phene oxide-cellulose (GO-C) composite materials based on peepal
leaf for application as a simple and low-cost filter for the removal
of methylene blue dye (the most popular dye used in cotton, wool,
and silk dying). Besides, the concept of introducing a leaf skeleton
to a filter has been presented, which may serve as a model for the
preparation of biodegradable filter materials in the future. The
microstructure of the prepared composites with varying weight
ratios of GO and C (4:1, 2:1, 1:1, 1:2, 1:4) were characterized using
XRD and SEM and their efficiency and capacity as filter materials
have also been compared via column studies.

2. Experimental
2.1. Materials

Graphite (99%), 10% v/v Sulphuric acid (H,SO,4), Nitric acid

Sanskrit  Pippala
Hindi Pipala, Pipal
Bengali Ashvattha
Marathi Pipal, Pimpal, Pippal
Telugu Ravichettu
English Pipal tree
Fi

2

Botanical name

(HNOs3), Potassium permanganate (KMnO,), Copper Sulfate
Taxonomy
Domain Eukaryota
Kingdom Plantae
Subkingdom Viridaeplantae
Phylum Tracheophyta
Subphylum  Euphyllophytina
Infraphylum  Radiatopses
Class Magnoliopsida
Subclass  Dilleniidae
Superorder Urticanae
Order Urticales
Family Moraceae
Tribe Ficeae
Genus Ficus
Specific epithet  Religiosa Linnaeus

Ficus religiosa

g. 1. Leaf of Ficus religiosa (L.), its taxonomy and selective vernacular names.
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(CuS0y), Sodium Hydroxide (NaOH), Ammonium Hydroxide (NH,4-
OH, 30%), Sodium Carbonate (Na,CO3), Methylene Blue
(C16H18CIN3S) were obtained from Sigma Aldrich (India). All
reagents were of AR grade > 98.5%x and used as received without
further purification. PTFE filter paper was used. Standard cotton
was used as a source of cellulose and a Peepal leaf was procured
from a healthy tree. Double distilled water was used throughout
the work.

2.2. Methods

2.2.1. Synthesis of graphene oxide (GO) sheets

A novel modified Hummers' process was used to synthesize
graphene oxide. 130 mL H,SO4, and 6 mL HNO; were added to
6 g of graphite in a round bottom flask and stirred continuously
using a magnetic stirrer. The entire system was kept in an ice bath
until the temperature reached about 5-10 °C. Then 18 g KMnO,
was gradually added such that the temperature remained constant.
The mixture was stirred continuously at room temperature for 24 H.
Then 140 mL double distilled water (DDW) was added while main-
taining the temperature below 80 °C. After 15 miN, 450 mL DDW was
added and filtered. To this 200 mL of 204 HNO3 was added, and the
mixture was heated at a constant temperature of 80 °C for
30 min. The suspension then turned brilliant yellow and was
immediately washed and centrifuged at 7000 rpm. The settled
semi-solid was sequentially washed with 30 vol% HCI, DI water,
and ethanol until the washing solution became neutral. The settled
semi-solid was transferred to a container and oven-dried for about
18 h at 60 °C. The obtained product was graphite oxide which was
then thoroughly scraped out, and roughly ground in a mortar pes-
tle. Then it was exfoliated by heating in an RB flask with a gas out-
let pipe at 300 °C, 1 atm pressure) to get graphene oxide
(nanosheets).

2.2.2. Preparation of graphene oxide-cellulose nanocomposites
The samples prepared in various compositions as given in
Table 1 were used for the removal of methylene blue dye.

2.2.3. Graphene oxide-cellulose nanocomposite (GO-C NC) preparation

Solutions of 2.5 g CuSO4 in 250 mL H,O and 0.8 g NaOH in 7.5 mL
H,O were prepared. Then these solutions were mixed after com-
plete individual dissolution, and the mixture was allowed to stand
to precipitate Cu(OH),. Then this precipitate was washed, and
about 48-50 mL 30% NH4OH was added while stirring to dissolve
it completely. Now (depending upon the composite to make)
0.05 g cotton (as a source of cellulose) was added to the mix in
small portions periodically to ensure complete dissolution. Then
the required amount of graphene oxide (here 0.05 g, for 1:1 compo-
sition) was added to the mixture to get the graphene oxide-
cellulose nanocomposites. Next, this solution was allowed to form
fibrous aggregates with 200 mL of H,SO,4 solution, it was filtered
and removed as the desired product.

Table 1
Compositions of materials, nanocomposites used for methylene blue dye removal.
S. No. Material Composition Ratio (w/w)
1 Graphene oxide - Pure
2 Graphite oxide - Pure
3 Graphene oxide and Cellulose 005 g + 0058 1:1
4 Graphene oxide and Cellulose 01g+oo0sg 2:1
5 Graphene oxide and Cellulose 02g+005¢ 4:1
6 Graphene oxide and Cellulose 00sg+0.1g 1:2
7 Graphene oxide and Cellulose 005g+02g 1:4
8 Bare Peepal Leaf - -
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(BEFORE) (AFTER)

Fig. 2. (a) Peepal Leaf surface preparation (b) Dried peepal leaf (c) Dried peepal leaf
cut to fit the size of silica crucible (c) Optical microscopy of porous prepared peepal
leaf.

2.2.4. Preparation of the peepal leaf filters

Fresh Peepal leaves were collected and cleaned with water to
remove any dirt. A 10 wt% solution of washing soda (Na,COs)
and double distilled water was prepared and the leaves were
boiled in it for 6 h. They were then taken out and washed with dou-
ble distilled water, after which a soft brush was used to gently rub
and remove the chlorophyll to leave only the leaf skeleton, which
was later left to dry (see Fig. 2(a)).

2.2.5. Peepal leaf surface preparation

Optical microscopy was performed on the leaf as shown in Fig. 2
(c), to view its microstructure, and confirm the sub-hypothesis that
the peepal leaf provides a porous base for the substrate to be
loaded. A slice of the dried peepal leaf of the size of silica crucible
was cut out as shown in Fig. 2(c), to be used as the base. A probe-
sonicated solution of 0.05 g of each sample in 5 mL of distilled water
was made. The leaf was put in the crucible, and the solution was
poured on the assembly, and it was left to dry.

2.2.6. Characterization

The crystalline properties of Graphite oxide, Graphene oxide,
bare peepal leaf, synthesized GO-C NC Peepal leaf were recorded
using a Rigaku Miniflex X-ray diffractometer. XRD analysis was
carried out using CuKq radiation (A = 1.5406 nm) at 40 kV voltage
and 30 mA current over a 20 angle range of 5° to 55° at a scan rate
of 2°/min. The microstructures of nanoparticles were recorded
using a scanning electron microscope (FEI-APREO, Thermo Fisher).
58 The chemical composition of Graphite oxide, Graphene oxide
and C-GO NC were determined from the energy dispersive spec-
trum (EDS) recorded. A Perkin Elmer LAMBDA 650 Series spec-
trophotometer was used for analyzing the filtrate collected via
UV-vis spectroscopy in the range of 190 nm to 900 nm. Filter
capacity and capability testing was done via the column method,
and the column design is constructed as shown in Fig. 3. The filter
material of 0.1 g being investigated was packed into a column with
an inner diameter of 15 mm and an overall height of 75 cm. The fil-
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15mm

F 3
E

[e===-" > Cotton, 0.05 g

» Sample, 0.1 g

‘ , Cotton, 0.05¢

Fig. 3. Basic column design.

ter material was packed below and above with cotton (0.05 g) to
prevent loss of material during the water flow.

3. Results and discussion
3.1. Xrd

To investigate the crystalline structures, X-ray diffraction (XRD)
was performed on the graphite oxide, graphene oxide, bare peepal
leaf, synthesized graphene oxide cellulose nanocomposite, in the
range of 20 from 5° to 55° and results were shown in Fig. 4.

The XRD data for Graphene shows a single significant diffraction
peak at 20 = 26.54° (d = 0.336 nm), which corresponds to the (002)
plane. It can also be observed that the intensity of the prominent
XRD peak at 10.66° sharply decreased in the case of graphite oxide

—— Graphene oxide(GO)

- —— Peepal leaf

—— Graphite oxide
GO-Cellulose composite

L ‘ —— Graphene

Intensity
e

5 10 15 20 25 30 35 40 45
20 (°)

Fig. 4. XRD patterns for Graphene, Graphite oxide, Graphene oxide, Bare peepal
leaf, and Graphene oxide cellulose composite samples.
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(GrO). This is because after the oxidation of Graphite to Graphite
oxide, the diffraction peak shifts from 26 = 26° (d = 0.34 nm) ®°
to 20 = 10.66° (d = 0.83 nm), reflecting a significant increase in
the inter-planar distance due to the addition of oxygenated func-
tional groups. The absence of excessive peak broadening of the
characteristic peak of Graphite shows that the stacking was well
ordered. Similar observations were reported in the literature.
After oxidation/exfoliation of graphite oxide to graphene oxide,
these peaks are shifted to smaller angles; here, to a 20 value of
10.2°, which corresponds to d = 0.87 nm using Bragg’s Law. This
increased interplanar distance is due to a further introduction of
additional oxygen moieties and oxygenated groups on the GO sur-
face. Similar observations were reported in the literature. In addi-
tion to this, the disappearance of the sharp peak in graphene oxide
can be attributed to the exfoliation of layered structures of gra-
phene oxide. The broader peak may stem from the partial restack-
ing of exfoliated graphene oxide layers, which effectively
prevented the restacking of the graphene layers. The XRD patterns
of peepal leaf were shown in Fig. 4. It was demonstrated that the
prominent peak was observed at a 26 angle of 26.8° and another
peak at a 26 angle of 28.1°. The peepal leaf was observed to be
semi-crystalline in structure. It can be suggested that the lower
crystal size structure tends to absorb more water than the higher
crystal size structures. In all cases, more intense peaks indicate a
more crystalline structure for the sample in question, implying
that the GO-C composite was the most crystalline, followed by
Graphene, Peepal leaf, Graphite oxide, and Graphene oxide.

3.2. Sem

The surface morphologies of graphite oxide and graphene oxide
samples were characterized using a scanning electron microscope
(SEM) and the figures were shown in Fig. 5(a and b) respectively.

In Fig. 5(a), the SEM image of GrO exhibits its standard layered
structure, identical to graphite, which is due to the addition of a
huge number of oxygen-containing groups, resulting in an increase
in the interlayer spacing and additionally making the atomic-thick
layers hydrophilic. In Fig. 5(b), the SEM image of GO, the creased
overlapping exfoliated sheets containing only one or a few layers
of carbon atoms like graphene can be observed. The particulate
structure and an irregular, wrinkled surface of GO are observed
as well. This may indicate a large number of “defective” adsorption
sites favorable for capturing dye molecules. Similar observations
were reported in the literature. (Feng et al., 2020) Furthermore,
to analyze the surface morphology in the graphene oxide cellulose
composite, SEM was performed. The GO nanofillers were uniformly
distributed in the cotton fibers and confirmed the completion of
preparation. The optical microscope image of the bare leaf shown
in Fig. 5(c) was favorable results in that the surface was almost free
of any leaf blade remnants and the porous leaf support structure
was intact, and not degraded by the use of chemicals. This further
established the usage of peepal leaf as appropriate support for the
composite. The microstructure of the GO-cellulose composite
deposited on the leaf at the center and the edge were characterized
using SEM was shown in Fig. 5(c and d) respectively. In Fig. 5(c),
the midrib and the porous structure of the treated leaf can be seen,
and the composite is loaded on it uniformly. In Fig. 5(b), the lay-
ered nature of the leaf blade at the edge is seen, and the expectancy
of uniform and proper embedding of the composite is achieved and
further confirmed.

Fig. 5(c and d) reveals the interaction between graphene oxide
and cellulose, and the network structure of GO cellulose composite
loaded on the peepal leaf. This microstructure of GO cellulose com-
posite loaded on the peepal leaf can help to exhibit better adsorp-
tion efficiency than its parental ingredients due to this system’s
observed rough surface, increased porosity and enhanced surface
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Fig. 5. SEM images of (a) Graphite oxide, (b) Graphene oxide, (c) Graphene oxide cellulose composite on the leaf at the center, (d) Graphene oxide cellulose composite on the

leaf at the edge.

area. The SEM images of GO cellulose composite-leaf samples were
shown that the incorporation of GO did not create significant mor-
phological changes in the surface roughness; composite film sur-
faces were similarly homogeneous and smooth. Nonetheless,
smoothness observed in the SEM images indicates the GO sheets
were uniformly dispersed, demonstrating films with high homo-
geneity without aggregation. Therefore, the GO oxygenated groups
might be interacting with fibres of cellulose in the filter can pro-
vide good compatibility between the GO filler and the composite.

3.3. Column study and UV spectroscopy

For analysing the capabilities of water filtration of the various
materials, dye removal tests were performed at set wavelengths.
The column studies performed as batch experiments. On analyzing
a pure MB sample to ascertain the reference value of absorbance to
be subtracted from the data points observed for filtrates from dif-
ferent samples, the characteristic peak wavelengths values in order
of decreasing absorbance were observed at 663.71 nm (1.3 A),
291.51 nm (0.8 A), and 245.45 nm (0.5 A). The Anax Or the most
significant peak, for MB, was observed at 663.71 nm, and dye
removal tests were performed at this set wavelength to check
the water filtration and dye removal capabilities of the various

materials. The molecular structure and UV-Vis spectrum of MB
are shown in Fig. 6(b).

In the pure MB sample, the characteristic peak wavelength val-
ues in order of decreasing absorbance were observed at 663.71 nm
(1.3 A), 291.51 nm (0.8 A), and 245.45 nm (0.5 A). The Anax, OF the
most significant peak, for MB, was observed at 663.71 nm. The
molecular formula and UV-vis spectrum of methylene blue are
shown in Fig. 6(b). Initially, the absorbance of methylene blue with
concentrations 10 ppm and 20 ppm was investigated by passing
15 mL of solution (per cycle) through the column and subsequent
UV-vis spectrophotometer measurement at Apax = 663.71 nm for
graphene oxide, graphite oxide, and graphene oxide-cellulose com-
posites (1:1, 2:1, 4:1, 1:2, 1:4 wt%. graphene oxide-cellulose ratios);
this was termed ‘Cycle-1'. This procedure was repeated till 12
cycles, or the system got choked, i.e. there was no filtrate- which-
ever occurred last.

Furthermore, MB solutions of different concentrations were
treated through the columns in batches of 15 mL, the time taken
for the solutions to filter out completely was noted. The resulting
filtrates were analysed using UV-vis spectroscopy to obtain the
absorbance, and consequently, the concentration, at 663.71 nm.
Double distilled water was used as blank and the absorbance value
of double distilled water was subtracted from all the recorded val-
ues for the samples. A calibration plot was constructed for MB to
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Fig. 6. (a) Calibration curve of Methylene Blue (MB) dye, (b) Molecular formula and UV-vis spectrum of methylene blue with A« at 663.71 nm, (c) Comparison of removal

efficiencies of all the materials used for dye removal via column studies.

convert the absorbance into the concentration values for easier and
more practical analysis using the Beer-Lambert Law as shown in
Eq. (1) below:

a=kxcxl

where o is the absorbance, k is the proportionality constant, c is the
concentration of the sample being analysed, and | (cm) is the length
of the path (width of the cuvette between the two translucent
sides).

The formula used to convert absorbance to concentration in this
paper is:

o= (kxl)xc+R

¢ = (o +0.28748)/0.15314

Since slope = k * 1 and R = y-intercept of the calibration curve’s
trendline with an R? (regression coefficient) value of (Fig. 6(a)).

The regression coefficient R?> was 0.9403 as shown in Fig. 6(a).
To observe dye removal using bare peepal leaf, graphite oxide
loaded peepal leaf, graphene oxide loaded peepal leaf, and graphite
oxide cellulose nanocomposite loaded on peepal leaf filters, a silica
crucible was placed on a conical flask, and the filter material was
loaded. Subsequently, 15 mL of MB was transferred in regular
intervals of 5 mL each to avoid overflow owing to the small size
of the crucible. From Fig. 6(c), it can be understood that the filter
choked out after 12 cycles (filtrations) (13th in series). During the
last cycle (12th) for 2:1 graphene oxide-cellulose nanocomposite
material, it was found that 10 ppm of MB was reduced by 80.76%
based on filtrate absorption studies. Overall, the composite materi-
als of graphene oxide, graphite oxide, graphene oxide and cellulose
(1:1, 2:1, 4:1, 12, 1:4 wt ratios), bare peepal leaf), the absorbance
decreased slowly. Graphite oxide was very effective with lower
absorbance than graphene oxide till the eighth cycle. Since GrO
and GO are negatively charged adsorbents (Yu et al., 2017), it exhi-
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bits an especially high affinity for cationic dyes like MB due to the
strong electrostatic attraction observed between them. (Self-
Assembly, 2021) Because of these advantages, GO (and GrO) has
proven to be a promising adsorbent for the removal of cationic
dyes like MB from water. Furthermore, there is no leaching of
MB despite the number of cycles of filtration; only the choking of
the bed was a hindrance which is to be expected while dealing
with nanomaterials due to their small size, the tendency of aggre-
gation, and the resulting lower porosity. This non-leaching of dye
could prove to be a benefit of using bio-nano composites for water
filtration.

During the last cycle (12th) for the synthesized 2:1 GO-C (Gra-
phene oxide-cellulose) nanocomposite material, it was found that
10 ppm of MB was reduced by 87.82% based on the observed fil-
trate absorbance. For the 1:4 GO-C NC Peepal leaf composite, the
removal efficiency was 80.17%, and comparable to standard
adsorption materials like Graphene oxide and Graphite oxide. For
all the materials analyzed (graphene oxide, graphite oxide, gra-
phene oxide, and cellulose (1:1, 2:1, 4:1, 1:2, 1:4 wt ratios), bare
peepal leaf), the adsorption removal efficiency decreased very
gradually with subsequent cycles. This is because the number of
adsorption sites left decreases as the number of MB molecules
adsorbed on the material keeps increasing. According to the aver-
age values throughout the 12 cycles, the decreasing order of aver-
age efficiency across cycles and purification performance was:

GO-Peepal (80.93%) > Graphite oxide (80.82%) > 2:1 GO-C NC
(80.76%) > 1:4 GO-C + Peepal (80.17%) > Graphene oxide
(79.61%) > 4:1 GO-C + Peepal (73.85%) > 1:2 GO-C (68.48%) > Bare
Peepal leaf (41.44%).

Fig. 6(c) shows that the filter choked out after 12 cycles (filtra-
tions) (13th in series). Additionally, no leaching of MB was
observed despite the number of cycles of filtration; only the chok-
ing of the bed was a hindrance- which is to be expected while deal-
ing with nanomaterials due to their small size, the tendency of
aggregation, and the resulting lower porosity. This non-leaching
of dye could prove to be a benefit of using (bio-) nanocomposites
for water filtration. Finally, noticed that the GO-C composites have
comparable removal efficiencies to traditionally used and well-
developed and commercialized materials like GrO and GO.

4. Conclusions

In this manuscript, the authors prepared novel filtration mate-
rials: enhanced graphene oxide-cellulose and graphite oxide-
cellulose (GO-C) composites combined with a peepal leaf filter to
be used as simple and low-cost resources for the removal of
methylene blue dye from water, and potential for wider water
purification. The novel concept of introducing a porous Peepal leaf
as a filter ‘substrate’ for loading the prepared GO-C composite was
presented, which may serve as a model for the preparation of
biodegradable filter materials in the future. Additionally, cotton
(cellulose) was used here as an effective loading substrate for gra-
phene oxide (GO) to make a graphene oxide-cellulose nanocom-
posite (GO-C NC) to avoid leakage of both the GO solution and
dye solution. These included XRD, SEM, EDS, Optical Microscopy,
and UV-Vis spectroscopy, and were completed for all five samples:
Graphite oxide, Graphene oxide, bare peepal leaf, synthesized C-
GO NG, and the GO-C NC Peepal leaf. The efficiency and capacity
of the composite versus the parent materials (graphite oxide and
graphene oxide) as filters were evaluated via column studies.
According to these, GO-C NC membranes were found to be efficient
at removing dye from water to an exceptional level in the labora-
tory, showing a reduction efficiency of 99.41% even after 12 cycles.
In comparison with different materials, graphene oxide-cellulose
nanocomposite (GO-C NC) loaded Peepal Leaf was found to be
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the best low-cost filter in terms of efficiency, effectiveness, and
reusability (indicated by the fact that repeated cycles still pro-
duced clear filtrate). The order of effectiveness among all filtration
materials was observed to be: GO-Peepal (80.93%) > Graphite oxide
(80.82%)>2:1 GO-C NC (80.76%) > 1:4 GO-C + Peepal (80.17%) > Gra
phene oxide (79.61%) > 4:1 GO-C + Peepal (73.85%) > 1:2 GO-C
(68.48%) > Bare Peepal leaf (41.44%). Graphite oxide-loaded Peepal
leaf showed exceptional water cleansing potential, with graphene
oxide showing the approximately same value of reduction effi-
ciency. Further, a more detailed analysis is required for a concrete
establishment of the feasibility of peepal leaf and graphene oxide-
based materials. Results are attributed to since GO is a negatively
charged adsorbent (Yu et al., 2017), it exhibits an especially high
affinity for cationic dyes like Methylene Blue (MB) (Self-
Assembly, 2021) due to the strong electrostatic attraction observed
between them. Because of these advantages, GO (and GrO) has pro-
ven to be a promising adsorbent for the removal of cationic dyes
like MB from water.
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