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Abstract

Objective:The objective of this study was to examine the adsorption properties of fluoride and chromium
using a recently synthesised nanocomposite of graphene oxide-chitosan (GO-Ch-NC) and graphene oxide

(GO) nanoparticles.

Methodology:The synthesis and evaluation of the GO nanoparticle and GO-Ch-NC were conducted utilizing
several analytical methods, such asScanning electron microscopy (SEM), Fourier-transform infrared
spectroscopy (FTIR), and X-ray diffraction. Following this, a sequence of tests was undertaken to examine
the alterations in the adsorption capacity of fluoride and chromium based on variations in the concentration
of the adsorbent, pH levels, and temperature. The results acquired from the adsorption investigations

conducted with GO-Ch-NC were subjected to analysis utilizing the Langmuir and Freundlich equations.

Result:The laboratory studies yielded findings indicating that the particle size of the graphene oxide-chitosan
nanocomposite was determined to be 250 um. The Freundlich isotherm was determined to suitable model for
describing equilibrium data of Cr (VI) and F ion adsorption. The kinetics of adsorption may be described
using rate expression that follows a pseudo-second-order model. The successful elimination of fluoride and
chromium (VI) ions was reported to occur at pH levels of 5 and 7, respectively. The study determined that the

highest level of elimination achieved was 55% for fluoride and 80% for chromium (VI) ions.

Conclusion:The experimental findings indicated that the synthesized materials have shown significant
capability in removing fluoride and Cr (VI) ions from aqueous solutions. The fascinating prospect of future

generations developing adsorbents that exhibit both great efficiency and cost-effectiveness is evident.
Keywords: Adsorbents,Chromium, Graphene Oxide, Nanoparticles, Nanocomposites

1. Introduction
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The issue of fluoride contamination in water environments, resulting from both natural and anthropogenic
activity, has gained global recognition as a significant concern [1]. The development of efficient and resilient
technology for removal of excess fluoride from water environments is of utmost importance [2].

The proliferation of industrialization and the emergence of modern technology in emerging nations have led
to a significant increase in water pollution, so posing a substantial risk to the environment, human well-being,
and economic stability [3, 4]. While some metals are essential for human dietary needs in small quantities,
their excessive presence in the environment is linked to significant issues [5, 6]. The issue of water pollution
is increasing globally because of the prevalence of many toxins, including arsenic, fluoride, and chromium
[7]. The issue of water contamination has gained increasing significance in recent years, mostly owing to the

adverse impacts on human health associated with the presence of dissolved ions and heavy metals [8].

The literature often reports the presence of many pollutants in water, including arsenitearsenate, chromium,
copper, fluoride &mercury. The principal pollutants in water, arising from both natural and human activity,
are As (II), As (V), F, &Cr (VI) [9]. The occurrence of these pollutants may be attributed to either natural
or manmade phenomena. The compound in question can induce carcinogenic and mutagenesis effects, hence
posing a significant risk to many forms of life [10]. Consequently, the effective elimination of Cr (VI) and F
prior to its release into the surrounding environment has emerged as a crucial concern from both biological

and environmental standpoints [11].

The issue has prompted the investigation of approaches aimed at exploring and advancing technology for the
purpose of eliminating harmful toxins from water sources [12]. There are several approaches to address the
treatment of chromium and fluoride in industrial effluents; nevertheless, these systems encounter significant
challenges including costliness, maintenance requirements, concerns over fossil fuel preservation, and
unsanitary waiting times [13]. Adsorption is a widely used method in many applications owing to its
adaptability, significant adsorption capacity, &and cost-effectiveness [14]. The adsorption approach is often
used for the removal of fluoride and has been extensively studied as a treatment technology. This method is
known for its effectiveness, simplicity, and cost-effectiveness in removing fluoride from water [15]. Various
absorbents have been used for removal of fluoride and chromium from the water. Researchindicated that
polypyrrole homopolymer exhibits a higher number of active sites, hence establishing its potential as an
effective adsorbent for the elimination of fluoride [16]. Electrospun alumina nanofibers have also been shown

to have a high absorption capacity of Chromium (VI) levels of fluoride concentrations of 1.2 mg/g and 7.9

mg/g [17].

In this study, we aimed to synthesize2 adsorbents, Graphene oxide (GO)nanoparticles and Graphene oxide-

chitosan nanocomposites, to evaluate their efficacy in removing fluoride and chromium inwastewater.
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. Methodology
2.1 Materials
The low molecular weight Chitosan was procured from Sigma Aldrich. Fine Chem Ltd., a company based in
Mumbai, India, supplied many chemical compounds, including graphene oxide,chitosan, sodium borohydride,
potassium permanganate, sodium nitrate. Graphene oxide, Graphene oxide Chitosan composite were obtained

from pharmaceutical establishments. Deionized water was used for all experimental procedures.

2.2 Synthesis of adsorbents

Synthesis of GO Nanoparticles (GO-Np) - The experiment included the combination of 3g of graphite flakes
with 3g of Sodium Nitrate, followed by stirring. Subsequently, 138 ml of sulphuric acid(SOs) (was added to
mixture, &then placed in an ice bath for a duration of 30 minutes. An amount of 18g of potassium
permanganate was introduced into the solution. The sample was subjected to the temp. of 35°C for a day, by
the adding of 240ml of water. Subsequently, Sodium borohydride was introduced into the solution containing
Graphene oxide. The observation of a change in hue to black indicated the development of graphene oxide
nanoparticles (GO NPs). The sample was subjected to centrifugation at a speed of 10,000 revolutions per
minute (rpm) to separate the pellet. The resulting pellet was then subjected to washing with acid and base

solutions for a duration of 30 minutes each.

Synthesis of GO-Chitosan nanocomposite (GO-Ch NC)-The nanoparticles of graphene oxide (GO) were
distributed into a solution of chitosan. The solution underwent heating while being subjected to ultra-
sonication vibration. Subsequently, the solution was subjected to centrifugation. The specimen was subjected
to a cleaning process including deionized water followed by drying under vacuum conditions. The formation

of the polymer nanocomposite occurred.

2.3 Characterizationof the synthesized adsorbents
Prior to using adsorbents for further investigations, a range of procedures was used to characterize the
adsorbent, as outlined below—
> Fourier transforms infrared spectroscopy (FTIR)-FTIR measurements of synthesized
nanocomposites were conducted using a Perkin Elmer UATR Two FTIR spectrophotometer within the
spectral region of 400-4000 cm'.
> XRD (X-Ray Diffraction): -The degree of crystallinity shown by GO-Ch NC and GO was assessed using
ADX2700 rotating X-ray diffractometer within 30 range of 13-85 degrees. The X-ray diffractometer was

used to assess crystallinity andinterlayer modifications in GO-Ch NCparticles.
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>

2.4

SEM (Scanning electron microscopy)/ EDX: - The crystalline structuresand elemental analyses of GO-
Ch NCand GO were examined using an SEM equipped with an electron dispersive X-ray spectrometer
(EDX) (FESEM MIRA3 TESCAN).

Batch adsorption study

Dissolving a fixed quantity of Merck KoCr.O7&NaF in deionized water yielded a 1000 milligram/L stock
solution of and Cr (VI) ions. The stock solution was diluted to reach the desired fluoride
concentrationsand chromium (VI). Variousamounts ofnanoadsorbents (10-100 mg) were added to a 20
mL solution with fluoride and chromium (VI) for batch adsorption testing. The test solution and
adsorbents were placed in flasks and shaken at 150 rpm at 30 °C. This research examined how pH affects
fluoride and Cr (VI) ion adsorption by nanoadsorbents. By mixing 0.1 M NH4OH and 0.1 M HNO3, the
pH of the mixture was changed from 3 to 9. Similar research examined how adsorbent dose affected Cr
(VI) and fluoride ion adsorption. A 20 mL solution with 10 mg/L concentration was agitated for 1 hour
to accomplish this. Adsorbent doses ranged from 0.01 to 0.3 g at ambient temperature. After equilibrium,
Whatman filter paper separated the adsorbent from the aqueous solution. Atomic Absorption
Spectroscopy (AAS) &an Orion ion-selective electrode were used to measure the leftover metal ion
concentrations. The test solution and adsorbents were put in flasks and stirred with a 150-rpm mechanical
shaker at 30 °C. This study evaluated how pH affects Cr (VID)and fluoride ion adsorption on
nanoadsorbents.

The pH of the solution was consistently regulated within the pH range of 3 to 9 by using an aqueous
solution consisting of 0.2 M NH40OH and 0.4 M HNO3. Furthermore, a research investigation was
conducted to investigate the impact of varying dosages on the adsorption actions of chromium (VI) and
fluoride ions. The experiment included stirring a 20 mL solution with a stock concentration of 10 mg/L
for a length of 1 hour, using different quantities of adsorbent doses ranging from 0.01 to 0.1 grammes, all
conducted at ambient temperature. After achieving equilibrium, the adsorbent material was separated
from the aqueous solution by the filtration process, employing Whatman-42 filter paper. Subsequently,
the remaining concentrations of the metal ions in the extracted portion were ascertained using Atomic
Absorption Spectroscopy (AAS) and an Orion ion-selective electrode.

The adsorption data acquired during this experimental investigation were assessed using the Freundlich
and Langmuir isotherm models. The adsorption percentages of chromium (VI) and fluoride ions were
calculated by subtracting the initial concentrations (Ci) from the final concentrations (Cf) of both ions in

an aqueous solution, both before and after contact.
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3. Result and Discussion

The aquatic environment has seen a notable deterioration in water quality over the last several decades, mostly
attributed to the introduction of hazardous species because of human activities. Graphene oxide nanoparticles
and Graphene oxide-chitosan nanocomposites were prepared and characterized.

3.1 Characterization of synthesized compound

A. FTIR

Spectrum
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Figure 1. FTIR spectra of GO

FTIR spectroscopy was used to investigate existence of oxygen-containing functional groups that are
indicative of Graphene oxide (GO). Figure 1. displays the FTIR spectra of graphene oxide (GO). The
characteristic peaks seen in the generated graphene oxide (GO) were found at wavenumbers of 3429.22 cm™,
1631.36 cm™, 1212.63 cm™!, 1057.39 ecm™!, 879.55 cm™!, and 775.58 cm’!. Previous studies have provided
evidence indicating that vibrations associated with the elongation of the hydroxyl group exhibit a wide and

intense peak at about 3500 cm '. The low-frequency area in proximity exhibited peaks at 2927.62 cm™,
1383.63 cm™!, 1005.00 cm™', and 775.58 cm™'.
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Figure 2. FTIR spectra of GO-Ch
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FTIR spectra was used to investigate the existence of O-containing functional groups in GO-Ch. Figure2
displays FTIR spectra of GO-Chwhich were created for F and Cr removal using polymer adsorbents. The
greatest peaks of GO-Ch peak were observed, at 3438.88 cm™'. Two smaller peaks were detected at
2353.64cm™, 1383.43cm™. It is demonstrated that stretching vibrations of OH groups, which may be triggered
by absorbed H>O molecules, phenolic OH, or OH from carboxylic groups, form a wide and potent peak in the

range of 3700 to 3000 cm!.

B. XRD
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Figure 3. XRD Analysis of 1) GO Np and 2) GO-Ch-NC

The XRD method is widely utilized for crystal identification &and has emerged as a significant area of study
within the scientific community in recent years. The GO XRD patterns are seen in Figure 3. XRD pattern

exhibits evidence of the sample's crystalline structure.Figure 3. displays the XRD patterns of GO-Ch.

C. SEM

1) ?2)
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Figure4. SEM Analysis of 1) GO Nanoparticles and 2) GO-Ch NC; 3) EDX of GO

Scanning electron microscopy image (figure 4. (1)) of graphene oxide (GO) showed a characteristic wrinkled

and crumpled morphology, displaying uneven boundaries, rough topography, and evidence of scrolling-

induced crumpling. The examination of the graphene oxide (GO) samples using scanning electron microscopy

(SEM) indicated the presence of GO sheets of up to 10 um in lateral dimensions, as well as smaller fragments

measuring just a few microns in diameter.Figure 4(2) shows a scanning electron micrograph that illustrates

the surface morphology of the GO chitosan composite nanoparticles. The experimental results provide

evidence for the spherical morphology and homogeneous distribution of the synthesized composite

nanoparticles consisting of graphene oxide and chitosan.

D) Raman Analysis
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Figure 5. Raman Analysis of Graphene Oxide
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Figure 5 depicts graphene oxide Raman analysis. Raman scattering is a helpful technique for characterizing
graphite and graphene materials since it is substantially affected by their electrical structure. The Raman
spectra of GO were found to be dramatically altered after the decrease. Raman spectroscopy is a popular
method for characterizing carbon compounds because conjugated and double carbon-carbon bonds produce
high Raman intensities. The substantial structural changes that occur during pristine graphite oxidationto GO.
The virgin graphite Raman spectrum shows a pronounced G peak, which corresponds to the first-order
scattering of the E2g mode. The G band in GO is enlarged as a consequence of the decrease in size of the in-
plane sp2 domains. The decrease in the exfoliated GO might account for the smaller-than-average sp2 domains

by creating new graphitic domains that are more numerous than their larger-than-average predecessors in the

GO.

Batch experiments

Effect of Adsorbent concentration on chromium adsorption capacity
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Figure 6. Effect of dosage of GO-Np and GO-Ch NC on adsorption capacity
The dose experiment optimised Cr (VI) elimination utilising GO nanoparticles and GO-Ch nanocomposites.
Figure 6 shows the results of treating synthesised adsorbents at dosages of 0—40 g with 50 mL of 100 mg/L
starting level. Adsorbent concentration improved chromium adsorption. Adsorption rises with adsorbent dose
because surface area &sites increase. When dose surpassed 0.1 g, the synthesised adsorbent did not change.
For future Cr (VI) absorption investigations, 0.1 g of adsorbent is optimal.

Effect of Adsorbent concentration on fluoride adsorption capacity
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Figure 7. Effect of dosage of GO-Np and GO-Ch NC on adsorption capacity
The dosage experiments optimised GO nanoparticle and GO-Ch nanocomposites dose for fluoride
elimination. Figure 7. shows increasing adsorbent concentration enhanced fluoride adsorption. Increasing
adsorbent dose increases surface area and active sites, which enhances adsorption. When dosed over 0.1 g,
the generated adsorbent did not change. Thus, for future fluoride sorption tests, 0.1 g of adsorbent is optimal.

Effect of pH on chromium adsorption capacity
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Figure 8. Absorption capacity of GO and GO-Ch NC at different pH
Chemically synthesised adsorbents were tested for chromium removal at various pH levels. Figure 8
demonstrates variation in adsorbent adsorption capacity by pH. Basic pH 10 inhibited chromium elimination,
whereas pH 3 boosted it. Chromium species (HCrO4—, CrO42—, and Cr2072—) were diversely present at
different pH levels. At low pH, GO and GO-Ch NC nanoparticles' protonated amine, carboxylic acid group,
and higher potential metal ion increased adsorption ability. Thus, electrostatic attraction attracts negative
charge chromium ions to the adsorbent at protonated surface sites.

Effect of pH on fluoride adsorption capacity
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Figure 9. Absorption capacity of GO and GO-Ch NC at different pH
At several pH ranges, synthesised adsorbents were tested for fluoride removal. Figure 8.demonstrates pH-
dependent adsorbent adsorption capacity. At pH 1, fluoride elimination reduced, but at pH 5, it increased. At
low pH, GO and GO-Ch NC nanoparticles' protonated amine, carboxylic acid group, and higher potential
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metal ion increased adsorption ability. The protonated adsorbent surface sites electrostatically attract negative
charge fluoride ions.

Effect of Temperature on chromium adsorption capacity
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Figure 10.Absorption capacity of GO and GO-Ch NC at different temperatures
The absorption capacity of grapheneoxide nanoparticles and GO-Ch nanocompositewas assessed at a range
of temperaturesasshown in figure 10. The temperature at which nanoparticles showed their maximum
activitywas 50°C.

Effect of Temperature on fluoride adsorption capacity
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Figure 11. Absorption capacity of GO and GO-Ch NC at different temperatures.

Figure 11. shows graphene oxide nanoparticle and GO-Ch nanocomposite absorption capacities at various
temperatures. Nanoparticles were most active at 50°C.

Adsorption isotherm

Cr (VI) and F adsorption isotherms were investigated on GO-Ch-NC to determine the adsorption properties
of nanocomposite as it performed better in the batch adsorption study. Changing initialconcentrations of
fluoride and Cr (VI) from 10 to 100 mg/L was used to perform isotherm experiments. Examining equilibrium
adsorption data using Langmuir and Freundlich isotherm models [18-20]. This model assumes a monolayer

of active sites with equal energy covers the adsorbent surface. Thus, the optimal adsorption occurs when the
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adsorbent reaches a state of total saturation, forming a monolayer that effectively adsorbs fluoride and Cr (VI)

ions. The equation presented above serves to demonstrate the underlying paradigm.

Ca 1 1

—_ = — + —,

. 4.t 4,
Ce and ge denote the equilibrium adsorbate concentrations in mg/L and the amount adsorbed in mg/g,
respectively. The adsorption capacity and energy are determined by the Langmuir constants Ky (L/mg) and
qm (mg/g) (figure 11). Freundlich adsorption isotherm analysis was performed on equilibrium data. This model
assumes that heterogeneous surfaces absorb adsorbate molecules. The equation depicts the heterogeneous
system with n heterogeneity. Expression of the equation:
The relationship between the quantity of adsorbate adsorbed per unit mass of adsorbent and the equilibrium
concentration may be determined by using the equations of the Freundlich isotherm. The Freundlich
equilibrium constants, Kf and n, are used in the quantification of the amount of adsorbate adsorbed per unit
mass of adsorbent, indicated as ge, as well as the equilibrium concentration, denoted as Ce.
Table 1 displays the Freundlich constant and correlation coefficients (R2) acquired from the graphical
depiction of the Freundlich isotherm (see Figure 12). Nanocomposite exhibited advantageous Cr (VI)
&fluoride ion due to Freundlich coefficient n meeting criterion 0 < n < 10. Using correlation coefficients (R?
=0.71 and 0.81), the Freundlich adsorption isotherm better explains the adsorption of fluoride and Cr (VI)
ions. Despite this, Table 1's equilibrium data do not match the Langmuir isotherm model, demonstrating that
monolayer adsorption does not occur. Such multilayer and heterogeneous techniques are preferred for Cr (VI)

&fluoride ion adsorption.

Table 1.Langmuir isotherm & Freundlich isotherm
Langmuir isotherm Freundlich isotherm
gm (mg/g) | KL(L/mg) | R2 | Kf(mg/g)(L/mg)l/n | N R2
Fluoride 150 1.13 0.77 1.32 1.74 | 0.81
Chromium (VI) 157 1.15 0.72 1.22 1.76 | 0.71
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Figure 13. Freundlich isotherm for fluoride and chromium
Adsorption kinetics
Its capacity to illuminate the chemical routes and processes of adsorption makes adsorption kinetics important.
Physical, chemical, and mass transport properties of the adsorbent determine the adsorption mechanism. In
order to comprehend GO-Ch-NC adsorption, the kinetics of Cr (VI) and fluoride ion elimination are
investigated. Using pseudo-first-order and pseudo-second-order models, the sorption kinetics of Cr (VI) and

fluoride ions on GO-Ch-NC were studied. This pseudo-second-order model may be expressed mathematically

as follows:

dQ 2
=~ — i -
a 2(‘18 qt}

Qe& qt indicate solute adsorbed on the adsorbent at equilibrium and time t, respectively. The pseudo-second-
order equation's rate constant is k2 [g/ (mg min)]. In integral form, the equation is:

t 1 1
—=——+ —t

The slopeand intercept of the linear connection between t/qt& t may determine ge and k2. Table 2 shows a
statistically significant linear association between Cr (VI)and fluoride ion elimination on GO-Ch-NC. The
strong correlation coefficients between the experimental results and the pseudo-second-order rate law based

on adsorption capacity demonstrate the validity of this model.
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Table 2. Pseudo-second order for GO-Ch-NC Removal
of Cr (VI) &Fluoride Ions

kl R2 qe
Chromium 0.22 0.93 2.33
Fluoride ions 0.95 0.74 3.25

Conclusion

The current study evaluated the adsorption capacity of GO-NP and GO-Ch-NC. XRD, SEM, and FTIR
confirmed synthesizednano adsorbents. Batch studies examined the effectiveness of GO-NP and GO-Ch-NC
in removingfluoride ionsand Cr (VI) from solutions. The adsorption capacity was evaluated by changing the
temperature, pH, andadsorbent dosages. At pH 5 and 7, Cr (VI)and fluoride ions wereeffectively adsorbed.
The research found the highest clearance rates for Cr (VI) at 80% and fluoride ions at 55%. For Cr (VI),
increasing initial concentrations increasedthe adsorption percentage. This phenomenon can be attributed to
amplification in the quantity of available sites. The results of the isotherm investigations demonstratedthe
adsorption of Cr (VI) &F onto the surface of GO-Ch-NC asdescribed by the Freundlich isotherm model across
all concentrations investigated. This finding suggests adsorption procedure is heterogeneous in nature.
Additional research is necessary to investigate the potential of the adsorbent for use in industrial contexts. It
is vital to allocate diligent endeavors towards optimizing the process parameters, while also facilitating the

seamless transition from laboratory-scale trials to the phase of commercialization.
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