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The preparation and characterisation of a polymeric composite incorporating graphene, hydroxyapatite, and chitosan as an
adsorbent to remove chromium (VI) from wastewater. The FTIR and XRD studies supported the composite's production.
Analysis of surface morphology and heat stability involved TGA and SEM studies. A batch adsorption was run to determine the
efficacy of the adsorbent by varying contact time, adsorbent dose, and pH. The kinetics of the adsorption process were
examined using pseudo-first and second order kinetic models after the equilibrium data had been fitted with the Langmuir and
Freundlich isotherms. The findings showed that pseudo second order kinetics was utilised for the adsorption of Cr(VI) onto
chitosan-grafted graphene/hydroxyapatite (CS-g-Gr/HA) composite.
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Introduction

All living things, including people, animals, and
the environment, depend on water. The earth's surface
is covered in water to the tune of seventy percent;
96.5 percent of which is salt water. Due to industrial
expansion, urbanization and agricultural practices
surface water is getting polluted with toxic metals
such as Cr, Pb, Hg and Cd. Intake of heavy metals
above the accepted limits will cause serious health
problems to all living beings. Among the various
toxic heavy metals, chromium toxicity causes various
incurable diseases. Therefore, the present research
focuses on Chromium heavy metal, which can cause
gastro intestinal disorders, convulsions, genetic
disorders and cancer in human beings'. This heavy
metal chromium gets released to water bodies through
leather tanning, mining, electroplating, paints,
pigments, power generation plants and textile
industries”. The two oxidation states of chromium
are Cr (III), (VI), with the latter being more hazardous
than the former. Low levels of chromium can irritate
the skin and lead to ulcers. Long-term exposure can
harm the kidneys, the liver, the nervous system, and
the circulatory system. Again, it's critical to eliminate
such Cr residues from effluent™®.

Several processes, including chemical precipitation,
oxidation/reduction, filtering, ion exchange, membrane

separation, and adsorption, can remove heavy metals
from water’. Adsorption was preferred to the other
technologies because of its low cost and excellent
efficiency. Adsorption is a relatively simple process
wherein an adsorbate gets adsorbed on to the adsorbent
through chemical or physical bonding®. Many
adsorbents such as sawdust'®, activated carbon'!,
surfactant modified Zeolite'”, carbon/ AIOOH
composite”®, cellulose extracted from sisal fiber', clay
materials"', and chitosan'"* were generally used to
adsorb Cr. Whereas, the chitin and chitosan have been
extensively used to remove chromium in the effective
manner from the wastewater and also it has been used in
various fields like biotechnology, biomedicine and food
ingredients because it is biocompatible® *. Chitosan is
an alpha-D-glucosamine-linked form of chitin that has
been partially or totally deacetylated. Because it contains
hydroxyl and amino groups, which the amine groups use
as chelate site for transition metal ions, it can function as
a powerful biosorbent. Because of its weak mechanical
qualities and acidic solubility, chitosan a good
biosorbent with many desirable qualities must be
modified. Chitosan can also be chemically modified,
such as via crosslinking and grafting, to increase its
chemical stability and adsorption capability**°.

Apart from Chitosan (CS), Hydroxyapatite (HA)
and Graphene (Gr) are also studied as adsorbents for
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heavy metal ions” . HA has similar composition as
that of bone and teeth, and is widely studied when it
comes to tissue engineering, food processing,
adsorption and so on. HA, the inorganic material
when combined with organic matrix can serve as a
composite of good mechanical strength. Also the OH
group and Calcium ions present in HA will contribute
for more adsorption. A number of researchers have
become interested in graphene because of its superior
mechanical strength and bigger surface area. One of
the key elements in an adsorbent's ability to
effectively absorb is surface area. Greater the surface
area more will be the adsorbing sites and greater is the
adsorption. The proposed study's goal is to create an
innovative and effective Chitosan-grafted
Graphene/Hydroxyapatite (CS-g-Gr/HA) composite
that can be used as a Cr adsorbent. Chitosan is
combined with HA and Graphene and crosslinked
with glutaraldehyde to achieve high chemical stability
and adsorption capability. Through batch adsorption
tests, the prepared material was characterised and its
adsorption potential was measured.

Materials and Methods

Chitosan, which is 92 % deacetylated, was a
procured from India Sea Foods in Cochin. The supplier
of graphene was Nano Beach in New Delhi. Acetic
acid and glutaraldehyde were bought from SD Fine
Chemicals, and HA was purchased from Leochem in
Bangalore.

Preparation of Chitosan grafted Graphene/Hydroxyapatite
(CS-g-Gr/HA) composite

1 g of CS was weighed and dissolved in acetic acid
at a 2 percent concentration. 0.2 g of Gr and 0.1 g of
HA were weighed simultaneously and separately
before being dissolved in a small volume of deionized
water. Separately, the dispersed HA and Gr were
gradually added to the CS suspension one at a time.
Next, 7 ml of glutaraldehyde was added, and the
mixture in magntic stirrer. The materials were moved
to the petriplates and given time to air-dry".

Characterization

An Alpha Bruker used for (FT-IR) spectra in the
400-4000 cm™ wavelength range. An X-ray scattering
D8 ADVANCE. To examine the weight losses at
various phases, the produced extracts were analysed
for a TGA analysis utilising an SDT Q600 V8.0. SEM
has been used to examine the surface morphology of
prepared composites.

Batch adsorption experiment

The adsorbent was stirred with potassium
dichromate solution (200 mg/L). By adjusting
variables including pH by using 0.1 N NaOH, HCL
(between 4 and 8), adsorbent dose (between 1-6 g),
and time, the extent of chromium adsorption was
examined (60—360 min). After adsorption, whatmann
filter paper was used to filter the solution, and it was
then dried. The filtered concentration of chromium
was determined using an AAS.

Results and Discussion

Characterization of the CS-g-Gr/HA composite

The FTIR spectra of pure CS and CS-g-Gr/HA
composite are contrasted in Figure 1. The fingerprint
of each polymer used to create the composite is
visible in the spectrum. The peak at 1647 cm’
indicates the presence of imine bond (N=C), which
was formed due to crosslinking between CS and
glutaraldehyde. The existence of Gr was confirmed by
the high intensity peak at 1520 cm™, which was linked
to an ethylenic bond (C=C) and showed enhanced
intensity>>*. The disappearance of the CS peaks
at 1384, 1151, and 1000 cm’ indicates that CS
interacted with HA (phosphate groups) and
glutaraldehyde. The characteristic phosphate bending
vibration of HA shows at 609 cm’ and 504
cm % 3339 confirming the miscibility of the mixed
polymeric materials due to the formation of strong
interaction. The OH and N-H stretching vibrations of
CS was shifted from 3454 — 3517 cm™. This decrease
in intensity and shift in the absoption band indicates
that the OH group of both CS and HA were involved
in weaker hydrogen bonding.

In the XRD of CS-g-Gr/HA composite (Fig. 2), the
broadened peak indicates the amorphous nature. The
crystalline nature of CS was decreased while grafting,
blending and crosslinking with glutaraldehyde, Gr and
HA. The composite showed peaks at 26° and 41°
which corresponds to (002) (100) reflections of Gr.
Pure CS exhibits a peak at 20° was shifted to 26° in
the CS-g-Gr/HA composite and overlapped with
grapheme (26°) and HAP (26°) peak. Also a broad
peak around 30° was obtained from (211), (300),
(202) diffractions of HAY confirms the confirms HA
in the prepared composite. Additionally, the increased
porousness of the composite as shown by the SEM
pictures of the CS-g-Gr/HA composite confirms the
XRD reflections. On comparing with the SEM image
of pure chitosan, the prepared composite has rough
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Fig. 1 — FTIR spectrum of (a) pure chitosan, and (b) CS-g-Gr/HA composite

surface morphology (Fig. 3a), layered structure with
increased tunneling of porosity which is the essential
property of the adsorbent.

TGA examination of the CS-g-Gr/HA composite's
thermal stability was carried out, and the results were
compared to those of pure chitosan. Figure 4 depicts
the prepared CS-g-Gr/HA composite losing weight in
four phases. Disruption of the absorbed water
molecules caused the first stage, which was visible
between 0 and 160 °C. At this temperature, very little
weight loss (11.65 %) occurs, which is consistent with
the composite's FTIR spectrum and confirms less
hydrogen bonding. Between 160 °C and 315 °C, there
was a significant weight loss of 23.10 percent, which
is consistent with the breakdown of the cross-linked
polymer structure. Between 380 °C and 550 °C, a
third stage of weight loss of 22.84 percent was seen.
A derivative peak with a temperature of 434.33 °C
indicates that this is in accordance with the
destruction of the glucosamine linkages of CS and the
combustion of the carbon contained in Gr'**’. The
DTG curve in the temperature range of 600 °C and
740 °C revealed the decomposition of HA at 681 °C.

The three chemicals are all present, and the TGA
study validates their breakdown temperatures.

The composite was also used as a chromium
adsorbent to remove the heavy metal in various
paratmeters.

Effect of pH

Figure 3(b) illustrates how pH affects the
chromium adsorption by the CS-g-Gr/HA composite.
As the pH of the solution from 4 to 6, the chromium
adsorption was found to increase. The solution with
low pH was created by adding hydrochloric acid,
which lowered the pH to an acidic state (below 4)
containing chromium ions as well as H' ions. The
majority of the adsorbent site was occupied by these
H" ions, and the amine groups of the adsorbent were
also heavily protonated, which causes the electostatic
repulsion of metal cations and adsorbent. The amount
of H" ions declines from pH 4 to pH 6 while the
amount of chromium ions increases. Because there
are more adsorption sites available at pH 6, the
amount of chromium that may be adsorbed is at its
highest at pH 6. Reduced adsorption was seen because
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Fig. 2 — XRD pattern of (a) pure chitosan, and (b) CS-g-Gr/HA composite
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Fig. 4 — TGA thermogram of CS-g-Gr/HA

hydroxide complexes precipitate as the pH is raised
further. The elimination of chromium was determined
to be 95 % at the ideal pH level of 6.40.

Effect of contact time

Figure 3(c) demonstrates a quick rise in chromium
adsorption as the duration rose from 60 min to
240 min, but no appreciable increase in adsorption as
the time went further to 360 min. The reason for the
significant expansion in adsorption is the increase in
the number of vaccant adsorbent sites available for
adsorption. As the adsorption proceeds, a finite
number of adsorbing sites for the adsorbate remain in
the adsorbent, leading to adsorption saturation.

Influence of adsorbent dose

To assess the adsorption of Cr(VI) from aqueous
solution onto the composite, the number of adsorbents
(1 to 6 g) was adjusted while maintaining the other
variables (pH, contact duration) unchanged. It is clear
from Figure 3(d) that as adsorbent dosage increases,
so does Cr(VI) adsorption. An increase in active sites
on the adsorbent causes a rise in adsorption. There

was a supply of 4 g of the adsorbent after only a brief
period of adsorption.

Adsorption isotherms

Langmuir isotherm model

The most commonly used isotherm was found to be
Langmuir’s adsorption isotherm. It is based on few
assumptions that adsorption occurs at homogeneous
surface and each of the adsorbent sites is capable of
adsorbing one molecule of adsorbate resulting in one
molecule thick of the adsorbed layer*"*.
The linear form of the Langmuir isotherm follows:

Ceq/Cads = bCeq/KL + I/KL .. (1)
Corax = Ki/b o)

Figure 5 and the straight line it produces supports
the isotherm's applicability. Equation allows for the
determination of the constants b and K;, which are
features of the Langmuir equation (2). Figure depicts
the Cr(VI) ion sorption by the composite of CS-g-
Gr/HA wusing the Langmuir adsorption isotherm.
Table 1 showed the Langmuir parameters values.
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Table 1 — Langmuir and Freundlich isotherm parameters of CS-g-Gr/HA composite

Langmuir constants

Freundlich constants

Metal ion K, (dm’/g) b (dm*/mg) Cnax (Mg/g) R’ Ky (dm’/g) n (dm’/mg) R’
Cr(VI) 1.2095 0.00957 126.4 0.7642 2.6382 1.5330 0.9829
2.5+ 2.5+
& 2.0 4 °
% ~ 2.0
3 g
o 1.5 g i o
= P'f 1.5
3 1.0 =y o
Q" S 1.01
-3
Om 0.5+
0.5- .
0-0 1 L] 1 1
0 50 100 150 200 0.0 T T T 1
3 0 100 200 300 400
Ceq (mg/dm’) Time in mins
Fig. 5 — Langmuir isotherm model
Fig. 7 — Pseudo first order kinetic model
2.5+
The results of the current study's R* (0.7642) value
2.0 showed that the graph was not linear and that the
Langmuir equation was not applied successfully to
& 157 support monolayer biosorption. When compared to
o ® the Langmuir model, the Freundlish isotherm has a
L2 1.0- greater correlation coefficient value (0.9829),
indicating that the adsorption occurred more
0.5 successfully on the multilayer surface.
0.0 : : i i , Adsorption kinetics
0.0 0.5 1.0 1.5 2.0 2.5 Pseudo first order equation

log C,

Fig. 6 — Freundlich isotherm model

Freundlich isotherm model

The linear form of Freundlich equation is
expressed as:
log g = log K¢ + 1/n log C, ...(3)

Where, q. = Amount adsorbed per g of adsorbent at
equilibrium (mg g/1), C, = Equilibrium concentration of
adsorbate in solution following adsorption (mg dm’),
and K; = Empirical Freundlich constant or capacity

factor (mg g/1),
The 1/n ratios between 0 and 1 support the favourable
adsorption  conditions. Figure 6's linear plots

demonstrate the Freundlich models' suitability. The
Freundlich isotherm's n value was equal to 1.5330,
which falls within the range of 1 to 10. This value
denotes robust adsorption and suggests that metal ions
physically adhered to the adsorbent™.

Linear form of the pseudo-first-order follows**:
log (qe-q¢) = log qe - kit /2.303 ..®

Where, the pseudo-first-order adsorption rate
constant is k; (min™), and the amounts of metal
adsorbed (mg/g) at equilibrium and time t,
respectively. Rate constant graph shown in (Fig. 7).

Pseudo second order equation
The following is a representation of the pseudo-
second-order rate equation.

R .. (5)

ac k2qe® Qe

Where, k, (g mg" min™) is the pseudo second order
adsorption rate constant. A graph for the pseudo-
second-order model is shown in Figure 8. Table 1
presents the results for kinetic models. The table
demonstrates that the pseudo second order model's
correlation coefficient value is higher than the pseudo
first order model's.
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Table 2 — Kinetic parameters of CS-g-Gr/HA composite

Metal ion Pseudo-first-order kinetic model Experimental Pseudo-second-order kinetic model Intraparticle diffusion
qngy)  kmin) R LD g gy lo@mgmin) R Kmggh') &
Cr (VD) 395.18 0.006402 0.9269 192 130.04 0.003366 0.9943 10.27 0.9916
2.59 200+
2.0
150
. 1.57
g & 100-
1.0
0.5 50-
0.0 ] L] ] 1 0 1 L] 1
0 100 200 300 400 5 10 15 20
Time in mins 112
Fig. 8 — Pseudo second order kinetic model
Fig. 9 — Intra particle diffusion model
Intra particle diffusion
The intra particle kinetic Weber-Morris model  Acknowledgements

provides pertinent data regarding Cr (VI) ion
diffusion in the finished composite. Equation
qt = K;*+C provides the mathematical expression for
the intra particle kinetic model.

A straight line was produced when plotting g
against t;, and is depicted in Figure 9. The surface
sorption makes a bigger contribution to the rate-
determining step when C is larger. Because the linear
portions of the curve did not cross through the origin,
the cr adsorption on the composite was produced by
both surface adsorption and intra-particle diffusion®.

Table 2 according to the findings, the pseudo-first,
second order R’ = 09269, 0.9943 and intra particle
diffusion model (R’ = 0.9916), respectively.

Conclusion

The wunique CS-g-Gr/HA composite that was
created for this task was needed to remove the Cr (V)
ion. From ideal pH, contact time, and adsorbent dose
for efficient Cr(VI) adsorption are pH 6, 240 min, and
4 g, respectively. The outcomes showed that Cr(VI)
adsorption increased quickly in the beginning and
decreased as it approached equilibrium. The
multilayer adsorption of Cr by the composite, which
is indicated by the experimental results' good
agreement with the Freundlich adsorption isotherm's
R’ = 09829 value over Langmuir's adsorption
isotherm. Cr was adsorbed onto the CS-g-Gr/HA
composite according to a pseudo-second order.
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