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This study focuses on the preparation of Ethylenediaminetetraacetic acid (EDTA)-
functionalized magnetic chitosan (CS) graphene oxide (GO) nanocomposites (EDTA-MCS/GO) by
biogenic method and its removal efficiency for heavy metals namely, Pb(ll) and As(lll) from
aqueous solutions. The synthesized nanocomposite was characterized by XRD, SEM, and FTIR
analysis. The influence of various operating parameters, such as pH, metal ion concentration, and
contact time on the removal of the metal ions, was investigated. The equilibrium data was
evaluated by Langmuir, Freundlich and sips isotherms, while the heavy metal adsorption reaction
kinetics was analyzed by Lagergren pseudo-first-order and pseudo-second-order kinetic models.
The adsorption—desorption studies conducted over 6 cycles illustrate the viability and repeated use
of the adsorbent for the removal of Pb(ll)and As(I11) from aqueous solutions.
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1. INTRODUCTION

The discharge of wastewater containing heavy metals into the environment has increased
continuously as a result of various human activities. Heavy metal contamination in such effluents
presents a serious threat to the environment and human health because of their toxicity, non-
biodegradability, carcinogenicity, and bioaccumulation in living organisms. Heavy metals such as
Lead (Pb) and Arsenic (As) poses several risks to human health and long-term exposure in drinking
water may cause cancer, muscular weakness, loss of appetite, and nausea. These issues require
effective treatment of wastewater to decrease pollutants to acceptable levels. In this regard, many
techniques have been developed for the removal of heavy metals from wastewater, such as chemical
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precipitation, ion exchange, reverse osmosis, and adsorption. Among these, adsorption is the preferred
technology because of its simplicity, effectiveness, and low cost [1].

In recent years, carbonaceous nanomaterials such as graphene oxide (GO), a two- or three
dimensional nanosheet, have attracted the attention of researchers because of their unique properties
and large composition diversity. The presence of a wide range of consecutive oxygen functional
groups on the GO surface and large surface area provides abundant attachment sites for the
functionalization of other compounds, such as chitosan (CS) and ethylene diamine tetra acetic acid
(EDTA). This can ultimately increase the number of surface functional groups, which might enhance
heavy metal adsorption. CS with primary amino groups is easily functionalized with different organic
ligands, such as GO and EDTA, to improve its adsorption capacity. EDTA chelates with divalent
metals, in which one carboxyl group is freely available and one water molecule is coordinated to the
metal center [2].

In the present study EDTA—functionalized magnetic chitosan graphene oxide (EDTA-MCS/GO)
nanocomposites is synthesized using biogenic method. Adsorption behavior of synthesized EDTA-
MCS/GO nanocomposites for divalent Pb** and trivalent As®** ions in aqueous solution is studied.

2. MATERIALS AND METHODS

2.1. Synthesis of EDTA-functionalized magnetic chitosan graphene oxide (EDTA-MCS/GO)

GO was synthesized from sugar cane bagasses oxidation. About 0.5 g of grounded sugar cane
bagasse powder mixed with 0.1 g of ferrocene was taken in a china dish and directly kept in a muffle
furnace at 300°C for 10 min under atmospheric condition. The black solid product was subjected for
further analysis. The synthesis of EDTA-MCS/GO was a two-step process. In the first step, FeCl; (2
g) was dispersed in HCI. CS (2.0%) solution was obtained by dissolving low weight CS in HCI. GO
solution, CS solution, and distilled water were added together and vigorously stirred for 1 h at room
temperature. Then, NH; solution was added to induce the precipitation of a blackish material. The
obtained product (MCS/GO) was washed several times with DI water and absolute ethanol, and
finally dried in an oven. In the second step, EDTA and dried ground MCS/GO dispersions were
mixed and allowed to react for 24 h at room temperature. Finally, the synthesized EDTAMCS/ GO
nanocomposite was oven dried at 600C then manually grinded into a fine powder for adsorption
studies.

2.2. Adsorption Experiments: Batch type contact method

Adsorption experiments were carried out in a thermostatic water bath shaker at 150 rpm rate at a
particular temperature for predetermined time intervals using 100ml clean and dried Stoppered
bottles. The metal ion concentrations in liquid phase were determined by atomic absorption
spectroscopic studies. The amount of metal ions adsorbed in (mg/g) at equilibrium (ge) was calculated
from the mass balance of initial and final metal concentrations in the agueous phase. The amount of
metal ion adsorbed at time gewas calculated from mass balance equation.

C,-C)V
Qe = M .................................. (]_)

m
where ( is the adsorbed metal ions per unit mass of adsorbent(mg/g) and V is the sample volume in
L, mis the weight of the adsorbents.
The removal efficiency of various nanoadsorbents was calculated by using the equation,

% removal = Mxloo ............................. (2)

(0]
where, C, and C, are the initial and the equilibrium concentrations of heavy metal ions.

The quantity of metal ions adsorbed at selected time intervals was determined and used for
kinetic analysis. Through the batch adsorption experiments it is possible to collect the details of the
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applicability of adsorbent materials. But for studying the practical application in a bulk, continuous
column studies are to be conducted in waste water effluents.

The adsorption conditions for the adsorbents were optimized by varying experimental parameters
such as contact time, pH, initial concentration of adsorbate, pH, and adsorbent dose by batch method.

2.3. Instrumentation

The XRD measurement was performed on an XPERT-PRO powder diffractometer with Cu-Ka
radiation as the X-ray source in the 26 range of 10-90°. The surface morphology was measured by a
scanning electron microscope (SEM) of model JED-2300 system. FTIR spectra were recorded using
Perkin-Elmer FTIR Spectrophotometer in the wave number range of 400 cm™ to 4000cm™ by KBr
disc method. Adsorption studies were carried out using GBC-AAS spectrometer having lamp current
5milli ampere and a wave length 270nm.

3. RESULTS AND DISCUSSION

3.1. XRD Analysis

The XRD pattern of the GO is shown in Figure 1a. The peak at 20 = 11.6° indicates that the
agricultural sugarcane bagasse is fully oxidized into graphene oxide with the interlayer distance of
0.79 nm. This XRD pattern can be attributed to well graphitized two-dimensional structures made of
GO sheets. The synthesized nanocomposite shows (Figure 1b), several sharp and strong diffraction
peaks in, ranging from 26 = 30-70°, attributed to magnetic nature of nanocomposite. The XRD peak
at 26=30° indicated the amorphous behaviour of CS. A peak around 26=18° might be the evidence of
the presence of EDTA. These XRD peaks confirmed the formation of EDTA-MCS/GO
nanocomposite [2].
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Fig.1: XRD spectrum of (a) Graphene Oxide (b) EDTA-MCS/GO nanocomposite

3.2. SEM Analysis

Surface morphologies and structures of the EDTA-MCS/GO nanocomposites were obtained
from SEM analysis (Figure 2). The SEM image of GO (Figure 2a) revealed a sheet-like structure of
sp>-hybridized carbon atoms with a smooth surface and crumpled edges. The SEM image of EDTA-
CS (Figure 2b) revealed the spherical nanoparticles with smooth particle surface. The SEM image in
Figure 2c shows small rounded magnetic chitosan (MCS) particles distributed roughly onto the GO
surface. CS was well dispersed with GO and showed a close attachment, which indicated bonding
between GO and CS. By adding EDTA, the size of magnetic particles increased. Therefore, in the
surface of the GO sheets, comparatively large, rounded magnetic EDTA-CS particles were observed.
This phenomenon increased the surface availability of the nanocomposites for adsorption and
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prevented GO agglomeration. EDTA functional groups and amino groups present in CS could form
chemical bonds with the GO sheet surface.

2560 X10000 fpm 12 45 SEI 26KV X10,000 1pm 1246 SEI

Fig. 2: SEM image of (a)GO,(b) EDTA-CS (c) EDTA-MCS/GO nanocomposites

3.3. FTIR Analysis

The FT-IR result shows (Figure 3) that EDTA-MCS/GO contains humerous oxygen and nitrogen
functional groups. A broad band observed at 3386 cm™ was assigned to O-H or N-H stretching
vibrations from adsorbed H,O or —NH, groups of CS on the surface of EDTA-MCS/GO.The band at
563 cm* was recognized as FeO bond stretching in EDTAMCS/ GO. The stretching vibration and
bending vibration of the N-H bond appeared in a band at 1080cm™, which was assigned to —NH
groups in EDTA or CS on the surface of EDTAMCS/GO. Another vibrational band at 1375cm™ was
assigned to C-OH. A strong band at 1640 cm™ was attributed to CO bond vibrations in carboxyl
functional groups. Bands at 2920 and 2845 cm™ resulted from C—H bonds in alkane groups. These O
and N functional groups could act as available adsorption sites and play important roles in the
removal of metal ions from aqueous solutions.
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Fig. 3: FTIR spectrum of EDTAMCS/GO

3.4. Adsorption Studies

Present study focuses on the feasibility of synthesized EDTAMCS/GO as high efficient
adsorbents for the removal of Lead ions (Pb(ll)) and Arsenic ions (As(lll)) from aqueous solutions.
The effect of various operational conditions such as pH, adsorbent dosage and contact time was
systematically studied. Adsorption kinetics and isotherm models were also analyzed to reveal the
adsorption mechanisms.

(73]
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The effect of pH on the adsorption capacity of metal ions such as Pb(ll) and As(llIl) was
evaluated in a pH range of 2.0 to 9.0 by agitating 100 ppm metal ion solution with 0.1g of EDTA-
CS, GO and EDTA-MCS/GO separately. From Figure 4 it is observed that the percentage of
adsorption of metal ions increased with increase in the solution pH for all adsorbents. The low
adsorption in the acidic region can be attributed to the competition between hydrogen and metal ions
for the same sites. The increase in pH makes the EDTA-MCS/GO surface more negative, thus
enhancing electrostatic interactions between metal ions and the adsorbent, resulting in higher retention
of metal species [3].

In the case of lead it exists as Pb®*, PbOH* and Pb(OH)*" depending on pH. At lower pH value,
low metal ion uptake was observed. At low pH values, the adsorbent is positively charged due to the
presence of H* ions on its surface and hence offers repulsive force to approaching Pb?* ions. However,
more Pb?* uptake is observed as the pH increases which are due to the fact that at high pH values, lead
still has a net positive charge but exists as PbOH" while most active sites on the adsorbent are
deprotonated. This leads to net attractive force that is responsible for high Pb removal from solution.
But at elevated pH values i.e, in strong basic region, the uptake of metal ions decreased, may be due
to the hydroxide formation. In the present study the removal efficiency in the case of all the three
samples was found to increase with pH and attained maximum at pH 6 and then it was found to
decrease. At all pH values EDTAMCS/GO showed maximum removal efficiency.

The pH of the solution was found to have a great effect on the adsorption of As(l11) ions also.
The adsorption increased sharply with pH and attained almost a constant value from pH 8 onwards
and then showed a slight decrease in adsorption level [Figure 4]. The hydrolysis and precipitation of
metal ions affect adsorption by changing the concentration and form of soluble metal species those are
available for adsorption. Depending upon the pH of the solution, various species of arsenic can be
formed during the hydrolysis. The hydrolysis extent of As(lII) ions is unimportant up to
approximately pH 8. [4]. In this case also at all pH values EDTAMCS/GO showed maximum removal
efficiency. After each adsorption process, the final pH of the solution was recorded. It was found that
after adsorption pH of the solution was lower compared to initial pH. This decrease in pH is an
indication for ion exchange mechanism for removal of metal ions and the adsorption of metal ions
onto EDTAMCS/GO surface by the release of H* ions [5].
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Fig. 4: Removal efficiency vs pH for Pb(11) and As(l11)

The dependence of adsorbent dosage on metal ion adsorption was studied by varying the amount
of adsorbents from 0.025 to 0.2 mgL™. From Figure 5, it can be observed that the removal efficiency
of the adsorbents are enhanced by raising the adsorbent dosage and reached a saturation level at
higher dosage. This is expected due to the fact that at higher concentrations of adsorbents greater is
the availability of exchangeable sites for the ions. But increase in dosage beyond a certain level results
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in no further increase in adsorption, may be due the fact that the amount of ions bound to the
adsorbent and the amount of free ions in the solution remains constant [6].
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The dependence of adsorption capacity of EDTAMCS/GO on the initial concentrations of Pb(ll)
and As(l11) ranging between 50 to 200 mg/L using 0.1 gm of the adsorbent is represented in Figure 6.
The adsorption capacities increased steadily with increase in metal ion concentrations. The increase in
the concentration gradient acts as a driving force for the adsorption process. When the concentration
of metal ions increases, the active sites of EDTA-MCS/GO are surrounded by more metal ions, and
the number of metal ions competing for available binding sites increases leading to an increased
uptake of metal ions from the solution. Therefore the value of g increased with increase of initial
metal ion concentration (C,). It is also evident that adsorption capacity of EDTA-MCS/GO is higher

as compared to EDTA-CS and GO; this is because of the presence of more active sites in EDTA-
MCS/GO.
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Fig. 6: Adsorption efficiency vs initial metal ion concentrations for Pb(I1) and As(l11)

The kinetic data were analyzed using the pseudo-first-order and pseudo-second- order kinetic
models for EDTA-MCS/GO [Figure 7].
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The kinetic data were analyzed using the following pseudo-first-order and pseudo-second- order
kinetic models:

Q¢ = qe(]-_ e_klt)

_ KoQet
1+ K50t

t

where g, and g are the amounts of solute adsorbed per unit mass of the adsorbent at equilibrium and
time t (min), respectively, k; is the pseudo-first-order rate constant (min™) and k, is the pseudo-
second-order rate constant of adsorption (g/mg/min). The pseudo-first-order and pseudo-second-order
kinetic parameters were estimated from the experimental data using non-linear curve fitting procedure
and the results are given in Table 3.3. The pseudo-first-order equation showed a poor correlation with
experimental data, whereas the pseudo-second-order equation indicated a good correlation as
indicated by a lower value of %* and higher value of R? (nearing unity). In addition, g, which is the
adsorption capacity, agreed very well with both the experimental and calculated values. The kinetic
data indicates that the adsorption process is controlled by pseudo second-order equation. Also, this
suggests the assumption behind the pseudo-second-order model that the metal ion uptake process is
due to chemisorptions involving valence forces through the sharing or exchange of electrons between
adsorbent and adsorbate [7].
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Figure 7: Kinetic plots for Pb(Il) and As(I11)

Table 1: Kinetic parameters for the adsorption of Pb(I1) and As(111)

Metal ion | g.(mg/g) Pseudo-first-order Pseudo-second-order
Exp [ a(mglg) [ ki/min [ R® | 5 | q«mg/g) | kemin™ | R® | o
44.98 54.6 0.02| 096| 35 4582 | 0.5x107| 0.96 | 0.61
Pb(11) 93.65 122 0.02] 0.97 6 97.99 | 0.1x10™*| 0.95| 0.23
12191 | 162.11 0.02] 0.98 8 128.32 | 0.1x10™| 0.96 | 0.57
149.87 | 190.61 0.01| 0.95 9 155.32 | 0.1x10™*| 0.99 | 0.17
34 41.44 0.02| 096| 35 3459 | 0.6x10*| 0.96| 3.21
73.33 89.66 0.02] 0.98 8 7469 | 0.3x10*| 0.98| 3.62
As(I11) 11091 | 163.65 001] 096 47 124.22 | 0.4x10*| 0.95| 5.71
121 | 168.81 0.01| 098] 29 128.47 | 0.1x10™| 0.97 | 4.62
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The adsorption of metal ion on EDTA-MCS/GO was examined by well-known models to
interpret equilibrium isotherm data. The experimental data of equilibrium adsorption were analyzed
using the non-linear forms of Langmuir, Freundlich and Sips, isotherm equations:

qmbCe
= e e 5
i 1+bC, ©)
Qo = KECYM o (6)
QK Ce™
B 4 e 7
L K CY/M "

where ge and Ce are the equilibrium concentrations when an adsorbate gets adsorbed onto the
adsorbent and gm denotes the maximum adsorption capacity and b is the Langmuir constant. ke
(function of energy of adsorption and temperature) and 1/n (also called as the heterogeneity
coefficient) are the Freundlich constants. If the 1/n value is less than 1, then it can be assumed that the
adsorbent material is heterogeneous in nature. Qs, is the Sips maximum adsorption capacity, Ks is the
Sips equilibrium constant and 1/ns is the Sips model exponent.

The experimental and model fits of Langmuir, Freundlich and Sips isotherms of Pb(ll) and
As(111) adsorption onto EDTA-MCS/GO are shown in Figure 8. The isotherm constants were
calculated using non linear regression analysis and the results are listed in Table 2. Here also the
values of R? and y* showed that the adsorption of metal ions onto EDTA-MCS/GO was best fitted
with Sips isotherm model over the concentration ranges studied. Sips isotherm model is a combination
of Langmuir and Freundlich adsorption isotherm models. At higher concentration Sips favors
Langmuir model while at lower concentration it favors Freundlich model. The R? values for all the
three isotherms models were beyond 0.99 which indicate the suitability of models in explaining
adsorption mechanism. Lower value of ¥* and higher value of R? show a very good mathematical
agreement with Sips isotherm model. Sips isotherm gives the idea of multilayer adsorption at lower
concentration and monolayer at higher concentration of the metal ion.

160 160

g.(ma/g)
g.(ma/g)

Gy cmL)

Fig. 8: Experimental and model fits of Langmuir, Freundlich and Sips isotherms of Pb(l1) and As(l11)
adsorption onto EDTA-MCS/GO
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Table 2: Langmuir, Freundlich and Sips isotherm constants for the adsorption of Pb(Il) and As(l11)
onto EDTA-MCS/GO

Pb(I) As(I11)
Om Mg/ 166.67 130.62
Langmuir b L/gng 0.19 0.01
R 0.99 0.93
N 45 14
ke mg “"L /g 4447 7.12
. 1/n 0.27 0.59
Freundlich =u 0.98 0.88
XZ 2.0 2.2
Qs mg/g 169.23 149.21
U’:;g 0.10 0.005
Sips 1n 0.73 2.03
s . .
R® 0.99 0.95
N 1.1 8.3

In the present work the maximum adsorption capacity obtained using EDTA-MCS/GO for Pb?*
adsorption was 169.23 mg g and for As(Il1) it was 149.21 mg g™ under optimum conditions. This
result suggests that the EDTA-MCS/GO prepared in the present study can be considered as a
promising material for the removal of heavy metal ions from industrial waste water.

The desorption capacity of the prepared EDTA-MCS/GO was checked with HCI having different
concentrations, ranging from 0.001 to 0.1 M . It was observed that the adsorbed Pb(Il) and As(l1)
could be desorbed from the spent adsorbent using 0.1 M HCI and hence it could be used for the
regeneration of EDTA-MCS/GO The adsorption—desorption process was carried out for six cycles
with 0.1M HCI [Figure 9] and it was found that there was only a slight decrease in the adsorption
capacity with respect to the regeneration cycles. However desorption capacity decreases to some
extent because of the possible penetration of metal ions into inner cavities (pore diffusion or
intraparticle diffusion). Therefore it could be included in the list of very effective adsorbent for
Pb(Il)and As(I1) in real process such as industrial waste water treatment .
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Fig. 9: Adsorption—desorption cycles for Pb(1l) and As(llI)
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The practical efficiency and effectiveness of the adsorbents prepared were tested with industrial
waste water. The collected waste water sample had Pb(ll) and As(111) concentrations higher than the
acceptable concentration for drinking water. Batch experiments conducted with industrial waste water
showed that higher amount of adsorbent was needed compared to original metal ion solution. This
discrepancy was due to the competitive adsorption of matrix ions with binding sites/screening effect
by other metal ions.

4. CONCLUSION

This work demonstrated the efficient removal of divalent (Pb**) and trivalent (As®*) metal ions
using EDTA-MCS/GO nanocomposite. The synthesized nanomaterial was characterized by XRD,
SEM, and FT-IR. The pseudo-second-order kinetic model gave better correlation with the adsorptions
of all the metal ions than the pseudo-first order model. Sips isotherms were the best fits isotherm
model for all metal ion adsorption. The synthesized nanocomposite exhibited a good regeneration
capacity. Efficient removal of metal ions in real wastewater was also tested. Therefore, EDTAMCS/
GO nanocomposite is a promising adsorbent metal ion removal from wastewater.
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