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Abstract. A nanocomposite of chitosan and poly acrylic acid grafting multi-walled carbon nanotubes
p(CS-co-AA)/MWCNTs was produced using free radical polymerization to study its efficiency in
eliminating the antibiotic ofloxacin (OFL) from aqueous solutions. The synthesized nanocomposite
material has undergone characterization using FTIR, XRD, FESEM, TEM, EDX, and Zeta potential
techniques. The adsorption of OFL on the p(CS-co-AA)/MWCNTSs has been evaluated using three
established Langmuir, Freundlich, and Temkin isotherm models. The isotherm constant (KF) of 0.218
and the separation factor (R?) of 0.956 indicate strong and desirable adsorption of OFL on
p(CS-co-AA)/MWCNTs with a concentration of 100 mg/L at a temperature of 293K and
an acidic medium with a pH of 7.0. The primary cause of the reduction in OFL adsorption and
dehydrogenation is the increase in pH level. The Van't Hoff equation indicates that the OFL
adsorption process exhibits fast kinetics, as seen by a negative thermodynamic parameter
AH of -0.012 kd/mol. The pseudo-second-order kinetic model (R?= 1.00) confirms this observation.
The results indicate that the synthesized nanocomposite can effectively remove OFL from polluted

aqueous solutions.
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Introduction

Fluoroguinolone antibiotics (FQs) are
prevalent antibiotics globally and are extensively
employed for treating various microbial illnesses in
humans and other species [1]. Nevertheless,
individuals only absorb a portion of the antibiotic,
with 25-75% of it being expelled into the
environment through urine and feces [2]; this leads
to the buildup of FQs in the aquatic environment.
Ofloxacin (OFL) is a quinolone antibiotic with a
wide range of activity inhibiting bacteria's DNA
gyrase. It can be administered in several dosage
forms [3]. Currently, the techniques used to
eliminate FQs from water include adsorption,
oxidation, photocatalysis, and biodegradation [4].
Adsorption has become a prominent focus of
studies because of its simplicity, cost-
effectiveness, and lack of harmful by-products that
might lead to more pollution. Consequently, it has
emerged as the predominant technique for
eliminating antibiotics from water [5,6].

The adsorption method can effectively treat
a diverse array of pollutants. This method is
considered the most economical, effective,
practical, and environmentally benign of the
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currently  employed  wastewater  treatment
technologies [7-9]. Adsorption is a widely
recognized surface phenomenon that can
effectively eliminate organic and inorganic
micropollutants. It removes impurities from water
after chemical or biological treatment. Adsorption
is increasingly employed to remove dissolved
contaminants that have resisted chemical oxidation
or biological treatment [10-12].

A variety of adsorbents have been employed
for the purpose of antibiotic adsorption from its
aqueous environment, including carbon nanotubes,
activated carbon, ion exchange resins, clay
minerals, and biochar, which has recently garnered
considerable interest owing to its abundant supply
and reasonable price [13]. Carbon nanotubes
(CNTSs) possess a great capacity to adsorb heavy
metals and persistent organic pollutants because of
their strong hydrophobic nature and extensive
surface area (SA). As a result, CNTs are being
progressively employed as adsorbents in the
process of removing pollutants [14-16].
Multi-walled carbon nanotubes (MWCNTS) are a
form of carbon nanotubes that consist of two or
more carbon sheets and have a diameter ranging
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from 1 to 20 nm [17]. They are commonly used to
adsorb medicines [18], organic compounds [19]
and surfactants [20] from aqueous solutions. CNTs
are a highly promising type of adsorbent for
the purification of water. Nevertheless, the
effectiveness of their application is constrained by
the propensity for aggregating up and the inability
to recover from such conditions [21]. Surface
functionalization and/or integration with other
materials are considered effective strategies to
address these restrictions [22]. Chitosan (CS) is a
biopolymer derived from chitin, with abundant
amine and hydroxyl functional groups. It has
gained significant interest due to its strong binding
ability, wide availability, and remarkable film-
forming properties [23].

The present research aims to assess the
feasibility of utilizing MWCNTs combined with
poly chitosan and acrylic acid nanocomposites as
an adsorbent for OFL adsorption, evaluate the
suitability of different isotherm models (such as
Langmuir and Freundlich) to identify the
best-suited isotherm equation and determine
kinetic parameters and the adsorption mechanism.
The impact of many factors, such as adsorbent
amount, contact duration, pH, and temperature, on
the adsorption process has been investigated.

Experimental
Materials

The MWCNTs powder (OD= 40-60 nm,
length= 5-10 um, purity 99%, surface
area> 200m?/g, layers number= 7, density
2.1 g/cm®), was obtained from VCN Materials, Co.,
Ltd, Iran. Chitosan (CS) with a median molecular
weight of 96% acquired from HIMEDIA, India.
The OFL medication was provided by MACLIN,
China. Acrylic acid (AA) was acquired from
Merck, Germany. Acetic acid with a purity of
99.5% and N,N'-methylenebisacrylamide (MBA)
with a purity of 99% were obtained from CDH,
India. The initiator, potassium persulfate (KPS)
with a purity of 99%, has been obtained from
THOMAS BAKER, India. The chemicals: NaCl,
CaCl,, KCI, NaOH, HCI, and N2 gas have been
supplied from Fluka, Germany. All the solutions
were diluted using de-ionized water.
Preparation of poly (CS-co-AA)/MWCNTSs
nanocomposites

To make a 2.5 wt% CS solution, 0.5 g of CS
was mixed with 20 mL of 1% acetic acid.
The dispersal of CS polymer was finished by
stirring the resulting solution for 15 minutes at
60°C. Before being introduced to the CS solution,
a 0.1% MWCNT solution was treated for
10 minutes under an ultrasonic field. Stirring the

CS/MWCNTs mixture at 70°C ensured that the
grafting process was finished. As a polymer
cationic surfactant, CS macromolecules were
adsorbed onto the MWCNTS' surface during this
stage, stabilizing the MWCNTSs [24].

The preceding solution was supplemented
with 15 mL of acrylic acid (AA) as a monomer.
After adding the initiator KSP (0.02 g in 2 mL
DI.W.) and the cross-linker MBA (0.02 g in 2 mL
DI.W.), stirring continuously, the solution was
bubbled with nitrogen gas for 15 minutes to
remove any oxygen and then placed in a water bath
at 65°C for two hours to finish the polymerization
process. The final nanocomposite material was cut
into five mm-sized pieces and continuously rinsed
with deionized water, then refilled with fresh
deionized water for 24 hours to eliminate unreacted
monomers. The nanocomposite material was
rinsed and then dried at 50°C to a consistent
weight. Ultimately, p(CS-co-AA)/MWCNTSs were
crushed, sieved, and kept in airtight containers for
further use [25].

Instruments

FT-IR spectra for nanocomposites were
registered on a Bruker, Germany (model: Equinox
55, Tensor 27), KBr at a range of (400-4000 cm ™).
XRD collected from a diffractometer of the Philips,
USA (model: PW1730). Microscopic study of the
products was indicated by FESEM with Tescan,
Czech Republic (model: Mira3) and TEM via
Philips, Nederland (model: EMZ20.8S). Zeta
potential was determined using Malvern
Instrument Zetasizer Nano-ZS. EDX is the same as
FESEM device and only detector changes (SE).
UV-Vis spectra were conducted on a Shimadzu,
Japan  ultraviolet-visible  spectrophotometer
(model: PC 1800)

Adsorption isotherm

Initial data were gathered by batch
adsorption experiments, which helped determine
the best concentration, equilibrium duration,
temperature, ionic strength, and pH for maximal
removal effectiveness. All tests were conducted
three times each. All tests were conducted three
times each, in separate stoppered conical flasks,
each set containing 0.05 g of nanocomposites.
A quantity of 10 mL of a prepared OFL drug
solution at concentration of 100 mg/L was added
to each flask. After the samples were shaken at
125 rpm in the shaking incubator until
equilibrium was reached, they were centrifuged at
3000 rpm for ten minutes to separate them.
The equilibrium concentrations (Ce) were
determined using the calibration curve. The
amount of drug absorbed was determined using

Eq.(1) [26].

85



Z.J. Khudair and Z.M. Kadam / Chem. J. Mold., 2024, 19(1), 84-92

Qe or X = (0= (1) porous architecture which had resulted in
m m p(CS-co-AA)/MWCNTSs having a high specific

The adsorption efficiency (E%) of the drug surface area.

was calculated according to the Eq.(2) [27,28].

Co—-Ce

E% ZTX 100 (2)

where, X is the amount of adsorbed drug;
m (g) is the mass of the adsorbent material;
Qe (mg/Qg) is the quantity of drug adsorbed at
equilibrium;
Co (mg/L) and Ce (mg/L) refer to the initial
and at equilibrium concentrations of the
drug, respectively.

SEM MAG: 70.0 kx WD: .18 mm

Det: SE SEM HV: 15.0 KV
Date(m/dly): 08/07/23

Results and discussion
Characterization of p(CS-co-AA)/MWCNTSs
nanocomposites

The FTIR spectrum of the p(CS-co-AA)/
MWCNTSs nanocomposites is shown in Figure S1.
The spectrum indicates the presence of a peak in
1147 cm™' of the C-O group tensile vibration in
chitosan. Peak appearance at 1706 cm™" illustrates
C=0 of the acrylic acid, and the adsorption bands
at 2931 cm™' illustrate the aliphatic C-H tensile
group in acrylic acid. The prominent band
observed in the spectrum, spanning from around
2500 to 3500 cm™, can be attributed to the
hydrogen bonding present in the composite.

Figure S2 shows the XRD patterns of
p(CS-co-AA)/MWCNTSs nanocomposites. The (b)
lack of sharp diffraction patterns indicates on the L
amorphous nature of the sample which only had a
broad diffraction band of 20.05 at 26 angle,
characteristic for amorphous chitosan composite.
Also, the peak in position 36.1 demonstrates the
presence of polyacrylic acid in this nanocomposite
material. This is similar to the observation made
for amorphous chitosan composite by [29].

Figure 1(a) displays the scanning
electron microscope (SEM) images of the
p(CS-co-AA)MWCNTS, the composites have a
rough non-smooth surface, which increases the
specific surface area. This, in turn, improves the
efficiency of adsorption. Additionally, the
presence of porosity can be observed on the surface
of the p(CS-co-AA)/MWCNTSs, leading to
enhanced adsorbent characteristics. Figure 1(b) is
a TEM micrographs of p(CS-co-AA)/MWCNTSs
composite.  TEM images of nanocomposites
showed no discernible MWCT, indicating a high
degree of homogeneity and a significant impact of
chitosan on carbon nanotubes. The micrographs
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showed a porous and hollow structure, the particles ()
are of irregular shapes, lines of aligned pores Figure 1. Micrographs of p(CS-co-AA)/MWCNTS
are visible, indicating the existence of a highly FESEM (a), TEM (b), EDS (c,d).
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Both SEM and TEM micrographs, in general
supported the amorphous nature of the surface.
Figure 1(c) displays the EDS (energy dispersive
spectrometry) analysis; the percentage values
of the elements in the composites are shown
Figure 1(d).

The zeta potential of the p(CS-co-AA)/
MWCNTs nanocomposites is determined to
be -46.5 mV, indicating a significant anionic
charge. This is illustrated in Figure S3.
The existence of oxygen-containing groups, such
as carboxyl and carbonyl on the surface of
untreated powders is responsible for the negative
zeta potential values in chitosan and acrylic acid.
The negative zeta potential of the nanocomposite
surface can be attributed to the dissociation
of the carboxyl (COOH) and carbonyl (C=0)
groups [30].

Adsorption study
Calibration curve of OFL drug

The OFL drug was serially diluted to create
solutions of various concentrations. The absorption
values of OFL solutions were measured at the
chosen wavelength (Amax= 287 nm). These values
were then plotted against the concentration
values of OFL, as depicted in Figure S4.
The calibration curve was used to determine the
OFL’s concentration within the range where
Beer-Lambert's law is applicable.

Effect of contact time

Figure 2 indicates the effect of contact time
on drug adsorption by p(CS-co-AA)/MWCNTSs
nanocomposites. The amount of drug adsorbed
increases rapidly, being noticeable during the first
10 min. The amount of drug adsorbed increases
gradually until the contact time is reached, that
indicates that all the active groups are saturated
with the adsorbent material. At the duration of
90 minutes, a small alteration in the quantity of
adsorbed drug was observed. Therefore, this time
point was selected as the optimal adsorption time
for the drug, utilizing the p(CS-co-AA)/MWCNTSs
nanocomposites [31].

Effect of temperature

Temperature's impact on the adsorption was
studied at 15-30°C, several concentrations of the
drug (in the range of 10-200 mg/L) being taken.
The contact time was of 90 min. The results shown
in Figure 3 demonstrate that the concentration of
OFL drug increases once the temperature
decreases, which indicates that the adsorption
process is exothermic. The greater kinetic energy
of the molecules and their reduced propensity to
interact with the adsorbent may be associated with
the temperature of the adsorption process.
At ambient temperatures, the amount of OFL

adsorbed is acceptable compared to data obtained
at higher temperatures, and the decrease does not
appear to be significant within the range of
15-30°C [32,33].
Effect of pH

The findings on the determination
of the efficacy of p(CS-co-AA)/MWCNTS
nanocomposites in removing OFL are displayed in
Figure 4. Results were obtained by using solutions
of HCI (0.1 mol/L) and NaOH (0.1 mol/L) in a pH
range of 2-10. Data demonstrated an increase in
removal efficiency in the pH range 2—7.

20 A
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Figure 2. The effect of contact time on OFL
adsorption on the p(CS-co-AA)/MWCNTSs at 20°C,
90 min, pH=7.
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Figure 3. Effect of temperature on the adsorption
of OFL on the p(CS-co-AA) MWCNTS.
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Figure 4. Effect of pH in the OFL adsorption
on the p(CS-co-AA) MWCNTSs.
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Figure 5. Effect of ionic strength on the OFL
adsorption on the p(CS-co-AA)) MWCNTS.
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Figure 6. Freundlich isotherm for adsorption of
OFL onto p(CS-co-AA)/MWCNTSs at 20°C,
90 min, pH=7.

The most efficient removal of OFL was
observed at pH 7, according to the experiments.
This is due to the fact that adsorbates become
ionized and acquire a negative charge at this pH
[33]. The adsorbent forms an electrostatic
interaction with drug because of the positive
charges of the chitosan and polyacrylic acid.
This is because NH; group of the chitosan and the
COOH group of the polyacrylic acid both become
positively charged and release NHz* and COOH,",
respectively, in the aqueous solution. Additionally,
when the pH is greater than the pka values (pka,
OFL= 6.08), the drug is protonated, and the
adsorbents' positive charges provide a repulsive
force, resulting in reduced adsorption at higher
pH values [34].

Effect of ionic strength

Figure 5 shows that the amount of adsorbent
material decreases with the increase of the salt
concentration. To interpret this phenomenon, if the

nature of the linkages between the adsorbent and
adsorbate is electrostatic attraction, the efficiency
of the adsorption process will be reduced, addition
occurs competitive between salt ions and cationic
drug molecules. The salt also creates double layer,
disrupting the drug from its adhesion to the surface
[35]. It can also be noticed that the effect of
calcium ion is lower than the rest due to the smaller
size of the ionic radius. Also, the higher
electrostatic attraction of the sodium and potassium
ions will increase the shielding effect on the
surface of nanocomposites, that leads to reduction
of the adsorption process.
Adsorption isotherm models

The relationship between the amount of
material adsorbed and the concentration of the
adsorbate in the solution, with regards to
temperature, is described by the adsorption
isotherm. The adsorption equilibrium data were
analysed using the Freundlich, Temkin, and
Langmuir isotherms. The correlation coefficients
are typically used to determine the appropriateness
of isotherm equations and establish a linear
relationship. The Freundlich isotherm expresses a
direct correlation between log Ce and log Qe.
The isotherm depicted in Figure 6 (Langmuir and
Temkin plots shown in Figure S5 and S6,
respectively) and Table 1 demonstrates that OFL
drug ions apply to this isotherm depending on the
correlation coefficient. This suggests that the
surface is heterogeneous and multi-layer with a
difference in energy levels between active
adsorption sites. The Langmuir adsorption
isotherm describes the formation of a monolayer of
adsorbate molecules on a surface, with an equal
number of adsorption sites [36].
Adsorption thermodynamics

The basic thermodynamic  quantities
of adsorption of OFL drug on
p(CS-co-AA)/MWCNTSs nanocomposites were
estimated via calculating values Xn, at several
solution temperatures (Figure 7). The free change
energy (4G), entropy (4S) and enthalpy (4H) are
calculated using Egs.(3-5).

AG =AH —T x AS (3)
AG =- RT InKeq 4

AH® | AS®
aneq——E+7 (5)
Table 1

The coefficients and constants of correlation Langmuir, Friendlies and Temkin isotherms of OFL adsorption
on the p(CS-co-AA)Y MWCNTSs.

Langmuir equation

Freundlich equation

Temkin equation

KL Qmax Rz KF
-0.077 -20.964 0.7096 0.218

n R2 Ky B R2

0.405 0.9561 0.3559  290.842  0.9497
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Figure 7. Plot of In Xm against reciprocal
absolute temperature for adsorption of OFL
drug adsorption on the p(CS-co-AA) MWCNTSs.

Table 2 shows the thermodynamic
parameter of OFL drug adsorption on the surface
of p(CS-co-AA)/MWCNTs  nanocomposites;
Free Gibbs energy (4G) has a negative value
indicating that the adsorption process is
(spontaneous) [37]. While the change in entropy
(4S), the negative value indicates that
the particles adsorbed on the surface of the
adsorbent polymer are more regular and that the
particles are restricted in movement. As for the
change in enthalpy (4H), its negative value
indicates that the adsorption process is exothermic,
and since the enthalpy value is less than
40 KJ/mol, the adsorption process of OFL on the
surface of the nanocomposite is of a physical
nature.

Adsorption kinetics

Key to the kinetic process is comprehending
the dynamic response and investigating adsorption
conditions. In order to determine the control
phase and adsorption mechanism, experimental
data has been analysed using a variety
of kinetic models. Various models, such as
intraparticle diffusion, pseudo-first-order, and
pseudo-second-order kinetic models, were used to
determine the adsorption process kinetic equation.

The pseudo-first-order kinetic model is represented
in Eq.(6) [38].

Ln(qe — qt) = In(qe) — k; * t (6)

The linear plot In(ge—qy) as a function of t
is presented. The corresponding data is also
recorded in Table 3 and Figure 8(a) for the
(OFL). According to the pseudo-first-order kinetic
model, the number of available vacant spaces has a
direct correlation with the rate of filling the
adsorbent active sites. Table 3 shows that
there is a disagreement between the results and
experimental data derived from the pseudo-first
order kinetic model and the equilibrium adsorption
capacity values (ge) for OFL. The ge values
from the model do not match the experimental
values (Qexp)-

According to the pseudo-second-order
model, the adsorbent and adsorbate share or
exchange electrons, which controls the rate of
surface adsorption. Eq.(7) represents the form of
the pseudo-second-order [39].

1 1 t

E - kh.qe2 t q_e (7)

where, kn is a pseudo-second-order constant,
(g/mg.min).

By plotting the OFL adsorption on the
p(CS-co-AA)/MWCNTSs nanocomposites and then
determining the slope and intercept of the lines at
different concentrations, the values of g. and k
have been ascertain, as shown in Table 3 and
Figure 8(b). The pseudo-second-order equation
appears to be an appropriate model for
depicting the OFL Kkinetics process on the
p(CS-co-AA)MWCNTSs nanocomposites, as there
is minimal discrepancy between the experimental
adsorption  capacity (Qe) and the value
computed using the model (qea) along with a
higher correlation coefficient compared to other
Kinetic models.

Table 2

Thermodynamic parameters of OFL drug adsorption on the p(CS-co-AA) MWCNTS.

parameter AG (kJ/mol) AH (kJ/mol) AS (J/mol K) Equilibrium Constant (K)
OFL — [p(CS-co-AA)/ i ) )
MWCNTS] 2.7514 0.0121 32.174 3.09408

Table 3

The pseudo-first-order and pseudo-second-order kinetic constants and correlation coefficients of OFL drug
adsorption on the p(CS-co-AA)) MWCNTSs.

Pseudo-first-order

Pseudo-second-order

Kl qe R2
0.091 3.656 0.7137

K2 qe R2
0.058 19.417 1
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Figure 8. Pseudo first order model (a), Pseudo
second order model (b) of OFL drug adsorption
on the p(CS-co-AA) MWCNTS.

Conclusions

MWCNTSs combined with poly
chitosan and acrylic acid nanocomposites
were successfully synthesized and efficiently
used for the adsorption of OFL from aqueous
solutions. The calculated adsorption
parameters and the equilibrium data were
best fitted by the Freundlich model, giving a
maximum adsorption capacity of 38.8 mg/g
in contact time= 120 min, an initial adsorbate
concentration= 100 mg/L, and a pH= 7 at
293K (the adsorption capacity decreases as
the temperature increases). The authors
studied the adsorption process Kinetically
and analysed the results using pseudo-first-
order and  pseudo-second-order  models.
Pseudo-second-order was found to be the
best correlation model based on the values of
the correlation coefficient (R?). Negative
values of thermodynamic parameters
(4G= -2751 and 4H= -0.012 kJ.mol™)
suggest that this adsorption is exothermic.
This result suggests that the p(CS-co-AA)/
MWCNTs nanocomposites prepared in this
study could be a promising adsorbent for

90

OFL  medication removal in  aqueous
environments in terms of high efficiency and
feasibility.

Supplementary information
Supplementary data are available free of
charge at http://cjm.ichem.md as PDF file.
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