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a b s t r a c t
Chemically modified chitosan-based superhydrophilic adsorbent (CSA) was prepared to pre-
vent its dissolution in acidic medium. Microwave radiations induced free radical polymerization 
was employed successfully to synthesize CSA with high percentage grafting (2,086%). The process 
involves the in situ polymerization of biopolymer chitosan as backbone, with monomer acrylic acid in 
the presence of initiator (K2S2O8). Analytical techniques such as Fourier transform infrared spectros-
copy, X-ray diffraction, thermogravimetric analysis and scanning electron microscopy (SEM) were 
employed to characterize the synthesized adsorbent. Hydrophilic nature of CSA was reflected from 
high swelling capacity (1,224%). Batch experiments were performed for removal of organic (synthetic 
dye Rhodamine 6G [Rh6G]) and inorganic (cadmium [Cd2+] ions). Adsorption parameters such as 
adsorbent dose, initial concentration of pollutants, contact time and pH of the solutions were opti-
mized for removal of 10 mg/L of 50 mL of Rh6G and 25 mg/L of 50 mL of Cd2+ ions from aqueous solu-
tions. The removal efficiency of CSA for Rh6G was found to be 80.34% at pH 10 and 92.04% for Cd2+ 
ions at pH 6 for constant CSA dose 1 g/L and the data were subjected to adsorption isotherm analysis. 
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1. Introduction

Stringent environment legislations and need for 
development of eco-friendly materials and methodologies for 
abatement of pollution have diverted the attention toward the 
development of biomaterial-based technologies to find the solu-
tion of environmental problems. Pollutants both of organic as 
well as inorganic nature are often released into the environment 
from different industries such as tanneries, electroplating, gal-
vanizing, pigments and dyes, paper and pulp, metallurgical 
and other chemical industries [1]. The majorities of the toxic 
pollutants released in environment are persistent in nature and 
have bioaccumulation tendency. The different processes such 

as advanced oxidation process, chemical and electrochemical 
techniques, biological processes and adsorption technologies 
are widely used for the removal of organic and inorganic 
pollutants from aqueous environment [2–4]. However, these 
processes have their own limitations such as high cost; insuf-
ficient to meet stringent environmental regulations and their 
transformed or by-products formed are toxic in nature and can-
not be treated easily [5–7]. Adsorption technology is one of the 
efficient and economic processes for the treatment of persistent 
organic and inorganic substances [8–10]. For the last three 
decades, the research is diverted toward the utilization of nat-
ural materials having high sorption potential for the removal 
of heavy metals and synthetic dyes. Eventually the focus was 
shifted toward the utilization of agricultural waste cellulosics 
as potential candidate for removal of pollutants [11,12]. 
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Heavy metals such as cadmium, chromium, arsenic, 
nickel and zinc are toxic even at very minute concentrations. 
Presence of toxic metal ions is of special concern, because of 
their potential to get accumulated in different components of 
the environment [13]. The presence of cadmium in environ-
ment is from electroplating industries, batteries, phosphate 
fertilizers, mining, pigments, stabilizers and alloys [14]. The 
permissible limit for cadmium in the wastewater discharge 
is 0.1 ppm in India. Cadmium interferes with the normal 
functions in human beings and some of its adverse effects 
are high blood pressure, damage of kidneys, destruction of 
testicular tissues and red blood cells [15]. The cationic dyes 
generated by textile, printing and dye industries are source of 
non-aesthetic pollution. The release of considerable amounts 
of colored water which is considered as hazardous and toxic 
because it generates by-products due to the chemical reac-
tions taking place in wastewater phase [16]. Efficient and 
environment-friendly adsorbents are needed to reduce chem-
ical load of wastewaters to acceptable level at affordable cost.

Polysaccharide biopolymers are employed as an 
adsorbent because of their diverse structure, chemical 
stability, high reactivity and selectivity due to the presence 
of various reactive functional moieties (hydroxyl, amine 
or acetamide) on the polymeric chains. Their abundance, 
renewable tendency, low cost and biodegradability are 
added advantages. Chitosan, a heteropolymer is obtained by 
partial alkaline deacetylation of chitin, a second most abun-
dant biomaterial, found in the exoskeleton of crabs and oth-
ers such as arthropod prawns, lobsters and shrimps. Chitosan 
is used as adsorbent because of its interesting chemical 
properties such as hydrophilicity, biodegradability, anti-
bacterial activity and adsorption potential [17]. However, 
its low porosity, weak mechanical strength, less stability 
and crumbling tendency impairs its applications for waste-
water treatment [18]. Chemical modification of chitosan 
helps to improve solubility characteristics and adsorption 
properties of chitosan. The various researchers attempted 
to improve the metal adsorption capacity through grafting 
technique [19–22]. Polymeric hydrogels are 3D networks of 
hydrophilic polymeric chains containing a large amount of 
water permeability to variety of molecules along with good 
biocompatibility and their ability as adsorbent was studied 
by different researchers [23–26].

The detailed literature study reflects that the different 
synthetic techniques resulted in variation in product 
yield and swelling behavior of polymeric gels. Further, 
no studies have been reported on microwave assisted 
synthesis of chitosan-based superadsorbent gel and its 
applications for removal of model pollutants selected for 
present investigations. The present work aims to prepare the 
polymeric hydrogel with high yield, improved swelling and 
adsorption characteristics. In continuation of our earlier work 
on sequestering of heavy metal ions using natural polymeric 
materials [27,28], the focus of the present work is to syn-
thesize superadsorbent from vinyl monomer acrylic acid 
grafting to natural biopolymer chitosan backbone using the 
microwave radiations with improved percentage grafting. 
Synthesized adsorbent was characterized and its adsorption 
potential for facile removal of organic and inorganic pollut-
ants namely synthetic dye, Rhodamine 6G (Rh6G) and heavy 
metal, Cd2+ as model compound was investigated.

2. Experimental

2.1. Materials

Analytical grade chitosan obtained from Hi-Media 
(Mumbai, India), acetic acid and acrylic acid from SD Fine 
Chemicals (Mumbai, India) were used without further puri-
fication. Rh6G and cadmium stock solutions were prepared 
by dissolving synthetic Rh6G dye (Merck, Germany) and cad-
mium nitrate (Merck, Germany) in millipore water. pH of the 
solution was adjusted by adding 0.1 M NaOH and 0.1 M HCl 
(Fluka, USA) solutions. Millipore water was used for the prepa-
ration of solutions, buffers and during polymerization process. 

2.2. Synthesis and characterization of synthesized CSA

The aqueous solution of chitosan was prepared by 
dissolving 0.5 g chitosan flakes in 10 mL of 3% acetic acid 
solution and kept overnight at room temperature under 
continuous stirring. The requisite amount of acrylic acid of 
5 mol/L concentration was added dropwise in homogenized 
viscous chitosan solution under continuous stirring. The 
mixture was further stirred for 10–20 min for proper distri-
bution of monomer, followed by the addition of requisite 
amount of potassium per sulfate (KPS) initiator. The mixture 
was poured into the reaction flask which was immersed in 
water bowl to ensure the uniform distribution of microwave 
radiations operating at 100 W for 45 min. The synthesized gel 
obtained was washed properly with warm millipore water 
to remove the unreacted monomer and dried in the oven at 
60°C till a constant weight was obtained. Product yield and 
water uptake capacity were recorded in terms of the percent-
age grafting (Pg) and percentage swelling (Ps) in aqueous 
medium.

The percentage grafting (Pg) and percentage swelling 
(Ps) of synthesized chitosan-based superhydrophilic adsor-
bent (CSA) were obtained by using following equations 
[29,30]:

P
W W
Wg =
−

×2 1

1

100  (1)

where W1 and W2 are the weight of pure chitosan and chi-
tosan-based adsorbent (CSA), respectively.

P
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s d

d
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−

×100  (2)

where Ws and Wd are the swelled weight and dry weight, 
respectively. 

Fourier transform infrared spectroscopy (FTIR spectra) 
of synthesized CSA was recorded on FTIR Bruker tensor 
27 running on Opus software. Thermogravimetric analy-
sis (TGA), derivative thermogravimetric analysis (DTA) 
and differential thermal analysis (DTG) of the chitosan and 
CSA were carried out using TG/DTA 6300, SII EXSTAR 6000 
under 50°C–700°C range with heating rate of 10°C/min–1. 
X-ray diffraction (XRD) was recorded using Philips Xpert 
diffractometer (Almelo, Netherlands) with monochromatic 
Cu Kα radiation operating at 40 kV and 20 mA. Scanning 
electron microscopy (SEM) images were obtained with 
Model JSM6100 (Jeol, UK).
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2.3. Batch adsorption experiments for removal of organic and 
inorganic pollutants

Batch experiments were carried out for investigating the 
adsorption potential of chitosan-based hydrogel for removal 
of pollutants from aqueous solution. All experiments were 
carried out in 150 mL conical flask with 50 mL of aqueous 
solution containing Rh6G or cadmium nitrate and equili-
brated at 100 rpm at temperature of 25°C. Solution pH was 
adjusted using 0.1 M of HCl and NaOH solutions. Variations 
in concentration of adsorbate solution, contact time, pH of 
solution and adsorbent dose have been investigated to get 
optimized parameters for maximum pollutant removal. For 
Cd2+ ions, removal efficiency (%R), was recorded for stud-
ies carried out by varying pH (2–7 pH), adsorbent dose 
(25–500 mg) keeping Cd2+ ions concentration 25 mg/L, stir-
ring speed 100 rpm and contact time 120 min. The Cd2+ solu-
tion was agitated on mechanical shaker for 120 min followed 
by separation of adsorbent and the residual concentration of 
cadmium was determined potentiometrically using Thermo 
Orion 920A ion selective meter. 

For Rh6G, adsorption efficiency was studied by varying 
pH from 2 to 10, adsorbent dose 25–100 mg keeping Rh6G con-
centration 10 mg/L, stirring speed 100 rpm and contact time 
240 min. The UV–Vis spectra of Rh6G showed the presence 
of absorbance peaks at 246 and 525 nm. The removal percent-
age (%R) of Rh6G was measured by monitoring the change 
in absorbance at 525 nm using UV–Vis Spectrophotometer. 
All the experiments were replicated three times and results 
were averaged. The removal percentage of pollutants (%R) 
was calculated for each run using the following equation: 

%
( )

R
C C
C
i e

i

=
−

×100  (3)

where Ci and Ce are the initial and final concentration in 
mg/L of Rh6G or cadmium ions (Cd2+). 

The adsorption capacity of synthesized chitosan-based 
gel was obtained from the mass balance on the sorbate in 
the system with solution volume V, which is often used to 
acquire the experimental adsorption isotherms. The adsorp-
tion capacities of grafted biopolymer for each concentration 
of Cd2+ ions at equilibrium were calculated as follows:

q
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 (4)

where Ci and Ce are initial and final concentrations of 
Cd2+/Rh6G in mg/L in the solution, respectively, V and M are 
volume (L) and mass of adsorbent (g), respectively.

3. Results and discussion

Chitosan-based superadsorbent gel was synthesized by 
in situ polymerization of chitosan and acrylic acid using 
K2S2O8 as free radical initiator system under the influence 
of microwave radiations as shown in Fig. 1. Persulfate mol-
ecules on irradiation with microwave radiation generates 
the free radicals (SO4

2–• and OH•) species and their interac-
tion with chitosan backbone and acrylic acid moieties, led to 
generation of more and more active sites on vinyl monomer 
molecule and chitosan. Active sites of the chitosan (–OH and 

–NH2 functional groups) play an important role in the graft-
ing of poly(acrylic acid) chains to form CSA. The percentage 
grafting (Pg) and percentage swelling (Ps) of synthesized CSA 
were found to be 2,086% and 1,224%, respectively. High water 
holding capacity of synthesized CSA reflecting, its superhy-
drophilic nature as compared with the earlier results [31]. 

3.1. Characterization of chitosan-based superadsorbent

3.1.1. Spectroscopic investigations (FTIR)

The IR spectra of chitosan showed a strong adsorption 
band at 3,365 cm–1 due to –OH and amine N–H symmetrical 
stretching vibrations. A peak at 2,883 and 1,153 cm–1 was due 
to symmetric –CH2 stretching vibration attributed to pyra-
nose ring and the structure of saccharide [32]. The character-
istic absorption peaks of the chitosan were observed at 1,662 
and 1,598 cm–1 due to the stretching vibration of amino group. 
Peaks at 1,081 and 1,030 cm–1 were assigned to the skeletal 
vibrations involving the C–O and O–H stretching vibrations 
and was in configuration with the earlier studies [33]. The 
small peak at ~890 cm–1 corresponded to wagging of the sac-
charide structure of chitosan. In the FTIR spectra of synthe-
sized CSA, a broad peak above 3,000 cm–1 corresponded to 
hydrogen bonded COOH groups of acrylic acid polymer. The 
grafting of acrylic acid on to the chitosan backbone was con-
firmed from the sharp peak corresponding to C=O at 1,706.14 
and O–H peak at 1,163 cm–1 in CSA (Fig. 2).

3.1.2. Thermal analysis

Thermal analysis curves depicting TGA, DTG and 
DTA data for chitosan and grafted hydrogel are shown in 
Figs. 3(a) and (b). Chitosan showed initial decomposition 
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Fig. 1. Acrylic acid grafted chitosan (CSA).
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temperature (IDT) at 225.3°C and final decomposition tem-
perature (FDT) at 631.6°C. The first stage decomposition 
showed 6.7% weight loss of chitosan, corresponding to 
evaporation of free and bound water molecules along with 
other volatile compounds. The second stage lies within 
the range of 225°C to 325.5°C and showed 38% weight loss 
probably due to breakage of linkages present in chitosan. 
The final decomposition stage demonstrated gradual loss 
of weight till 631.6°C due to thermal decomposition of poly-
saccharide structure. DTG graph of chitosan showed 1.651 
and 0.367 mg/min rate of weight loss at 295°C and 604°C, 

respectively. TGA and DTG curves of CSA adsorbent exhibit 
well differentiated weight loss steps. The first step at 150.9°C 
corresponds to loss of water molecule (4.7%). The IDT of 
CSA adsorbent corresponds to 291.7°C with (41.2%) weight 
loss and FDT at 580.7°C with 4.8% polymeric mass were 
observed. Decomposition at higher temperature corresponds 
to breakdown of grafted chains and backbone along with 
other side chains. DTA analysis curve showed peaks for exo-
thermic reactions which took place during thermal degrada-
tion at 300.5°C and 603.4°C with release of 113.6 and 82.5 µV 
energy, respectively. CSA DTA graphs showed prominent 
exothermic reaction peak at 533.6°C corresponding to release 
of 147.5 µV energy.

3.1.3. X-ray diffraction studies

Figs. 4(a) and (b) show the XRD pattern for pure chitosan 
and chitosan-based grafted hydrogel, respectively. In chi-
tosan X-ray diffractogram, a strong peak was found at 21.9° 
(2θ) which reflected the high crystallinity of the chitosan 
while the amorphous nature for superhydrophilic adsorbent 
was observed. This confirmed the grafting of poly(acrylic 
acid) chains onto backbone.

3.1.4. Scanning electron microscopy 

SEM images for chitosan and CSA were recorded and are 
shown in Figs. 5(a) and (b), respectively. A clear demarcation 
in surface morphology of chitosan was observed and layered 
highlands appeared on the surface of CSA indicating the 
polymerization has been occurred.

Fig. 2. FTIR spectra of synthesized CSA.
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Fig. 3. DTG/DTA/TG of (a) chitosan and (b) synthesized CSA.
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Fig. 4. XRD of (a) chitosan and (b) synthesized CSA.
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3.2. Removal of Cd2+ and Rh6G with superadsorbent (CSA) 
hydrogel

Synthesized superhydrophilic adsorbent hydrogel ability 
to remove pollutants from aqueous solutions was assessed 
by taking Cd2+ and Rh6G as model compounds.

3.2.1. Parameters affecting the removal of Cd2+ ions 

Batch experiments were performed for removal of cad-
mium ions from the aqueous solution. The effect of pH of 
solution, adsorbent dose, concentration of Cd2+ ions and con-
tact time were investigated in relation to removal potential 
of CSA. 

3.2.2. Effect of pH

Fig. 6(a) shows the effect of pH on percentage removal 
of cadmium ion (Cd2+). Experiments were carried out at 
pH ranging from 2 to 7 for constant cadmium ion solution 
(25 mg/L) and adsorbent dose (1 g/L) with constant stirring 
at 100 rpm and 120 min contact time. Beyond pH 7, hydroly-
sis of cadmium ions occurs. It can be noted from the figure 
that the percentage removal of metal ions increased with the 
increase in pH of the Cd2+ solution and maximum 92.04% 
occurred at pH 6. The pH of the medium has a significant 

effect on the sorption of adsorbate on different adsorbents. 
The less adsorption at low pH may be explained on the basis 
of competitions of H+ with Cd2+ for adsorption sites of the 
adsorbent. At higher pH, the dissociation of COOH groups 
into COO– ion increases and led to chelation of Cd2+ with CSA 
as shown in Fig. 6(b). pH also influences the chemical spe-
ciation of the metal ions and nature of the adsorbent surface.

3.2.3. Effect of adsorption time

The effect of agitation time is inevitable in the adsorption 
study because it ascribes the time required before the adsorp-
tion process becomes constant and equilibrium is reached. 
Fig. 7 shows the enhancement in percentage removal of Cd2+ 
ions by increasing the adsorption time during the Cd2+ ion 
adsorption by CSA. The adsorption experiment was carried 
out using 25 mg/L metal ion concentrations with 1 g/L of 
CSA amount and pH 6. The percentage removal was fast till 
180 min of adsorption duration and then gets slowed down 
and the adsorption equilibrium state was achieved in 240 min. 
The slow metal removal during the last stage of adsorption 
may be due to the formation of aggregates around the active 
sites of the adsorbent.

3.2.4. Effect of adsorbent dose

Fig. 8 shows the effect of adsorbent amount on the 
adsorption capacity and removal efficiency of Cd2+ ions. The 
removal of Cd2+ ion at different dosages (25–500 mg of CAS 
for 25 mL of Cd2+ solution) was studied by keeping stirring 
speed 100 rpm, pH 6 and contact time 180 min. The result 
indicates that increase in adsorbent dose resulted in higher 
removal of metal ion, which may be due to the increase in 

(a)

(b)

Fig. 5. SEM of (a) chitosan and (b) synthesized CSA.
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Fig. 6. (a) Effect of initial pH on percentage removal of Cd2+ ions 
onto CSA (concentration = 25 mg/L, stirring speed = 100 rpm, 
contact time = 180 min and adsorbent dose = 1 g/L). (b) Effect of 
adsorption time.
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the number of adsorbent sites [34]. On the other hand, the 
adsorption capacity decreases with increase in adsorbent 
dose due to unsaturation of adsorption sites during adsorp-
tion process.

3.2.5. Effect of metal ion concentration

To study the percentage removal of Cd2+ ions from orig-
inal concentration ranging from 10 to 100 mg/L of Cd2+ solu-
tion, experiments were conducted keeping adsorbent dose 
1.0 g/L, stirring speed 100 rpm, pH 6, temperature 25°C and 
contact time 180 min. Fig. 9 shows the percentage cadmium 
removal decreased with increase in the initial concentration, 
as the Cd2+ ions concentration in experiment solution was 
increased from 10 to 100 mg/L, the adsorption capacity of 
CSA found to be 89.92 mg/g for 100 mg/L of Cd2+ solution.

3.3. Parameters affecting the removal of Rhodamine 6G

To investigate the color removal potential of CSA for 
synthetic dye Rh6G, batch experiments were performed and 
the effect of operational parameters such as pH of solution, 
adsorbent dose, concentration of Rh6G dye and contact time 
were investigated. The removal efficiency was recorded in 
terms of change in intensity of characteristic peak observed 
in visible region at 525 nm.

3.3.1. Effect of pH

The influence of pH on adsorption of Rh6G onto the 
CSA at different pH values are illustrated in Fig. 10(a). The 
result showed that the decolorization efficiency increased 
with increase in pH and maximum efficiency of 80.34% was 
observed at pH 10. pH of the medium influences the dye 
adsorption either due to (i) surface charge of CSA, (ii) ion-
ization of Rh6G or CSA. At the lower pH values (2–4) the 
CSA exists in protonated from (COOH) and at higher pH, 
increase in OH– concentration lead to the more ionization of 
COOH groups to COO– ion. Rh6G, being cationic dye gets 
adsorbed on to the surface and the interaction of Rh6G with 
COO– groups of CSA is shown in Fig. 10(b).

3.3.2. Effect of adsorption time and adsorption dose

The percentage color removal of Rh6G dye on CSA was 
followed as a function of time. Fig. 11 shows percentage 
removal of Rh6G increased rapidly within 240 min, after-
ward much change is observed till 500 min. 

In order to optimize the adsorbent dose, the experiments 
were performed by varying CSA feed dose from 0.25 to 1 g/L 
keeping other conditions constant (pH 7.5 at temperature 
25°C, contact time 240 min). Fig. 12 reveals the percentage 
removal increase was observed with increased adsorbent 
dose. The higher dye removal (74.95%) was obtained for 
100 mg CSA dose at stirring speed 100 rpm. 
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Fig. 7. Effect of contact time on percentage removal of Cd2+ onto 
CSA (solution concentration = 25 mg/L, stirring speed = 100 rpm, 
pH = 6, adsorbent dose = 1 g/L and temperature = 25°C).
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3.3.3. Effect of initial concentration 

The impact of the variation in the initial concentration of 
synthetic Rh6G dye was studied by performing experiments 
in concentration range of 5–20 mg/L. As the concentration of 
the dye increased, the percentage decolorization decreases 
indicating either to increase the adsorbent dose or more time 
span is required for the complete removal. Fig. 13 shows dye 
concentration of 5 mg/L removed almost 100% within 120 min 
and solutions of 10 and 20 mg/L removed up to 62.25% and 
28.27%, respectively, within 240 min at 7.5 pH, 1 g/L of CSA 
dose, temperature 25°C and 100 rpm stirring speed. 

4. Adsorption equilibrium isotherm

The adsorption isotherm study was performed to relate 
the adsorbate concentration in the bulk and the adsorbed 
amount at the interface [35]. The basic assumption of 

adsorption isotherm is that every adsorption site is equiv-
alent and the ability of a particle to bind is not dependent 
on the occupancy of adjacent sites [36]. Langmuir and 
Freundlich isotherm are commonly used in batch adsorp-
tion studies. The Langmuir adsorption isotherm describes 
quantitatively the formation of a layer of molecules on an 
adsorbent surface as a function of the concentration of the 
adsorbed material in the liquid in which it is in contact. 
The shape of the isotherm is a gradual positive curve that 
flattens to a constant value. The assumptions for Langmuir 
isotherms are the formation of a monolayer of adsorption 
and no interaction between molecules adsorbed on adjacent 
binding sites [37]. 

Langmuir isotherm equation is as follows:
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Fig. 10. (a) Effect of pH on percentage removal rate of Rh6G dye 
(initial concentration 10 mg/L and adsorbent dose 1 g/L). (b) 
Effect of adsorption time and adsorption dose.
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where Qo and b are the Langmuir constants related to adsorp-
tion capacity and energy of adsorption.

The Freundlich expression is an empirical equation based 
on sorption on a heterogeneous surface and is represented as:

ln {ln } (ln )q K
n

Ce F e= +








1  (6)

where qe is the amount of metal ion sorbed at equilibrium 
per gram of adsorbent (mg/g), Ce is the equilibrium con-
centration of metal ion in the solution (mg/L), KF and n are 
the Freundlich model constants. The Langmuir isotherm 
(Fig. 14(a)) shows best fit and results obtained for removal of 
Rh6G are Qo (mg/g) 7.692; b (L/mg) 0.592; R2 0.996 and KF (L/g) 
5.093; n 11.494; R2 0.709, respectively. Adsorption isotherm 
studies for adsorption of Cd2+ reveal that the Freundlich iso-
therm (Fig. 15(b)) fits well for Cd2+ and values are KF (L/g) 
15.958; n 2.24 and R2 0.956 and Langmuir values are Qo (mg/g) 
83.33; b (L/mg) 0.214; R2 0.853, which indicate the heteroge-
neous nature and the involvement of diverse groups for 
removal of cadmium. 

4.1. Adsorption kinetics 

The kinetics of adsorption study was done by applying 
pseudo-first-order and pseudo-second-order kinetic models 
to the experimental data. The first-order rate expression of 
Lagergren based on solid capacity is generally expressed as 
follows [38]:

log( ) log( )
.

q q q
k

te t e− = −








1

2 303
 (7)

where qe and qt are the amount of dye adsorbed (mg/g) at equi-
librium and at time t (min), respectively, and k1 is the adsorp-
tion rate constant of pseudo-first-order sorption (min–1). 
The plotting of log(qe – qt) vs. time deviated considerably 
from the theoretical data after a short period. The pseudo- 
second-order equation is based on the sorption capacity of 
the solid phase and expressed as:
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Fig. 13. Effect of initial concentration of Rh6G dye on percentage 
removal under optimized conditions (adsorbent dose 1 g/L and 
pH 7.5).
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t
q k q

t
qt e e

= +
1

2
2  (8)

where k2 is the rate constant of second-order sorption (mg/g), 
qe is the amount of dye ions adsorbed at equilibrium and qt is 
the amount of solute sorbate on the surface of the sorbent at 
any time t (mg/g).

First-order and second-order kinetic models were applied 
and the perfect fit of experimental data of Rh6G removal was 
observed for pseudo-second-order equation (Fig. 16(b)). The 
correlation coefficient R2 and rate constant k2 were found to 
be 0.989 and 0.010, respectively. Similarly, Fig. 16(a) shows 
the best fit of experimental data of Cd2+ ions removal was 
obtained for pseudo-second-order equation with R2 (0.957) 
and k2 (0.00018).

4.2. Reusability of CSA 

Reusability of gel is evaluated by its sorption perfor-
mance in consecutive adsorption and desorption cycle. Two 
different approaches were employed to regenerate the adsor-
bent and the regeneration efficiency (%) was recorded. The 
first method involves the regeneration with 0.1 M HNO3 and 
studies were carried up to 10 cycles. Regeneration efficiency 
decreases slowly up to six adsorption–desorption cycles, 
thereafter, it decreases significantly in the ninth and tenth 
cycle and 20% efficiency has been observed after tenth cycle. 
This may be due to repeated contact with desorption agent 
lead to loss of sorption performance. The second method 

involves the regeneration of CSA by exposure to UV radia-
tions. The CSA adsorbent after adsorption cycle was cleaned 
and added to 50 mL of distilled water. The solution was placed 
under UV bulb of 30 W for 8 min. The complete regeneration 
of the CSA has been occurred, the procedure was repeated 
after every adsorption cycle till 10 cycles, regeneration effi-
ciency was reported to be 60% after tenth cycle. It has been 
found that exposure to UV radiation offers better method of 
regeneration of adsorbent.

5. Conclusions

• Superhydrophilic adsorbent (CSA) obtained by micro-
wave assisted grafting of vinyl monomer acrylic acid on 
to chitosan was characterized by different physicochem-
ical methods. FTIR analysis confirmed the successful 
grafting of polyacrylic acid on to chitosan backbone.

• High percentage grafting (Pg) and percentage swelling 
(Ps) of synthesized CSA reflect its chemical conversion 
and high water uptake potential as a hydrogel. 

• CSA was found to be an excellent adsorbent for removal 
of organic and inorganic pollutants. Further investiga-
tions on the CSA for the removal of pollutants will pro-
vide an insight on the development of new adsorbent 
materials for wastewater treatment. 

• The removal efficiency of CSA for Rh6G was found to be 
80.34% at pH 10 and 92.04% for Cd2+ ions at pH 6 for con-
stant CSA dose 1 g/L. 

• Exposure to UV radiations for short duration led to the 
better regeneration of adsorbent as compared with chem-
ical regeneration. 
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