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Abstract

Uniform chitosan nanoparticles have gained interest in recent years for their wide variety of applications.
This study presents an optimum condition for preparation of uniform size of chitosan nanoparticles (CSNPs)
from waste shrimp shells based on their evaluation by SEM study, and other spectrometric methods were
used to characterize their adsorptive property. Initially, chitosan was extracted from shrimp shells. Then
CSNPs were produced from the extracted chitosan by a self-modified ionotropic gelation method. The
characteristic features of prepared chitosan and chitosan nanoparticles were investigated by determining
molecular weight, degree of deacetylation, particle size, surface morphology, crystal structure, etc. using
FTIR, XRD, and SEM-EDX analysis. Optimal conditions were selected based on the SEM evaluation of the
uniform particles size (in a short range of 13-20 nm in diameter) of CSNPs. The adsorption efficiency of
chitosan nanoparticles was investigated using acid red 1 (AR1) as a model adsorbate, and the effect of
operational parameters such as contact time, dye concentration, temperature, and solution pH were
investigated. Batch adsorption kinetics of AR1 on CSNPs follows pseudo second order kinetic equation. This
implies the adsorption could be controlled by chemisorption, whereas the adsorption isotherms follow the
Langmuir equation. The adsorption capacity of CSNPs, calculated from Langmuir equation, was found 243.9
mg-g* at 35 ‘C which escalated with increase in temperature suggesting endothermic adsorption. Based on
these results, the CSNPs prepared from shrimp shell waste can be used as high potential and efficient
adsorbent to remove AR1 from waste water.
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1. INTRUDUCTION

The shrimp processing industry is a rapidly
growing concern in Bangladesh. The shells of
shrimp consist of a large amount of raw shrimp
weight that is discarded as waste. Hence, the
shrimp industries, which are prevalent in all
coastal countries, generate a massive amount of
raw shrimp wastes. As shrimp shells are not
soluble in nature, they take up a large portion of
physical space and create pollution. Recycling
shrimp shells waste and extracting commercially
viable substances (such as chitin) are quick and
effective ways to alleviate this problem.

Over the last few decays, the extraction of
chitosan, a polysaccharide (the deacetylated
derivative of chitin) from shrimp, crabs or prawns
waste shells has become prominent due to its
various applications. ~ Moreover, due to its
environmentally friendly nature related to green
chemistry, recently, the purpose of chitosan has
been the concern of fundamental research. For
instance, chitosan is used as a component of
wastewater treatment and also in biosensors,
artificial muscles, environmentally friendly
membranes, highly efficient batteries like
electrolytes, etc. [1]. It also has other
advantageous characteristics, such as non-
antigenicity and low cost.

Chitosan can also be produced in nano and
submicron sizes, since chitosan nanoparticles
perform better due to their mini size and wide-
reaching surface area. Moreover, they are more
stable and easy to produce. In recent times many
research have been reported on the formulation of
nanofibers [2], nano-membranes [3], and
nanoparticles (NPs) [4-5] from chitosan for using
in pharmaceutical and biomedical formulations [5]
due to their biocompatibility, biodegradability,
and non-toxicity nature. Even NPs prepared from
chitosan have applied for the delivery of
antibiotics [6-7] and anti-cancer drugs [8-9] as
well as for the removal of industrial effluents or
dyes [10].

In this study, chitosan NPs were prepared using a
self-modified ionic gelation method in which
chitosan was extracted from waste shrimp shells
and gelatin was applied in it with sodium
tripolyphosphate. Operational conditions for the
preparation of uniform chitosan nanoparticles
were optimized subject to the particle size
observed by scanning electron microscopy (SEM).
Prepared chitosan NPs were characterized by
investigating different parameters using different
physicochemical methods. Then chitosan NPs
were employed to remove Acid red 1 (AR1) from
agueous system as an adsorbent. The removal
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process was investigated by changing the
operational parameters: concentration, contact
time, and temperature, etc. The obtained data were
correlated with different kinetic and equilibrium
model equations.

2. MATERIALS AND METHOD

2.1 Chemicals

The raw shrimp shell waste (used as a source of
chitosan) was collected from a local shrimp
hatchery in Cox's Bazar, Bangladesh. Sodium
hydroxide (NaOH), Hydrochloric acid (HCI)
having a purity of 37%, Ethanol, (CH3CH,OH),
and sodium tripolyphosphate (NasP30O10), were all
procured from Merck KGaA, Darmstadt,
Germany. Acetic acid (CH3;COOH) was collected
from Daejung Chemicals & Metals Co. Ltd.,
Korea, and sodium acetate (CH3;COONa.3H;0)
was from Merck Specialities Private Limited,
India. The AR1 dye (dye content 60%) was
supplied from Sigma-Aldrich Co., USA.

2.2 Extraction of Chitosan from Shrimp Shell
Chitosan was extracted from dried shrimp shells
waste following a traditional method [11] with
some improved efficiency and simplicity. The
collected dried shrimp shells were swept to make
them free of movable tissues, washed with
deionized water and dried properly. The shrimp
shell was then demineralized at room temperature
(RT), which involves treating it with 3% HCI for 4
hours at a shrimp shell: HCI ratio of 1:10 to
remove minerals from the source. Deproteination
was carried out using basic treatment with 4%
NaOH solutions, at 65°-70°C for 2 h at a
demineralized shell: NaOH ratio of 1:20. Then it
was bleached by soaking in ethanol for 45
minutes, then clean with deionized water and
dried in an oven. The resulting product is known
as chitin. The chitin derived from the above
processes was deacetylated using 50% NaOH at a
chitin-to-NaOH ratio of 1:20 for 72 hr. at room
temperature with occasional stirring. Then the
product obtained was filtered, and washed out the
alkalinity with deionized distilled water to receive
the neutral product, and dried. The dried product
is chitosan after the first deacetylation process. To
get a high degree of deacetylation in chitosan, the
deacetylation process was repeated with this
chitosan using the same concentration of NaOH
for 48 h at room temperature.

2.3 Physicochemical Characterization of

Chitosan
2.3.1 Solubility
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The solubility of chitosan was observed by
dissolving it in acetic acid (1%) at ambient
temperature. The insoluble part was filtered and
dried to obtain a constant weight. Then the
solubility (%) was obtained from the initial mass
of chitosan and the mass of dry residue.

2.3.2 Molecular weight

The molecular weight (MW) of prepared chitosan
was  determined by intrinsic  viscosity
measurement using an Oswald viscometer. The
viscometric parameters were obtained using
equations (1), (2), and (3), whereas the flow time
of various diluted solutions of chitosan was
measured using acetate buffer as a solvent.

Relative viscosity, 7w = t/to @
Specific viscosity, 7sp = 7rel - 1 (2
Reduced viscosity, rred = 175/C (3)

where t, and t are the flow times of the solvent
and chitosan solutions, respectively, and C is the
concentration of chitosan. The intercept obtained
from the extrapolation of the plot of reduced
viscosity vs. chitosan concentration (C) represents
the intrinsic viscosity. Then, the Mark-Houwink
equation (4) [12] was used to calculate the MW of
prepared chitosan.

1n=KM* (4)
where M, is viscosity average molecular weight,

K and « are constants, the values of which depend
on the polymer type and the chosen solvent.

2.3.3 Degree of deacetylation

The degree of deacetylation (DDA) of the
extracted chitosan was calculated using data from
the FTIR spectra of chitosan using the absorption
bands at 1320 cm, which is the characteristic of
amide, which means the acetylated amine, and the
band at 1420 cm™ as the reference band. Finally,
the following equation (5)[13] was used to
calculate the DDA of prepared chitosan:

%DDA = 100 — (A1320/:(1)1;2103);0.3822 ©)

2.4 Preparation of Chitosan Nanoparticles and
Optimization of Parameters

A modified methodology was followed to prepare
CSNPs which involved the gelation of chitosan
solution with sodium tripolyphosphate (Na-TPP)
[14]. In brief, a specific weight of chitosan was
used to prepare different concentrated chitosan
solutions in 1% acetic acid. An aqueous solution
of Na-TPP was also prepared at a concentration of
0.25% (w/v), 1% (w/v), and 2% (w/v). The Na-
TPP solution was mixed dropwise to the different
chitosan solutions (chitosan-to-TPP ratio of 5:1) at
room temperature under constant magnetic stirring
Eur. Chem. Bull. 2024, 13(Regular Issue 01), 489 - 501
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using a magnetic stirrer (AGE Magnetic Stirrer,
VELP Scientifica) for 30 min. An opalescent
suspension was observed with the formation of
CSNPs when Na-TPP was mixed with the
chitosan  solution. The suspensions were
centrifuged for 15 minutes, and the CSNPs were
repeatedly rinsed with distilled water. Finally, the
NPs of chitosan were dried in a Freeze Drier
(Labconco, USA) (temperature: -50 °C, vacuum:
0.340 mbar) to obtain dried chitosan NPs.

2.5 Spectrometric Characterization of Chitosan
and Chitosan Nanoparticles

The crystalline state of synthesized chitosan and
chitosan NPs was observed using an X-ray
diffractometer with a CuK, radiation (XRD-6000,
Shimadzu, Japan) source having a wavelength of
1.5406 A°. The FTIR (Fourier transform infrared)
spectra of the prepared materials were recorded
with an IR Prestige-21 (Shimadzu, Japan) by
using the KBr disk method within the range of a
frequency from 400 to 4000 cm™. The percentage
of elements in chitosan was determined by an
elemental analyzer (vario MICRO CHNS).
Morphological characterization and particle size
determination of the nanoparticles were performed
by a scanning electron microscope (SEM),
equipped with an energy dispersive X-ray (EDX),
a field emission scanning electron microscope
(FESEM), and a digital microscope (Trinocular
microscope with photographic attachment, B
383P1 and CB 18, Optika, Italy).

2.6 Adsorption Study

The aqueous solution of Acid red 1 (AR1) was
prepared by dissolving ARL in distilled water. The
optimum pH of solution for the adsorption was
selected by monitoring the change of pH during
the adsorption at different initial pH (2.0-8.0) of
solutions. For adsorption kinetic study, a specific
amount of chitosan NPs as an adsorbent was
added to a fixed volume of solution of two
different concentrations. Then solutions were
shaken in a thermo stated mechanical shaker
(NTS-4000A, Japan) at a fixed temperature. The
adsorption of AR1 on CSNPs was performed for
different contact times. After a specific contact
time, the CSNPs were separated from solutions by
centrifugation. A  double beam  UV-vis
spectrophotometer “UV-1800 Spectrophotometer,
Shimadzu, Japan” was used to measure the
concentrations of AR1 in different solutions,
before and after adsorption of AR1. The
equilibrium adsorption isotherms were constructed
from the effect of initial AR1 concentration at two
different temperatures using predetermined
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equilibrium time (3 hours) like as kinetic study.
The influence of solution pH on amount adsorbed
was studied by performing equilibrium adsorption
experiments at various initial pH of solution. The
pH of solution was measured by using a
microprocessor pH Meter (pH 210, HANNA
Instruments). The equation (6) and (7) were used
to determine the amount adsorbed at time t (qy),

and equilibrium amount adsorbed (ge).
Co—Ct

qe = —— XV (6)

Ge = 2t XV (7)
where, C,: initial concentration, Ci: concentration
at time t, and Ce: concentration at equilibrium time
t. of AR1 solution (mg-L?). M is the mass of
adsorbent (g) and V is the volume of AR1 solution
(L) taken for conducting adsorption experiments.

3. RESULTS AND DISCUSSION

3.1 Chitosan Yield

Chitosan was extracted from wasted shrimp shells
using a conventional method with some
improvements in efficiency and simplicity. In this
extraction process, de-mineralization and de-
proteinization of shrimp shells were carried out to
get chitin, followed by deacetylation of chitin to
receive chitosan from raw shrimp shells. During
the extraction process of chitosan, only
deacetylation used a longer treatment time as it
was the only process without complicated
requirements such as nitrogen purging, autoclave
conditions, or high-temperature reflux [15]. Figure
1 represents the extraction process of chitosan
from the waste shell of shrimp. The yield of
chitosan in percent was determined from the dry
weight of chitosan, derived from the dried shell of
shrimp. During the extraction process, at first,
14.38 g of de-mineralized shrimp shells were
produced from 50 g of the dried shell by the de-
mineralization step (yield: 28.76%). Then the
deproteination was carried out to obtain chitin
(amount of chitin: 12.5 g). The double de-
acetylation of chitin gives chitosan as final
product. The amounts were 5.24 g and 4.09 g after
the first and second deacetylation, respectively.
Thus, from 50 g of shrimp shell, 4.09 g of
chitosan was obtained (the yield of chitosan from
shrimp: 8.18%). The yield was in compliance with
the previous literature value [16]. Indeed, the
extraction process was successful to escalate the
amount of product CSNPs, and finally, about 615
g of raw shrimp shells were treated according to
the same method step by step, and about 45 g of
chitosan was obtained and stored for
characterization and uses in the production of
chitosan nanoparticles and other studies.
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3.2 Physiological and Functional Properties of
Chitosan

3.2.1 Solubility

The solubility of chitosan obtained was 82.85% in
1% acetic acid. In comparison to the previous
study, it may vary from 17.43 to 95.29% with an
average of 57.52% [18]. The lower solubility is
because of the ‘incomplete removal of the acetyl
group from chitin’, which means a lower degree
of deacetylation (DDA) [19]. Therefore, the
higher solubility obtained in this study indicates
that the extracted chitosan contains

Chitin Chitosan

Shrimp shell waste

CaCO3/MgCOs: 20-50 %
Protein: 20-40% €

(’0 HN i L (jH \
o HO

o o / o HO

Chitin: 15-40 % [17] o %PJ\ \%Xﬂ-\zo%

(1) Demineralization, (2) De-proteinization, and (3) De-acetylation

Fig. 1 Extraction of chitosan from shrimp shell
waste.

A high content of amino groups, and allow
chitosan to dissolve in an acidic solution through
the protonation of amino groups. So, the produced
chitosan has a higher DDA value, which means
that better chitosan has been produced.

3.2.2 Molecular weight

The viscosity-average molecular weight (My) was
derived from [5] = KM%, where K = 1.424x10°
(dm%¥g) and a = 0.96 for chitosan in the solvent of
0.2 M CHsCOOH/0.1 M CHs;COONa. The
molecular weight of the prepared chitosan was
determined to be 2.3x10° Da, which is in the
range found in previous studies [20]. Depending
on the various parameters during production, such
as concentration of alkali, source, temperature,
reaction time, dissolved oxygen concentration,
residual aggregates in the solution, chitin
concentration, the molecular weight of chitosan
and shear stress may be varied [21]. The range of
molecular weight of chitosan is from 10,000 Da to
250,000 Da and is classified as "low molecular
weight chitosan” [22]. So, the extracted chitosan
in this study is of low molecular weight.

3.2.3 Elemental analysis

The elemental analysis results of prepared chitin
and chitosan are presented in Table 1. As most of
the NHCOCHS; groups of chitins are converted to
NH: groups in chitosan, the percentage of carbon
will be lower in chitosan than in chitin, and
similarly, the C/N ratio will also be reduced. From
Table 1, it is seen that chitosan exhibits a
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significant reduction in the percentage of carbon
as well as in the ratio of C/N compared to chitin,
which indicates the deacetylation of chitin to
produce chitosan.

Table 1 Elemental composition of carbon,
hydrogen, nitrogen, and the ratio of C and N for
chitin and chitosan
Sample N C((%) H (%) C/N

(%) ratio
Chitin 6.02 4284 3916 7.1107
Chitosan 7.57 3959 4,123 5.2282

3.2.4 Degree of deacetylation (DDA)

FTIR spectroscopic study was performed to
determine the DDA of prepared chitosan. Figure 2
represents the FTIR spectra of extracted chitin and
chitosan. The FTIR spectra of chitosan present a
strong absorption band at 3421 cm™ due to OH
and NH groups stretching vibrations, and
intermolecular hydrogen bonding. A peak at 2878
cm? is for the symmetric stretching vibration of -
CH attributed to the pyranose ring. The peaks
located at 1657 and 1595 cm™ are assigned to -
C=0 stretching vibration for amide | band, and
NH bending vibration for amide Il band,
respectively. The observed sharp peak at 1379 cm-
Lis due to CHs in the amide group. Peaks at 1077
and 1027 cm* are attributed to skeletal vibrations
involving C-O stretching. Now, compared with
the spectrum of chitin, the major differences in
FTIR spectra lie in the regions of N-H and C=0
vibrations. Actually, the conversion of chitin to
chitosan occurs by converting the acetyl group of
chitins into an amino group, which reduces the
amide content. This reduction of the amide group
is observed by the reduction of two peaks at 1560
cm! and 1316 cm?®. From spectra, the
representative peak at 1560 cm* which is for -NH
bending vibration of the NHCOCHs group, and
1316 cm™ which is for complex vibration due to
the -NHCO group, are significantly decreased
after deacetylation of chitin with a new sharp peak
for NH, bending vibration that appears at 1595
cm?. This confirms the conversion of chitin to
chitosan.

The DDA of prepared chitosan was analyzed by
applying the FTIR method of Analysis. The DDA
of extracted chitosan was calculated by using
equation (5) by matching the identification bands
of chitosan in FTIR spectra and was found to be
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Fig. 2. FTIR spectra of extracted chitin and
chitosan.

70%, which is supported by various studies [16].
The DDA values can be different for chitosan
extracted from different sources and also due to
the different parameters or conditions used during
the deacetylation process.

3.3 Optimization of the Production of Chitosan
Nanoparticles

Chitosan nanoparticles (CSNPs) were prepared by
physical treatment during the incorporation of
tripolyphosphate (TPP) with chitosan in different
ratios. The effect of TPP and chitosan
concentrations on CSNP formation and size was
studied using SEM for five different CSNP
formulations, as shown in Table 2. Three types of
phenomena were observed in this product of
formulation: (i) clear solution (CS01-CS02), (ii)
opalescent suspension (CS03-CS04) and (iii)
aggregation (CS05), and the latter denotes the
completion of the nanoparticle formation process.
For CS03, CS04, and CS05 formulations, at a
chitosan and TPP mass ratio of 5:1, with different
concentrations of TPP, the formation of
opalescent suspension and aggregation indicated
the production of chitosan particles. These three
types of particles were investigated under SEM at
three different magnifications (X2,000, X50,000,
and X100,000) for each case and are presented in
Figure 3. Based on these findings, formulation
CS04 is considered an optimum condition for the
production of high-quality CSNPs (particle sizes:
13-20 nm), as opposed to formulations CS03 and
CS05, which have particle sizes: 96-115 nm and
113-173 nm, respectively.
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3.4 Characterization of Chitosan Nanoparticles
3.4.1 SEM analysis

The surface morphology and particle size of
prepared CSNPs, using the CS04 formulation,
were characterized by a FE-SEM. Figure 4(a)
shows the uniformly spherical nanoparticles at
high magnification (X2,00,000). Because of their
larger surface area to volume ratio, smaller
particles may have high surface properties such as
adsorption capacity, for which the formulation
CS04 has been considered the optimized
formulation of CSNPs preparation.

3.4.2 EDX analysis

The elemental composition of prepared CSNPs
using the CS04 formulation was determined by
EDX connected with SEM (Figure 4b), whose
results confirm the existence of the C, N, and O

Section A-Research Paper

with an atomic weight of 78.01%, 3.11%, and
16.53%, respectively, as the elements of chitosan.
The presence of Na with an atomic weight of
0.49% and P with an atomic weight of 1.83%
confirms the successful formation of CSNPs from
the combination of chitosan and TPP.

3.4.3 Digital microscopic analysis

The large-scale surface structure of prepared
CSNPs was investigated using digital microscopic
analysis. Figure 5 shows a photograph of the
surface structure of CS04-formulated CSNPs at
100 times magnification. Such observations give a
preliminary idea about the existence of small
particles on the surface compared with the other
two formulated (CS03 and CS05) products of
chitosan particles.

Table 2 Effect of concentration of chitosan and TPP on chitosan nanoparticles formation

Formulations Factors Results Remarks
Chitosan TPP Chitosan:
concentrat  concentration TPP
ion (%) (%)
CSso01 0.5 0.25 Clear solution Particle not formed
CS02 0.5 1 Clear solution Particle not formed
Cs03 2 0.25 5:1 Opalescent Particle formed
suspension
CS04 2 1 5:1 Opalescent Particle formed
suspension
CS05 2 2 5:1 Aggregation Particle not formed
CS03 CS05 d=113-173 nm

d=96-115nm CS04

and TPP

Eur. Chem. Bull. 2024, 13(Regular Issue 01), 489 - 501
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Fig. 5 Digital microscopic picture of prepared CSNPs.

3.4.4 FTIR analysis

Figure 6 represents the FTIR spectra of extracted
chitosan and the CSNPs obtained from it.
Comparing the FTIR spectrum of chitosan with
CSNPs one, the pure chitosan was characterized
by peaks located at 3421, 1657, 1595, 1417, 1077,
1027, and 894 cm™. In CSNPs, the characteristic
peaks are quite similar, except the peaks located at
1657 cm™, which relates to C=0 stretching in the
amide group shifted to 1647 cm™ and the peak at
1595 c¢m™, which relates to NH bending in the
amino group shifted to 1540 cm™. The reduced
stretching frequency may be assigned to the
interaction of amino group of chitosan with TPP.

3.4.5 XRD analysis

The XRD patterns of extracted chitosan and
CSNPs are illustrated in Figure 7, which shows
two characteristic peaks at 20 around 10.224e,
20.357° and a shoulder peak in 22.491°, in
accordance with earlier reports, which correspond
to the (020), (110), and (120) planes, respectively
[23, 24]. These broad diffraction peaks in the
XRD pattern of chitosan represent the extracted
chitosan as semi-crystalline [25].

The XRD pattern of CSNPs showed broad
diffraction peaks at 260-scattered angles of 12.02°,
19.11° and 21.62°. The intensity of these
crystalline peaks was decreased in comparison
with pure chitosan. The lowering in intensity of
Eur. Chem. Bull. 2024, 13(Regular Issue 01), 489 - 501

the (110) and (020) planes of CSNPs reflected that
the native chitosan had been successfully
transformed into nanoparticles. Thus, the
formation of nanoparticles leading to destroyed
the crystal structure of chitosan, which indicates
the increased amorphous nature of the
nanoparticles formed.

3.5 Adsorption of AR1 on CSNPs

3.5.1 Optimum pH for adsorption

The adsorptive removal of AR1 from solution was
observed at four different pH Values. The pH of

|—— CSNPs
[—— Chitosan
s
[-F]
=]
=
=
E
£
w
=
]
1S
—
] ] 1
4000 3000 2000 1000
(a) wavenumber (cm‘l)

Fig. 6 FTIR spectra of chitosan and CSNPs

495



SEM Evaluation to Optimize the Conditions for Producing Uniform Chitosan Nanoparticles from Shrimp

Shells that can Effectively Adsorb Acid Red 1

Section A-Research Paper

21.02

SU-I

0

240 4 1911
12.02

1m-p»mt” ! A M

1 1 1 1 1 1 .\ 1

CSNPs

Intensity (counts)

I 1 I 1
031 ] 10234

20.357
154 - 22.491
77 A J

—— Chitosan

T T T T T T T T T T T T
5 10 15 20 25 30 35 40 45 S50 55 60 65 70
28 (dea)

Fig. 7 XRD pattern of chitosan and CSNPs

the AR1 solution was measured before and after
adsorption. The change of pH is presented by ApH
and minimum change in pH is required for
adsorption study. Figure 8 shows that when the
initial pH of AR1 solution is 6.0, after adsorption
the solution pH remains nearly unchanged
(ApH~0). In the case of other pH, there is larger
pH changes occurred. Subsequently, pH 6.0 was

Ie

considered as an optimum pH for the further
experiments of adsorptive removal of ARl by
CSNPs.

3.5.2 Adsorption kinetics

Batch adsorption experiments were performed to
investigate the adsorption kinetics for different
concentrations of AR1 by varying the contact

I

oc

AH pu(
o

Ic T

0 8 I0

bt IH )5 U (

Fig. 8 Optimization of pH for the study of adsorption of AR1 on chitosan nanoparticles

time. Different kinetic models such as Lagergren’s
pseudo first order, Ho’s pseudo second order and
Weber-Morris intraparticle diffusion model were
applied to the experimental results to describe the
nature of adsorption kinetics. The linearized forms
of these Kkinetic equations are expressed by
equations (8), (9) and (10), respectively [26]:

In(qe — q¢) = Inq, — kq t (8)
t 1 t
Pl s ©)
qt = kito's + Ci (10)

where, g: and ge are the amount adsorbed (mg-g?)
at time t and equilibrium time, respectively, Ciis

Eur. Chem. Bull. 2024, 13(Regular Issue 01), 489 - 501

the initial concentration (mg-L?), ki, k2 and ki are
the rate constants of pseudo-first order model
(g'mgtmin?t), pseudo-second order model
(g'mg-g?), and intraparticle diffusion model
(mg-g*min®9), respectively. Figures 9a-c show
the different kinetic models which were fitted with
the data obtained from the adsorption experiments
performed at different contact time. Calculated
values of parameters for different Kinetic
equations are presented in Table 3. Considering

the regression factor or correlation coefficient (R?)
values of these three kinetic models, the
experimental data are well fitted to the pseudo
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Table 3 The kinetic parameters obtained from different models for the adsorption of AR1 on CSNPs at pH

6.0.
Kinetic model Initial concentration (mg L) Parameters Value R?
51.2 Qe (mg-g?) 111.097 0.807
Pseudo first order ki (grmgt-mint) - 0.077
10.1 Qe (mg-g) 60.928 0.861
ki (g'mgt-min) -0.089
51.2 Qe (mg-g?) 71.429 1.000
Pseudo second order k2 (g'mg™-min-t) 0.005
10.1 Qe (mg-g?) 21.459 1.000
k2 (gzmgt-min) 0.082
51.2 ki (mg-g*:min®%) 0.966
Intraparticle diffusion Ci (mg-g?) 58.408
10.1 ki (mg-gt:min0%) 0.049
Ci (mg-gh) 20.763
second order Kinetic equation of highest value of 5
R? indicating the rate determining step may be LW (@)
controlled by chemical interaction of two active 0. .
sites of AR1 to the CSNPs surface which involves o
the exchanging or sharing of electrons between F Oy = 0,966 + 56.408
adsorbent and adsorbate [27]. According to g Koo
previous studies, the adsorbent with hetero- - L QO 41087
geneous surface [28-30] follows pseudo-second 10
order Kinetics. The nature of the plot of intra-
particle diffusion model suggested that the rate 15 . . . o
determining step is controlled by intraparticle 0 50 100 150 200
diffusion. Time (min.)
10
3.5.3 Adsorption isotherm o ortmLy (b)
Adsorption is generally described by adsorption R
isotherm which is the plot of equilibrium amount —E’ N
of adsorbate adsorbed on adsorbent as a function @ y = 00466+ 0.0255
of equilibrium concentration of adsorbate at a é 4 )
constant temperature. The adsorption isotherm g § = 0.014¢ + 0.0411
was constructed by varying the AR1 concentration 5] =t
from 102 to 127.5 mgL? at 35 and 45 °C /
temperatures. The experimental data were fitted to 0- ; ; .
linearized form of Langmuir, Freundlich and 0 50 100 150 200
Tempkin isotherm models which are represented 20 Tire (mn.)
by equation (11), (12) and (13), respectively [31- —0- 101 (mgL )
32]. —& 51.2(mg-L")
G _ c 1 1) B 60- L
de dm KpLqm "o
Ing, = InKy + %lnCe (12) P 40
qe = =Ky + ~-InC, (13) =
where, C. = equilibrium concentration of 20
adsorbate (mg-L?), ge = equilibrium amount .

adsorbed at per unit mass of adsorbent (mg-g™),
gm = equilibrium adsorption capacity for complete
monolayer (mg-g?l), K. = Langmuir adsorption
constant, Ke = Freundlich adsorption constant
(L'g?h), T = temperature (K), n = constant related
to adsorption intensity, b = constant related to the
heat of adsorption (J'mol?), R = universal gas
constant (8.314 J-mol* K1), and Kr = equilibrium
binding constant corresponding to the maximum
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Fig. 9 (a) Pseudo-first order, (b) pseudo-second

order, and (c) intraparticle diffusion models for

the adsorption of AR1 on chitosan nanoparticles
(pH: 6.0, CSNPs: 0.4 g-L™%, shaking rate: 150 rpm,

and temperature: 35° C).
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binding energy (L-g?). Figure 10(a) shows the
adsorption isotherm of AR1 on CSNPs at two
different temperatures. Figure 10(b-d) represents
the linear forms of these three isotherm models
fitted with the experimental data of adsorption
isotherm at 35 °C and 45 °C. Different parameters
were calculated and given in Table 4. Comparing
the R? values of these three isotherm models, it
shows that the Langmuir isotherm (R? = 0.9765
and 0.9503) is suitable for describing adsorption
of AR1 on CSNPs in comparison to the
Freundlich and Temkin isotherm model at both
the temperatures. By reason of, the adsorption
isotherm follows the Langmuir isotherm model,
there is high possibility of being monolayer
adsorption of AR1 on homogeneous sites of
CSNPs. The adsorption capacity (qm) of CSNPs to
AR1, calculated from Langmuir equation, was
found to be 243.9 mg.g?! at 35 °C which is
increased with increase in temperature, and gm =
333.3 mg-g1 at 45 °C. Such effect of temperature

300

. (a)

o 250

g
= 200
150+

1004

—C—35°C
- 45°C

Amourt adsorbed

20

Gyq, (gL

Equilibrium concentration (mg-L")

T T T T T T
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y=0.4226x+ 39636

Tomaste R==09472

= 02804x+4 2073
R*=0.8405

(c)

0 1 2 3 4
InC.

C]

5
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IS indicating the endothermic nature of the
adsorption, which is mostly for chemisorption. In
previous studies, CSNPs showed higher
adsorption capacity compared to the other
adsorbents for adsorption of AR1. In a study
reported by Munilakshmi [33], the adsorption
capacity of Aluminium Sulphate, Ferric chloride
and Ferrous slphate flocs for AR1 was 32.26
mg-g?, 250 mg-g* and 6.623 mg-g* respectively.
Thus CSNPs has an excellent adsorbent to remove
AR1 from aqueous solutions.

4. CONCLUSION

Chitosan was successfully prepared from shrimp
shell wastes with a DDA value of 70% and a
molecular weight of 2.3x10° Da. Then chitosan
nanoparticles (CSNPs) were formulated from
chitosan by modified ionic gelation of chitosan
with TPP. SEM characterization of surface
morphology and particle size of CSNPs showed
that the concentration of

04| —Trascc (b)
—W-45°C

y=0.0041x+0.03

0.3 F#=0.9765

0.2
y=0003x+ 00315
R*=08503

01
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G.(mgL™"
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L]
300 —~3s5°C y=62.83x+24.444
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Fig. 10 (a) Adsorption isotherm (b) Langmuir isotherm, (c) Freundlich isotherm and (d) Temkin isotherm for
ARL1 adsorption on chitosan nanoparticles at different temperatures (C, : 10.2-127.5 mg-L™%, pH: 6.0, CSNPs :
0.4 g-L%, equilibrium time : 3 hrs., shaking rate: 150 rpm).
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Table 4 Parameters obtained from Langmuir, Freundlich and Temkin isotherms for AR1 adsorption on
chitosan nanoparticles at different temperatures

Isotherm model Parameters Unit 35°C 45°C
Langmuir Qm mg-g* 243.9 333.3
Ke L-mg? 0.137 0.095
R? 0.977 0.950
Freundlich K L-g? 67.18 52.65
n 3.566 2.366
R? 0.805 0.947
Temkin Kr L-g? 5.273 1.476
b J-mol* 72.99 40.76
R? 0.893 0.919
Chitosan and TPP affected the formation of References

nanoparticles. According to the results, 2%
chitosan with 0.25% TPP-initiated ionic gelation
and produced uniformed CSNPs with the range of
particle size: 13-20 nm which was considered the
optimal condition for the formation of desired
uniformed chitosan nanoparticles. The adsorption
efficiency of CSNPs to AR1 was investigated in
batch process. The adsorption kinetics follows the
pseudo-second order model indicating
chemisorption of AR1 on CSNPs at pH 6.0. The
adsorption isotherm is well expressed by
Langmuir model suggesting the adsorption of
AR1 on CSNPs is probably monolayer. The
maximum adsorption capacity is 243.9 mg-g* at
35 °C which increased with increase in
temperature, mentioning the endothermic nature.
Eventually, the prepared CSNPs seemed to have
promising potentiality as an adsorbent and can be
utilize as an effective and efficient adsorbent in
removal of industrial dye from aqueous solution.
Beyond any doubt, by reusing and recycling the
shrimp shells wastes to prepare this type of
CSNPs can also be a potential as well as greener
solution to reduce huge amount of solid wastes
from the shrimp industries. Hence this trend of
waste utilization can save our natural coastal
resources, energy and cost.
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