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Abstract

In this present study, chitosan derived from shrimp shells has been successfully extracted and employed as an adsorbent for
metanil yellow dyes using the batch method. The yield of obtained chitosan was calculated as 75.22%, water content 8.9%,
with %DD 66.81% based on the Baxter baseline method. The adsorption process indicated that the obtained chitosan reached
optimum conditions at pH 4, initial concentration 1000 mg L', contact time 60 min, adsorbent heating temperature 120 °C,
adsorbent dosage 5 g L™, and particle size 25 um with adsorption capacity 199.98 mg g~. The isotherm and kinetics stud-
ies revealed that the adsorption of metanil yellow onto chitosan was fitted to the Langmuir isotherm model and followed
the pseudo-second-order model. The thermodynamic parameters (AG, AH, AS) indicated that the adsorption process was
spontaneous and exothermic. The adsorption—desorption cycles revealed that NaOH 0.1 M has better performance as a des-
orbing agent after five adsorption—desorption cycles. The use of adsorbents derived from fishery solid waste in this system
presents a sustainable effluent treatment method. The raw materials are derived from renewable natural product sources and
are available in large quantities. This study revealed that the chitosan from shrimp shells has good potential as a low-cost
and environmentally friendly adsorbent.
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Introduction

The high population growth has led to an increase in the
amount of solid waste in the environment. The solid waste
from organic matter usually contained many chemical
compounds that could be utilized for further purposes,
yet it was not efficiently used. Nowadays, converting solid
organic waste into another form adding value to its material
has become a concern in scientific development. Moreo-
ver, Indonesia, as a maritime country has abundant marine
resources and high seafood consumption. Therefore, the high
demand for seafood consumption such shrimps, crabs, and
clams generating its shell as a waste raises another environ-
mental issue.

The shell of those crustaceans contains chitosan, a renew-
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able polymeric substance with a wide range of applications
such as enzyme immobilization, biomedical industries and
adsorbents. Chitosan is considered more applicable because
it is biodegradable, non-toxic, and high adsorption rate
[1]. Previous work has employed commercial chitosan for
reactive blue 21 removals with an adsorption capacity of
70.08 mg g~! [2]. However, the utilization of commercial
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chitosan for large scale was considered less effective due
to the high price of pure chitosan, which might increase
production cost. Thus, various studies have investigated the
possibility of exploiting crustacean shell waste as a chitosan
and chitin resources [3].

Shrimp shell as a fishery by-product contains 20-40%
protein, calcium 20-50%, chitin 15-40%, and other ele-
ments such as solutes, fats, and astaxanthin. Chitin is a par-
ent polymer for the synthesis of chitosan through the dea-
cetylation mechanism [4]. Chitosan has a reasonably good
ability because it is rich-reactive groups such as hydroxyl
and amino groups. Amine groups are hydrolyzed in an acidic
medium, forming positively charged species that provides
electrostatic interaction with anionic dyes [5].

Approximately, 280.000 tons of textile dyes are dis-
posed from industrial waste each year in the worldwide.
Most dyes are toxic organic compounds and also difficult
to degrade due to azo group existence (-N=N-) in its struc-
ture. Besides, it has carcinogenic, teratogenic and mutagenic
effects [6]. For example, metanil yellow or acid yellow 36
(C.I. 13,065) is an azo aromatic amine chemical compound
with the [IUPAC name sodium salt m — [(p-anilinophenyl)
azo] benzenesulfonic acid [7]. This anionic dye was applied
as shoe polish, lacquer, leather dyes, pigment manufacturing,
colored-water fast ink, and textile [8]. Therefore, it was eas-
ily found in the wastewater and harmful to the environment
even at a low concentration.

In order to remove this organic pollutant, some technolo-
gies have been made use of, such as precipitation, filtration,
coagulation, electrochemical, degradation, photolysis tech-
nologies, and photocatalysis degradation [9-13]. However,
each method has its limitations, such as high energy con-
sumption, high-cost, toxic sludge generation, and compli-
cated process. Recently, the adsorption method is quite pop-
ular for removing pollutants in wastewater. The adsorption
method is preferred because it is simple, has good efficiency,
and can produce purified water [14]. Several adsorbents have
been reported for wastewater treatment including Garcinia
mangostana L fruit shell [15] rambutan seeds [16], durian
seeds [17], Annona muricata L. seeds [18], saw dust [19],
lala clam shell [20], fish scales [21], conch shells [22], malt
bagasse [23], shrimp shell [24], catappa shell [25, 26], and
silica-BSA [27]. The utilization of solid organic waste or
adsorbent-derived polysaccharides can be cost-efficient and
environmentally friendly, due to its abundance, biodegrad-
able, renewable, capable of making physical and chemical
interactions with the adsorbate molecules, and the environ-
ment's aesthetic [28].

Several studies have employed either shrimp shell, chi-
tin or chitosan for dye removal (cationic and anionic dye)
and found that the efficiency of those rich-functional groups
adsorbent was specified by the dye structure as well [29-32].
Gopi et al. [29] who has utilized chitin nano-whisker from
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shrimp shell for crystal violet removal explained that the
interaction of hydroxyl group from chitin nano-whisker
could form hydrogen bond with positively charged nitro-
gen ion from crystal violet allowed the adsorption process.
Moreover, only 50% of shrimp that can be consumed and
leave the rest as waste [33].

The prior, work which employed the shrimp shell to
remove metanil yellow, has an adsorption capacity of
69.30 mg g~! [24]. Due to the low adsorption capacity
and to best our knowledge, reports about the use of chitin
from shrimp shells to be chitosan through the deacetyla-
tion process for wastewater treatment have been reported.
Still, research about using chitosan from shrimp shells to the
removal of metanil yellow with high adsorption capacity is
rarely reported. Therefore, the present study aimed to extract
the chitin from shrimp shell to be chitosan and utilized it
as an adsorbent to enhance metanil yellow removal in the
batch method.

Material and method
Materials and instruments

Shrimp shell (Metapenaeus monoceros) as the raw material
for chitosan synthesis was obtained from the local area, West
Sumatra, Indonesia. Metanil Yellow obtained from Merck,
Germany, was used as adsorbate. The chemical structure and
its properties are presented in Table 1. Hydrochloric acid
37% (Smart Lab Indonesia company), NaOH p.a (Merck),
Etanol p.a (Merck), and deionized water. All reagents were
analytical grade. UV-Vis spectrophotometer (Genesys 20
Thermo Scientific, Germany), Fourier transform infrared
(FTIR, Unican Mattson Mod 7000 FTIR, USA), scanning
electron microscopy—energy-dispersive X-ray (SEM-EDX,

Table 1 Structure and physicochemical of metanil yellow dye

Properties Dye
Structure
O\N/Q\N//N Na®
§ \©\ 0°
s/
N
0
Molecular formula C,sH4N;3;NaO;S
Amax 435 nm
Molecular weight 375.4 g mol™!
Color index C.I. 13,065
Solubility 25gL7!
Physical state Powder

Appearance

Yellow-orange
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Hitachi S-3400 N, UK), thermogravimetric analysis (TGA,
DTG-60 Simultaneous DTA-TG Apparatus Shimadzu,
Japan), and Brunauer, Emmett Teller (BET, Quantachrome
Nova 4200e, USA) were use as analytical instruments.

Preparation of raw materials and chitosan
extraction

The collected shrimp shells were washed several times with
tap water and air-dried. The sample was crushed with a
grinder and sieved through a 160-pm sieve. Chitosan from
shrimp shell was synthesized by chemical processes, includ-
ing demineralization, deproteinization, and deacetylation
[4]. The demineralization process was carried out by soak-
ing 100 g of sieved shrimp shells in 1 M of HCI (1:10 (w/v)),
stirred for 6 h at the room temperature. The mixture was
filtered, and the residue was washed until neutral pH was
reached. Then, the biosorbent was bleached by soaking in
ethanol for 10 min and dried at the temperature of 70 °C.
The deproteinization process was done by immersing the
demineralized shrimp shell into 1 M NaOH with a ratio of
1:10 (w/v). The function of this process is to extract chitin
from shrimp shells. The mixture was stirred for 3 h at 80 °C,
filtered, and washed till neutral pH was reached. Then, the
biosorbent was bleached according to the procedure above.
The deacetylation process was conducted by mixing chitin
with NaOH 12.5 M (1:15 (w/v)) stirred for 6 h, and filtered.
Then, the residue was washed to remove alkaline excess and
dried at 70 °C [4]. The optimum conditions for adsorption of
metanil yellow dye were determined using the batch method.

Determination of pHpzc of chitosan

The point of zero charges (pHpzc) was determined by the
solid addition method. The analysis was carried out by add-
ing 0.1 g of chitosan to 0.1 M KCl with different pH ranges
from 1 to 8 (50 mL each). The suspensions were shaken for
24 h, and the final pH (pHf) of the supernatant was meas-
ured. The difference between the initial and final pH, ApH
(pHf-pHi) was plotted against the initial pH (pHi), and the
intersection point resulted from the curve with vertical axis
corresponded to the pH point of zero charges (pHpzc) [34].

Adsorption experiments

The effects of pH, initial concentration, contact time, the
heating temperature of chitosan, adsorbent dosage, and parti-
cle size were investigated on metanil yellow adsorption. The
batch method was taken in a 25-mL Erlenmeyer glass flask,
by adding a certain amount of chitosan in 10 mL dye solu-
tion and stirred at 100 rpm by rotary shaker. After adsorp-
tion, the final concentration of metanil yellow dye was deter-
mined using a spectrophotometer at 435 nm wavelength. The

adsorption capacity (q, mg g~') and % removal (%R) were
calculated by the following equation:

Cy—C,)xV
q=—(° ) 1)
m
C,—C
%R:Mxmo )
0

where C, (mg L™!) is initial concentration of dye, C,
(mg L™!) is the concentration of dye solution at equilib-
rium, V (L) is the volume of solution, and m (g) is the mass
adsorbent used.

Adsorption isotherm studies

Several adsorption isotherm models such as Langmuir, Fre-
undlich, Temkin, and Dubinin—Radushkevich were used to
execute the experimental data. The following equations rep-
resented the mathematical model of those isotherm models:

where ¢,,, is the maximum monolayer adsorption capacity
of the adsorbent (mg g™'); K, is Langmuir adsorption con-
stant (L mg™'); g, is the adsorption capacity at equilibrium
(mg g™ 1); C, is the concentration of adsorbate in the solution
at equilibrium (mg L_l); K; and n are Freundlich constants;
T is the absolute temperature (K); b is Temkin isotherm
constant; R is the universal gas constant (8.314 J mol™');
K is a constant related to the Temkin isotherm constant
(L mg™!); and g is Temkin constant related to the heat of
adsorption (J mol™"). In addition, Ky is a constant related
to the mean free energy of adsorption (mol® J71); ¢ is the
polyani potential (J mol™!); E is mean free energy of adsorp-
tion (kJ mol™").

The favorability of the adsorption process was analyzed
by calculating the separation factor (R ) expressed by fol-
lowing Eq. (4). The adsorption process was unfavorable, if
R; >1. When O <R; <1, the adsorption process was favora-
ble, and the adsorption process was linear if R; =1, while if
R, =0, the adsorption process was irreversible [35].

Adsorption kinetics studies

To investigate the adsorption kinetics of metanil yellow onto
chitosan, the pseudo-first order and pseudo-second order
were used to analyze the experimental data. Linear forms
of pseudo-first order and pseudo-second order are given in
Egs. (11) and (12):Pseudo-first order:

—In(q,—q,) =k - t—Ing, (11)

Pseudo-second order:
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1 t
- =+ =

49 ke q. (12)

where ¢ is the time (min); g, is adsorption capacity when
equilibrium (mg g~'); g, is adsorption capacity at a certain
time (mg g~'); k, and k, is pseudo-first-order and pseudo-
second-order reaction rate constant (min~"), respectively

(Table 2).

Table 2 The mathematical equations of isotherm models

Isotherm models Equations
Langmuir L__tr 1t 3)
9e k.4, C, Im
R = — @)
1+(K, XCy)
Freundlich log g, = log K, + LiogC, )
Temkin q,=FfInK;+pInC, (6)
p=tr @
Dubinin-Radushkevich Ing, =Ing,, — Kpge® ()
€=RTIn (ﬂ) ©)
C,
= (10)
V2Kpr
Fig. 1 Deacetylation process B
of chitin
N~
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Result and discussion
Characterization of biosorbent

The main component for chitosan production is chitin in
shrimp shells. Chitin naturally forms the outermost protec-
tive layer in shrimp shells by forming a covalent bond with
protein, minerals, and carotenoids. The demineralization
stage used HC1 1 M to dissolve minerals (generally car-
bonate and phosphate). Minerals dissolved in acids were
indicated by the formation of CO, (effervescent) bubbles.
The reaction in the demineralization process can be seen in
Eq. (13). The deproteinization stage was performed using a
low concentration base (NaOH 1 M) to dissolve the protein
attached to chitin. An indicator of protein dissolution was
a reddish-viscous solution that indicated the formation of
sodium proteinate. The deacetylation stage was a hydrolysis
reaction of chitin with concentrated bases (NaOH 12.5 M)
[4]. At this stage, the acetyl bond (-COCH;) on the amino
group in chitin was broken. When the acetyl group was
released, the chitin's amide group will bind to a positively
charged hydrogen group, forming a free amine group (-NH,)
(Fig. 1). This free amine group played a significant role in
the binding process of the anionic adsorbate.

CaCO;(s) + 2HCl(aq) — CaCl,(1) + CO,(g) + H,0(l)

(13)
CH
OH 3
O:<
NH
0] HO L
HO © 4
NH
o= OH
CH3 n
Chitin
Deacetylation
: NaOH
OH OH
(0] 0] (0]
0} (0] OH
HO HO
NH, NHz |, NH,
Chitosan
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The physicochemical characteristics of synthesized chi-
tosan are represented in Table 3.

As shown in Table 3, the percent yield of synthesized
chitosan was relatively high. It showed that the synthesis
process was adequately effective in producing chitosan from
shrimp shells. The moisture content was below the allowed-
limit standard (< 10%), indicating that obtained chitosan was
good. Low water content can extend the storage time of chi-
tosan. The solubility of chitosan was an important param-
eter because it is related to deacetylation degree, where a
high degree of deacetylation showed higher solubility and
vice versa [36]. The deacetylation degree was substantial to
understand the adsorption capacity of chitosan in metanil
yellow removal [31]. In an acidic solution, chitosan with a
deacetylation degree (%DD) above 50% was soluble. This
was due to the protonation of the amino group on the chi-
tosan. The degree of deacetylation of the synthesized chi-
tosan was 66.81%, which implied that the obtained chitosan
contained high amounts of amino groups coming from con-
verting acetyl groups in chitin. The ninhydrin test confirmed
the existence of amine groups by turning the color of the
solution into purple. DD was determined using FTIR and
calculated based on the Baxter baseline method (Eq. 14):

A
%DD = 100 — [( 1655) N 115]% (14)
3450

where A 55 is the absorbance at 1655 cm™ of the amide™
band, A5 is the absorbance at 3450 cm™! of the hydroxyl
band, and a factor of 155 indicates the As45,/A 455 Tatio for
complete degrees of chitosan deacetylation.

FTIR spectra of chitosan were measured to check the
functional group of obtained chitosan before and after the
adsorption process (Fig. 2). The chitosan spectrum con-
tained several peaks corresponding to the functional groups
that were to bind dye ions. Figure 2 shows a broaden peak
at 3000-3600 cm ™! was ascribed for the stretching of O-H
and N-H bonds. A strong band at 2885 cm™" was attributed
to —CH, in methylene groups that confirmed chitosan exist-
ence. The characteristic absorption band at 1600—1700 cm™"

Table 3 Physicochemical characteristics of chitosan from shrimp
shell

Characteristics Value

Shrimp shell 100 g

Yield (chitin to chitosan ratio) 75.22%

Form White powder

Water content 8.9%

Solubility in CH;COOH 2% Soluble

Ninhydrin test Forming a purple solution
%DD 66.81%

Chitosan

Chitosan + MY w

Transmittance (%T)

1576

04 1027

L L L L A S SR I
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm'1)

Fig.2 FTIR spectra of chitosan before and after adsorption process

represented the stretching vibrations of C=0 in amide. The
weak peak at 1574 cm™! was assigned to the in-plane N-H
bending vibration, a characteristic peak of chitosan poly-
saccharide. The peak around 1304 cm™! was assigned to
C-N vibration. The stretching vibration of C-N or C-O
groups represented bands found at 1027 cm™! were char-
acteristic of saccharide structure [4, 37, 38]. After adsorp-
tion of metanil yellow, the peak at 2885 cm™!, 1630 cm™!,
and 1574 cm™! was shifted to 2894 cm™', 1637 cm™!, and
1576 cm™!, respectively. However, the difference in wave-
number was not significant. These results suggest the change
in the vibrational energy of the functional group. Also, these
shifts suggested that the inter- and intra-molecular bond in
the chitosan structure has changed due to an interaction
between metanil yellow and those functional groups [39].
These results showed that the amine groups were the main
functional groups involved in the adsorption of metanil yel-
low dye.

The surface characteristics of the obtained chitosan
before and after the adsorption process were measured by
the BET method. As shown in Table 4, the surface area
of obtained chitosan was low. This result may be caused
by many factors, including the rigid structure found in
exoskeletons such as collagen, chitin, chitosan, and

Table 4 Surface characteristic of chitosan before and after metanil
yellow adsorption

Parameters Before adsorption After adsorption
Surface area (m? g_l) 0.3437 0.3859
Pore volume (cm? g"l) 0.0029 0.0025
Pore size (nm) 34.6843 26.0189
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JTM-FTUA 5.00kV 5.4mm x10.0k SE 9/1 1/2|02|O I

Fig.3 SEM image of chitosan: before a and after, b adsorption

Table 5 EDX analysis of chitosan before and after adsorption

Elements Before adsorption After adsorption
Weight% Atomic% Weight% Atomic%

CK 62.27 69.19 62.27 69.19

OK 37.23 30.81 37.23 30.81

compounds without the activation process. In addition,
the active site's availability was low [40]. As a result, the
pore size of obtained chitosan was decreased. On the other
hand, the surface area was increased after the adsorption
process. This observation proved that the adsorption of
metanil yellow onto chitosan has occurred on the sur-
face of the adsorbent. This phenomenon has been veri-
fied by the morphology of chitosan measured by the SEM
method. The cavities and pores in the chitosan surface
(Fig. 3) become smoother after the metanil yellow adsorp-
tion process due to the biosorbent surface covering by the
homogenous layer of metanil yellow dye. The major ele-
ments were carbon and oxygen based on the semiquanti-
tative EDX analysis of the chitosan (Table 5). After the
adsorption process, the percentage of oxygen decreased
from 37.23 to 33.76%. Meanwhile, the percentage of car-
bon increased from 62.27 to 66.24%. The increase of car-
bon percentage probably was originally from carbon in
the metanil yellow structure. This percentage indicated
that metanil yellow has attached to the surface of chitosan.

The thermogram of obtained chitosan is represented in
Fig. 4. It indicated that the initial weight loss (10.25%) was
observed between 80 and 150 °C suggesting the vaporiza-
tion of water molecules due to chitosan dehydration. The
second stage of weight loss in the range of 280—430 °C was
attributed to the decomposition of chitosan polymer chains.
Therefore, it can be concluded that chitosan has low thermal
stability. The same result was reported by Kumari et al. [41].
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Fig.4 TGA thermogram of chitosan

pH PZC of chitosan

pHpzc was pH where the surface charge of adsorbent was
equal. It meant the number of positive and negative charges
on the surface was balanced. The pHpzc provided an impor-
tant information about sorption mechanisms and indicated
the proper pH for adsorbates attached to a particular adsor-
bent. If solution pH was lower than pHpzc, the positive
charge (H") on the adsorbent surface increased and was
suitable to adsorb the anionic dye due to the increase of
electrostatic interaction. In reverse, when the pH adsorbate
solution was more significant than pHpzc, the surface con-
tained a large number of negative charge (OH"), leading to



Journal of the Iranian Chemical Society (2022) 19:1369-1383

1375

pHf - pHi
n

14

Fig.5 pHpzc of chitosan

a repulsion force between adsorbent and anionic dye. Thus,
the adsorption capacity decreased.

The pHpzc of obtained chitosan was 6.9 (Fig. 5). In an
aqueous solution, the sulfonate groups of metanil yellow
dye (D-SO;Na) dissociate became anionic dye ions. Based
on this characteristic, it can be predicted that the optimum
adsorption of metanil yellow anion will occur at pH <6.9.
The same result has also been reported by Boudouaia et al.
[42].

Effect of pH

The initial pH of the dye solution significantly influences
the adsorption process because it relates to the dissociation
of the dye molecules and the surface charge of the adsor-
bent. A positive or negative charge in the solution affected
the electrostatic interaction between the adsorbent and dye
molecule [43].

Figure 6 indicates that the optimum pH of obtained chi-
tosan was 4 with an adsorption capacity of 0.497 mg g~
The adsorption capacity of the adsorbent decreased as the
pH increased. It can be explained that the presence of H*
at low pH facilitated protonation of amino groups of chi-
tosan (R-NH,) forming (-NH>") ions (Eq. 15). NH;" ion
will attract to sulfonate group (~SO>") on the dye molecule,
which has undergone dissociation in an aqueous solution
(Eq. 16). In this condition, the strong electrostatic attraction
between metanil yellow anion and positively charged in chi-
tosan has occurred so that the adsorption capacity increased

T
® (]

q (mg/g)

pH

Fig. 6 Effect of pH on adsorption capacity of metanil yellow by chi-
tosan (dye concentration 5 mg L', biosorbent dosage 10 g L™, stir-
ring speed 100 rpm, contact time 60 min, and particle size160 pm)

[44]. The possible mechanisms of the adsorption process of
metanil yellow by chitosan are represented in Fig. 7.

R —NH, + H" < R — NH} (15)

D — SO;Na — D — SO; + Na* (16)

The electrostatic interaction between anion of metanil
yellow became weaker as pH increased due to the deprotona-
tion of amino groups in alkaline solution. This phenomenon
led to electrostatic repulsion between metanil yellow ion and
chitosan because the surface charged was negative at the
higher pH. For this reason, the adsorption of metanil yel-
low onto chitosan was low in alkaline pH. The pH optimum
for metanil yellow adsorption was obtained at pH < pHpzc
(pHpzc=6.9). The results showed the correspondence
between the pHpzc and the effect of pH of solution on the
adsorption capacity of chitosan. The same result has been
reported by Naghizadeh and Ghafouri [43].

Effect of initial concentration

The initial concentration was related to the driving force of
the adsorbate molecules to the active site of the adsorbent.
Thus, this parameter affected the interaction of adsorbent
and adsorbate in the solution. The effect of the initial con-
centration of metanil yellow dye was studied in the range of
80-1200 mg L.

@ Springer



1376

Journal of the Iranian Chemical Society (2022) 19:1369-1383

OH

Fig. 7 The possible mechanisms of the adsorption process of metanil yellow by chitosan
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Concentration (mg/L)

Fig. 8 Effect of initial concentration on adsorption capacity of met-
anil yellow by chitosan. (pH 4, biosorbent dosage 10 g L, stirring
speed 100 rpm, contact time 60 min, and particle size 160 pm)

The optimum adsorption capacity was obtained at a
concentration of 1000 mg L™! (Fig. 8). Adsorption capac-
ity increased from 7.97 to 98.68 mg g~! within the range
of concentration 80-1000 mg L=, showing that the num-
ber of chitosan active sites was sufficient to bind metanil
yellow molecules. There was an equilibrium between the
number of active sites and metanil yellow molecules at the
optimum concentration. The adsorption capacity declined at
the higher concentration because the fixed number of active
sites can only interact with a certain number of adsorbate,

@ Springer

leaving a high concentration of metanil yellow in the solu-
tion. It can be concluded that the decrease in adsorption
capacity occurred due to the low ratio of adsorbent leading
to saturation of active site with high energy level. In case,
the adsorption process was initiated from the active site with
a low energy level [33, 44, 45].

Effect of contact time

The effect of contact time was essential to describe the
adsorption rate and estimated equilibrium time for dye
adsorption. The effect of contact time on the sorption of
metanil yellow dye was investigated at different time inter-
vals within the range of 15-90 min. The adsorption equilib-
rium for metanil yellow dye was achieved at 60 min with an
adsorption capacity of 98.68 mg g~! (Fig. 9).

The high adsorption rate at the initial stage was due to the
availability of functional groups until it reached equilibrium
time. As time increased, the number of functional groups
decreased because the active sites gradually interacted with
the metanil yellow molecule. The adsorption capacity signif-
icantly decreased after the optimum condition was achieved
since dye molecules were discharged due to the collision
during the adsorption process [45, 46]. The same result for
the effect of contact time on removing metanil yellow has
been reported by Ibrahim and Ibrahim [47].

Effect of biosorbent heating temperature

Heating the adsorbent with a specific temperature range
aimed to see adsorbent resistance at the high temperatures.
This heating also aimed to reduce the water content trapped
in the adsorbent pores so that the surface area became larger.

Figure 10 shows that the adsorption capacity of obtained
chitosan significantly decreased at the temperature 210 °C
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Fig. 9 Effect of contact time on adsorption capacity of metanil yellow
by chitosan (pH 4, dye concentration 1000 mg L™!, biosorbent dosage
10 g L7, stirring speed 100 rpm, and particle size 160 pm)
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Fig. 10 Effect of temperature on adsorption capacity of metanil yel-
low by chitosan (pH 4, dye concentration 1000 mg L™, contact time
60 min, biosorbent dosage 10 g L', stirring speed 100 rpm, particle
size 160 pm)

and the optimum temperature for the dye metanil yellow
adsorption by chitosan occurred at 120 °C with an adsorp-
tion capacity of 98.90 mg g~'. This capacity indicated that

Fig. 11 Effect of adsorbent dosage on adsorption capacity of metanil
yellow on chitosan (pH 4, dye concentration 1000 mg L~!, contact
time 60 min, stirring speed 100 rpm, heating temperature 120 °C and
particle size 160 pm)

the active site and pores were damaged during the heat-
ing process, reducing chitosan's ability to interact with the
metanil yellow. This phenomenon was confirmed by TGA
analysis revealing weight loss of adsorbent due to the heat.

Effect of adsorbent dosage

The effect of adsorbent dosage was related to the adsorbent
surface area availability of more adsorption sites and adsor-
bent—adsorbate equilibrium in the system. This parameter
can predict the operating cost per unit of dye solution during
the adsorption process [44]. The effect of adsorbent chitosan
dosage on metanil yellow removal was studied within range
5;7.5;10;12.5;and 15 g L Figure 11 shows that adsorp-
tion capacity decreased as the adsorbent dosage increased.
The optimum condition was achieved at adsorbent dosage
5 g L™! with adsorption capacity 160.24 mg g~'. In contra,
the % removal of metanil yellow by chitosan increased as
adsorbent dosage decreased. The optimum % removal was
achieved at adsorbent dosage 15 g L™! with %R 99.85%.

During the adsorption process, the adsorbent's active site
was saturated, leading to a decrease in the quantity of dye
adsorbed per mass adsorbent. This quantity was related to
the surface area reducing of chitosan due to aggregation of
adsorbent at the higher dose. Therefore, it can be concluded
that at the larger mass of chitosan, the adsorption process
may not effectively occur and increase the operating cost
[48]. The same result has been reported by Salamat et al.
[33].
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Effect of particle size

The adsorbent particle size influenced the rate of biosorp-
tion directly. The surface area increased by reducing particle
size, which increased the number of active sites. Figure 12
shows the effect of particle size of chitosan on metanil yel-
low dye removal. It can be seen that the adsorption capac-
ity decreased from 199.98 to 137.40 mg g~! as the particle
size increased from <25 to <425 pum. with the larger parti-
cle sizes, the particles' internal layers were inaccessible to
adsorbate molecules. The smaller particle sizes made the
entire internal layers accessible due to the larger surface area
for the adsorption process [48]. It suggested that the smaller
the particle size, the adsorption process has occurred opti-
mally. A similar result was reported by Daneshvar et al. [12].

Isotherm studies

The adsorption isotherm was important for determining the
adsorption mechanism to explain how adsorbate interrelate
with adsorbent materials [49]. The data of adsorption of
metanil yellow by chitosan were analyzed using four iso-
therm models, namely Langmuir, Freundlich, Temkin, and
Dubinin—Radushkevich (D-R) isotherms. The linear plots of
specific parameters from each isotherm models are shown
in Fig. 13. The values of the isotherm model constants were
calculated from the slope and intercept of the linear plot

210 [
175 [ \

140 [

q (mg/g)

105 [
70 [

35

0-....I....I....I....I....I....I.
0 75 150 225 300 375 450

Particle size (um)

Fig. 12 Effect of particle size on adsorption capacity of metanil yel-
low on chitosan (pH 4, dye concentration 1000 mg L™, contact time
60 min, stirring speed 100 rpm, heating temperature 120 °C, and
biosorbent dosage 5 g L™!)

@ Springer

from Langmuir (C, vs. C./Q,), Freundlich (log C, vs. log
0Q.), Temkin (In C, vs. Q.), and Dubinin-Radushkevich
(D-R) (¢* vs. In Q.). Isotherm model constants were repre-
sented in Table 6.

Table 6 summarizes the parameters of each models which
were applied. According to the DR model, the average
energy of adsorption calculated E was less than 8 kJ mol~!,
approving that the adsorption was physical adsorption
through the pore on the chitosan surface confirmed by
BET and SEM analysis as well [50]. The b values from the
Temkin model were related to the heat of adsorption. The
high values of b (b=260.24 J mol~!) indicated the sorp-
tion process’s exothermic and physiochemical nature [51].
Based on R? of the Langmuir isotherm model constants was
shown excellent linearization and higher R? indicated that
this model yielded a better fit to the experimental data than
other models. These results indicated that chitosan's sur-
face was homogenous and the adsorption process occurred
chemically and monolayer sorption process.

The R| values for chitosan ranged from O to 1 according
to the Langmuir isotherm results for adsorption of metanil
yellow dye, so it can be concluded that the metanil yellow
dye adsorption by chitosan was favorable. The Freundlich
isotherm supported this adsorption; the values of n were
observed to be greater than 1, which suggested that the
adsorption process was favorable [35]. The FTIR spectra
approved the result of chitosan, where the wavenumber of
some functional groups that played a role in the adsorption
process has shifted. This phenomenon showed that the inter-
action between the functional groups and the dye molecule
was chemisorption. The same result for RB29 dye adsorp-
tion by chitosan was reported by Naghizadeh and Ghafouri
[43].

Kinetic studies

One of the criteria for a good adsorbents in wastewater
treatment is high adsorption capacity and fast adsorption
rate. Thus, it is necessary to analyze the adsorption kinetic
to understand those matters. The pseudo-first-order and
pseudo-second-order kinetic models were used to obtain
the rate constants and equilibrium adsorption capacity. The
rate of solution adsorption and residence time for adsorbate
at the solution-adsorbent interface can be calculated using
these models.

The values of the pseudo-first-order model constants,
k. and g, were calculated from the slope and intercept of
the plots of ¢ versus In (¢, —q,) (Fig. 14a). In contrast, the
pseudo-second-order model constants, k, and g, were calcu-
lated from the slope and intercept of the plots of ¢ versus /g,
(Fig. 14b). The model parameters determined along with the
correlation coefficient values (R?) are presented in Table 7.
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Fig. 13 Langmuir (a), Freundlich (b), Temkin (c¢), and Dubinin—Radushkevich (D-R) (d) isotherm linear equations for metanil yellow adsorp-

tion on chitosan

The low R? (<0.90) value for the pseudo-first-order
model, as shown in Table 7, suggests that this model
was not sufficient for explain the adsorption kinetic
of metanil yellow dye on chitosan. However, for the

pseudo-second-order model, the relatively high R (> 0.99)
value indicated that the ongoing adsorption mechanism
followed pseudo-second-order kinetics.

The calculated ge value (ge,) showed good agree-

ment with the experimental ge value (ge.,,,), proving that
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Table 6 Coefficients of Langmuir, Freundlich, Temkin, and Dubinin—Radushkevich (D-R) isotherm models for metanil yellow adsorption by

chitosan
Langmuir Freundlich
q,, (mg g™h K, (Lmg™") R? R, Ky 1/n R?
70.42 0.96 0.98 0.0008-0.012 24.72 0.24 0.53
D-R Temkin
g, (mg g™h Kpg (mol? g™ E (kJ/mol) R? K (L mg™h) b (J mol™) R?
54.93 7.02%x 1075 1.18x 1077 0.44 26.23 260.24 0.56
10
1 y=0.0082x - 0.1027 090 ¥=00103x-0.002
1 Rre=o0.008 - "1 Re=0.9908
8
1 0.75
6]
] 0.60 4
s ]
$ 4 5 45
SR = 0.45-
= ] ]
24 0.30 4
n
n
04 /.//I/J 0.15 ]
E m E B R Em B [ ] - . 1
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Fig. 14 The curve of adsorption kinetics model a pseudo-first order, b pseudo-second order of metanil yellow by chitosan

Table 7 The parameter of adsorption kinetics of metanil yellow by
chitosan

Pseudo-second order

K, (min™") Q. (mgg™') R

Pseudo-first order

K, (min™") Q. (mgg™") R

0.0082 1.108 0.008 —0.053 97.08 0.9998

adsorption of metanil yellow onto chitosan was fitted to
pseudo-second-order kinetic model. The pseudo-second-
order kinetic model's applicability indicated the adsorp-
tion process occurred chemically and surface rate-limiting
determining step.

@ Springer

Thermodynamic studies

Evaluation of thermodynamic parameters in the adsorption
process is important for determining heat change in the sys-
tem. The thermodynamic parameters, including Gibbs free
energy (AG®), enthalpy (AH®), and entropy (AS°), can be
calculated at different temperatures and concentrations by
using the following equations:

AG = —RT In(K;) (17)

AG = AH — TAS (18)

where R=8.314 J mol~! K~! (universal gas constant),
K; (L mol™!) was the equilibrium constant, and 7 was
temperature.
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The value of AH and AS were determined from the slope
and intercept, respectively. In order to determine the ther-
modynamic parameters corresponding to the adsorption of
metanil yellow on chitosan, the experiment was carried out
at different temperatures (298, 308, and 318 K) and different
concentrations (10-50 mg L™!). Thermodynamic parameters
of the adsorption metanil yellow onto chitosan are listed in
Table 8.

The negative values of AG indicate that the adsorption
process were viable and spontaneous. The value of AG
decreased as temperature increased, indicating that the pro-
cess was more favorable at lower temperatures [52]. The
enthalpy change (AH®) was negative, indicating the exo-
thermic reaction of the metanil yellow adsorption process.
It was also confirmed by the b constant from the Temkin
isotherm model. The negative value of AS suggested a low-
level disorder in the chitosan surface during the adsorption
process. This indicated that the initial entropy of dye mol-
ecules in the solution was greater than the final entropy in
the adsorbent surface, which resulted in the orderliness of
the dye molecules at the adsorbent surface [47]. The same
result was reported by Boumchita et al. [52].

Adsorption-desorption study

The regeneration is essential to evaluate sorbent repeat-
ability. Therefore, an adsorption—desorption study was
conducted to examine the possibility of chitosan and dye
regeneration by applying a desorbing agent [53]. The regen-
eration process was carried out using the batch method and
employed NaOH as a desorbing agent. First, the adsorption
study was conducted by loaded 10 mL of metanil yellow
solution (20 mg L', pH 4) with 0.1 g chitosan. The mixture
was shaken for an hour at 100 rpm. Then, the desorption
study was performed by mixing the dry dye-saturated chi-
tosan from adsorption metanil yellow with 10 mL of NaOH
solution (concentration: 0.1 and 0.01 M) [54, 55].

Figure 15 shows that the adsorption capacity was
decreased from 1.98 to 1.32 mg g~! after the fifth cycle
using NaOH 0.1 M as a desorbing agent. Meanwhile,
NaOH 0.01 M as desorbing agent caused a decrease of
adsorption capacity from 1.98 to 0.88 mg g~! after the
fifth cycle. Therefore, it can be concluded that after five

Table 8 The Thermodynamic parameters of the adsorption metanil
yellow onto chitosan

Temperature AG (kJ/mol) AH (kJ/mol) AS (kJ/mol K)
(K)

298 —3346.38 —50,275 —-156.9

308 —2294.62

318 —208.365

1381
2.0 [ INaOHO0.1 M
[ INaOH 0.01 M
1.5 - —
)
g 1.0
> —
0.5 -
0.0

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5

Fig. 15 Adsorption—desorption study of chitosan

times adsorption—desorption cycles, the adsorption capac-
ity did not significantly change. However, a different effect
was given by both desorbing agents. Table 9 shows that
the higher NaOH concentration gave a higher desorption
percentage than the lower NaOH concentration. This phe-
nomenon can be explained that higher base concentration
caused an increased number of negative ions (OH™), increas-
ing electrostatic repulsion, which supported the desorption
process [56]. The reaction responsible for the desorption
of metanil yellow is represented in Eq. 19. The sodium
ion from NaOH would be reacted with D — SO7 ion from
RNH;D — SO; reforming dye molecules itself and released
chitosan’s functional group (RNH,) so that it was ready
to be employed for the next adsorption—desorption cycles
(repeatability).

RNHD - SOj + NaOH — RNH, + D — SO;Na + H,0
(19)

Table 9 Desorption percentage of metanil yellow using NaOH 0.1 M
and 0.01 M

% Des (NaOH 0.1 M) % Des

(NaOH

0.01 M)
Cycle 1 86.575 81.694
Cycle 2 82.236 68.262
Cycle 3 76.856 50.803
Cycle 4 65.798 35.584
Cycle 5 44.504 16.048
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Table 10 Comparison of maximum adsorption capacities of several adsorbent for anionic dye

Adsorbent Adsorbate 0 (mg g’l) Refs.
Activated carbon from Gmelina arborea bark Metanil yellow 2.35 [57]
Modified carbon sorbent Metanil yellow 2.31 [58]
Chitosan from Persian gulf shrimp shell Reactive blue 87.74 [43]
Rice husk 5G blue reactive dye 3.84 [59]
Chitosan functionalized magnetic Reactive orange 95.23 [37]
Nanoparticles 107
Malt bagasse Yellow Reafix BR2 68.7 [23]
Water hyacinth plant Metanil yellow 43.5 [60]
Eggshell powder-chitosan gel (EPCG) Suncion Red H-R (SRH-R) 2.794 [61]
Sunzol Blue RS (SB-RS) 2.948
Commercial chitosan Reactive blue 21 70.08 2]
Shrimp shell (Metapenaeus monoceros) Metanil yellow 69.30 [24]
Chitosan from shrimp shell (Metapenaeus monoceros) Metanil yellow 199.98 Present study

Table 10 lists the previous work for anionic dyes
removal compared to the present study. The differences
in adsorption capacity may be affected by the pH of the
solution or the degree of the amino group’s protonation
(for chitosan-based) or the chemical structure and molecu-
lar size of the dye or a function of some combination of
these factors. The adsorption capacity of chitosan shrimp
shell was higher than shrimp shell itself as adsorbent
[24]. This indicated that protonated amino groups in the
chitosan structure have an important role in metanil yel-
low removal through electrostatic interaction. Based on
the adsorption models and characterization of chitosan,
it could be assumed that the adsorption process was con-
trolled by physical-sorption through the pore (based on
BET, SEM, and D-R analysis) and dominantly chemical-
sorption through electrostatic interaction.

Conclusion

Chitosan from shrimp shell was a good material as an
adsorbent to remove metanil yellow dye in wastewater. It
was environmentally friendly and low-cost adsorbent. The
maximum adsorption capacity was 199.98 mg g~!. The
adsorption process followed the isotherm Langmuir models
and pseudo-second-order kinetic model. Based on thermo-
dynamic studies, the adsorption process was spontaneous
and exothermic in nature. This suggested that the process
followed chemisorption through electrostatic interaction.
Chitosan derived from shrimp shell as adsorbent showed
a significant increase of adsorption capacity rather than
shrimp shell itself. This proved that chitosan from shrimp
shells could be low-cost, easy generate, and environmentally
friendly adsorbent.
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