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Abstract

In this paper, chitosan (CS) was successfully extracted from shrimp shells waste at two deacetylation temperatures (90 °C
and 40 °C). The obtained chitosan at 90 °C showed better physicochemical properties compared to the one prepared at 40 °C
with a degree of deacetylation DA =88%, molecular weight M =353 KDa, viscosity 7=0.469 dL/g and pKa=6.49, and its
structure was confirmed by Fourier transform infrared spectroscopy, X-ray diffraction and differential scanning calorimetry.
The extracted CS was utilized as a film for the adsorption of Eriochrome black T (EBT) dye from aqueous solutions under
various experimental conditions. Experimental results showed that the synthesized film exhibited excellent adsorption
ability for EBT with an adsorption capacity of 413 mg/g at pH 4.66 for an initial dye concentration of 200 mg/L at 20 °C.
The kinetics of adsorption were found to be of pseudo-second order with a high coefficient of determination (R?=0.9999).
Furthermore, the thermodynamic analysis revealed that the adsorption of EBT dye was an endothermic and spontaneous
process. Freundlich model fitted well to the experimental data, the numerical value of n=1.064 indicates that adsorption of
EBT onto CS film is favorable. All these results confirm that chitosan-based films prepared from shrimp shells waste could

be considered as promising materials for dye removal and as alternatives to expensive adsorbents.
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Introduction

Dyes are considered as ones of the most worldwide
employed chemicals. Under certain conditions, they could
present a real menace to the environment in general and to
water resources in particular through the establishment of
the eutrophication process. During the last decades, various
physicochemical techniques have been used for removal of
dyes from industrial effluents such as coagulation/floccu-
lation (Fosso-Kankeu et al. 2017), ozonation (Smita et al.
2017), electrochemical oxidation (Akrout et al. 2015).
Adsorption onto low-cost materials has pointed out as one
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of the most effective methods for dye removal especially
for low concentrated effluents (Bharathi and Ramesh 2013).
Various materials have been successfully used for dye
removal in static and/or dynamic mode such as orange tree
sawdust (Azzaz et al. 2017), cellulose-based bioadsorbent
(Liu et al. 2015), different marine macroalgae (Omar et al.
2018) and chitosan (Vega-Negron et al. 2018).

Shellfish shells are biowastes that could be responsible
for pollution in coastal areas. However, these biowastes
could be valorized and used as resources for the produc-
tion of chitin and chitosan, through three-stage extraction,
namely demineralization, deproteinization and deacety-
lation (Mohammed et al. 2013). Chitin, as a crystalline
polysaccharide with high molecular weight, is the second
most abundant organic compound, after cellulose on earth.
It is considered as a natural fiber that is found in shells
of marine animals, such as shrimps and lobsters, insect
shells and in the wall of several fungi and yeasts (Rinaudo
2006; Kumari and Rath 2014). In its structure, chitin is
often linked to the other major constituents of the cara-
pace, forming covalent bonds with 30-40% proteins and
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a complex matrix containing 30-50% calcium and phos-
phate carbonate and 20-30% of chitin.

Chitosan (CS) is a cationic semi-crystalline polysac-
charide having a linear chain of 2-amino-2-deoxy-p-glu-
copyranose and 2-acetamido-2-deoxy-p-glucopyranose
repeating units linked by #(1 —4) which can be obtained
by deacetylation of chitin. Degree of deacetylation (DA)
greater than 50% generally confirms the obtaining of CS
(Younes et al. 2014). Chitosan has three reactive func-
tional groups, amine, primary and secondary hydroxyls
that offer potential for covalent and ionic modifications
allowing the improvement of its mechanical and biologi-
cal properties. In addition, CS is a biodegradable, non-
allergenic, biocompatible, antibacterial, renewable, non-
toxic product and largely used in biomedical and industrial
fields as well as in industrial wastewater treatment (Kumar
2000). In the last years, several new forms of chitosan
intended for wastewater treatment are produced in the form
of films (Rizzi et al. 2018; Frantz et al. 2017), microcap-
sules (Tong 2017), composites (Xie et al. 2013), nano-
particles (Sivakami et al. 2013) and nanofibers (Nthunya
et al. 2017) to improve its potential applications. Chitosan
films could be obtained by various methods (Uragami
et al. 2002) such as: (1) direct perversion of the chitosan
solvent, (2) addition of bifunctional reactants to the chi-
tosan and (3) air-drying of chitosan solutions. The use
of chitosan films for polluted effluents by dyes appears
to be economically more attractive than activated carbon
(Sadeghi-Kiakhani et al. 2013).

Eriochrome black T (EBT) is an azoanionic dye with
confirmed toxic and carcinogenic properties. It is widely
used in textile dyeing industry (De Luna et al. 2013). Sev-
eral studies have investigated the removal of EBT from
aqueous solutions by various solid matrixes such as bioad-
sorbents and nanoparticles (Moeinpour et al. 2014).

Due to its chemical stability, its high reactivity and
its affinity for the majority of anionic and cationic dyes,
chitosan has been the subject of several studies for the
elimination of dyes in aqueous solutions (Jiang et al. 2014;
Kashif et al. 2016). This paper aims to (1) extract chitin
from local source: shrimp shell, and to produce CS by two
deacetylation methods depending on the used temperature,
(2) to assess the composition and physicochemical proper-
ties of the produced CS through adapted measures such
as conductometry and pH metric titration, viscosimetry,
Fourier transform infrared spectroscopy (FTIR), X-ray
diffraction (DRX) and differential scanning calorimetry
(DSC), (3) to design CS film and assess its potential in
removing EBT dye from aqueous solutions under vari-
ous experimental conditions in batch mode (contact time,
initial concentration, pH and temperature) and finally (4)
to explore the main involved mechanisms in this adsorp-
tion process.
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Materials and methods
Used biomass origin and preparation

The used shrimp shellfish for the extraction of chitosan
was collected from Mers El Kebir port on the Mediterra-
nean Sea, Oran Province (Northwest Algeria). The sam-
ples were carefully cleaned with distillated water and then
dried at 80 °C for 2 days. Finally, this dried biomass was
ground into small pieces.

Extraction of chitosan

The extraction of CS from the collected shrimp shellfish was
carried out according to Brine’s methodology (Brine 1984).
This protocol consists of the following tasks: (1) deproteini-
zation where proteins related to chitin were removed through
2-day continuous stirring of 76.45 g of shrimp shellfish in
760 mL of 0.1 N NaOH solution. Then, this solution was
decanted at room temperature and filtered through filter
paper. The obtained filtrate was afterward washed with dis-
tilled water until neutral pH and (2) demineralization that
consists in removing the mineral matter bound to chitin.
This step was performed through 8-day continuous stirring
to rinse the obtained filtrate in 200 mL of 3-5% HCI solu-
tion, followed by decantation, filtration and rinsing with
distilled water. The obtained product after these two tasks
is named chitin; (3) deacetylation: the obtained chitin (task
2) is chemically deacetylated in order to remove some or all
of its acetyl groups. This chemical deacetylation is carried
out by hydrolysis of chitin in a strongly alkaline medium
with 50% NaOH under agitation for 4 h at a controlled tem-
perature. In our case, two temperatures were used: 40 °C
to prepare the first type of chitosan (CS-I) and 90 °C to get
the chitosan second type (CS-II) which is lighter pink than
CS-I. The alkaline solution was filtered, and the filtrate was
washed with distilled water at 50 °C with stirring time for
5 h until reaching a neutral medium. The resulting powders
correspond to CS-I and CS-II (Fig. 1).

Preparation of chitosan-based film

The obtained CS-II was transformed in a chitosan film in
order to be used as an adsorbent for the removal of EBT.
This transformation was carried out through the following
steps: (1) the stirring for 3 h at room temperature of 1 g of
CS-II in 100 mL of 0.17 M acetic acid, (2) the casting of
the above CS solution in Petri dishes, (3) the immersion of
the obtained CS film in 0.1 M NaOH for 1 h and finally (4)
its washing with distilled water until attaining a neutral pH.
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Fig. 1 Deacetylation mechanism

Characterization of the produced chitosans

The two produced chitosans were characterized through the
following various methods.

Determination of deacetylation degree by conductometric
and pH metric measurement

The conductometric measurement consists in dissolving
150 mg of the studied chitosan (CS-I or CS-II) in 0.1 M HCl
solution and then the titration of this solution with 0.1 N
NaOH solution. The measure of the conductivity progress
versus the added NaOH volume permits the determination of
the equivalent volumes. DA is then calculated by the following
equation (Yun Yang and Montgomery 1999):

M,(V,— V)N
Al M)
m+M,(V,— V)N

100% (1)

N: (NaOH) (mole/L), V, and V,: equivalent volumes of
NaOH used in titration, m: weight of CS (g), M,=203 g/
mol: molecular weight of acetylated monomer, M,=42 g/
mol: difference between molecular weight of acetylated
monomer and molecular weight of deacetylated monomer.
In pH metric measurement, the DA was determined as follows
(Tolaimate et al. 2000): 135 mg of CS-I or CS-II was dissolved
in 0.1 N HCl solution and then titrated with 0.05 N NaOH solu-
tion. A curve with two inflection points is generally obtained and
allows the determination of the DA% of the chitosan using Eq. (1).

Determination of the chitosans’ molecular weight
The molecular weights of the produced chitosans (CS-I and

CS-II) were determined by using Mark Houwink’s equation
(Kasaai 2007):

[n] = KM* @
where () is the intrinsic viscosity that was determined by
using a capillary viscometer (type KPG Cannon-Fenske),
M is the average molecular weight of polymer, K and a are

constants that depend on the used polymer—solvent system.
They were fixed to 0.72 and 4.74.107° dL/g, respectively.

Fourier transform infrared spectroscopy (FTIR)

Infrared spectra of CS were obtained over frequency range
of 400-4000 cm™~! using a FTIR Spectra (Bruker alpha-P)
equipped with an ATR diamond (without solvent, without
KBr). The CS-I or CS-II powder was simply placed into
the sample cup and analyzed without any prior preparation.

X-ray diffraction (XRD)

Wide-angle X-ray diffraction analyses were performed in
order to determine the crystallinity of the extracted CS using
a diffractometer XRD (Bruker model D8 ADVANCE). Data
were collected at a scan rate of 1°/min with scan angle from
2° to 40°.

Differential scanning calorimetry (DSC)

Thermal analysis was carried out by a differential scanning
calorimeter (Netzsch DSC-214 polyma) where 10 mg of the
sample was put in the crucible with a heating time and rate
of 45 min and 10 °C/min, respectively.

Point of zero charge

The pH at point of zero charge (pHp,) is an important
parameter in order to get a better understanding of the sur-
face adsorption mechanism. To determine pHpyc, 1 cm? of
the used chitosan film was shaken for 24 h in 20 mL of
0.01 M NaCl solutions for initial various pHs varying from
3 to 12. These solutions’ pH values were adjusted by using
0.1 M HCI/NaOH solutions. The pHp, is defined as the
point at which the curve initial pH versus final pH crosses
the line initial pH =final pH (Nordine et al. 2016).

Preparation and analysis of Eriochrome black T

Eriochrome black T (C,;H,;,N;0,SNa, MW =461,381 g/mol),
supplied by MERCK Scientific, North America (Fig. 2), was
used during the adsorption batch tests. An EBT stock solution
with a concentration of 1 g/l was prepared with distilled water
and used throughout this study for the preparation of different
solutions.
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Fig.2 Structure of Eriochrome black T (EBT)

The dye concentrations were determined by measuring the
absorbance at the characteristic wavelength (540 nm) using
a double-beam UV/Vis spectrophotometer (Shimadzu 2401).

Adsorption experiments
Kinetic study

EBT adsorption experiments were performed by batch tech-
nique at 20+2 °C by immersing 1 cm? of the CS-II film into
120 mL capped flasks containing EBT at a concentration of
100 mg/L at a constant agitation speed of 500 rpm and pH of
6.10. EBT adsorption kinetic was followed at contact times of
2,5, 10, 15, 20, 30, 40, 60, 80, 110, 140, 170, 240 min. The
dye adsorbed amount (g, (mg/g)) and efficiency (AE (%)) at a
given time, t, were calculated by using the following equations:

B C -C,
q: = 14 3

m

C.
AE (%) = = C

- x 100 )

1

where C; and C, (mg/L) are the measured initial and at time
‘t’ of EBT concentration; V is the synthetic effluent volume
and m (g) is the adsorbent mass.

The kinetic modeling of EBT adsorption was fitted with
the well-known models (Zubair et al. 2017), namely pseudo-
first order and pseudo-second order (Table 1).

Effect of initial dye concentration

The effect of the initial EBT concentration on its removal by
CS-II film was assessed for concentrations of 50, 100, 150
and 200 mg/L. These experiments were performed for fixed
adsorbent surface, aqueous pH and temperature of 1 cm?,
6.10, and 20 +2 °C, respectively.

Effect of pH

The effect of pH on the EBT efficiency was analyzed at
various pH values ranging from 3 to 9 at a temperature of
20+2 °C, 200 mg/L of EBT dye and for contact time of
50 min.

Effect of temperature

The effect of the solution temperature on EBT dye adsorp-
tion was investigated at different temperatures of 20, 30, 40
and 50 °C for an initial dye concentration of 200 mg/L and
a contact time of 50 min.

Adsorption isotherms

The adsorption isotherm describes the relationship between
the amount of EBT dye adsorbed by the adsorbent (CS-II
film) and the concentration of remaining dye in the solu-
tion at constant temperature. The adsorption mechanism
was studied using the most common isotherms models:
Langmuir and Freundlich model. The empirical Freundlich
isotherm model describes the adsorption on heterogeneous
surfaces, while the Langmuir isotherm refers to homogene-
ous adsorption where all sites possess equal affinity for the
adsorbate (Foo and Hameed 2010). The original and linear
forms of these two models are given in Table 1 in which g,
and g, (mg/g) are sorption capacities at equilibrium and at
time ¢, respectively, k; and k, are rates constants of the first-
order and second-order models, respectively, C, (mg/L) is
the EBT concentration at equilibrium, g,, (mg/g) is the theo-
retical maximum adsorbed amount, K; (L/mg) is Langmuir
constant and K is Freundlich empirical constant.

Table 1 Used models for the

T X . Model Equation Linear forms References
kinetic and isotherm studies
Kinetic models
Pseudo-first order ddi =k (g, - ‘11)2 In(q,—q,) =Ing, — k¢ (©)
t e
. dg, _ r_ 1 4
Pseudo-second order % = k, (qe _ qt) . =R + " (6)  Lagergren (1898)
Isotherm models
Langmuir q, = anKiC, G _ 1 S (7)  Langmuir (1918)
1+K,.C, 9e kLdm — dm
Freundlich g4, = K[:Cel/n Ing, = InK; + ﬁ InC, (8)  Freundlich (1907)
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The equilibrium adsorption experiments were performed
by immersing 1 cm? of CS film in 100 mL of EBT solution
at initial concentrations of 50,100, 150, 200 and 300 mg/L
at a temperature of 20+2 °C, pH of 4.66 and for a contact
time of 50 min. This time was determined on the basis of
preliminary experiments to be sufficient to attain an equi-
librium state characterized by quasi-constant residual EBT
concentrations in the aqueous phase.

Results and discussion
Adsorbent characterization

Extracted chitosan was characterized through the assessment
of its degree of deacetylation, its molecular weight, its pKa
and solubility (Table 2 and Fig. 3) as well as specific analy-
ses such as FTIR, DSC and XRD analysis (Fig. 4).

Table 2 indicates that the degree of deacetylation of the
extracted chitosan at 90 °C is higher than the one corre-
sponding to the chitosan produced at 40 °C due to the pres-
ence of more amine groups generated during deacetylation
processes. Similar results were reported by Tsaih and Chen
(2003) who confirmed that an increase in temperature can
enhance the removal of acetylamide (-NHCOCH;) groups
from chitin resulting in an increase in amino groups (-NH,)
in chitosan.

The presence of primary amine functions in the struc-
ture of CS translated basic character with pKa=6.02 for
CS-I and 6.49 for CS-II in agreement with the pKa of 6.17
found by Wang et al. (2006) for a degree of deacetylation of
93%. Furthermore, with the higher deacetylation tempera-
ture, the molecular weight of chitosan was lower (Table 2);
this behavior could be explained as earlier: the number of
acetylamide (-NHCOCH,) group decreased when increas-
ing deacetylation temperature, and as a result a decrease in
molecular weight was observed (Fig. 3).

The CS solubility tests confirmed that both CS-I and
CS-II were insoluble in water. Furthermore, CS-II was
more soluble in acidic media (HCl and CH;COOH) than
CS-I. This phenomenon can be explained by the fact that
chitosan with higher DA (CS-II) possesses more amino
groups; at low pH, the free amino groups are protonated
causing electrostatic repulsion between the polymer’s chains
which is more pronounced in the case of CS-II, thus promot-
ing its solubility (Pavinatto et al. 2012). On the other hand,

the presence of N-acetyl group in the chain (at low DA)
increases its hydrophobic character and modified its solu-
bility in the solution because of the formation of hydrogen
bonds (Philippova et al. 2010).

FTIR investigations (Fig. 4a) showed a stretching
vibration band in CS-II larger than CS-I in the range of
34503200 cm™! corresponding to NH (primary and second-
ary) and OH. The NHCOCH; and CH,OH groups in pyra-
nose ring were observed in the range of 2880-2960 cm™!.
Major absorption bands were observed between 1200
and 1000 cm™! and were attributed to free amine (-NH,)
in position C, of glucosamine present in CS. The peak at
1624 cm™"! could be based on to the stretching of C-N vibra-
tion, linked to OH group by bonding (Rinaudo 2006), and
the adsorption band at 1377 cm™! g represents the C—O
stretching of primary alcohol group. The bands at 1100,
1060 and 1024 cm™! showed C-O stretching of polysac-
charide bond. During the deacetylation reaction of chitin at
40 °C and 90 °C carried out under the same alkaline condi-
tions, intensification of all the bands with an overlap of the
peaks between (1600—-1660) cm™! (amide I) was observed
to give a single larger peak indicating a decrease in acetyl
groups and hydrogen bonds. According to Kumari and Rath
(2014), the band at 1597 cm™! has a larger intensity than at
1655 cm™! which suggested that the deacetylation process
was effective. The intensity in the (3000-3400) cm™! region
attributed to inter- and intramolecular H bonds suggests a
decrease in these regions in agreement with the intensity
observed in the region (1660-1600) cm™!. This result has
been confirmed in previous works (Rinaudo 2006).

The diffractogram of CS-I (Fig. 4b) showed three major
peaks at 20 around 30° and 40° and two minor peaks around
9°-10° and 20°-21° which reflects the presence of different
chitin structures in CS-I, while the diffractogram of CS-II
showed two crystalline major peaks of strong reflections
at 10° and 20° and confirms that the crystallinity of CS-II
increases with increasing DA. This result is in agreement
with the literature (Yen et al. 2009; Muzzarelli et al. 2007).

The thermal analysis of CS-I and CS-II showed a wide
endothermic peak at 100 °C and 120 °C for CS-I and CS-1I,
respectively (Fig. 4c). Similar observations have been made
by Yuan et al. (2011). The difference in endothermic peaks
could be explained by change in mechanism of water reten-
tion. Two peaks were observed at 300 °C and 290 °C for
CS-II and CS-I indicating exothermic peaks that may be

Table 2 Characteristics of the

O Tempera- DA (conducto- DA (pHmet- Meanof DA pKa (7, (dL/g) M (kDa)
extracted CS from shrimp shell ture (°C)  metric titration)  ric titration)
CS-1 40 63% 69% 66% 6.02 0523 412
CS-II 90 88.90% 85.16% 87% 649  0.469 354
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related to the decomposition of amine units (Guinesi and
Cavalheiro 2006).

Given these findings, CS-II was effectively extracted
from shrimp shell waste and exhibited interesting charac-
teristics in term of stability, molecular weight and degree
of deacetylation.

Kinetic and thermodynamic studies of EBT removal

The effect of contact time on EBT adsorption onto CS-II film
was investigated first. The adsorbed amount of dye on the
CS-II film increased pronouncedly during the first 5-20 min
of contact time and reached a maximum of 413 mg of EBT
per g of CS-II film about 50 min (Fig. 5a). After 50 min, the
amount of dye adsorbed was almost constant, indicating that
equilibrium conditions have been attained. The rapid EBT
dye adsorption in the first 5-20 min can be attributed to
the availability of the active sites on the adsorbent surface.
Therefore, 50 min is fixed as the optimum contact time.

Figure 5a also shows that the amount of EBT dye
adsorbed at equilibrium increases with an increase in dye
concentration. This may be due to the increase in the number
of EBT molecules which results in more contacts between
dye and adsorbent. Consequently, a higher initial EBT dye
concentration enhances the sorption process leading to a
higher adsorption capacity (Yagub et al. 2014).

To evaluate the performance of CS-II film for EBT
removal from aqueous solutions and predict the mechanism
of the sorption process, pseudo-first-order and pseudo-sec-
ond-order kinetic models were applied on the experimental
data. The linear forms of these two models are expressed
by Egs. (5) and (6), respectively (Table 1), where k; and
k, are the pseudo-first-order and pseudo-second-order rate
constant and g, and gt are the adsorption capacities at equi-
librium and at time t, respectively. The values of k,, k, and
q, were calculated from the slope and intercept of the linear
plots of Egs. (5) and (6). The correlation coefficient was
frequently used to decide whether the model represents cor-
rectly the experimental data. From Table 3 data and Fig. 6,
it becomes clear that the pseudo-second-order model gave
a better correlation (R?=0.9999) for the adsorption of EBT
dye in comparison to the pseudo-first-order model and the
theoretical ge value was closely similar to the experimental
value. This is an indication that the rate-limiting step in the
adsorption of EBT dye onto chitosan-based film involves
chemisorption with the establishment of strong electronic
bonding between dye molecules and the surface functional
sites. Similar behavior has been observed by Zubair et al.
2017.

Figure 5b displays the influence of the initial pH on
the EBT adsorption capacity onto CS-II film. It could be
clearly seen that the adsorption process is favorable in acidic
medium. The increase in the adsorption capacity at lower



Applied Water Science (2019) 9:91

Page 7 of 12

91

0,9 1

Transmittance %

0,8 1

—CS-1
— CS-I1

0,7 B
1624cm
E]
0,6 3360cm 4
3259cm
1100,1060,1024cm™!
0,5 T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
nombre d'onde(cm™)
(b)
¥
{ w4
ol CS-I CS-11

Tin (Counts)

i

B

3 g §
3 H ()

l

2-Theta - Scale
(©
CSI L Cs-1I
DSC (ivimg) DSC/(img)
e P 2906 C, 048254 g reo P 2908°C
05 20
Aire: -1198 yVsimg.
00 15
05 10
05
-10
00
15
05
20
A0
25
A5
30
50 100 200 250 300 350 50 100 150 2 250 300 350
[orp e — Tempéralure "C POUDRE Cslgpaty [ Température [C roRCSI Qapasy
[instrument : NETZSCH DSC 214  DSC21400AD6 4L Fichier : C\NETZSCHIProteus T0datalOMPOUDRE CS Lnb-sdy. [instrament - NETZSCH DSC 214 Polyma DSC2 1AL Fichiet : CNETZSCHProteus TOaOMPOUDRE CS I (2) sgbady

Fig.4 Characterization of CS-I and CS-II a FTIR Spectra, b X-ray diffractogram, ¢ DSC thermogram

il clloll Buao
KACST a.18ulg rogle

@ Springer



91 Page8of12 Applied Water Science (2019) 9:91

(@ T T
- 200mal [
g [EBT=200mgiL g
T ¥ ¥y ¥ vy ¥ L = 2
Lid =~ ]
] S
410 4 < |
¥ [EBT]=150mgiL
- - - - - - —~
|
i)
330 { ~* g
- T]=100mg/ T
. o [EBTIF100mglL o |k
)
L ] - 2 ] E
215 7 W § 4 =
o [EBT]=50mgiL &
= " L n - g =
152 ..' |3
o T|E
n
b time(min) § g 2
T T T T T T T T T T " 2 T =)
0 50 100 150 200 250 =14 —
b)
4501 5 &
£ - 4
< & S
400+ o\.
350 4 —o—CS-ll film &
on
g I
300 o\ N =
250 ° g
B~
2T
5
200+ & \E/
s |s
S| =
] glx| §
A | [
1004 ®
pHinitial e
(=X
50 T T T T T T T 1 g
4 5 6 7 8 9 10 A 3
& =}
(© =
(=]
280+ En -
on
2704 © ® CS-ll film g o
< —
N <t
260
250+ -
5|s
o |2 |E
240 8 I
5}
1HE
Q
230- I
a | 213
ERERE
220 El3|% N
g 7] ~ (e
SN R =
2104 g
g
200 2 |z 3
T(K) k= <
190 T T T T T T T T S
290 295 300 305 310 315 320 325 330 £ |~
£ |3
g
Fig.5 Effect of a contact time and initial dye concentration, b pH ¢ m | X
. . ~
temperature on adsorption efficiency % E =
e G &

jllate ¢llodl ay .
des Shevis @) Springer



Applied Water Science (2019) 9:91

Page9of12 91

pH could be explained by: (1) the protonation of free amine
groups in the CS-II film increases the electrostatic attrac-
tions with the negatively charged EBT ions (Kumar 2000),
(2) in the surface charge of the adsorbent, the pHzpc of CS-1I
film was about 8.1(Fig. 7), and below this value, the CS-1I
film surface was positively charged and anionic EBT dye
adsorption occurs easily. At pH higher than pHzpc, the CS-II
film surface has a negative charge leading to electrostatic
repulsions between negatively EBT species and negatively
charged film and this result in a decrease of the anionic dye
uptake (Attallah et al. 2016).

Testing under 20 °C, 30 °C, 40 °C and 50 °C (Fig. 5¢),
the adsorption capacity of chitosan film decreases with the
increase in temperature. It is well known that temperature
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Fig.6 Kinetic study of EBT adsorption on CS-II film a pseudo-sec-
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Fig. 7 Determination of pHpzc of CS-II film

has a positive effect on several dye adsorption proper-
ties such as the mobility of dye molecules, the number of
active sites and the interactions between the adsorbate and
adsorbent (Saber-Samandari et al. 2014). In our case, at
higher temperatures, adsorbent—adsorbate interactions are
overcome by EBT kinetic energy and as a consequence the
adsorption process is not efficient, and similar observations
have been reported by Wang et al. (2013) and Vaz et al.
(2017) when investigating methylene blue removal by algi-
nate and chitosan-based composites.

Thermodynamic parameters, changes in the Gibbs free
energy (AG), enthalpy (AH) and entropy (AS) were calcu-
lated by using the following equations:

9.\ _AS AH
m(de)=2_24
n<c> R RT ©)

e

AG = AH —TAS 10)
where R is the universal gas constant (8.314 J/mol/K), T
is the adsorption temperature (K), (¢,/C,) is the thermo-
dynamic equilibrium constants according to Xin et al.
(2011). The plot of In (q,/C,) against 1/T is presented in
Fig. 8 (straight line with R>=0.997) where the AH and AS
can be calculated from the slope and intercept of the fit,
respectively. The calculated thermodynamic data are sum-
marized in Table 3. The negative value of AG suggests that
the adsorption is a spontaneous process and confirms its
feasibility. In addition, the calculated AG at given tempera-
tures 20, 30, 40 and 50 °C was —0.885, —0.981, —1.126
and —1.222 kJ mol™, respectively. This demonstrates that
for EBT dye, the spontaneous nature of the adsorption is
inversely proportional to temperature. The greater negative
AG value indicates a more favorable adsorption which was
confirmed by the highest adsorption capacity obtained at
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Fig.8 Plot of In K against 1/T

20 °C. The positive value of AH suggests that EBT adsorp-
tion onto chitosan film is endothermic in nature and the
positive value of AS reveals the increased randomness at
interface (solid/liquid) during adsorption.

Adsorption isotherm

The fitted equilibrium data with the Langmuir isotherm
model are plotted in Fig. 9a by plotting C,/q, against
C,, and the Q.. and K; (Table 4) can be obtained from
the intercepts and slopes. The C, /g, against C, shows an
approximate linear relation with low coefficient of deter-
mination R? of 0.504. For the Freundlich model, the Kgand
1/n (Table 4) are calculated from the plot of In g, against In
C, (Fig. 9b) which gives a good linear relation with the R*
of 0.992; this suggests that Freundlich model was the most
fitted to our experimental data, has good agreement with
experimental qe (413 mg/g) and assumes heterogeneous
multilayer adsorption.

The calculated value of Freundlich exponent “n” was
equal to 1.064, in the range of 1-10, which indicates a
favorable adsorption of EBT onto chitosan-based film (Foo
and Hameed 2010).

Table 4 Freundlich and Langmuir parameters for EBT adsorption
isotherms

Freundlich isotherm model Langmuir isotherm model

In(Llg) Kg(mg'~n R? Qo X107 K, (L/img) R*
L g™ (mg/g)
0.94 2.6566 0.992 369.22 0.5932 0.504
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Conclusion

Chitosan has been successfully prepared from local shrimp
shellfish with two deacetylation temperatures at 40 °C and
90 °C. Functional and physicochemical properties of CS pro-
duced have been evaluated by several methods such as con-
ductometry, pH metry, viscosimetry, FTIR, XRD and DSC.
The evolution of DA by increasing temperature affected
molecular weight, viscosity, crystallinity and stability of
CS. On the other hand, performance of CS film prepared
for removal of Eriochrome black T has been tested, and the
results revealed that chitosan-based film exhibited a high
adsorption capacity of EBT dye at pH acid and ambient
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temperature. The kinetics of adsorption were found to be
of pseudo-second order with a high correlation coefficient
(R*=0.9999). The thermodynamic study showed that
adsorption of Eriochrome black T dye on CS film was an
endothermic and spontaneous process. Freundlich model fit-
ted well to the experimental data, and the numerical value
of n=1.064 indicates that adsorption of EBT onto CS film
is favorable.
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