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ARTICLE INFO ABSTRACT

Keywords: The colored discharges from certain tanning industries into aquatic environments are too heavy with violet
AdSOIPt.i‘?H crystal; these discharges have recently become a significant environmental problem. The objective of this work is
Raw chitin to find an effective method to stop the propagation of these micropollutants in water. Although various treatment
S\Z:::iv:i:iet techniques have been tested, they are often ineffective in treating these micropollutants. This study focuses on

optimizing the parameters involved in the adsorption process of crystal violet (CV) using crude chitin (RC). It was
found that a mass of 0.08 g of RC can effectively retain CV. Modeling of the experimental results indicated that
the adsorption kinetics of CV onto raw chitin follows pseudo-second-order kinetics at the temperatures studied,
and the intra-particle diffusion was not only the rate controlling step. After 80 min of contact, a saturation of the
surface is obtained. The Freundlich model describes adsorption isotherms. The adsorbed quantities increase
when the pH goes from 4 to 12. The thermodynamic study showed that the adsorption of CV on RC is sponta-
neous (AG® < 0) and endothermic (AH® > 0). The value of pHpzc is located at pHpzc = 8.4. Characterization of
the raw chitin surface by FTIR, XRD, DTA/TGA and SEM/EDS before and after contact with CV shed light on the
nature of interactions between CV and RC.

1. Introduction

Dyes play a significant role in water contamination, their presence in
the ecosystem generating an aesthetic pollution. The dyes are little
biodegradable, their discharge in the aquatic system reduces the pene-
tration of the light and therefore caused a harmful effect on the photo-
synthesis (Hernandez-Zamora and Martinez-Jeronimo, 2019), moreover
the soft dyes degrading and gives carcinogenic (Hisaindee et al., 2013),
teratogenic and mitogenic products (Ma et al., 2022). Consequently, the
elimination of these organic substances from the aqueous environment
will be necessary for the treatment of the water as well as for the
eventual reuse of these non-conventional waters.
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The treatments carried out to remove the dyes include filtration (Kali
et al., 2022a, 2022b; 2022c; Laasri et al., 2007), oxidation (Nidheesh
et al.,, 2018) coagulation-flocculation (Le et al., 2020), precipitation
chemical (Lee et al., 2011), ion exchange (Erdem et al., 2004), catalysis
(Abd El-Monaem et al., 2023; Eltaweil et al., 2023a)and adsorption, this
adsorption is the subject of our work, it is an effective method for the
removal of dyes from aqueous phases due to its ease of use, low cost,
insensitivity to toxic substances (Sheibani et al., 2021), handling of dyes
in concentrated form, and the possibility of reusing used sorbents by
regeneration (Leiviska et al., 2019). However, research in recent years
has focused on the use of environmentally friendly materials as potential
adsorbents (Boukhlifi and Bencheikh, 2000; Hammou et al., 2014;
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Varghese et al., 2019). For these reasons, in the present work, we have
chosen the potentiality of raw chitin in the depollution of water loaded
with dyes. The raw chitin is produced from the waste coming from the
consumption of shellfish and from the industrial transformation of
mushrooms (Iber et al., 2022). This polymer knows a considerable
development today thanks to its structure which offers them the quality
of biodegradable and biocompatible material and not toxic what
allowed to widen their use in various fields such as the, medicine
(Ahmad et al., 2020; Hossin et al., 2021), the pharmaceutical industry
(Hossin et al., 2021), the treatment of water and the development of
nanomaterials (Hossin et al., 2021).

Crystal violet, also known as gentian violet, is a cationic dye that
provides a violet hue in aqueous solution (Haki et al., 2022; Rehman and
Majeed, 2022). It has various applications in the textile industry, as well
as in the creation of paints and printing inks (Mittal et al., 2010; Sen-
thilkumaar et al., 2006). Unfortunately, crystal violet has carcinogenic
properties and is considered a difficult molecule to manage due to its
resistance to degradation by microbes and its ability to persist in various
environments (Chakraborty et al., 2011). This dye is toxic to mammalian
cells (Franco et al., 2020), and has been proven to be a mutagen, a
mitotic poison, and a potent carcinogen. In addition, it causes moderate
eye irritation and can lead to permanent damage to the cornea and
conjunctiva. Breathing in crystal violet can result in respiratory tract
irritation, along with symptoms such as vomiting, diarrhea, headache,
dizziness, and pain. Prolonged exposure can harm mucous membranes
and the gastrointestinal tract.

In the present work, raw chitin was used to remove CV from aqueous
solutions in batch experiments. The effects of contact time, initial pH
value of the solution, the quantity of raw chitin, and temperature on the
adsorption of this pollutant were studied to identify both the kinetic
models and the adsorption isotherm models of CV on raw chitin. It was
characterized by Fourier transform infrared (FTIR) spectroscopy, X-ray
diffraction (XRD), Differential Thermal and Gravimetric Analysis (DTA/
TGA), and Scanning Electron Microscopy (SEM/EDS).

2. Materials and methods
2.1. Preparation and characterization of raw chitin

The preparation of raw chitin was performed from shrimp shells that
are collected from fish markets. The raw material underwent multiple
washing cycles using distilled water at 60 °C to eliminate the impurities.
It was then dried in an oven at 80 °C for an entire night and finely ground
and sieved to a particle size smaller than 160 pm.

2.2. Characterization of the adsorbent

To analyze and characterize the solid resulting from the various
preparations and experiments, carried out during this work, several
instrumental techniques were used namely FTIR, XRD and SEM for the
observation of the surface morphology of the raw chitin.

The chemical groups present on the surface are determined by
Fourier transform infrared spectroscopy (FTIR). The samples were pre-
pared from a mass m = 5 mg of the solid diluted in 95 mg KBr. The
mixture (solid/KBr) is finely ground by an agate mortar and then pressed
under a pressure of 4 tons with a pelletizer to form a fine pellet. This is
then placed in the path of the IR beam. Potassium bromide being
transparent in the infrared range (4000 to 400 cm ™), the absorption
bands recorded are due only to the solid analyzed. All the spectra are
recorded with a resolution of 4 cm ™! and a number of scans equal to 64
using a Schimadzu JASCO 4100 instrument.

The surface morphology and chemical composition of the raw chitin
were analyzed by scanning electron microscopy (SEM) combined with
an energy dispersive analysis (EDS) system (FEI Quanta 200 Brand).
energy dispersive analysis (EDS) system (FEI Quanta 200 brand).

The pHpyzc was determined by the solid addition method (Bakatula
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etal., 2018). 50 ml of 0.01 M NacCl solution was placed in bécher and the
initial pH was adjusted to a value between 2 and 12 with HCI (0.1 M) or
NaOH solutions. 1 g of the solid was then added to each vial and the final
pH of the solutions was measured after 24 h. The pH value of PZC can be
determined from the curve of pHf - pHi f(pHi) (with pHf as the final pH
value) that intersects the initial pH line (pHi).

2.3. Preparation of the adsorbate

The adsorption experiments are performed at a temperature (T =
25 °C) and pH = 10 and in batch mode. Introduce 0.08 g of raw chitin in
a bottle containing 20 ml of CV solution of initial concentration Cy of 30
mg/l. the mixture is placed in a thermostat bath to stabilize the tem-
perature. After each contact time the mixture was centrifuged at 3000
rpm for 10 min, then the solid was separated from the solution by
filtration through a microporous filter. The filtrate was analyzed by
UV-visible spectrophotometry (Shimadzu, UV-1800) at A = 590 nm. The
concentration of the dye in contact time with the solid was calculated
using a calibration curve prepared from known concentrations of CV.
The removal rate (Rt(%)) of CV and the amount adsorbed onto the
surface of raw chitin (qt (mg/g)) were determined using the following
equations:

Co-Ce,
1 =
¢ 100g,

Q¢ adsorption capacity (mg/g)

Co: initial concentration of CV (mg/L)
Ce: residual concentration of CV (mg/ L)
m: mass of adsorbent (g)

V: volume of the solution of CV (L)

R, (G-C)y,

2.4. Modeling of adsorption

2.4.1. Kinetics of adsorption

Several models were used to analyze the adsorption process in the
instance of CV/raw chitin contact since they gave data on the adsorption
rate, utilizing three models, the adsorption kinetics of CV on raw chitin
was investigated, namely the pseudo-first order (PFO) model (Loulidi
et al., 2021), the pseudo-second order (PSO) model (Wang and Guo,
2020), and intraparticle diffusion (Weber and Morris, 1963):

q = qe: the estimated amount of adsorption that has reached an

q.(1 —e Kty equilibrium is measured in (mg/g)
Kj: the constant rate of adsorption for PFO, measured in (min™")
q2Kot Ky: the constant rate of adsorption for PSO, measured in (g/mg-
=71 gkt  min
1 Kint: the constant rat of intraparticle diffusion

q = Kimti + G C;i: thickness of the boundary layer in (mg/g).

2.4.2. Adsorption isotherm
Adsorption isotherms are curves that represent the adsorbed quan-
tity (qe) as a function of the residual concentration of the adsorbate
(Cres) at the adsorption equilibrium and at a constant temperature. The
curves obtained depend on several parameters, linked to both the
texture of the solid and the both to the texture of the solid and to the
nature of the adsorbate. The adsorption isotherms have been studied
using the following isothermal models: Langmuir equation (Al-Mulla
and Al-Sagheer, 2013; de Britto and Campana-Filho, 2007), and the
Freundlich equation (Kumar et al., 2019):
C. 1 C.
q K,  qn

Ki: The constant that represents the adsorption at
equilibrium, also known as the Langmuir constant, is
represented in (L/mg).

qe: The estimated amount of adsorption that has reached an
equilibrium is measured in (mg/g)

Ce: The level of the adsorbent in the liquid phase at the point
of balance (mg/1).

Qqm: The maximum adsorption capacity for a monolayer (mg/
g).

(continued on next page)
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(continued)

Kg: Freundlich constant characterizing the adsorbent power

1 = In(K
n(d) n(Ky) + of the solid in (mg.g™!) (L.mg™ )™,

Lin(c)

The value of 1/n can be used to determine the intensity of adsorption or
heterogeneity of the surface, The value of 1/n reflects the distribution of
energy and the degree of heterogeneous adsorption sites. If 1/n falls
between 0 and 1 (0 < 1/n < 1), the adsorption process is considered
favorable; however, if the value is greater than 1, the adsorption is un-
favorable. When 1/n equals 1, the process is irreversible. This is due to
the fact that the concentration must be drastically decreased for
desorption of the adsorbate molecules from the surface (Ayawei et al.,
2017).

2.4.3. Thermodynamic study

The determination of the thermodynamic parameters is very
important, as it provides information about the energetic changes that
occur in the adsorption process. The values of the standard thermody-
namic parameters such as: free energy (AG®), enthalpy (AH®) and en-
tropy (AS°), were determined from the effect of temperature on the
adsorption, using the Van’t Hoff equation (Anastopoulos and Kyzas,
2014). The applied equations are as follows.

AG' = —RTIn(K,) AG®:variation of the standard free enthalpy (kJ/mol):
AG = AH°: variation of the standard enthalpy (kJ/mol)
AH —TAS AS°): variation of the standard entropy (J/mol.K)
AH With Kc = Cads/Crés
In(K) = " RT + Kc: equilibrium constant; Cads and Ce (mg/L) are respectively
AS' the adsorbed and the residual concentrations at equilibrium.
R R: the perfect gas constant (8.314 J/mol K)

3. Results and discussion
3.1. Absorbent characterization

3.1.1. Analysis using Fourier transform infrared spectrometry (FTIR)

The spectrum in Fig. 1 represents the different bands detected in raw
chitin. The distinct bands shown are attributed to vibrations of (C—H),
(C=0) and (O—H) groups, indicating that raw chitin is composed of
acetylated hydrocarbon chains, calcite and proteins. The specific
chemical groups of raw chitin are listed below.

e The peaks at 3442, 3270 and 3104 cm™* correspond to the —NH,
and —OH stretches involving hydrogen bonding to raw chitin (Wang
et al., 2013).

e The peak at 2927 em™! corresponds to the —CH and —CH,, stretches
(Zaku et al., 2011).

- 1422
0.12 3442

4 3270
0,10 -
1654

0,08 - 3104, ‘ 1029
0,06 /
] I \
|
0,04 | ‘

0,00 +

Absorbance(u.a)

-0,02 T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 500
Nombre d'onde (cm™)
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o The peak at 1654 cm™! is characteristic of amide I (Wang et al.,
2010).

o Peak at 1422 cm ™! corresponds to the —CH variant.

e Peaks at 1068 cm ™, at 1029 corresponding to the C—O—C elonga-
tion vibration of the glycosidic ring (Zaku et al., 2011).

3.1.2. X-ray diffraction analysis

X-ray diffraction analysis of raw chitin, shown in Fig. 2, indicates the
presence of a crystalline phase by the presence of characteristic peaks.

The figure shows two major crystalline peaks at 20 = 19.4° and 29.5°
and a minor peak consistent with published data (Altintig et al., 2022;
Kumari et al., 2017). These peaks were attributed to the GlcNAc (ace-
tylglucosamine) and GlcN (glucosamine) sequences in raw chitin and
planar reflections [110] and [1 30], respectively, confirming the partial
crystallinity of this polymer. We also note the presence of a mineral part
consisting of calcite crystallized in the form of calcite and syn calcite at
260 = 30° and at 20 = 50°.

3.1.3. Differential thermal and Gravimetric analysis (DTA/TGA)

The thermogravimetric analysis of raw chitin is presented in Fig. 3.
The thermogram shows three decomposition stages where the sample
experiences mass losses. In the temperature range of 30 °C to 100 °C, a
10 % mass loss is attributed to the evaporation of physisorbed water. The
second mass loss, observed between 227 °C and 436 °C, accounts for 56
% and is attributed to the degradation of polymer chains and glycosidic
bond breakdown. The third stage, occurring between 436 °C and 600 °C
with a 28.7 % mass loss, is attributed to the thermal degradation of the
pyranose ring and the decomposition of residual carbon.

A previous study on the kinetics and mechanism of thermal degra-
dation of biopolymers chitin and chitosan through thermogravimetric
analysis also revealed weight losses in three stages, which is consistent
with the results of our work (Moussout et al., 2016).

The corresponding DTA (Differential Thermal Analysis) curve
(Fig. 3) exhibits an exothermic peak appearing at 365 °C, corresponding
to the degradation of amine (GlcN) and acetyl (GlcNAc) groups.

3.1.4. Scanning electron microscopy SEM/EDS

Scanning electron microscopy analysis of the prepared raw chitin in
Fig. 4 was performed to obtain additional information about its
morphology. The surface of RC, as seen in the SEM image, is composed
of layered fibers and noticeable rods. Fig. 4 shows that the surface is
smooth and without pores where the adsorbate can insert, indicating
that adsorption on the surface takes place through chemical interactions
between the surface functionalities of the adsorbent and the adsorbate.

Simultaneous chemical analysis, in energy dispersion (EDX), Fig. 5
shows the appearance in the spectrum of raw chitin, taken as an
example, of intense peaks of C, Ca and Al. This chemical composition
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Fig. 1. FTIR spectrum of raw chitin.

Fig. 2. X-ray diffractogram of raw chitin.
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Fig. 3. Analysis (DTA/TGA) of raw chitin.

confirms that the polymer used is raw, and contains a mineral part
which is CaCOs in the form of two varieties: calcite and syn,calcite.

3.1.5. Determination the pH at the point of zero charge (pHpzc)

The curve in Fig. 6 shows the evolution of pHi-pHf as a function of
pHi for raw chitin. The pH point of zero charge is determined by the
point where the curve intersects with the linear line pHi-pHf = pHi. The
value of pHpzc is located at pHpzc = 8.4 which indicates that the net
charge of the surface of raw chitin is positive for pH below pHpzc and
negative for pH above pHpzc.

Arabian Journal of Chemistry 17 (2024) 105453

3.2. Adsorption of CV on raw chitin

3.2.1. Effect of adsorbent mass

The impact of the adsorbent amount was studied within the range of
0.01 g to 0.09 g, for an initial CV concentration of 9.10”° mol/L. The
graph in Fig. 7 demonstrates that using 0.08 g of raw chitin leads to the
removal of 80 % of the dye. These results are in good agreement with a
previous study concerning the effect of raw chitin mass on malachite
green adsorption (Jabri et al., 2023). On the other hand, increasing the
adsorbent quantity while keeping the volume and CV concentration
constant results in the non-saturation of adsorption sites, leading to a
reduction in the equilibrium adsorption capacity, decreasing from 32.6
to 7.3 mg/g. Furthermore, the increased accumulation of the adsorbent,
causing a decrease in the exposed surface area, also leads to a reduction
in the adsorption capacity value (Eltaweil et al., 2023b).

1C
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5 ]
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Fig. 5. EDS spectrum of raw chitin.

Fig. 4. SEM images of raw chitin.
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Fig. 7. Effect of adsorbent mass on CV adsorption.

3.2.2. Effect of pH

Fig. 8 shows the evolution of pollutant removal as a function of pH.
The experimental results show that the quantities of CV adsorbed by raw
chitin depend on the pH of the solution. Indeed, the adsorbed quantities
increase when the pH goes from 4 to 12. To better understand the effect
of pH on the surface charge of the adsorbent, the pH point of zero charge
(pHpzc) was determined. The pHpyc for raw chitin was found to be 8.4,
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which means that the overall surface charge is positive for solutions with
pH below 8,4 and negative for those with pH above 8,4.

3.2.3. Adsorption kinetics of CV on raw chitin

The plot in Fig. 9 demonstrates the kinetic of CV adsorption onto raw
chitin. The adsorption amount increases significantly within the first 30
min of contact. This is related to the existence of available active sites on
the solid at the start of the experiment. After 80 min of contact, a
saturation of the surface is obtained.

3.2.3.1. Modeling of adsorption kinetics. Several kinetic models were
used to interpret the experimental data. This modeling allows to deter-
mine information on the kinetic parameters involved in the adsorption
process. Thus, three kinetic models were employed: pseudo-first-order
(PFO), pseudo-second-order (PSO) and intraparticle diffusion.

The best model established for the study of adsorption kinetics is
chosen according to the correlation factor. The closer this factor is to 1
the more favorable the model is to validate the adsorption process.

The models performed are shown in Figs. 10 to 12 and the kinetic
parameters obtained from the different models are collected in Tables 1
and 2.

3.2.3.1.1. Pseudo first order kinetic models. The first model studied is
the pseudo first order model described by Lagergren. Table 1 shows that
the amount of adsorption calculated from this model differs from that
obtained experimentally and the correlation coefficient is far from 1,
which shows that this model cannot be used to describe the kinetics of
adsorption of CV on raw chitin.

3.2.3.1.2. Pseudo-second order model. The experimental data are
treated according to the pseudo second order model. This model cor-
responds to two steps in the adsorption process. Fig. 11 represents the
linear regression of this model. Table 1 shows the parameters deduced
from this kinetic model. We note that this model leads to a straight line
with a correlation factor R%~1. Thus, this pseudo-second order model
better describes the adsorption process of CV on raw chitin. The analysis
of the kinetic data shows that the adsorbed amount calculated by this
model is closer to the experimentally adsorbed amount. This result is
comparable to what has been found in other studies (Streit et al., 2019;
Zhou et al., 2018).

3.2.3.1.3. Intra-particle diffusion model. The Fig. 12 showed intra-
particle diffusion model for CV adsorption. The transfer of a solute
from an aqueous solution to a solid surface typically consists of four
steps, which can occur independently or simultaneously. The first step is
the movement of the solute from the aqueous phase to the solid surface.
The second step involves diffusion through the spaces between particles
(external diffusion). The third step includes intraparticle diffusion, and
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Fig. 8. Effect of pH on CV adsorption.

Fig. 9. Impact of contact time on CV adsorption.
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Table 1

Kinetic parameter values of PFO and PSO models for CV adsorption on raw
chitin.

Solid Qexp Lagergren Ho and Coll
K Qcal R? Ko Qcal R?
(mg/  (min™) (mg/ - (g/mg. (mg/ -
8) 8) min) g)
Raw 4,830 —0,045 0,996 0,871 0,204 4,898 0,999
Chitin

Arabian Journal of Chemistry 17 (2024) 105453

Table 2
Parameters of the intra-particle diffusion model for the adsorption of CV on raw
chitin.

Solid Weber et Morris
1st right 2nd right
Kint G R Kint Cy R
(mg/g.min"/ - - (mg/g.min"/ - -
2 2
) )
Raw 0,246 3,388 0,913 0,043 4,379 0,845
chitin

finally, the adsorption of the solute onto the surface of the adsorbent and
its active groups. Agitation can control the first step, while the last stage
is relatively rapid, suggesting that diffusion processes are the most likely
limiting factors that control the adsorption process (Aboua et al., 2015;
Annadurai et al., 2008).

From Fig. 12, it can be seen that there are two different steps in the
process of diffusion of CV to sites on the surfaces of the raw chitin. The
first part of the curve, which is fast, corresponds to the movement of the
molecules to the outer surface of the solid. The second step (slow) sig-
nifies the adsorption balance where the interaction occurs.

If intra-particle diffusion were the determining step in the adsorption
process, then the corresponding line should pass through the origin. This
case is not verified on the plots of Fig. 12, thus, the intra-particle
diffusion is not the only step among the above mentioned steps that
controls the adsorption rate of CV on raw chitin (Fabbricino and Pon-
toni, 2016; Loulidi et al., 2023). The various parameters deduced from
this modeling are grouped in Table 2.

3.2.4. Adsorption isotherm of CV on raw chitin

In order to complete the study of the adsorption of CV on raw chitin,
adsorption isotherms were determined at T = 25 for different concen-
trations of CV. The interest of using Freundlich and Langmuir models is
to obtain information on the nature of the isotherm, the maximum
adsorption capacity, the possible interactions between the adsorbate
and the polymer. These isotherms are represented by Fig. 13. They show
that the adsorption isotherms of CV on raw chitin are different. Their
modelling from the linear equations of the following Langmuir and
Freundlich models, confirm this difference. Indeed, the experimental
points are approximately reproduced by the Freundlich model. On the
other hand, the representation of the Langmuir model considered leads
to a curve that does not pass through the majority of the experimental
points. The parameters deduced from these models are collected in
Table 3. The values in Table 3 show that the correlation coefficient R?
for the Freundlich model is closer to 1. This leads to the conclusion that
the Freundlich model describes the experimental results of the adsorp-
tion equilibrium of CV on raw chitin in a better way, which is consistent
with studies by Arumugam et al, and Salamat et al. (Arumugam et al.,
2019; Salamat et al., 2019).

3.2.5. Thermodynamic study

The thermodynamic study is shown as a plot of Ln(K) against 1/T,
where T represents temperature (Fig. 14). The Table 4 groups the
thermodynamic parameters. The exothermic nature of the adsorption
process on raw chitin is indicated by the negative value of AH°. The
spontaneous nature of the CV adsorption process is indicated by the
negative values of AG°. The positive value of AS° signifies that the CV
adsorption at the solid/liquid interface is disordered. Identical results to
those found by Daneshvar et al for adsorption of acid blue 25 dye by
shrimp shell (Daneshvar et al., 2014), and by Streit et al in their work on
the removal of CV on activated carbon (Streit et al., 2019).

3.3. Mechanism of crystal violet adsorption

In order to understand the adsorption mechanism of crystal violet on
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Fig. 13. Linear regression of CV adsorption isotherms on raw chitin: Langmuir and Freundlich models.

Table 3
Parameters of the Langmuir; Freundlich linear models for CV adsorption.
Parameters Langmuir Freundlich
qm Ky R? Kp N R?
Values —10,80 —0,196 0.724 0,368 0,754 0,982
1,35
~N
1,30 -
Y=6,5793-1668,636X
1,25 + R?=0,949
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Fig. 14. Right of the Van’t Hoff equation for CV adsorption.

Table 4
Thermodynamic parameters for CV adsorption on raw chitin.
Solid TEK™Y AS° (J/K.mol) AH° (kJ/mol) AG° (kJ/mol)
Raw Chitin 298 0,791 —200,702 —436.420
303 —440.375
308 —444.330
313 —448.285
318 —452,240

raw chitin, FTIR analyses of the solid before and after FTIR analyses of
the solid before and after their contacts with the crystal violet were
performed. Fig. 15 presents the FTIR spectra obtained in the case of raw
chitin and raw chitin loaded with CV. Fig. 16 presented proposed
mechanism for CV adsorption on raw chitin. The comparison between
the two FTIR spectra reveals no new bands nor the disappearance of
previously detected bands in raw chitin alone. The only change noticed
is the variation in the strength of certain absorption bands. Indeed, the
decrease of the broad band located between 3442 and 3104 cm ™! cor-
responds to the elongation vibration of the (OH) and (—NH—) bands,
which suggests the implication of the hydrogen bond, between the hy-
droxyl groups of the surface of the raw chitin and the nitrogen atoms of
the CV, in the adsorption mechanism. On the other hand, the bands at
1654 cm™! (Amidel), 1422 c¢cm ! (—CH—) are decreasing after CV
adsorption, which indicates that the CV ions adsorb onto the amide sites
by means of weak binding. Indeed, at acidic pH, the amide
(—CH3CONH—) and OH groups, initially neutral in CS, become posi-
tively charged in the (—CH3CONH3) and (OH3) forms, which favors
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Fig. 15. FTIR spectra of raw chitin before and after CV adsorption.



M. Sadoq et al.

Arabian Journal of Chemistry 17 (2024) 105453

T -_— ?—o
H 20H NH H 20H
~ Ho ~ NH -
0 0 HO
HO 0 0 HO o= 0
rH L rH CH z\
OH

! T = OH

f

; CH3 ya

[ w»

o 2 & & -
| I, N
S—2 2 \U
\ ¢
‘ \ ¢

O F \ @ R
\ - /
\\ \
\ 8

%/ \:ﬁ \\ Qg—:e\
O
\ [ €
\ :
s \ f s
\
j = OH 5 —0
- ! i
NH H2 ,
NH
N t
0 757 o ~
0 HO (0’ 0
CH
H CH2
K0H ? N
i =0 'OH
CH3 CH3

©

Fig. 16. proposed mechanism for CV adsorption on raw chitin.

their electrostatic interaction with the negatively charged CV species
(Loulidi et al., 2020a; Loulidi et al., 2020b; Loulidi et al., 2023).

On the other hand, at acidic pH, the amide groups (—COONH,) and
OH, initially neutral in raw chitin, become positively charged as
(—COONH3Z) and (OH3), respectively, which promotes their electro-
static interaction with the nitrogen atoms of CV, negatively charged in
the adsorption mechanism.

Fig. 17 shows the XRD diffractograms of the raw chitin before and
after adsorption of the crystal violet. It is observed that the major peaks
originally present in the uncharged solid undergo a substantial decrease

in their intensities. In addition, new low intensity lines appeared in the
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Fig. 17. Diffractograms of raw chitin before and after CV adsorption.

diffractogram of crystal violet charged chitin, indicating a CV adsorption
process on the surface of raw chitin with a modification of its structure.

The mineral part does not contribute to the adsorption of CV because the
peak positions remain unchanged.

4. Conclusions

In this study, raw chitin derived from shrimp shells was evaluated to
determine its ability to eliminate CV from aqueous solutions. The results
of the study on the impact of operating conditions showed that 0.08 g/
20 ml of raw chitin was able to remove 80 % of CV from a solution with
an initial concentration of 9.10° mol/L at a pH of 10. The equilibrium
time was achieved after 80 min. The Freundlich isotherm model was
used to accurately depict the equilibrium adsorption data, and the ki-
netic data were well fitted by the pseudo-second order model.

Furthermore, the results of the intraparticle diffusion model analysis
showed that the adsorption of crystal violet is not solely limited by
intraparticle diffusion and involves two steps.

The free energy (AG®), enthalpy (AH°) values being negative indi-
cate that the adsorption process is spontaneous and exothermic, while
the positive value of entropy (AS°) shows a random and disordered
character of the adsorption of the crystal violet on the surface of the raw
chitin without any modification of its structure, the pHpzc value is
located at pHpzc = 8,4. Hence, raw chitin has the potential for effective
use in various adsorption applications such as adsorption of cationic and
anionic dyes.

Among the perspectives we plan to investigate to develop this
research work, we mention:

Study of potential reusability of this adsorbent material.
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Testing of this material used in the photocatalytic degradation of
certain dyes in the presence of lamps and solar radiation.
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