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Abstract:

Introduction:

Water pollution is a serious issue in several countries. In addition, because of limited water resources, the recycling of wastewater is crucial.
Consequently, new and effective sorbents are required to reduce the cost of wastewater treatment as well as to mitigate the health problems caused
by water pollution.

Methods:

In this study, the removal of Methyl Orange (MO) dye from wastewater using a chitosan-iso-vanillin polymer was evaluated. The removal of MO
from an aqueous solution was studied in a batch system, using the modified chitosan polymer.

Results:

The results indicate that the removal of MO by the modified chitosan was affected by the solution pH, sorbent dosage, initial MO concentration,
contact time, and temperature. The experimental data were fitted to the Langmuir, Freundlich, and Temkin isotherms, and Freundlich isotherm
showed the best fit. The kinetic data were fitted to the pseudo-first-order and pseudo-second-order rate equations. Thus, the removal of MO was
controlled via chemisorption, and the removal rate was 97.9% after 3 h at an initial MO concentration of 100 ppm and a sorbent dose of 0.05 g.
The  adsorption  behavior  of  the  modified  chitosan  for  the  removal  of  MO was  well-described  using  the  pseudo-second-order  kinetic  model.
Intraparticle diffusion analysis was also conducted, and the thermodynamic properties, including entropy (∆S), enthalpy (∆H), and free energy
(∆G), were determined.

Conclusion:

The pH, initial MO concentration, sorbent dosage, adsorption temperature, and contact time had a significant effect on the adsorption of MO by
chitosan-iso-vanillin.
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1. INTRODUCTION

In  recent  years,  water  pollution  caused  by  organic
pollutants has become a serious global environmental problem.
Dyes are one of the most commonly used organic substances
causing water pollution and harming human health when they
leak  into  the  aquatic  environment  [1].  The  removal  of
poisonous  dyes  from  water  bodies  thus  presents  a  major
challenge. Several biological and physical processes have been
used to eliminate dyes from wastewater. Importantly, these
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removal  processes  should  be  efficient,  simple,  and  cost-
effective  [2].

Sejie  and  Goncalves  [3,  4]  reported  several  methods  to
purify  water,  such  as  coagulation,  ozonation,  flocculation,
adsorption,  and  reverse  osmosis.  The  method  of  pollutant
removal is determined according to the nature of the pollutants,
which may originate from the pharmaceutical, printing, food,
textile, and chemical industries [5].

Chitosan is a natural adsorbent for metal ions such as Ni,
Pb,  Zu,  Cr,  and  Cu  because  it  contains  a  large  number  of
hydroxyl and amino groups. In addition, the flexible polymer
structure increases the complexation of metal ions [6]. Another
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cheap  compound  derived  from  biomass  is  vanillin.  Vanillin
derivatives  have  been  used  for  the  preparation  of
organometallic polymers by forming a Schiff base, followed by
chelation with metal ions [7]. Recently, chitosan-ortho-vanillin
polymers have been investigated for the removal of cadmium
ions  from  aqueous  solutions.  It  was  found  that  the
chemisorption  of  cadmium  is  the  rate-limiting  step,  and  the
adsorption process is spontaneous, with a maximum removal
capacity of 51.020 mg. g-1 [8].

MO is a water-solution azo dye that is used in the textile
industry,  research  laboratories,  and  the  manufacturing  of
printing  paper.  It  is  also  metabolized  to  aromatic  amines  by
intestinal microorganisms [9]. Because MO is soluble in water,
and is resistant to degradation [10], its removal from aqueous
solutions  by  existing  water  treatment  methods  is  difficult.
Thus, MO persists in the environment if not treated correctly
and presents a hazard to living organisms [11]. The leakage of
dyes into wastewater has been identified as a factor affecting
human  health  because  of  the  carcinogenic  and  mutagenic
effects  of  dyes  [12].

In  this  study,  we  investigated  the  use  of  a  low-cost
chitosan-iso-vanillin  biosorbent  material  for  the  removal  of
MO from wastewater and conducted batch equilibrium studies
to determine the thermodynamic and kinetic parameters. The
main objective of this study was to evaluate the removal of MO
dye  from  wastewater  using  chitosan-iso-vanillin.  Thus,  we
estimated  the  adsorption  capacity  and  mechanism  of  MO
sorption  on  chitosan-iso-vanillin  and  studied  its  removal
efficiency  with  respect  to  aqueous  MO.

2. MATERIALS AND METHODS

Chemicals  were  obtained  from  commercial  sources  and
used as  received.  Chitosan (not  less  than 85% glucosamine),
iso-vanillin  (99%),  MO  (Merck),  acetone  (99%),  ethanol
(99%),  glacial  acetic  acid  (99%),  and  methanol  (99%)  were
used.  An  orbital  shaker  (Steadyshake,  757),  UV-visible
spectrometer  (UVD-2950,  Labomed,  Inc.),  and  pH  meter
(Metrohm,  525A)  were  used  for  our  analyses.

2.1. Synthesis of Chitosan-iso-vanillin Biosorbent

Chitosan-iso-vanillin  was  prepared  using  a  previously
reported method [13]. Briefly, 5.70 g of chitosan was refluxed
with 9 mL of glacial acetic acid, 90 mL of methanol, and 13.69
g of iso-vanillin monomer. The resulting material was filtered
and  washed  with  ethanol  and  acetone.  Subsequently,
purification was carried out by Soxhlet extraction. Finally, the
sorbent was dried overnight at 70°C.

2.2. Preparing the MO Dye Solution

MO powder was used without any additional purification
(water-soluble anionic azo dye). The chemical formula of MO
is C14H14N3NaO3S, and its structural formula is shown in Fig.
(1).  The  stock  dye  solution  was  prepared  by  dissolving  the
appropriate mass of MO in purified water. Serial dilution was
used to prepare dye concentrations of 5, 10, 15, 20, 30, 40, and
50 ppm. The purpose of these different concentrations was to
obtain  a  calibration  absorption  curve  versus  concentration  at
the  predetermined  wavelength  of  472  nm.  The  calibration

curve  was  used  to  determine  the  exact  concentrations  of  the
unknown dye solutions.

Fig. (1). Structure of MO.

2.3. Sorption of MO onto the Polymer

Batch  equilibrium  adsorption  experiments  were  used  to
investigate dye removal. In these experiments, 25 mL of MO
solution was placed in a 100 mL flask containing 0.05 g of the
suspended  sorbent  at  30°C for  3  h.  The  pH range  (3.0-10.0)
was  adjusted  using  1  M  HCl  or  1  M  NaOH.  Sorption
experiments were carried out for 5, 10, 20, 30, 60, 120, 240,
480,  and  1440  min  to  evaluate  the  effect  of  time  on  dye
removal.  In  addition,  these  tests  were  performed  at  different
MO dye concentrations (50, 75, 100, 125, 150, 200, and 300
mg. L-1) and at various temperatures (30, 50, and 70°C). The
effect of the amount of chitosan-iso-vanillin polymer was also
studied with respect to 0.01, 0.05, 0.1, 0.2, and 1 g of the dry
adsorbent.  After  the  experiments,  the  samples  were  filtered,
and the residual MO concentration in solution was determined
by  UV-Vis  spectrophotometry.  At  equilibrium,  the
concentration  of  the  adsorbed  MO  ions,  expressed  by  the
equilibrium  adsorption  capacity  (Qe,  mg.  g-1)  was  evaluated
using Eq. (1),

(1)

where  Qe  has  units  of  milligrams  of  MO  per  gram  of
sorbent,  Co  and  Ce  represent  the  initial  and  equilibrium  MO
concentration  (mg.L-1),  V  is  the  volume  of  MO solution  (L),
and W is the amount of chitosan-iso-vanillin (g).

From  the  adsorption  experiments,  the  amount  of  MO
removed over time (Qt, mg. g-1) was evaluated using Eq. (2),

(2)

Ct is the concentration of MO in the liquid (mg.L-1) at time
t.

3. RESULTS AND DISCUSSION

3.1. Synthesis and Characterization of the Biosorbent

After  cellulose,  chitosan  is  one  of  the  most  abundant
biopolymers  [14].  Because  of  its  properties  such  as  good
biocompatibility,  non-toxicity,  ability  to  form  a  mechanical
membrane,  and  antimicrobial  activity,  chitosan  has  been
widely used in the food industry and for metal chelation from
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wastewater,  water  purification,  fruit  juice  clarification  and
solid removal, edible film formation, and preservation of foods
against microbial degradation [15 - 18]. In addition, chitosan in
the form of nanospheres or microspheres can also be used as a
controlled  delivery  system  for  active  agents.  To  delay  the
controlled release of the active agents, chitosan microcrystals
usually require cross-linking, for which glyoxal, formaldehyde,
glutaraldehyde, and other reactive binding agents can be used
[19].

Vanillin,  obtained  from  the  pods  or  bean  of  the  tropical
vanilla orchid, is often used as a flavoring and purifying agent
for  nutrients  and is  Generally  Recognized as  a  Safe (GRAS)
substance  [20].  Apart  from  its  flavor,  vanillin  also  exhibits
bioactivity  [21].  Moreover,  vanillin  is  also  used  for  other
purposes,  such as  in  cosmetics  and medicines.  The  aldehyde
groups  of  vanillin  and  the  amino  groups  of  chitosan  can
undergo  a  base-catalyzed  nucleophilic  substitution  reaction,
forming  imines,  and  continued  polymerization  results  in  a
network  structure  that  is  useful  for  the  controlled  release
applications  [22].

The condensation reaction between the carbonyl group of
vanillin and primary amine of chitosan results in the formation
of a Schiff base, i.e., an imine. In our study, the reaction of iso-
vanillin with chitosan yielded a polymeric absorbent material,
as  shown  in  Fig.  (2).  The  obtained  biosorbent  has  been

characterized  previously  [13].

3.2. Effect of pH on MO Sorption

The effects of the solution pH on MO dye sorption from
pH  3.0  to  10.0  are  plotted  in  Fig.  (3).  The  pH  of  the  MO
solution  plays  an  important  role  in  the  adsorption  process
because it affects the dissociation of the functional groups on
the sorbent active sites and consequently, the surface charge of
the adsorbent. In addition, the pH affects the chemistry of the
MO  solution  [23].  The  adsorption  of  MO  by  chitosan-iso-
vanillin  decreased  as  the  solution  pH increased.  The  highest
MO removal (96.8%) was recorded at pH 3 when the sorbent
dose was 0.05 g. According to previous studies [24 - 26], the
optimum pH range for sorption by chitosan-iso-vanillin is 3 - 6.
As  shown in  Fig.  (3),  the  sorbent  showed  a  relatively  stable
adsorption  capacity  for  MO over  a  wide  range  of  pH levels,
but,  this  process  was  the  most  effective  at  pH  3  -  6.  These
results  suggest  that  in  an  aqueous  solution,  the  MO  dye
dissociates, yielding negatively charged sulfonate groups and
positively  charged  sodium ions,  i.e.,  negatively  charged  MO
ions. Second, the electrostatic attraction between the MO anion
and sorbent surface results in adsorption. Notably, when the pH
of  the  MO  solution  was  increased,  the  adsorption  decreased
[27] because of  the competition for  adsorption sites  between
the OH- ions in the basic solution and MO anions.

Fig. (2). Structure of the chitosan-iso-vanillin biosorbent.
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Fig. (3). Effect of pH on MO removal by chitosan-iso-vanillin (MO = 100 ppm, T = 30°C, W = 0.05 g, and t = 3 h).

3.3. Influence of Initial MO Concentration and Isothermal
Study

The influence of the initial MO concentration at pH 3 and
at  30°C  on  the  adsorption  process  is  shown  in  Fig.  (4).
Increasing initial  MO concentration led to  an increase  in  the
equilibrium  adsorption  capacity  of  chitosan-iso-vanillin  for
MO. The ratio of dye molecules to adsorption sites is  low at
low initial dye concentrations and, as a result, there are more
sites for the adsorption of the dye [28].

In addition, the initial dye concentration affects the rate of
adsorption,  which  also  affects  the  adsorption  capacity  of  the
sorbent  [24].  This  is  because  of  the  increased  concentration
gradient  with  the  increase  in  the  initial  dye  concentration,
which acts as the driving force for adsorption. In contrast,  at

very high initial  dye concentrations,  the number of  available
adsorption  sites  decreases  with  an  increase  in  the  initial
concentrations of the dye molecules. As a result, the number of
available  sites  where  adsorption  occurs  is  rapidly  reduced,
resulting in a corresponding reduction in dye removal [29]. In
other words, in the case of low concentrations, the ratio of the
initial  number  of  dye  molecules  to  the  available  adsorption
sites is low, and more adsorption sites are available for the dye
molecules, which increase the removal rate. However, at higher
concentrations,  the  ratio  of  the  initial  number  of  available
adsorption sites to the dye molecules is low; thus, the number
of available adsorption sites is reduced, resulting in decreased
dye  removal.  Protonation  improved  the  adsorption  of  the
anionic  dye  onto  chitosan.

Fig. (4). Effect of initial MO concentration on the equilibrium adsorption capacity of chitosan-iso-vanillin (W= 0.05 g, pH = 3, T = 30°C, t = 3 h).
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The linear plots of MO adsorption by chitosan-iso-vanillin
were  fitted  to  the  Langmuir,  Freundlich,  and  Temkin
isotherms.  These  models  relate  the  distribution  of  adsorbed
molecules between solid and liquid phases at equilibrium. The
Langmuir isotherm model is expressed in Eq. (3):

(3)

Here, Q is the adsorption capacity (mg. g-1), and KL is the
Langmuir constant (L. mg-1), which is related to the energy of
sorption. In the Langmuir model, an additional parameter, the
dimensionless  separation  factor  RL  given  in  Eq.  (4),  can  be
used  to  understand  adsorption.  If  RL=1,  the  adsorption
relationship is  linear;  if  RL>1, adsorption is  unfavorable;  if  0
<RL  <1,  adsorption  is  favorable;  and  if  RL  =  0,  adsorption  is
irreversible. The obtained value of RL is listed in Table 1.

Table  1.  Results  of  fitting  the  MO  removal  data  to  the
Langmuir, Freundlich, and Temkin isotherms.

Langmuir Isotherm Freundlich Isotherm Temkin Isotherm

Q
(mg g-1)

KL

(L mg-1)
RL R2

KF

(mg
g-1)(mg
L-1)1/n

n R2
B
(J

mol-1)

A
(L g-1) R2

666.6667 0.049342 0.168514 0.9151 45.3106 1.570105 0.9996 113.31 0.83349 0.8886

(4)

The  data  were  also  fitted  to  the  Freundlich  adsorption
isotherm, which is  suitable for modelling low concentrations
and  for  heterogeneous  surfaces;  the  Freundlich  isotherm  is
given by Eq. (5):

(5)

The Freundlich constants KF and n are related to the degree
of adsorption and adsorption capacity, respectively, and can be
calculated using the slope and intercept of the linear plot of log
qe vs. log Ce.

The  Temkin  model  (Eq.  (6))  assumes  that  the  heat  of
adsorption decreases linearly with increasing coverage of the
adsorbent  surface  because  of  the  adsorbate-adsorbate
interactions.

(6)

Here,  the  constant  B  =  RT/b,  where  b  is  the  Temkin
constant  related  to  the  heat  of  sorption,  T  is  the  temperature
(K),  R  is  the  gas  constant  (8.314  J/mol  K),  A  is  the  Temkin
equilibrium binding constant (L. mg-1) which is related to the
maximum  binding  energy  (∆E  =  -∆H,  i.e.,  the  change  in
adsorption  energy  (J.  mol-1),  and  Q  is  the  adsorption
(maximum) capacity [30, 31]. A and B can be obtained from

the intercept and the slope of the plot qe against ln Ce, and these
values are listed in Table 1. In this study, the fitting of the data
to the Langmuir, Freundlich, and Temkin isotherms yielded a
coefficient  of  variation  values  (R2  =  0.9151,  0.9999,  and
0.8886, respectively). The Langmuir coefficient (KL) was found
to be 0.049 and Q to be 666.6 mg.g-1. The Freundlich isotherm
KF,  which  reflects  the  adsorption  capacity  was  45.3  mg.g-1.
Further,  the  Freundlich  isotherm  yielded  a  better  fit  to  the
experimental  data  than  the  Langmuir  or  Temkin  isotherms
[32].  Table  2  lists  Q  for  the  removal  of  MO  from  aqueous
solution using several different polymeric sorbents at 25°C. In
a  previous  study,  self-assembled  gels  were  prepared  from
Exfoliated Montmorillonite and Chitosan (EMCG) and used to
remove MO in the presence of Methylene Blue (MB), where
the adsorption capacity was 545 mg. g-1 [33]. In another study,
an environment-friendly sorbent was used as a cheap method to
remove textile dyes, especially MO from wastewater, yielding
a  Q  of  44.8  mg.  g-1  [34].  For  a  system  of  protonated  cross-
linked  chitosan  in  a  batch  system,  a  Q  of  89.29  mg.  g-1  was
obtained [35], and the use of chitosan biomass yielded a Q of
29 mg. g-1 [36]. Thus, the chitosan-iso-vanillin polymer sorbent
developed  in  this  study  exhibits  the  highest  Q  amongst  all
previously reported sorbents for MO at 25°C.

Table 2. Qo (mg. g-1) for MO on different sorbents at 25°C.

Chitosan-iso-vanillin
[this study] EMCG

Chitosan
(CS)-CaCl2

Beads

Protonated
Cross-linked

Chitosan

Chitosan
Biomass

666.6667 545 44.8 89.29 29

3.4. Effect of Adsorbent Dosage

The  effect  of  the  adsorbent  dosage  on  the  adsorption  of
MO  was  investigated  to  determine  the  minimum  sorbent
dosage that enabled the maximum dye adsorption. The dose of
the sorbent was increased from 0.01 to 0.2 g, and the effect on
the equilibrium adsorption capacity for MO was determined, as
listed in Table 3. At a sorbent dosage of 0.01 g, 93.64% of the
MO  was  removed,  which  is  the  lowest  value  of  the  dosage
tested. In contrast, 97.91% removal was obtained with sorbent
dosages of 0.05 and 0.1 g. Thus, as shown by the data in Table
3 and Fig. (5), the MO removal rate increased with increasing
the biosorbent’s dose until it reached a plateau at 0.2 g, where
the removal rate was 98.18%. Despite the marked improvement
in  the  rate  of  removal  of  the  MO  with  increasing  adsorbent
dosage,  the  effect  was  not  proportional,  even  though  the
number of sites available for adsorption increased. This can be
attributed  to  the  possible  overlapping  or  aggregation  of
adsorption sites resulting in an increase in the diffusion path
length.

Table 3. Effect of adsorption dosage of chitosan-iso-vanillin
on MO removal at pH 3.

W (g) Qe (mg/g) Removal (%)
0.01 468.1854839 93.63709677
0.025 195.8763441 97.93817204
0.05 97.91129032 97.91129032
0.1 48.95564516 97.91129032
0.2 24.54502688 98.18010753

Ce/Qe = 1/ (Q0 KL) + Ce/Q0 
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Fig. (5). Effect of biosorbent dose on MO removal (MO = 100 ppm, pH = 3, T = 30 °C, t = 3 h).

3.5. Influence of Sorption Period and Kinetic Analysis

Another  factor  affecting  the  adsorption  processes  is  the
contact  time  between  the  sorbent  and  dye.  The  result  of  the
kinetic analysis is shown in Fig. (6). Initially, the uptake of MO
by chitosan-iso-vanillin was rapid because of the electrostatic
attraction  between  the  surface  of  the  sorbent  and  the  dye.

Notably, with an increase in the initial MO concentration, the
time  required  to  reach  equilibrium  increased;  hence,  contact
time is an important variable in adsorption processes [37]. The
kinetic data were fitted to the pseudo-first-order, as shown in
Eqs. (7) and (8), respectively. These models have been shown
to stimulate the dye removal by different sorbents well [8].

Fig. (6). Effect of contact time on MO removal by chitosan-iso-vanillin (MO =100 ppm, pH = 3, T = 30 °C,W = 0.05 g).
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(8)

The  experimentally  observed  Qe  of  98.00  mg.  L-1,  was
reached in 180 min, reflecting the occupation of the remaining
active sites on the adsorbent surface. As shown in Table 4, the
coefficient of variation for fitting to the pseudo-second-order
model  (  =  0.9990)  was  greater  than  that  for  fitting  to  the

pseudo-first-order  (  =  0.9524).  As  shown  in  Fig.  (6),  the
MO chitosan-iso-vanillin system rapidly reached equilibrium.
Thus,  the  surface  was  rapidly  covered  with  dye  molecules,
which  blocked  further  adsorption  of  the  dye  molecules  that
remained in the solution. As a result, adsorption slowed down,
resulting in the plateau at equilibrium adsorption. These results
are  consistent  with  those  reported  in  Ref  [38],  in  which  a
greater  concentration  required  a  longer  time  to  reach
equilibrium, implying that there is a direct relationship between
these factors.

Table 4. Pseudo-first-order and pseudo-second-order kinetic parameters.

(Qe)Exp

(mg g-1)

Pseudo-first-order Pseudo-second-order Intraparticle Diffusion
(Qe)Cal

(mg g-1)
K1

(min-1)
R1

2 (Qe)Cal

(mg g-1)
K2

(g mg-1 min-1)
R2

2 Kid

(mg g-1 min-½)
C

( mg g-1) R2

98.009 32.085 0.029939 0.9524 100.020 0.00237 0.9990 1.4540 78.801 0.9870

Pseudo-first-order  and  pseudo-second-order
kinetic  parameters.  To  examine  the  adsorption
mechanism further, the Weber-Morris intraparticle
diffusion rate constant was calculated using Eq (9):

(9)

Here qt is the mass of adsorbed MO at contact time t (min),
kid  (mg. g-1  min-½) is the Weber-Morris intraparticle diffusion

rate constant, and c is the boundary layer. Fig. (7). shows the
linear  plot  of  qt  versus  t1/2  for  MO based  on  the  intraparticle
diffusion  mechanism,  which  does  not  determine  the  rate-
determining step, as shown by the correlation coefficient (R2)
of 0.9870. In addition, adsorption occurs by both surface and
intraparticle diffusion. In this study, the pseudo-second-order
model  was  the  most  suitable  kinetic  model  for  the  data.
Therefore,  direct  chemisorption  dominated  the  sorption
kinetics, which is consistent with the findings of a study [39].
This  finding  indicates  that  electron  sharing  between  the
adsorbates and adsorbent was the key factor driving adsorption
[40].

Fig. (7). Fitting of MO adsorption data to the Weber-Morris intraparticle diffusion model.
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Fig. (8). Effect of temperature on MO removal by chitosan-iso-vanillin. (MO = 100 ppm, pH = 3, W = 0.05 g, t = 3 h).

3.6.  Influence  of  Temperature  and  Thermodynamic
Investigation

The effect of temperature on MO adsorption by chitosan-
iso-vanillin at pH 3 is shown in Fig. (8). The removal of MO
was studied at 20, 30, 50, and 70°C. The adsorption process is
affected by temperature, which affects the equilibrium capacity
of  the  adsorbent  for  MO.  With  increasing  temperature,  MO
adsorption  decreased,  indicating  an  exothermic  adsorption
reaction.  Thus,  the  interaction  between  dye  molecules  and
adsorption  sites  weakened  with  increasing  temperature.  In
addition, a lower temperature led to a reduction in the number
of available active sites for adsorption [41, 42]. To determine if
the  adsorption  process  was  endothermic  or  exothermic,  the
thermodynamic  parameters  were  determined  for  the  dye
adsorbent systems, i.e., enthalpy (∆H), entropy (∆S), and free
energy (∆G) changes, and the results are listed in Table 5. The
increase  in  the  absolute  value  of  ΔG  with  increasing
temperature  indicates  that  elevated  temperatures  facilitated
adsorption.  The  negative  value  of  ΔH  indicates  that  the
adsorption  process  is  exothermic.  In  other  studies,  these
parameters  have  been  used  to  identify  the  underlying
adsorption  mechanism  [43].  As  shown  in  Table  5,  at  all
temperatures,  ΔG  is  negative,  indicating  that  the  adsorption
process  is  spontaneous.  In  addition,  an  increase  in  the
temperature  increased  the  absolute  value  of  ΔG  and  may
facilitate  the  adsorption  process.  The  positive  ΔS  values
suggest  increased  disorder  at  the  liquid-solid  interface.  Our
findings are in agreement with earlier studies [44].

Table 5. Thermodynamic parameters for MO removal on
chitosan-iso-vanillin at different temperatures.

∆H
(kJ mol-1)

∆S
(J mol-1 K -1)

∆G ( kJ mol-1)
T= 20 °C T= 30 °C T= 50 °C T= 70 °C

-5.529 14.351 -9.443 -9.654 -9.872 -10.191

CONCLUSION

In this  study,  the adsorption of  MO dye by chitosan-iso-

vanillin from water was evaluated. The results showed that the
pH,  initial  MO  concentration,  mass  of  sorbent,  adsorption
temperature,  and contact  time had a  significant  effect  on  the
adsorption of MO by chitosan-iso-vanillin. Fitting of the data
to  three  isothermal  models  confirmed  that  the  adsorption  of
MO by chitosan-iso-vanillin was best fitted by the Freundlich
isotherm. Compared with other sorbents reported in previous
literature,  chitosan-iso-vanillin  achieved  a  higher  adsorption
capacity  for  MO  and  the  pseudo-second-order  model.  In
addition,  the  adsorption  process  was  exothermic  and
spontaneous.
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