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ABSTRACT
In this project, new magnetic Fucus vesiculosus (m-FV) nanoparticles with a high adsorption capacity of 
cationic dyes were prepared. To reach a nanocomposite with effective performance, Fucus vesiculosus (FV) 
was modified using ultrasound. Then, the Fe2+/Fe3+ ions were co-precipitated in situ to induce magnetic 
feature to FV particles. Solutions contaminated with the model cationic dyes, methylene blue (MB) and 
crystal violet (CV), were treated by employing m-FV particles. Study on time of dyes removal showed 
a fast removing rate of MB and CV, reaching equilibrium at 10 and 5 minutes, respectively. Analysis of 
experimental kinetic data by the pseudo-first-order and pseudo-second-order models indicated a well-
describing of data by the pseudo-second-order model. The isotherm data of adsorption of both cationic 
dyes on m-FV were modeled and revealed a well-describing with the Langmuir model. According to the 
Langmuir model, maximum adsorption capacities of 577 mg/g for MB and 1062 mg/g for CV on m-FV 
were observed. Easy recovery, good recyclability, pH-independent property, as well as the high capability 
in the removal of cationic dyes, the m-FV can be considered an effective and eco-friendly bio adsorbent in 
the treatment of dye contaminated solutions.
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INTRODUCTION
Today finding the effective and economical 

methods to remove dye pollution from wastewater as 
a significant environmental problem poses a major 
challenge to the industrial and scientific society 
[1,2]. Many attempts including biological, chemical, 
and physical methods have been employed to treat 
industrial wastewaters [3-5]. High efficiency, easy 
and secure handling and regeneration, low cost, and 
variety of adsorbents make the adsorption process 
attractive to remove toxic organic dyes produced 

by both dye manufacturing and dyeing industries 
[6-9]. Biosorption is a process that removes 
the pollution from wastewater by utilizing the 
biomass. Biological and natural materials such as 
polysaccharides, clays, and their nanocomposites, 
have been recently extended widely as biosorbent 
due to their accessible resources, inexpensive, and 
non-toxicity features [7,10,11]. Presence of active 
functional groups such as primary amine groups 
(-NH2, chitosan), anionic carboxylate (–CO2

-, 
alginate and carboxymethyl cellulose), and anionic 
sulfate (–OSO3

-, kappa-carrageenan) make the 
polysaccharides as the satisfy candidates in the 

http://creativecommons.org/licenses/by/4.0/.


H. Jafari et al. / magnetic Fucus vesiculosus and dye removal

J. Water Environ. Nanotechnol., 5(3): 256-269 Summer 2020 257

designing of adsorbents with excellent ability in 
the treatment of the dye contaminated effluents 
(mechanistically by entrapping the toxic ingredients 
electrostatically and physically) [2,12-18]. Because 
of their unique surface structures and high binding 
affinity (presence of some ingredients with active 
functional groups in their backbone), algae have 
high capacity as biosorbent. Although there are 
many kinds of algae, a few of them are investigated 
as biosorbent [19-21]. Fucus vesiculosus (FV) is a 
brown alga, abundant in see resources, with high 
fucoidan content, which in this study has been 
identified to be capable of removing toxic cationic 
dyes. Fucoidan, a natural sulfated polysaccharide, 
contains anionic sulfate (–OSO3

-) and hydroxy (‒
OH) functional groups, making it feasible to bind 
or coordinate to cationic components [22]. The 
separation of alga after the adsorption process 
is difficult owing to their colloidal property. A 
combination of biosorbents with magnetic particles 
is a valid route that regardless of size can facilitate 
the recovery of biosorbent from media by applying 
the external magnetic field [23-31]. It should be 
noted that the use of synthetic adsorbents, including 
polymeric adsorbents, always has environmental 
problems. For example, in addition to the non-
biodegradability of these materials, the diffusion 
of remained monomers in synthetic polymeric 
adsorbent may be led to secondary contamination 
[32]. Thus, using natural-based adsorbents is the 
demand of the industry to reduce environmental 
issues. 

The main anionic compounds used as 
adsorbents contain carboxylate groups with a pKa 
value of ~4.5, leading to the low adsorption capacity 
of cationic dyes at acidic media by the carboxylate-
incorporated adsorbents [33]. Although this 
behavior may be helped the recovery of adsorbents 
at acidic media, the removal of cationic dyes from 
acidic wastewater could occur weakly. According 
to our previous work, using kappa-carrageenan 
(a biopolymer with sulfate groups) the removal of 
cationic dyes takes place in a wide range of pHs [25]. 
In fact, the removal of dyes by carrageenan-based 
adsorbents were not pH-dependent. Similar to 
carrageenan, the Fucus vesiculosus contains sulfate 
groups. Carrageenan-based adsorbents have been 
widely studied; whereas, the Fucus vesiculosus has 
not been investigated as an adsorbent in removal 
of cationic dyes. The main idea of this work was 
to evaluate the performance of Fucus vesiculosus 
as an adsorbent in removal of cationic dyes. Also, 

the effort was to evaluate the effect of pH on the 
adsorption of cationic dyes methylene blue and 
crystal violet on Fucus vesiculosus containing 
anionic sulfate groups.     

Objectively, a novel magnetic Fucus vesiculosus 
(m-FV) bio adsorbent with a high adsorption 
capacity for cationic dyes was fabricated. A simple 
route processed it included co-precipitation of 
Fe2+/Fe3+ ions-loaded brown algae via in situ 
approach. The preparation of the highly effective 
nanostructured composite to achieve particular 
dispersion is critical. To attain a magnetic bio 
adsorbent with high performance, the m-FV 
nanoparticles were treated using ultrasonic 
and freezing-drying techniques. The ultrasonic 
treatment induces the high-dispersed composite 
formation by applying acoustic cavitation 
during the process. It has great interest due to 
enhance the mixing feature and properties of 
materials [34]. The characteristic properties of the 
magnetic biosorbent, m-FV, including magnetic 
feature, surface morphology, crystallinity, and 
morphology of magnetite nanoparticles were 
investigated according to the related techniques. 
The magnetic bio adsorbent was employed to 
remove two different cationic dyes, methylene 
blue, and crystal violet, from their solutions. 
Crystal violet (CV) and methylene blue are 
synthetic and cationic dyes that transmit violet and 
blue colors in aqueous solutions. They are widely 
used in the textile industry for dyeing cotton, 
wool, silk, nylon, in the production of printing 
inks, as well as a biological stain, in veterinary 
medicine. The CV and MB are toxic and may 
be absorbed through the skin causing irritating 
and are harmful by inhalation and ingestion. In 
severe cases, can lead to kidney failure, severe 
eye irritation leading to permanent blindness and 
cancer [33].  The variation in the dye adsorption 
capacity of m-FV biosorbent was determined by 
changing of pH of MB and CV solutions, contact 
time, initial MB and CV concentrations, and ionic 
strength.

MATERIALS AND METHODS
Materials

Finlandia Pharmacy provided Fucus 
vesiculosus. Iron salts, FeCl3.6H2O and FeCl2.4H2O, 
were obtained from Merck, Germany. Ammonia 
solution, methylene blue, and crystal violet were 
in analytical grade (Merck Co., Germany), and 
purification was not used.
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Preparation of magnetic Brown Algae nanoparticles
The procedure used to prepare magnetic FV 

nanoparticles was according to our previous work 
[35]. The synthesis route of m-FV is shown in  
Fig. 1.

To achieve a dispersed FV, 2 g of its powder 
was poured in distilled water (200 mL), allowing to 
sonicate for 25 min (operating frequency: 50 kHz). 
After adjusting the temperature of the dispersed 
solution at 70 ºC, separately, 3 g of FeCl3.6H2O and 
1.54g FeSO4.7H2O was dissolved in 25 mL of distilled 
water and subsequently, their solution was poured 
into dispersed FV solution. After bubbling by N2 
gas for 30 min, diluted ammonia solution (3M) was 
slowly dropped into solution while stirring at 70 ºC. 
The addition of ammonia solution was continued 
until the pH of the solution reached 10. A solution 
with a dark appearance was obtained that showing 
the formation of m-FV nanocomposite. The dark 
solution that its pH and temperature have been 
adjusted to 10 and 70 ºC respectively, was stirred 
for 60 min. To remove any unreacted ingredients 
and alkali the produced m-FV nanoparticles were 
purified with excess distilled water. By reaching 

the pH of media to 7, the m-FV nanoparticles were 
magnetically collected by a magnet and treated by 
the freeze-drying process for 48 h to obtain porous 
m-FV nanoparticles.

Dye adsorption measurements
A batch method [36], as a common approach in 

dye removal experiments, was used to evaluate the 
performance of m-FV in the removal of MB and 
CV dyes. All experiments were done at 18 oC on 
a shaker while its speed was adjusted at 125 rpm. 
One hundred mg of magnetic bio adsorbent was 
immersed into 25 mL of MB and CV solutions (300 
mg.L-1). The kinetic study of the dye adsorption 
process was investigated by measuring the contents 
of MB and CV concentrations at different time 
intervals by using a UV-vis spectrometer (Shimadzu 
UV-1800; Japan) (λ= 664 and 590 nm for MB and 
CV, respectively). The Eq. 1 showed below can be 
applied to measure the amounts of dyes adsorbed 
on the bio adsorbent (qt, mg.g-1) at different times 
[37]:

( )0 t
t

C C
q V

m
−

= ×               (1)

1 
 

 

 

 

 

 

Fig. 1. A simple scheme showing the used steps for preparing magnetic FV nanoparticles.
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where, initial concentrations of MB and CV 
dyes and their remained contents at time t, the 
volume of used dye solutions as well as the weight 
of m-FV biosorbent were shown as Co (mg/L), and 
Ce (mg/L), V (L) and m (g), respectively.  Twenty 
five mL of solutions containing MB or CV dyes 
with concentrations of 10, 25, 50, 100, 200, 300, 
500, 1000, 2000, 3000, and 4000 mg.L-1 were used 
for isotherm studies (T= 18 oC, m=100 mg, t=24 h). 
The adsorption capacity of m-FV for both model 
dyes MB and CV at equilibrium time (24 h) was 
calculated using Eq. 1, which the Ct can be replaced 
with Ce (mg/L), showing equilibrium adsorption 
capacity of m-FV for MB and CV dyes. The pH of 
25 mL of both CV and MB dyes (300 mg/L) was set 
at desired pHs by adding dilute solutions of 0.1 M 
of HCl or NaOH and the variation in adsorption 
capacity of m-FV for both dyes was determined 
(m of m-FV=100 mg, T=18 oC).  To obtain 
thermodynamic parameters, adsorption processes 
were done at three temperatures (273, 298, and 313 
K). The desired amount of NaCl (0.01-0.5 M in 25 
mL of dyes aqueous solutions) was used to adjust 
the ionic strength to observe the changes in the dye 
adsorption process (m of m-FV=100 mg, T=18 oC, 
300 mg/L of dyes). All experiments were done three 
times and the mean±SD were shown in figures.  

 
Desorption studies

The desorption process was examined using 
different solutions [25], including acetic acid 
solution with 0.2 M of concentration, 0.5 M 
of KCl aqueous solution, and water-ethanol 
mixture with equal volume fraction as well as its 
0.5 M of KCl water/ethanol solution. After the 
adsorption process, m-FV nanoparticles were 
collected magnetically and washed with distilled 
water to transfer any unabsorbed MB and CV 
dyes in water.  By dispersing the CV- and MB-
loaded m-FV nanoparticles into the mentioned 
desorption solutions and shaking them for 24 h, 
the concentrations of desorbed MB and CV dyes 
were determined according to the corresponding 
calibration curves. All experiments were done three 
times and the mean±SD were shown in figures.   

Instrumentations
The image of magnetic nanoparticles was 

recorded with the help of transmission electron 
microscopy (TEM; Philips CM10 operating at 
60 kV tension). After the coating of dried m-FV 
nanoparticles and non-magnetic FV with a thin 

layer of gold, the surface morphology of both 
samples was studied by using a scanning electron 
microscopy energy dispersive X-ray instrument 
(SEM/EDX, VEGAII, XMU, Czech Republic). 
Powder X-ray diffraction (XRD) patterns of FV 
and m-FV were obtained on a Siemens D-500 
X-ray diffractometer (λ=1.54 Å (CuKα); current of 
30 mA; voltage of 35 kV). The magnetic properties 
of m-FV nanoparticles were investigated using a 
vibrating sample magnetometer (VSM; model 7400, 
Lakeshare Company, USA). Dried and powdered 
raw materials and products were pelleted with 
dried KBr, and Fourier transform infrared (FT-IR) 
spectra were recorded using a Bruker 113V FT-IR 
spectrometer. 

RESULT AND DISCUSSION
Synthesis and characterization

A new magnetic biosorbent with high 
performance to remove MB and CV cationic 
dyes were synthesized. Without introducing any 
toxic ingredient, the m-FV was prepared through 
a simple and green approach. (Fe2+/Fe3+)-loaded 
FV dispersion was treated by ammonia solution, 
which resulting co-precipitation of iron ions via 
in situ to produce immobilized Fe3O4 on FV. 
Electrostatically interactions between Fe3+/Fe2+ 
cations and the sulfate anions on the fucoidan may 
result in crosslinking and, consequently producing 
immobilized magnetic nanoparticles on FV 
particles [38,39]. The prepared magnetic FV was 
dried by using the freeze-drying process that causes 
increasing the accessible active centers in magnetic 
biosorbent by inducing a porous structure and, 
therefore lead to an increased surface area [40]. The 
structural characterization of m-FV biosorbent was 
investigated using common techniques, including 
FTIR, XRD, SEM, TEM, and VSM. 

FTIR spectroscopy, XRD, and VSM study
To analyze the functional groups on raw 

materials and fabricated m-FV nanocomposite as 
well as chemical/physical interactions, the FTIR 
spectra were recorded and investigated (Fig. 2a). 
In the raw FV spectrum, 3429 cm-1 showed the 
presence of –OH groups, 1037 cm-1 attributed to 
secondary vibration of C‒O in C‒O‒H groups, and 
1265 and 825 cm-1 attributed to S=O (asymmetric 
stretching and stretching, respectively). The m-FV 
spectrum was similar to the raw FV spectrum 
with the small shift, verified the presence of FV, 
and revealed a sharp peak at 511 cm-1 can be 
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allotted to the stretching of Fe‒O bond in Fe3O4 
nanoparticles. The presence of all MB sharp 
bands: 1599 cm-1 corresponds to the C=N and 
C=C and 1346 cm-1 correspond to the C‒N groups 
verified the adsorption of MB into m-FV. Also, 
the presence of all CV sharp bands: 1167 cm-1 
corresponds to the C‒N, 1585 cm-1 attributed to 
C=C in the benzene ring, and two bands (3439 and 
3097 cm-1) allot to N–H, verified the adsorption 
of CV into m-FV. However, there were shifting at 
some peaks for FTIR spectra of both MB and CV 
adsorbed on m-FV comparing to pure m-FV. The 
shifting at ‒OH stretching frequency indicated 
hydrogen bond formation between m-FV and MB/
CV. Furthermore, the interaction between sulfate 
groups in m-FV and ammonium group in MB or 
CV confirmed by S=O asymmetric stretching and 
stretching frequencies shifting. 

XRD patterns of m-FV and raw FV were 
illustrated in (Fig. 2b). The distinctive diffraction 
peaks of raw FV, 2θ = 12.3, and 31.66º, correspond 
to the partial crystalline structure of FV [38, 39]. 
The data are similar to the reported XRD analysis 
of fucoidan and water-soluble polysaccharides. 
The diffraction peaks of immobilized magnetic 

nanoparticles on the FV were appeared at 2θ= 30.4, 
35.8, 43.4, 53.8, 57.3, and 63.1º (related to magnetic 
nanoparticles), indicating their corresponding 
indices (220), (311), (400), (422), (511), and (440), 
respectively. Bragg’s equation (Eq. 2) was used to 
calculating the interplanar distances [41]: 

nλ=2d sinθ                 (2)

where λ is the incident X-ray wavelength of 
Cu-Kα, θ is incident angle i.e. angle between the 
incident ray and scatter plane, d is the spacing 
of the crystal layers (path difference) and n is a 
positive integer. The interplanar distances found to 
be 2.94 Å (2θ=30.4º), 2.523 Å (2θ=35.6º), 2.086 Å 
(2θ=43.4º), 1.702 Å (2θ=53.8º), 1.606 Å (2θ=57.3°), 
and 1.606 Å (2θ=63º) for m-FV. The results are in 
agreement well with the database indexed in the 
JCPDS file (PDF No. 65-3107) [42]. The formation 
of pure magnetite with a spinel structure and high 
crystalline structure can be concluded from the 
results.

 The hysteresis loop of m-FV was investigated 
at 298K using VSM, and the applied field was in 
the range of ±10 kOe (Fig. 2c). Owing to the nano-

2 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. (a) FTIR spectra of raw materials and products; (b) XRD patterns of raw FV and m-FV; (c) VSM curve of m-FV.
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scale size of immobilized magnetite (Fe3O4) on 
FV the m-FV sample showed superparamagnetic 
properties with no coercivity. Introducing the 
immobilized Fe3O4 nanoparticles on FV caused 
a saturation magnetization (Ms) of about 16.5 
emu.g-1. This reduction in Ms value can be 
assigned to the coating effect of FV on magnetite 
nanoparticles. Because of reporting the Ms value as 
per g of blended magnetite adsorbent, the Ms value 
is dependent on its weight ratio of Fe3O4 in the 
m-FV composition, and its blending with FV causes 
a reduction in Ms value. However, the magnetic 
saturation of m-FV biosorbent was sufficient to 
separate it from the treated dyes solutions upon 
applying an external magnet.

SEM and TEM studies
The surface morphologies of FV and m-FV were 

studied, and a significant difference was observed 
due to the immobilized Fe3O4 nanoparticles on 
the surface morphology of FV. The SEM images of 
FV and m-FV were shown in Fig. 3(a) and (b). As 
shown in figures, there is a clear difference between 
SEM images of FV and m-FV. Raw FV showed a 
smooth and homogenous surface morphology. 
While, it was rough and uneven for m-FV, which 
indicates the attaching of Fe3O4  nanoparticles 
to the surface of FV.  The  TEM image (Fig. 3(c)) 

showed a nanoporous structure and well-dispersed 
Fe3O4  particles with  a distribution of particle size 
less than 25 nm.

Dye adsorption study
Effect of pH and ionic strength on the adsorption

Among many factors, the pH and ionic strength 
of dye wastewater can influence the adsorption 
capacity of bioadsorbents, which depend on their 
nature. The adsorption of polysaccharides with 
anionic functional groups, mechanistically with 
electrical adsorption specifics, influence by ion 
strength through the neutralization of anionic 
groups with cations [43]. The effect of ionic 
strength on dye adsorption capacity of m-FV, 
which contains fucoidan as the most ingredient 
with active ‒OSO3

- groups, was tested using NaCl 
solutions at 0.01-0.5 M concentration ranges. As 
expected, the result revealed a gradual decrease 
in MB and a slight decrease in CV adsorption 
capacity of magnetic biosorbent, with increasing 
the NaCl concentration (Fig. 4(a)). This reduction 
can be attributed to the competition between Na+ 
ions and cationic ammonium groups of MB and 
CV to adsorb on bioadsorbents [44]. The higher 
mobility of Na+ than the MB or CV molecules 
due to the smaller size of Na+ (1.02 Å) ingredient 
toward MB (15.06 Å) and CV (14.52 Å), therefore, 
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Fig. 3. SEM micrographs of (a) raw FV and (b) m-FV; (c) TEM image of m-FV.
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the Na+ cations is more accessible than that of both 
MB and CV molecules to adsorb on the surface 
of m-FV [45]. Besides, the sulfate groups on the 
bioadsorbent maybe shield by the Na+ ions, which 
prevents the approaching cationic MB and CV dyes 
on the adsorbent. Indeed, decreasing in adsorption 
capacity by increasing the ionic strength of solution 
can be originated from the repulsive force between 
Na+ and cationic MB and CV dyes [43].

The initial pH of dyes solutions not only effects 
the surface charge of bioadsorbent, but also the 
degree of ionization of dyes can be altered. To 
investigate the variation in the adsorption process 
by changing the pH of dyes solutions, the points 
zero charges (pHpzc) of magnetic biosorbent, which 
is an essential factor, must first be determined. 
Generally, the cationic adsorbate tends to adsorb on 
adsorbent at pH>pHpzc; whereas, adsorption takes 
place for anionic adsorbate at pH<pHpzc [46]. The 
pHpzc of m-FV was found to be in a range of 2.6-
3.0 (Fig. 4(b)). Therefore, the pH-dependency of 
the adsorption behavior was studied by altering 
the pHs of CV and MB pollutions in a range of 3-9. 

As can be concluded from the data (Fig. 4(c)), the 
magnetic FV showed insufficient sensitivity to the 
pH of both MB and CV solutions. It may be noted 
that in the wide range of pHs, the ammonium 
pendants on both CV and MB dyes exist in the 
cationic form. Also, the high dissociation behavior 
of ‒OSO3

- groups on FV makes the m-FV as a pH-
independent bioadsorbent, which exists in the 
anionic form at pH>3 [45]. 

Kinetic of adsorption
Kinetics of pollution removing, an important 

parameter in the adsorption processes can affect 
the efficiency of dye removing processes. The 
high rate removing of pollution, moreover than 
capacity, makes an adsorbent eligible. The required 
time to reach the equilibrium of adsorption of MB 
and CV on m-FV the effect of contact time was 
studied. According to the results from kinetics 
curves of adsorption processes (Fig. 5 (a) and 
(b)), the removing of both MB and CV dyes were 
too fast and reached to equilibrium at 10 and 5 
minutes, respectively by fitting the experimental 
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Fig. 4. (a) Effect of NaCl concentration on adsorption capacity of m-FV for MB and CV; (b) Points zero charge plot of m-FV for 
determination pHpzc; (c) Effect of initial the pH of MB and CV solutions on adsorption capacity of m-FV for MB and CV (25 mL of 

300 mg.g-1 of MB; adsorbent dosage: 25 mg; room temperature).
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data to the pseudo-second-order and pseudo-
first-order kinetic models, the related parameters 
were calculated, and the results are demonstrated 
in Table 1. The applied kinetic models that were 
shown in Eqs 2 and 3 represent the pseudo-first-
order model and pseudo-second-order model, 
respectively [47]:

( )11 k t
t eq q e= −                       (2)

2
2

21
e

t
e

q k tq
q k t

=
+

                                (3)

where, qe and qt (mg.g-1) are related to the 
amounts of the MB and CV dyes adsorbed on the 
m-FV bioadsorbent at the equilibrium and at the 
desired time t, respectively. k1 (min−1) and k2 (g.mg-

1.min-1) are the rate constants of pseudo-first-order 
kinetic pseudo-second-order kinetic models. As 
illustrated in Table 1 and Figs. 5, among two kinetic 
models investigated, the pseudo-second-order 
kinetic model revealed the best fit for adsorption 
of both MB (0.9763) and CV (0.9843) on m-FV 
bioadsorbent. Moreover, the theoretical adsorption 
capacity of m-FV for MB and CV calculated 
according to pseudo-second-order model (qe) were 
obtained 74.46 and 76.41 mg.g-1 for MB and CV, 
respectively, and were relatively  in good agreement 
with the experimental ones (qe.exp = 74.64 and 76.88 
mg.g-1 for MB and CV, respectively). 

Adsorption isotherms
The effect of initial dyes concentrations on the 

adsorption behavior of m-FV was investigated to 
explain the type of molecular distribution of MB 
and CV pollutions on the m-FV using two common 
isotherm models, Langmuir and Freundlich (Fig. 
6 (a) and (b)). Firstly, a clear enhancing in the 
adsorption capacity of m-FV for both MB and CV 
could be observed by the increase in the initial 
concentration of both MB and CV. Afterward, 
because of reaching the saturation state of the 
adsorption sites on m-FV the adsorption begins to 
level off and, subsequently, the adsorption capacity 
of m-FV for both dyes tends to remain constant. 
To predict the extent of maximum adsorption 
capacity of m-FV, as well as the type of molecular 
distribution of MB and CV pollutions on the m-FV 
the experimental data, were fitted to the Langmuir 
and Freundlich models. For Langmuir model, 
monolayer adsorption of dyes onto the bioadsorbent 
is assumed, and the adsorption of MB and CV takes 
place at structurally homogeneous sites of m-FV. 
In contrast, in the Freundlich one, the adsorption 
of pollutants onto the adsorbent is based on the 
adsorption of dyes on the heterogeneous sites of 
adsorbent with a multilayer adsorption process.  

The mathematical expressions of nonlinear 
Langmuir (Eq. 4) and Freundlich (Eq. 5) models, 
as well as the RL (Eq. 6) dimensionless constant of 
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qe 
(mg.g-1) 

r2 K2×103 
(g.min-1.mg-1) 

qe 
(mg.g-1) 

r2 qe.exp 
(mg.g-1) 

MB 0.423 73.46 0.8681 10.31 74.46 0.9763 74.65 
CV 1.106 75.77 0.9493 121.6 76.41 0.9843 76.88 

 
 
 
 
 
 
 
 
 
 
 
 
  

Table 1. Kinetic parameters of adsorption of MB and CV onto m-FV calculated according to kinetic models.

Fig. 5. Modeling of adsorption kinetics of dye removal according to pseudo-first-order and pseudo-second-order models by m-FV for 
(a) MB, (b) CV.
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adsorption obtaining from Langmuir model, are 
presented as below [47]:

1
m L e

e
L e

q K Cq
K C

=
+

                              (4)

1
n

e f eq k C=                              (5)

0

1
1L

L

R
K C

=
+

                              (6)

where the concentrations of MB and CV in the 
solution and adsorption capacity at equilibrium 
time were shown as Ce (mg L-1) and qe (mg g-1). KL 
(L mg-1) and kF (mg g-1)(Lmg-1)1/n  are the isotherm 
constants of Langmuir and Freundlich models, 
respectively; and the theoretically maximum 
adsorption capacity (qm, mg g-1) and empirical 
constant, 1/n, can be calculated from corresponding 
models. The results were indicated in Fig. 6 and 
all data calculated according to the mentioned 
models were illustrated in Table 2. As is clear from 
curves and correlation coefficients (r2>0.99), the 
experimental isotherm data in this work were 
in good agreement with the Langmuir than that 
of the Freundlich model, which demonstrate 
a homogeneous adsorption process through 
monolayer distribution onto the surface of the 
m-FV adsorbent. Besides, the RL values, indicating 
the type of isotherm, were determined from the 

Langmuir model and were found to be between 
0 and 1 for both MB and CV adsorption process, 
representing a favorable adsorption system. The RL 
values of 0-1 (0 < RL < 1) is favorable, while RL > 1 
is unfavorable; RL =1, linear condition; and RL=0 is 
irreversible condition [48].

Thermodynamic studies
The influence of temperature on the adsorption 

behavior of MB and CV pollutants onto the m-FV 
was investigated at three temperatures to obtain 
thermodynamic parameters. The thermodynamic 
parameters, including enthalpy change (ΔH, kJ/
mol), entropy change (ΔS, J/(K mol), and standard 
Gibbs free energy (ΔG, kJ/mol) can provide 
important information regarding the energy 
changes of the adsorption process of pollutants 
on adsorbents. The thermodynamic parameters 
mentioned above could be calculated by the 
following equations [49, 50]:
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Fig. 6 Modeling of adsorption isotherms by applying Langmuir and Freundlich models for removal of (a) MB and (b) CV by m-FV 
(Time 60 h; Adsorbent dosage: 0.025 mg; Volume of MB and CV solutions: 25 mL; room temperature).
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 Freundlich Langmuir 

 n 
KF 

(mg.g-1)(g.L-1)-1/n r2 qm 
(mg.g-1) 

KL 

(L.g-1) 
r2 RL 

(mg.g-1) 
MB 1.725 3.628 0.9595 577.1 0.000619 0.9914 0.9986 
CV 1.415 1.713 0.9811 1062 0.000298 0.9937 0.9993 

 
 
 
 
 
 
 
 
 
 
 
  

Table 2. Estimated isotherm parameters determined according to the Langmuir and Freundlich models for the adsorption of MB and 
CV onto m-FV.
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from the Cs and Ce, the concentrations of MB, and 
CV on m-FV and in solutions, respectively. R and T 
are the universal gas constant (8.314 J mol K-1) and 
absolute temperature in Kelvin (K), respectively. 
The LnKc versus 1/T (Fig. 7 (a) and (b)) gives a 
linear plot that the ΔH and ΔS can be obtained 
from the slope and intercept of the obtained plot. 
The calculated data were summarized in Table 3. 
According to the obtained data, the endothermic 
specific was indicated for the process of MB 
adsorption on m-FV due to the positive value of 
ΔH, at the same time it was exothermic for CV 
due to the negative value of ΔH. However, ΔG for 
the adsorption processes of both MB and CV on 
m-FV was negative that revealed their feasibility 
and spontaneous natures. Moreover, increasing the 
negative value of ΔG with increasing temperature 
were revealed the adsorption dependency on 
temperature that offers increasing tendency at 
the feasibility and spontaneously of adsorption 
processes with increasing temperature. The ΔS 
values were positive for both MB and CV adsorption 
processes that suggest an increase in disorder and 
randomness at the solid/solution interface. 

Desorption study and mechanism of adsorption
Not only the high adsorption capacity of 

adsorbents plays a significant role in the removal 
of pollutions, but the recyclability of adsorbent is 

also very important in economic, which reusing 
the adsorbent with more cycles, take low-cost 
processes. Considering the reusability importance, 
the experimental examination carried out by 
desorbing tests of MB and CV from m-FV in 
different solutions: ethanol, ethanol/water (50:50, 
V: V), acetic acid 0.2 M, KCl 0.5 M, and KCl 0.05 
M in ethanol/water (50:50, V: V). The results are 
presented in Figs. 8 (a), (b), (c) and (d). The KCl in 
ethanol/water found out to be a suitable solution 
for recycling both MB and CV dyes by 97.5 and 
96 % desorption contents, respectively. The results 
are consistent with decreasing adsorption of m-FV 
by increasing ionic strength, the studies discussed 
above. On the other hand, the interaction of 
anionic sulfate groups with K+ ions are preferred 
than that of cationic dyes. The interaction between 
sulfate groups of carrageenan with K+ ions which 
is similar to FV structurally has been reported 
[51]. It shows good desorption behavior for dyes 
in both KCl and ethanol solutions, but it was not 
sufficient. Therefore, enhancing ethanol solution 
to KCl solution increased the desorption of dyes, 
remarkable. The experimental tests also did not show 
desorption at the acetic acid media (only about 2 % 
for both MB and CV), which is compatible with pH 
independence of biosorbent, the results obtained in 
the pH studies. In fact, the low pKa value of sulfate 
groups on FV favors the dissociation of these 
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 T (K) ΔG (J.mol-1) ΔH (J.mol-1) ΔS (J.K-1.mol-1) 

MB 
273 -8065.6 

6286 52.57 298 -9379.86 
313 -10168.41 

CV 
273 -6197.74 

-3091 11.38 298 -6482.24 
313 -6652.94 

 
 
 
 
 
 
 
 
 
 
 
 
 
  

Fig. 7. The plot of lnK vs. 1/T for the estimation of the thermodynamic parameters for the adsorption of (a) MB and (b) CV on m-FV.

Table 3. Calculated thermodynamic parameters for the removal of MB and CV by m-FV at different temperatures.
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anionic groups in a wide range of pHs. As a result, 
it has no tendency to protonate in the presence of 
acid [25]. The adsorbent recyclability was verified 
by four adsorption-desorption cycles with a little 
decrease at adsorption capacity (about 6 % for both 
MB and CV) at the mentioned conditions.  Given 

its good adsorption capacity and recyclability, 
the m-FV bioadsorbent can be considered as a 
proper candidate in removing cationic dyes from 
contaminated solutions (Table 4). The mechanism 
of the adsorption processes predicted using the 
results of the FTIR spectrum, pH effect, and ionic 
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Reference 
Adsorption capacity 

(mg.g-1) 
Adsorbent Dye 

[55] 454 Bamboo based activated carbon Methylene blue 
[55] 277 Coconut shell activated carbon Methylene blue 
[55] 343 Rice husk activated carbon Methylene blue 
[28] 251 magnetic polyvinyl alcohol/laponite RD Methylene blue 
[56] 225 Jute fiber carbon Methylene blue 

Present work 577.1 Magnetic Fucus vesiculosus Methylene blue 
[57] 248 OC-BzM nanoparticles Crystal Violet 

[17] 88 
CarAlg/MMt nanocomposite 

Hydrogel 
Crystal Violet 

[58] 16 Nanomagnetic iron oxide Crystal Violet 

[58] 67 
Magnetically modified 

activated carbon 
Crystal Violet 

[59] 99 Gum arabic-cl-poly(acrylamide) nanohydrogel Crystal Violet 
Present work 1062 Magnetic Fucus vesiculosus Crystal Violet 

 

Fig. 8. Desorption efficiency of (a) MB and (b) CV from m-FV by various solutions; Adsorption-desorption of (c) MB and (d) CV from 
m-FV using 0.1 M KCl (ethanol: H2O 50:50) for 4 cycles.

Table 4 Different adsorbents used to remove the MB and CV dyes
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strength as well as from adsorption-desorption 
studies of biosorbent. According to the results, 
in addition to weak interactions involve Van 
der Waals forces and hydrogen bonds [52], 
electrostatic interactions between anionic sulfate 
groups and cationic ammonium groups on dyes 
have made new magnetic biosorbent more effective 
comparing other adsorbents (Table 4). Hydrogen 
bond developments and electrostatic interactions 
were recognized through the shifting of the ‒OH 
and sulfate group frequencies after the MB and CV 
adsorption on the m-FV at the FTIR spectrum. 
pH insensitive behavior of m-BA demonstrated 
the mechanism of adsorption progression through 
sulfate group interaction. The sulfate group causes 
the magnetic biosorbent to exist in the anionic form 
at a wide range (pH>3). Furthermore, decreasing 
adsorption capacity by increasing the ionic 
strength of solutions confirmed the electrostatic 
interactions. The shielding effect of Na+ on sulfate 
groups on bioadsorbent prevents the approaching 
of the cationic centers of dyes to the anionic centers 
of magnetic biosorbent.

CONCLUSION
A high effective magnetic biosorbent based on 

marine brown algae has been prepared and used for 
the effective removing cationic dye pollutants. The 
magnetic biosorbent, produced through a facile 
and green method, presented a fast and up to nearly 
100 % removal specifics for MB and CV cationic 
dyes. The magnetic biosorbent showed a high 
adsorption capacity of 577, 1062 mg.g-1 for MB 
and CV, respectively, and the high fast adsorption 
rate confirmed by the adsorption kinetics. The high 
efficiency of m-FV to remove cationic dyes assigned 
to the fucoidan ingredient carrying negatively 
charged centers as well as a porous structure of 
magnetic biosorbent. Improvement of the brown 
algae by magnetic nanoparticles to easy remove of 
biosorbent from wastewater and good recyclability 
made it more effective. These brilliant specifics 
and low-cost resources of biosorbent exhibit real 
potential for utilization in the industry.
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