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Currently, there is a great pollution of water by the dyes; due to this, several studies have been carried out to remove these
compounds. However, the total elimination of these pollutants from the aquatic effluents has represented a great challenge for the
scientific community, for which it is necessary to carry out investigations that allow the purification of water. In this work, we
studied the bioadsorption of methylene blue on the surface of the biomass obtained from the algaeD. antarctica. -is material was
characterized by SEM and FTIR. To the data obtained in the biosorption experiments, different models of biosorption and kinetics
were applied, finding that the best fit to the obtained data is given by applying the pseudo-second-order models and the Toth
model, respectively. It was also determined that the maximum adsorption capacity of MB on the surface of the biomass is
702.9mg/g, which shows that this material has great properties as a bioadsorbent.

1. Introduction

Water pollution by various industries is the main problem
the world is facing these times. Among these pollutants are
the dyes [1, 2]; their world production per year is approx-
imately 7×105 MT, and around 10 to 15% of the dyes used
are dumped in waste water [3]. Synthetic dyes are more
difficult to remove than natural dyes [4], and this is due to
their complex aromatic structure, which gives them stability
against air and light [1]. -ey can easily transport within the
aqueous environment due to their high solubility in water
[5]. -ey affect the aquatic autotrophs by restricting their
photosynthetic efficiency because only limited sunlight is
allowed to penetrate due to their colour; their toxic effect
spreads along the food chain, and they are conserved for
long periods deteriorating animal and human health [1].

Methylene blue (MB) is a cationic dye with broad ap-
plications such as dye for paper, hair, and cotton and filters
for medical surgery [2] among others. -is pollutant not
only deteriorates water quality but also significantly affects
the environment and human health [6]. It has been shown

that, in humans, it causes vomiting, lightheadedness, cya-
nosis, jaundice, tissue necrosis [2], increased heart rate,
vomiting, shock, and tetraplegia [7]. -erefore, there is
a need to eliminate this dye present in wastewater or in-
dustrial effluents to ensure a safer environment [2]. -is and
the other dyes are difficult to degrade biologically, so the
studies aimed at removing these contaminants present in
aqueous solution are important and must be carried out
[8, 9] to reduce environmental damage and human health.

Various technologies, including adsorption, floccula-
tion, membrane filtration, electrolysis, biological treatments,
oxidation [10], sedimentation, membrane separation, re-
verse osmosis [8], and photocatalytic degradation [11], have
been adopted to remove dyes from sewage water. Among the
mentioned treatments, adsorption has some advantages
because the adsorbents are inexpensive, are available, are
simple to use, and have high efficiency [8] and their design
is simple [3]. However, the total removal of MB from
the wastewater has not been achieved; therefore, it is nec-
essary to continue with the studies to discover new bio-
adsorbents [6].
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Many adsorbents have been studied to reduce the con-
centration of the dyes present in aqueous solutions, among
which the activated carbon stands out for its high efficiency;
however, its manufacture and regeneration involve a high
cost. So, they have discovered and applied other natural
adsorbents such as natural coal, chitin, chitosan, fly ash, wood
sawdust, and rice husk [8].

Adsorption using biomass is considered a potential
technique for the removal of contaminants present in water,
and the advantage of using this adsorbent is that it is more
economical than commercial adsorbents [12]. -e scope of
this research is to perform the kinetic study of the MB
adsorption on the surface of the biomass obtained from the
algae D. antarctica and to determine the capacity of ad-
sorption of the contaminant (MB) by the bioadsorbent. To
understand the mechanism of adsorption of this process,
different kinetic and adsorption models were applied to the
obtained data. Additionally, traditional instrumental tech-
niques were used to characterize the bioadsorbent.

2. Materials and Methods

2.1. Preparation of the Biomass. Biomass brown alga was
collected from the Chilean coast, for preparing samples of
fresh alga washed with distilled water to remove impurities,
and dried at 40°C using an oven (Memmert, Germany) for 72
hours; once the drying process was finished, the material was
cut into small pieces, before being grounded, and the dried
biomass was sieved to a particle size of 500–1000 μm. -is
material was used in all experiments [13].

2.2. Characterization. In order to evaluate the properties of
the biomass surfaces obtained from the algae D. antarctica,
which allow MB adsorption to be effective, this material was
characterized by the techniques provided below.

2.2.1. Infrared Spectroscopy. -e data of the IR spectra of the
biomass before and after the adsorption of MB were
recorded using an instrument SHIMADZU IRTracer-100.
-e pressed granules were prepared by grinding the biomass
and mixing it with KBr in an agate mortar. -e spectral data
were recorded at wavenumber values between 4000 and
500 cm−1.

2.2.2. Scanning Electron Microscopy. -is technique was
used to observe the morphology of the biomass surface
before and after the MB adsorption process in a JEOL JSM-
6490LV unit. For the SEM analysis, the sample obtained
after the MB adsorption process was separated from the
solution and dried at a temperature of 120°C for 5 h. Before
carrying out this analysis, the surface of the biomass was
coated with gold using the sputtering method to obtain
a conductive surface.

2.3. Studies of the Biosorption of the Function of the pH.
For the determination of the optimum pH of biosorption,
methylene blue solutions of 50 ppm were prepared, whose

pH was adjusted to values of 3, 5, 7, 9, and 11, after which
the biomass was added in a ratio of 1 g/L, the samples
were left in constant agitation for a period of 15 hours,
and the MB concentration was determined at the begin-
ning and end of the bioadsorption process by UV-Vis
spectroscopy at a wavelength of 664 nm in a GENESYS 5
spectrophotometer.

2.4. Studies of Adsorption Kinetics. To prepare the kinetic
studies, solutions of 25, 50, 100, 150, and 200 ppm of MB
were prepared. According to the results obtained in Section
3.2, the optimum pH value of adsorption must be above 5;
therefore, the pH of the solutions was adjusted to a value of
10 using 0.1M·HCl and NaOH solutions. After this, the
biomass was added in a ratio of 1 g/L, the samples were left in
agitation, and aliquots were taken at 0, 5, 10, 15, 30, 60, 120,
240, 360, 480, and 560 minutes, to track the decrease in MB
concentration present in the solution. Using (1), the values of
qt were determined for the different kinetic experiments
carried out:

qt �
V C0 − Ct( 

m
, (1)

where qt is the amount of MB adsorbed per gram of the
sample (mg/g) in time (t) of the adsorption process, C0 is the
initial concentration of the solution (mg/L), Ct is the con-
centration of the solution in time (t) of the adsorption
process (mg/L), V is the initial volume of the solution, and m

is the biomass added to the different solutions [14].

2.5. Studies of Equilibrium in the Solid-Liquid Interface.
To understand the mechanism of adsorption of methylene
blue on the surface of the biomass, solutions were prepared
with initial concentrations of 25, 50, 100, 150, 200, 400, 600,
800, 100, and 1400 ppm of this contaminant; the pH of the
solutions that were in the concentration range of 25 to
200 ppm was adjusted to a value of 10, and the pH value of
the solutions that were in the concentration range of 400 to
1400 ppm was not adjusted since the pH value of these
solutions was above 5. In Section 3.2, it was determined that,
at basic pH values, the adsorption capacity of MB on the
surface of the biomass is constant, so it was decided not to
make adjustments to the pH value of these solutions.

-e samples were left in agitation for 18 hours; using
UV-Vis spectroscopy, the concentration of these solutions
was determined at the beginning and at the end of the
process. Using (2), the MB’s adsorption capacity was de-
termined by the biomass when the solution is in equilibrium
at the end of this process:

qe �
V C0 − Ce( 

m
, (2)

where qe is the amount of MB adsorbed per gram of
the sample (mg/g) at equilibrium and Ce is the concen-
tration of MB in equilibrium (mg/L). -e data obtained
were adjusted to the models of Freundlich, Langmuir,
Redlich–Peterson, Sips, and Toth, to understand the
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mechanism of adsorption of MB which takes place on the
surface of biomass [14].

2.6. 6ermodynamic Studies of the Kinetics of Adsorption.
Speed laws are essential in any study of biosorption because
they provide an exact expression during the duration of the
reaction [15]. -en, the models used in the present study are
described below.

2.6.1. Pseudo-First-Order and Pseudo-Second-Order Models.
-ere are several models of kinetics, but in general, the most
used and compared ones are the pseudo-first-order and
pseudo-second-order kinetic models.-e pseudo-first-order
kinetic model was proposed for the first time at the end of
the 19th century by Lagergren, and the speed constant when
using this model is denoted as K1 [16]. -e pseudo-second-
order kinetic model was introduced for the first time in the
mid-80s, but its recognition increased in the year of 1999
when Ho and McKay [17] took data from experiments re-
ported in the literature and determined that the best fit to the
data coming from all the systems studied was given by
applying the pseudo-second-order model. After this pub-
lication came to light, the speed constant K2 has become
more popular since in most studies, it has been found that
the data obtained fit this model; for this reason, the original
article has more than 6000 citations, a figure that has in-
creased exponentially over the course of the time [18], and
the equations of these two models are presented below.

A pseudo-first-order model is given as follows:

log 1−
qt

qe
  �

k1

2.303
t, (3)

where qt is the concentration of the adsorbed phase at
a certain time of the adsorption process, qe is the concen-
tration of the adsorbed phase at the end of equilibrium with
the solid present in suspension, t is the time that has elapsed
since the process of adsorption began, and kL is the
Lagergren constant (s−1). -e pollutant adsorption rate is
proportional to the time that has elapsed since the ad-
sorption process began; for T� 0, the value of qt � 0; once
equilibrium has been reached, the value of qt≈qe [19].

A pseudo-second-order model is given as follows:
t

qt

�
1

k2q
2
e

+
1
qe

t. (4)

When t approaches zero, the bioadsorption velocity qt/t
becomes the initial bioadsorption velocity, and the data
obtained in the kinetic study are adapted to the pseudo-
second-order model by plotting the graph of t/qt versus t.
-e linear relationship obtained will allow the calculation of
qe, k2, and k2q

2
e without previously knowing any parameter

[20].

2.6.2. Modified Pseudo-First-Order Model. -is kinetic
model is useful when the experimentally obtained data do
not conform to the pseudo-first-order and pseudo-second-
order kinetic models and the model of intraparticle

diffusion. In this newmodel, the pseudo-first-order equation
is modified by the speed constant as observed in the fol-
lowing equation [21]:

ln 1−
qt

qe
  +

qt

qe
� −kmt. (5)

Since qt< qe, this equation implies that the velocity
constant k1 is minimal when equilibrium has been reached
[21].

2.6.3. Elovich Model. It has been found that Elovich’s em-
pirical adsorption model has broad applicability for nu-
merous adsorption systems. -is model is based on the
assumption of energetic heterogeneity of the adsorption sites
in the form of rectangular distribution [22].

-e kinetic model of Elovich is reported as follows:

qt �
1
β
ln(αβ) +

1
β
ln t, (6)

where α is the initial adsorption rate of the Elovich equation
(mg·g−1min−1) and β is the adsorption constant of themodel
(g·mg−1) [15]; it is related to the adsorption energy [23].

-e Elovich equation can be linearized by assuming
αβt>> t and thatQ� 0 at t� 0 and thatQ�Qt for a time t� tt
[24]. Under these conditions, a graph of qt versus ln (t)
shows a linear relationship with a slope of (1/β) and an
intercept of (1/β) ln (αβ) [15].

-is equation has been used by some authors to describe
the kinetics of adsorption of contaminants in natural ad-
sorbents, prepared or modified, which found that the best
behavior of the data obtained is given when applying this
model. But in spite of the utility of the Elovich equation in
the estimation of the biosorption kinetics, the study of other
kinetic models must be carried out, since these can present,
in some cases, marginally superior correlation coefficients in
the kinetics of adsorption of chemical substances [15].

-is equation is also used to describe reaction mecha-
nisms such as solute diffusion in the solution or interface
phase, surface activation, and deactivation. It is adequate to
elucidate the process with significant changes of activation
energy. In addition, the Elovich equation can also reveal the
irregularity of data that other dynamic equations have ig-
nored [25].

2.6.4. Intraparticle Diffusion Model. According to chemical
reaction fundamental theory, intraparticle diffusion be-
comes a limiting factor to the overall reaction rate when the
catalyst particle size is too large and/or the intrinsic reaction
rate is too fast compared to the diffusion rate of reacting
molecules inside the catalyst pores. -e degree of inhibition
resulting from the overall velocity depends on the combi-
nation of particle size and shape, intrinsic reaction velocity,
and diffusion rate [26].

According to literature [26], if the rate-limiting step is
intraparticle diffusion, then the amount adsorbed at any
time t should be directly proportional to the square root of
the contact time t and pass through the origin.
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-e intraparticle diffusion model is reported as follows:

Log qt � log kip + 0.5 log t, (7)

where kip is the intraparticle diffusion rate constant
(mg/g/min−0.5) [14].

-e graph of qt against 0.5 log t should produce a straight
line with a positive intercept for the adsorption process con-
trolled by intraparticle diffusion.-e constantK is determined
from the intersection with the Y-axis, and the high values of
this parameter are related to a great adsorption speed [27].

2.6.5. Film Diffusion Model. -e film diffusion model is
reported as follows:

ln 1−
qt

qe
  � −kFt + A, (8)

where kF (1/min) and A are the constants of the film dif-
fusion model [28].

In order to minimize the error distribution between ex-
perimental equilibrium data and values obtained by isotherm
correlations, different error functions are generally applied.
-is goal of minimizing the error distribution is achieved by
finding the minimum value of certain error functions or
maximizing them depending on the definition of the selected
error function. -erefore, choosing an error function seems
indispensable in order to evaluate the best fit isotherm to the
experimental equilibrium data [7]. In the present in-
vestigation, five different error functions (Table 1) were used
to establish with certainty the isotherm of the kinetic model
that presents the best adjustment of the adsorption of
methylene blue on the surface of the algae D. antarctica.

2.7. 6ermodynamic Studies of Bioadsorption

2.7.1. Model of Freundlich. -e Freundlich model is de-
scribed by an empirical equation used for systems with
a high degree of heterogeneity. In this model, it is assumed
that adsorption occurs at different sites and the formation of
multilayers occurs with different adsorption energies. -is
leads to an exponential decrease in energy as the coverage of
the surface originates [29].

-e model of the Freundlich isotherm is reported as
follows:

qe � KfC
1/nf( )

e , (14)

where qe (mg∗ g−1) is the capacity of bioadsorption of the
metal by the algaeD. antarctica in the balance, Ce (mg∗ L−1)
is the concentration of the metal in the equilibrium, and
Kf(mg∗ g−1(L∗mg−1)(1/nf )) and nf (dimensionless) are the
constants of the Freundlich isotherm and are related to the
capacity of biosorption and intensity, respectively;
Freundlich’s constant (nf ) depends on the adsorption ca-
pacity, and it is used to evaluate the favouribility of ad-
sorption. -e values of nf between 2 and 10 indicate a high
adsorption capacity, while values between 1 and 2 indicate
a moderate adsorption capacity and values less than 1 in-
dicate a small adsorption capacity [30].

2.7.2. Langmuir Model. -e Langmuir model is based on the
assumption that adsorption occurs on a surface with ho-
mogeneous sites, where each molecule of the adsorbate
occupies an adsorption site, and maximum adsorption oc-
curs with the formation of the complete monolayer, in which
there is migration of the adsorbate molecules on the surface
of the adsorbent [31].

-e model of the Langmuir isotherm is reported as
follows:

qe �
qmKLCe

1 + KLCe
, (15)

where qm (mg∗ g−1) is the maximum adsorption capacity of
the bioadsorbent and KL (L∗mg−1) is the Langmuir
equilibrium counterrelated to bioadsorption energy.

2.7.3. Sips Model. -e two models of previous isotherms
have been widely used to analyze the biosorption of various
pollutants present in aqueous solutions. -e Sips model
simultaneously involves the Freundlich and Langmuir
models, has three parameters taken from the theory of these
models [32], and has a greater capacity to describe the
biosorption equilibrium.

-e model of the Sips isotherm is reported as follows:

qe �
qm KsCe( 

1/ns( )

1 + KsCe( 
1/ns( )

, (16)

where Ks is the Sips count in equilibrium and ns (di-
mensionless) is the heterogeneity factor; a value of ns close to
or equal to 1 is given in bioadsorbents with homogeneous
active sites [33], while a value of ns close to 0 is given in
biosorbents with heterogeneous active sites [34].

2.7.4. Toth Model. In the Toth model, an asymmetric quasi-
Gaussian energy distribution is assumed, where most of the
sites have a lower adsorption energy than the energy peak of
maximum adsorption [29]. Toth modifies the Langmuir
equation in order to reduce the error between the experi-
mental and predicted values of adsorption equilibrium.
-is model is best suited for heterogeneous systems in which
multiple layer adsorption occurs. -e exponent of the

Table 1: -e names and equations of applied error functions [7].

Error function Definition Equation

RMSE
������������������������
1

n− 2 
N

I�1 (qe,exp − qe,isotherm)2


(9)

X2 X2 � 
N

1

(qe,exp − qe,isotherm)2

qe,isotherm
(10)

ERRSQ 
N

i�1 (qe,exp − qe,isotherm)2
i

(11)

HYBRD 
N

i�1
⎡⎣
(qe,exp − qe,isotherm)2

qe,exp

⎤⎦

i

(12)

MPSD 
N

i�1
⎡⎣
(qe,exp − qe,isotherm)

qe,exp

⎤⎦

2

i

(13)
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isotherm of Toth (nT0
) is related to the heterogeneity of the

surface; if it is equal to the unit, the Toth model is reduced to
the Langmuir model. -is correlation is applied for liquid-
solid adsorption [35].

-e model of the Toth isotherm is reported as follows:

qe � QmCe bT0
+ C

nT0
e 
−1/nT0 

, (17)

where bT0
and nT0

are constants of the model.

2.7.5. Redlich–Peterson Model. -e Redlich–Peterson iso-
therm is an empirical model with no theoretical basis, which
contains undefined empirical parameters (KR and αR). -is
model can be applied for homogeneous and heterogeneous
surfaces and does not follow the ideal monolayer adsorption;
as a consequence, this model provides the best approxi-
mation of the experimental data. However, the main dis-
advantage of this model is the lack of estimation of the
maximum adsorption capacity. Another disadvantage when
applying this model is that it does not adjust to the ex-
perimental data; in the trials, the dose of some variables has
varied, since the constant αR depends on the dose of the
variables studied [22]. It should also be noted that this model
includes the characteristics of the Langmuir and Freundlich
isotherms in a single equation.

-e Redlich–Peterson isotherm model is reported as
follows:

qe �
KRPCe

1 + αRPC
g
e
, (18)

where KRP is the constant of the Redlich–Peterson model
(L/g), αRP is another constant of the Redlich–Petersonmodel
(mg/L)−g, and g is the exponent of this model and must be
between 0<g≤ 1.

When g � 1, the Redlich–Peterson equation becomes the
Langmuir equation:

qe �
KRPCe

1 + aRPCe
. (19)

When g � 0, the Redlich–Peterson equation becomes
Henry’s law (20) [35]:

qe �
KRPCe

1 + aRP
. (20)

3. Results

3.1. Characterization

3.1.1. Infrared Spectroscopy. -e FTIR spectra before and
after MB adsorption can be seen in Figure 1. In this analysis,
several peaks assigned to the vibrations of the biomass
functional groups were detected. Some of them are involved
in MB adsorption, while others did not disappear, or their
wavenumber shifted when this process was completed. -e
appearance of new peaks after the bioadsorption process was
also observed due to the interaction between the functional
groups of the bioadsorbent and the MB.

-e peaks at 3398 and 1613 cm−1 of the biomass before
the adsorption process correspond to antisymmetric OH
stretch vibrations [36, 37] and to the C�O bond present in
the acids [36, 38], the peak located at 1425 cm−1 corresponds
to primary alcohols [38], the peak at 2.936 cm−1 is due to the
stretching vibrations of OH of carboxylic acids [39], the
biomass adsorption band before and after adsorption of MB
at a wavenumber of 1035 cm−1 is assigned to the CO present
in the esters, and the peak at 1060 cm−1 can also be assigned
to CO stretches [40].

-e IR peaks of theMB that appeared after the adsorption
process are described as follows: the peaks at 1600 and
1394 cm−1 correspond to vibrations of the aromatic ring and
the CN bond, respectively, the peaks at 1336, 1141, and
1247 cm−1 are attributed to symmetric deformation of –CH3
and the CN bond, respectively [37], the peaks at 1653 [39, 40],
1394, 1336, and 1141 cm−1 can be assigned to the vibrations of
–C�C– of the stretch of the alkenes, to the C–C stretching in
the aromatic ring, to the balancing of the CH alkanes, and to
the wagging of the C–H (–CH2Cl) of alkyl halides, re-
spectively, the peak at 1247 cm−1 corresponds to the
stretching of aliphatic amines [39], and the peak observed at
1150 cm−1 belongs to the vibration stretch of –SO3 [41].

-ese observations clearly showed that the MB mole-
cules were adsorbed on the surface of the biomass obtained
from the algae D. antarctica and that the active functional
groups of the biomass that participated in the binding of the
MB molecules were –OH, CO, C�O, and –COO– repre-
senting, respectively, hydroxyl group, inorganic carbonates,
and cyclic anhydride and carboxylic groups [38].

3.1.2. Scanning Electron Microscopy. -is analysis was car-
ried out in order to obtain a view of the morphology of the
biosorbent surface. -e obtained micrographs are presented
in Figure 2.
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Figure 1: Infrared spectrum of the biomass of D. antarctica before
and after the bioadsorption of MB.
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Using this technique, it was determined that the pores
present in the surface of the biomass are homogeneously
distributed; however, there are areas in the surface that are
not porous, so it is valid to say that a percentage of the
porosity is distributed heterogeneously and it is worth
mentioning. In addition, the MB adsorption process did not
modify the surface of the biomass. In Figure 2(a), a part of
the nonporous surface of the biomass is observed, while in
Figure 2(b), the porous part of the biomass is observed,
which retained its texture after the MB adsorption process.
-is is attributed mainly to the size of the methylene blue
molecule, which is 0.84 nm [42], since each molecule of this
contaminant interacts with a single active site present on the
surface of the biomass; therefore, the pores of the biomass,
having a diameter size greater than 50 μm, were not blocked
during the biosorption process.

3.2. Determination of the Optimum pH for the Adsorption of
MethyleneBlue. -e effect of pH on the adsorption of dyes is
an important parameter. In Figure 3, the capacity of ad-
sorption of MB by the biomass increased significantly when
changing the pH value from 3 to 5, and this value was kept
constant up to a basic pH corresponding to 11.

-e chemical surface of an adsorbent has a great in-
fluence on the adsorption of an adsorbate, and this can be
altered by modifying the initial pH value. Some authors have
reported that, at low pH values, there is an electrostatic
repulsion between the surface of the positively charged
adsorbent and the cationic MBmolecules, which inhibits the
adsorption of this contaminant [4, 37, 43], because the ions
of hydrogen compete with the MB molecule for the ad-
sorption sites. As the pH increases, the surface of the bio-
mass acquires a negative charge and a deprotonation of the
surface is carried out which facilitates the adsorption of MB
and therefore the capacity of adsorption of this pollutant by
the biomass increases [37]. -is is mainly because in the
solution, the MB is positively charged; hence, its adsorption
is more effective when the surface charge presents a negative
value [44, 45].-erefore, it was considered that a pH value of
10 was appropriate for carrying out the kinetic experiments.

3.3. Kinetics Models. In Figure 4, the larger the value of the
initial concentration of MB, the more drastic the decrease in

(a) (b)

Figure 2: SEM micrographs of the biomass (a) before and (b) after the biosorption process of MB.
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the value of its concentration, and as the time elapses, the
change in concentration is less noticeable. In the first 180
minutes, the decrease in the MB concentration in the samples
whose initial concentration was 200, 150, and 100 ppm is
quite fast because the MB concentration remained above
20 ppm. However, after this time and smaller MB concen-
tration values, the concentration changes are less noticeable.
-is is corroborated when observing that the decrease of the
concentration of the contaminant in the solution whose initial
concentration was 25 ppm is slow, in comparison with the
other solutions.

Different models were applied to the results obtained in
the kinetics of MB adsorption on the surface of the biomass
studied. -e pseudo-first-order model can describe the
initial phase and the progress of the adsorption process; the
pseudo-second-order equation describes that the chemi-
sorption controls the speed of this process; According to the
intraparticle diffusion model, several mechanisms are in-
volved in the adsorption process, and this process can be
described in three steps: external surface adsorption,
intraparticle diffusion that is the speed-limiting step, and the
final equilibrium that is very fast [46].

Next, the order in which the studied kinetic models were
adjusted to the bioadsorption data obtained experimentally
is mentioned.

Pseudo-second-order>Elovich>film diffusion� pseudo-
first-order> intraparticle diffusion>modified pseudo-first-
order.

Figure 5 shows the pseudo-second-order and Elovich
isotherms obtained by adjusting the data kinetic experiments
to these models; as can be seen, both models have a high
correlation and therefore can describe the adsorption mech-
anism of methylene blue on the surface of D. antarctica algae.

In Table 2, it is observed that regardless of the value of the
initial concentration of MB in the range studied, all bio-
adsorption data were adjusted to the pseudo-second-order
model, this being the only model in which all the values of R2

were above 0.95. P or which the initial adsorption rate
depends exponentially on the concentration of methylene
blue. -e fact that this process is accurately described by
a pseudo-second-order model further indicates that film
diffusion, intraparticle diffusion, and surface adsorption
coexisted during the adsorption of MB on the surface of the
biomass, all of which factors affected the adsorption process
and influence that the adsorption kinetics present the best fit
when applying this model [47].

Given that the pseudo-second-order model presented
the best fit of the data obtained, the value of qe was de-
termined, using this model; as can be seen in Table 2, the
adsorption capacity values obtained experimentally are quite
close to the values obtained theoretically.

-e Elovich model presents the second best fit to the data
obtained; this model occurs when the adsorption processes
involve the chemisorption in the solid surface, and the speed of
adsorption decreases with time due to the coverage of the
surface layer [48]. -e other models studied have a lower
adjustment to the data studied, so it cannot explain with the
same reliability the adsorption process that is being carried out.

To determine with greater precision the adjustment of
the data obtained to the pseudo-second-order and Elovich
kinetic models, five types of additional errors were de-
termined. Table 3 reports the model that presents the best fit
according to the type of error determined and the value of
the initial concentration of methylene blue.

Regardless of the error studied, the best adjustment to
the initial concentrations of MB of 200, 150, and 50 ppm is
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Figure 5: Result of applying the kinetic models used in the adsorption of MB on the surface of the biomass: (a) modified pseudo-first-order
model; (b) Elovich model.
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given in the pseudo-second-order model, while at 100 and
25 ppm, the Elovich model presents the best correlation. It
can be deduced that, at high initial concentrations, the

obtained data are adjusted to the pseudo-second-order
model given that the adsorption speed is related to the
value of the initial concentration.

Table 2: Adsorption kinetic parameters obtained by adsorption of MB onto D. antarctica.

Kinetic model Parameter Initial concentration of MB (mg/L)
r 25 50 100 150 200

Pseudo-first-order K1 0.00967 0.00783 0.00967 0.00921 0.00990
R2 0.986 0.952 0.893 0.937 0.992

Pseudo-second-order

K2 0.00178 0.000287 0.000385 0.000234 0.0000730
qe, exp. 22.565 41.221 87.754 141.763 191.294
qe, cal. 22.402 40.003 86.024 140.955 196.349
R2 0.999 0.972 0.995 0.999 0.994

Modified pseudo-first-order Km 0.008 0.0059 0.0081 0.0074 0.0078
R2 0.985 0.875 0.839 0.971 0.991

Elovich
α 3.908 1.634 15.783 11.672 7.450
β 0.272 0.122 0.0733 0.0356 0.0224
R2 0.991 0.943 0.992 0.967 0.970

Intraparticle diffusion ki 4.547 2.212 17.519 13.766 3.259
R2 0.963 0.996 0.949 0.914 0.897

Film diffusion
A 0.346 0.0591 0.212 0.416 0.0664
kf 0.0097 0.0078 0.0096 0.0092 0.01
R2 0.986 0.952 0.893 0.937 0.992

Table 3: Kinetic model that presents the best adjustment according to the initial concentration of MB and the type of error determined.

Error function
Initial concentration of MB (mg/L)

25 50 100 150 200
RMSE Elovich Pseudo-second-order Elovich Pseudo-second-order Pseudo-second-order
X2 Elovich Pseudo-second-order Elovich Pseudo-second-order Pseudo-second-order
ERRSQ Elovich Pseudo-second-order Elovich Pseudo-second-order Pseudo-second-order
HYBRD Elovich Pseudo-second-order Elovich Pseudo-second-order Pseudo-second-order
MPSD Elovich Pseudo-second-order Elovich Pseudo-second-order Pseudo-second-order
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Figure 6: Bioadsorption models of methylene blue in D. antarctica
biomass at 18 hours.

Table 4: Parameters of the models of the Freundlich, Redlich–
Peterson, Sips, and Toth isotherms for the adsorption of MB on the
surface of D. antarctica.

Models Parameters MB

Freundlich
Kf 148.309
nf 3.762
R2 0.873

Langmuir
Qm 765.750
K 0.064
R2 0.980

Redlich–Peterson

KRP 38.133
αRP 0.022
g 1.139
R2 0.989

Sips

Qm 148.311
Ks −31.367
ns 0.266
R2 0.873

Toth

Qm 702.911
bT0

3735.703
nT0

2.633
R2 0.995
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3.4. Bioadsorption Isotherms. Figure 6 shows the data of Ce
and qe obtained when determining the bioadsorption ca-
pacity ofMB on the surface of the biomass obtained from the
algae D. antarctica; in this figure, the graphs are obtained by
adjusting the data of bioadsorption to the models of
Freundlich, Langmuir, Redlich–Peterson, Sips, and Toth.

-e best fit to the data obtained by the bioadsorption of
MB on the surface of the biomass obtained from the algae
D. antarctica is given by applying the Toth model, which
indicates that the adsorption occurs on a heterogeneous
surface that consists of multiple layers. -is also agrees with
the good fit presented by the kinetic data when applying the
Elovich model since this model also describes the adsorption
of the contaminant on a heterogeneous surface.

-e values of the parameters obtained by adjusting
the methylene blue adsorption data on the surface of
D. antarctica biomass to the bioadsorption models studied
are presented in Table 4.

-e Langmuir model presented the second best fit to the
data obtained in this biosorption process, and this equation
is valid for systems where the biosorption occurs on a ho-
mogeneous surface.

-e best fit to the obtained data is in a three-parameter
model that describes that the adsorption occurs on a het-
erogeneous surface in multiple layers and in a model of two
parameters that describe an adsorption process on a ho-
mogeneous surface. It is mainly due to the fact that the
surface of the biomass has an irregular surface in which there
are areas where the pores are homogeneously distributed
and others in which the surface has no porosity; this agrees
with the analysis of the SEM micrographs that were pre-
sented in Section 3.1.

-e value of Qe when applying the Toth model is
702.91mg/g.-is shows that the capacity of bioadsorption of
MB on the surface of the biomass is high in comparison with
other works reported in the literature. -e exponent of the
isotherm of this model (nT0

) is related to the heterogeneity of
the surfaces, and if it is equal to unity, the Toth model is
reduced to the Langmuir model [35]. In these biosorption
experiments, it was found that the value of this constant is
2.63; this value is different from one, which corroborates that
this adsorption does not conform to the Langmuir model,

and therefore, the majority of active sites are distributed
heterogeneously. -e Sips and Redlich–Peterson models are
of three parameters and present characteristics of the models
of Langmuir (homogeneous) and Freundlich (heteroge-
neous). -e correlation coefficient when adjusting these
statistical models to the bioadsorption data obtained was
0.873 and 0.989, respectively; these values are below the
value of the correlation coefficient when applying the Toth
and Langmuir models corresponding to 0.995 and 0.980,
respectively. However, the value of R2 when applying the
Redlich–Peterson model is high, which suggests that the
adsorption does not occur in an ideal monolayer, corrob-
orating that this adsorption process occurred in multilayers
as described by the Toth model.

Although the value of R2 when applying the Sips model is
small (0.873), the value of the constant ns corresponding to
0.266 is closer to zero than to one, which corroborates that
most active sites on the surface of the biomass which are
involved in this adsorption process are distributed
heterogeneously.

-e value of R2 when applying the Freundlich model was
0.873. -is value is small; however, it should be noted that
the value of the constant nf when applying this model was
3.76, and according to the theory of this model, when the
value of this constant is between 2 and 10, the adsorption
capacity of the contaminant by the adsorbent is high [30].
-is statement is corroborated when comparing the values
of the methylene blue adsorption capacity presented in
Table 5 for some adsorbents reported in the literature and
the biomass obtained from the algae D. antarctica.

4. Conclusions

-e bioadsorption capacity of the contaminant on the
surface of the biomass increases with increasing pH, always
when working at acid pH value intervals. Since the MB
solution is at basic pH values, the MB adsorption capacity
remains constant; in addition to this, it was determined that,
in initial MB concentrations above 400 ppm, the initial pH
value of these solutions is basic, which is why it is necessary
to make modifications of the pH value which increase the
efficiency of this process.

Table 5: Comparison of the adsorption capacity of MB on the surface of the biomass obtained from the algae D. antarctica and other
compounds.

Compound qe (mg/g) T (°C) Concentration range (mg/L) Time (min) Reference
Mesoporous activated carbon 200.0 30 25–250 1440 [49]
GO/silicates 230 20 40–120 100 [50]
Nonionic surfactant modified montmorillonite 740.7 25 100 180 [51]
Fe3O4@SiO2@CS-TETA-GO 529.1 30 1000 20 [11]
Cellulose nanocrystal 217.4 30 50–400 300 [52]
TDAW 285.7 25 40–1000 120 [53]
κ-carrageenan/graphene oxide gel beads 658.4 25 100–800 1440 [54]
Chitosan flakes 143.5 50 25–400 420 [4]
Algae Gelidium 171 40–800 160 [55]
Defatted algal biomass 7.8 25 1–5 60 [56]
Defatted Laminaria japonica biomass modified by
sulfuric acid 549.45 35 20–250 60 [57]

Durvillaea antarctica 702.9 25 25–1400 540 -is work

Journal of Chemistry 9



-e pseudo-second-order model presented the best fit to
the data obtained from the adsorption kinetics of MB on the
surface of the biomass obtained from algae D. antarctica,
which shows that the adsorption speed of this process is
proportional to the exponential form of the initial con-
centration of MB present in the solution and to the time that
has elapsed since the beginning of this process, as long as it is
not greater than 540min.

-e Toth model presented the best fit to the data ob-
tained from bioadsorption. By this model, it was determined
that the adsorption capacity of MB on the surface of the
biomass is 702.9mg/g; this demonstrates the high efficiency
that this material possesses to adsorb this contaminant.
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