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ABSTRACT

The present study focuses on the biosorption of methyl violet (MV) from aqueous solution
using an Algerian biomass, Ammodaucus leucotrichus. The biosorption of MV on
A. leucotrichus was investigated as function of pH (3-10), stirring speed (100-400 rpm),
biosorbent dosage (0.5-3 g LY, and initial MV concentrations (10-50 mg LY. All experi-
ments were carried out in a batch reactor at room temperature. FTIR analysis of our biosor-
bent material showed the presence of main functional groups, amino, carboxyl, hydroxyl,
and carbonyl groups, which are efficient biosorbents responsible for the removal of MV.
The effects of biosorption were examined and the percentage of MV removal increased from
~68 to 93%. Pseudo-first-order, Elovich equation, and pseudo-second-order models were
used to interpret and explain the experimental data. The sorption kinetics of MV onto A.
leucotrichus biomass was explained by the pseudo-second-order kinetic equation. Freundlich,
Langmuir, Dubinin-Radushkevich, and Temkin models were applied to describe the sorp-
tion isotherm. The obtained results indicated that the MV sorption follows the Freundlich
models. Under the optimum conditions, the maximum biosorption capacity (§max) Wwas

500 mg g~ .
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1. Introduction

One of the most hazardous substances discharged
with wastewater are dyes, especially industrial dyes,
which are used in many industrial sectors such as
textile dyes, paper, leather, food, and the cosmetic
industries [1-4]. In fact, synthetic dyes play a major
part in our life as they are found in the various
products ranging from clothes, leather accessories to
furniture. Most of these dyes are toxic and dangerous
for the environment, and their removal from wastewa-
ter is a major environmental challenge [5]. Many
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methods have been suggested to handle the dye
removal from water; these include physicochemical,
biological treatment, and advanced oxidation pro-
cesses [6-10]. These processes may achieve positive
results in the elimination of industrial effluents, but
such methods are often very costly and not environ-
mentally safe [11,12]. Using biosorption, as a tech-
nique, proved as the most acknowledged treatment
method since it gives the best results and may be used
to eliminate diverse range of dyes [13]. Biosorption is
a physicochemical process based on a variety of
mechanisms including absorption, adsorption, ion
exchange, and precipitation. Biosorption processes are
conventional biotreatment processes highly important
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for the protection of our environment. So, different
kinds of biosorbents have been used to eliminate
inorganic- and organic-polluting biomaterials such as
activated carbon (coal) derived from biomass [14,15].
Recently, other adsorbents which can be used as
effective materials for removing cationic dyes from
water are magnetic Fe;O,@graphene and core/shell
Fe;0,/Si0,/GO materials. These materials have
attracted much attention due to their unique proper-
ties such as chemical stability, magnetic response, low
cytotoxicity, and biocompatibility as well as good
dispersion with uniform particle size [16,17].

Compared to classical adsorbents such as activated
carbon, carbon nanotubes (CNTs) are known as the
best efficient materials to eliminate inorganic or
organic contaminants from wastewater; this is due to
their physicochemical stability, high selectivity, and
also their structural variety [18]. However, this adsor-
bent is expensive to produce and hard to regenerate at
times. As a result, it is necessary to explore other
efficient and cheaper biosorbents. Microbial, plant,
and animal biomass with different forms have
received attention from researchers. For this reason,
Ammodaucus leucotrichus (A. leucotrichus) used as
biosorbent received much interest due to its efficiency,
affordable cost, and abundance. A. leucotrichus is
found in parts of the Saharan desert belonging to
North African nations, namely Algeria, Morocco, and
Tunisia; their seeds are used in these countries as
traditional herbal medicine for cold, fever, and diges-
tive complaints particularly in children [19,20]. Others
kind of naturally occurring biosorbents have been
used to remove dyes from wastewater and also for the
purification of aquatic medium, namely algae [21],
agricultural wastes [22], and plant wastes [23]. The
aim of this work is to study the biosorption of methyl
violet (MV) in the presence of A. leucotrichus as biosor-
bent. MV is widely employed in the Algerian textile
as cosmetics, plastics, photographic, and also paper
industry. A. leucotrichus was collected from the region
of south Algeria. This biosorbent with a particles size
between 10 and 15 mm has been used after stream
distillation. The work is carried out under various
experimental conditions such as initial pH, biosorbent
amount, contact time, agitation, and initial dye con-
centration. The biosorption kinetics and isotherms
have been studied to validate experimental data.

2. Experimental section
2.1. Biosorbent preparation

Ammodaucus leucotrichus (Apiaceae) was collected
from the municipality of El Menia, located 267 km
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southwest of Ghardaia city, Algeria. Seeds of the plant
with particles size between 10 and 15 mm were
washed several times with bi-distilled water and then
dried over night at 60°C. Finally, the obtained biosor-
bent was stored in a desiccator until use.

2.2. Preparation of aqueous dye solutions

MV was purchased from Aldrich Chemical Co.,
(USA) with purity >99.1%, its chemical formula
is Co3Hag N® + CI™ and molar mass is 407.979 g mol .
The biosorption experiments were carried out under
ambient conditions. MV was used without further
purification; the stock solution was prepared by
dissolving a weighed amount of a dye in 1,000 mL
of bi-distilled water to obtain a concentration of
1,000 mg L™'. Samples with various concentrations
ranging from 10 to 50 mg L™ were prepared by
diluting the stock solution. The pH of each solution
was adjusted to a desired value with HCI or NaOH
solutions (0.1 N).

2.3. Kinetic studies

The experiments were performed in a set of
100-mL beakers that contain a definite volume of fixed
initial dye’s concentrations. The beakers were kept at
room temperature (RT) under air with agitation speed
of 300 rpm. The residual concentration was deter-
mined by UV-visible spectrophotometer (Specord 210
plus, Analytik jena) in 1-cm matched quartz cells. The
maximum absorption wavelength was 588 nm. The
dye amount adsorbed at equilibrium, g. (mg g™ "), was
calculated using the following equations:

Co-C
g == xV L

go= 0 =Ceoy )
m

The biosorption yield (Y) can be calculated using the
equation:

W%zgégxmo 3)

where Co, Ce, C, V, and m represent the initial concen-
tration (mg LY, the final concentration (mg LY, the
biosorbate concentration (mg L") at time ¢ (min), the
volume of the solution (L), and the mass of adsorbent
(g), respectively.
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2.4. Characterization techniques

Fourier transform infrared (FTIR) spectra were
recorded with a Bruker Alpha-p spectrometer over the
range of 4,000-400 cm™'. The surface morphology of
A. leucotrichus was investigated by scanning electron
microscopy (SEM) using an environmental SEM-type
Quanta TM 250.

3. Results and discussion
3.1. Characterization of A. leucotrichus

FTIR spectroscopy analysis is an important
technique to obtain appreciated information about
functional groups of biosorbents. The identification
of chemical groups involved in the sorption of
A. leucotrichus before and after reaction was regrouped
in Fig. 1(a) and (b). The results of fresh A. leucotrichus
showed the presence of amine, alcohols, carboxylic,
and ketones function playing an important role in the
biosorption process (Fig. 1). The weak bands located
at around 1,660 and 1,380 cm™}, corresponded to C=0
and C-O stretching vibrations associated with
carboxylic groups (-COOH), while a broad peak at
1,016 cm ™" is attributed to a C-OH stretching vibra-
tion. The results show similar spectra suggesting that
the A. leucotrichus structure remained intact after reac-
tion. The broadband at ~3,320 cm™' represented ~OH
groups of physisorbed water. The peaks observed
around 2,918-2,965 cm™! were assigned to the aliphatic
C-H group. Symmetric bending of CH3 was observed
at 1,434-1,241 cm™". The peaks observed at 1,010 and
538 cm ™!, corresponded to C-O stretching vibrations
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Fig. 1. FTIR spectra of A. leucotrichus, (a) before and (b)
after biosorption.
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of alcohol groups and —CN scissoring, respectively.
The peaks around 1,600-1,770 cm ! corresponds to the
C=C stretch of aromatic cycle. Therefore, after
A. leucotrichus biosorption, the bands between 1,605
and 1,007 cm™" did not shift. The band intensity at
800, 889, 1,157, 1,232, 1,383, 1,438, 1,727, 1,781, and
2,968 cm™ ! decreased, indicating the reaction between
A. leucotrichus and MV functions such as hydroxyl,
amine, CH2, C-H, and carboxylic groups.

The surface structure of the fresh biosorbent
A. leucotrichus was analyzed by SEM (Fig. 2). SEM
images clearly show that the A. leucotrichus surface
exhibited different surface morphologies with a non-
homogeneous distribution (Fig. 2(c) and (d)).

3.2. Effect of initial pH

The initial pH effect on the biosorption process
was investigated in the pH range (3-10) (Fig. 3). As
the pH value increased from 3 to 5, the removal
efficiency also increased and reached a maximum
value (83.5%). On the other hand, the efficiency
decreased when the pH value passed from 5 to 10.
This result indicated that the biosorption depending
on pH may be explained by the point zero charge
(pHp.o). pHp,c plays an important role in explaining
the biosorption mechanism [24]. In our case, the pH,,.
(equal to 4.2) of A. leucotrichus biosorbent was mea-
sured using the solid addition method [25]. This result
indicated that the treatment efficiency of MV in the
presence of the biomass depend on the pH value and
also on the charge distribution over the biomass sur-
face [26-28]. The pH,,. indicated that the biosorbent
surface is positively charged at pH less than 5,
however, pH greater than 5 results in a negatively
charged surface. Indeed, a high electrostatic attraction
phenomenon existed between positively charged
cationic dye and the negatively charged A. leucotrichus
surface at pH 4.2 due to the ionization of functional A.
leucotrichus groups. So, pH increased the number of
negatively charged sites due to the presence of carbon-
ate group [29].

3.3. Effect of stirring speed

In the biosorption process, agitation is an impor-
tant parameter that can influence the pollutant
distribution in the solution. To investigate this effect
on MV biosorption, the experiments were performed
under different stirring speed; 100, 200, 300, and
400 rpm at RT. As the stirring speed increased and
reached a maximum at 300 rpm, the removal effi-
ciency reached 83.5% and then decreased to 67.7% at
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Fig. 2. (a—d) Scanning electron microscopy (SEM) image of the biomass at differents region with various magnifications.

400 rpm (Fig. 4). This result may be due to the flow
layer stability presented on A. leucotrichus surface.
Also, the increase in the stirring rate reduced the
liquid thickness.

3.4. Effect of MV concentration and the contact time on A.
leucotrichus biosorption

In order to determine the relationship between MV
concentration and A. leucotrichus biosorption efficiency,
the initial MV concentration was varied from 10 to
50 mg L™ at RT using 1gL™" of biosorbent. It was
obvious that the amount of adsorbed material
increased with the initial MV concentration where the

adsorption capacity was dependent on the initial
concentration. The sorption capacity at equilibrium, g,
increased from 9.58 to 41.88 mg g ', while the initial
concentration passed from 10 to 50 mg L™ (Fig. 5).
The optimum time was carried out at pH 5 with an
initial MV concentration 50 mg L™", 1 g L™" of biosor-
bent dosage and in the time range (5-180 min). As
shown in Fig. 5, the biosorption was rapidly increased
in the first 50 min involving physical adsorption at
the biosorbent surface. After the initial step, the
biosorption moderately increased due to the saturation
of binding sites or a slow intracellular diffusion [30].
The equilibrium was attained near 180 min when
maximum dye adsorption capacity reached 93.83%.
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Fig. 3. Effect of pH value on the efficiency biosorption
removal of MV after 180 min of reaction: Cy = 50 mg L
A. leucotrichus dose =1 g L7}, and stirring rate of 300 rpm.
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Fig. 4. Effect of stirring speed value on the efficiency
biosorption removal of MV after 180 min of reaction under
reaction conditions: Co=50mgL™", A. leucotrichus
dose=1gL™, and pH 5.

3.5. Effect of A. leucotrichus dosage

The effect of A. leucotrichus dosage on the removal
of MV from aqueous solutions was investigated with
a dye concentration of 50 mgL™'. The adsorbent
dosage was varied from 0.5 to 3gL™". The results
shown in Fig. 6 illustrated that the removal efficiency
increased by increasing the A. leucotrichus dose. After
180 min of reaction, the efficient dye removal was
varied from 68.20% for 0.5gL™" to 93.83% for 3g L™
due to the increase in the site number available for
dye biosorption. As mentioned in Fig. 6, the elimina-
tion was not significant when A. leucotrichus dose was
higher than 2 g L™".
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Fig. 5. Effect of initial concentration of MV on the effi-
ciency biosorption removal of MV vs. time: Stirring
speed = 300 rpm, A. leucotrichus dose =1gL™", and pH 5:
(@) 10, (O) 20, (A) 30, (V) 40, and () 50 mg L™". Inset:
curves evolution in the time region (0-60) min.
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Fig. 6. Effect of bioadsorbent dose on the efficiency
removal of MV after 180 min of reaction under reaction
conditions: stirring speed = 300 rpm, Cp =50 mg L7}, and
pH 5.

3.6. Biosorption kinetics

Three kinetic models were applied to adsorption
kinetic data in order to investigate the behavior of
adsorption process of MV dye onto A. leucotrichus.
These models are the pseudo-first-order, Elovich equa-
tion, and pseudo-second-order. These models were
most commonly used to describe the kinetic models
for the dyes sorption [31-33].



A. Hamitouche et al. | Desalination and Water Treatment 57 (2016) 15862-15872

3.6.1. Pseudo-first-order model

The pseudo-first-order kinetic model is generally
more suitable when the solute concentration is low. The
kinetic model of the pseudo-first-order is given as [34]:

dqt

ar 4)

ki (ge — qt)

where ¢q;, g., and k; are the amount of biosorbate
sorbed at time t (mg g '), the biosorption capacity in
equilibrium (mg g™'), and the rate constant of pseudo-
first-order model (min™"), respectively.

The integrated form of the model for the boundary
conditions (3; =0 at t=0 and g=¢; at t =1) has the
following form [35]:

K
ln(qe—qt):lnqefﬁxt ®)

The straight line plots of In (g — g4 vs. time have
been used to obtain the rate parameters. The values
of k; and correlation coefficient (R?) of the dye
solutions at different concentrations were calculated
from these plots (Table 1). From these results, it was
clear that the equilibrium capacity g, increased with
increasing initial dye concentration. R*> values were
augmented from 0.631 to 0.919, while the concentra-
tion increased from 10 to 50, respectively. So, these
results indicated that the biosorption did not follow
the first-order kinetic.

3.6.2. Elovich equation

The Elovich equation is given as follows [35]:

dg _

= 2 exp (g ©

where @, f# are the initial sorption rate (mg g~' min™")
and the desorption constant (g mg™'), respectively. To

Table 1
Constant of kinetic models
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simplify the Elovich equation, it is assumed that
(a B t) >> 1, thus, the equation becomes as the follow:

1
—Int

7
5 @)

qr = %ln(aﬂ) +

The constant can be obtained from the slope and
intercept of the straight line plot of g; vs. In (). From
Elovich equation, R* have changed within range
(0.9512-0.9894) (Table 1). Therefore, the experimental
data did not fit with the Elovich equation.

3.6.3. Pseudo-second-order model

The biosorption can also be described by pseudo-
second-order kinetic model. The pseudo-second-order
model can be evaluated from the following equation
[36]:

dgs

i = )

ka (ge — qt)z

where k, is the pseudo-second-order rate constant
(g mg™" min™").

After integrating Eq. (8) using the boundary
conditions, the following formula is obtained:

1 t

= 4= )
q kg qe

A plot of t/g; vs. time should give a linear relation-
ship if the biosorption follows pseudo-second-order
model. k; and g, can be calculated from the slope and
intercept of the plots t/gq; vs. time, respectively
(Fig. 7). The results of pseudo-second-order plot at
various initial dye concentrations are regrouped in
Table 1. R* values were close to one compared to the
pseudo-first-order kinetic model and the Elovich equa-
tion. Good correlation coefficients were obtained by

Pseudo-first-order model

Elovich equation

Pseudo-second-order model

Con. qe,exp Qe,mod a ,B qe,mod

mgL™" mgg' k x10°min”' mgg' R? mgg 'min' gmg ' R? k10> gmg 'min"' mgg ! R?

10 9.58 2.291 1.201 0.631 4.340 x 10" 3454  0.9886 6.386 9.60 0.9999
20 18.78  3.492 1.975 0.873 5.659 x 10° 1.088  0.9512 2.655 19.01 0.9999
30 26.47  3.025 2.589 0.908 5.660 x 10* 0579  0.9882 1.172 26.88 0.9997
40 34.63  2.558 3.106 0.898 5.528 x 10° 0351  0.9755 0.605 35.33 0.9993
50 4187  3.045 3.778 0.919 4.928 x 10° 0.231  0.9894 0.423 42.92 0.9992
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Fig. 7. Evolution of t/g; vs. time at different dye concentra-
tions: (O) 10, (O) 20, (A) 30, (V) 40, and 50 ().

fitting the experimental data, indicating that the
adsorption process for MV was the pseudo-second-
order. Similar phenomena have been observed in the
biosorption of different kinds of dye [35-41]. MV
biosorption on A. leucotrichus is therefore described by
pseudo-second-order model kinetic with very high
correlation coefficient.

3.7. Adsorption equilibrium study

Equilibrium isotherm equations are used to
describe the experimental biosorption data and the
parameters obtained from the different models. The
isotherm equations used to describe the equilibrium
nature of MV biosorption on A. leucotrichus biosorption
are Freundlich, Langmuir, Dubinin-Radushkevich, and
Temkin equations.

3.7.1. Freundlich and Langmuir isotherms

The Freundlich isotherm is based on a heteroge-
neous adsorption surface with different adsorption
energy sites, whereas the Langmuir isotherm is based
on the hypothesis that the adsorption energy is
constant and independent of surface coverage. The
Freundlich isotherm is derived by assuming a
heterogeneous Langmuir [42]. The linearized form of

Freundlich and Langmuir isotherms can be
represented by the Egs. (10) and (11):

1
Inge= InKg + - In C, (10)
1 1 1 1
I Y — (11)

qe qm KL qm Ce
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where Ky, n, Ky, and gy, are the Freundlich constant
(Lmg™"), biosorption intensity, the Langmuir
adsorption constant (L mg™') related to energy of
adsorption and signifies adsorption capacity (mg g™,
respectively.

Fig. 8 regrouped Freundlich (In (g.) vs. In (Ce)) and
Langmuir (1/g. vs. 1/C,) plots. The parameter values
are regrouped in Table 2. In all cases, the Freundlich
equation represented a better fit of experimental data
compared to the Langmuir equation. Biosorption
intensity n ~1 illustrated that the biosorbate was
favorably biosorbed on the A. leucotrichus [43].

3.7.2. Dubinin—Radushkevich isotherm

Another equation was used in the analysis of

isotherms  proposed by Dubinin—-Radushkevich

(D-R) [44]:

e = fm €XPp (_kDfR 82) (12)

where kp_r is a constant and ¢ can be correlated:

¢ = RT In 14—i (13)
= c

The linearized Dubinin—-Radushkevich (D-R) isotherm
is represented by the following equation:

Ing.=Ingn —kpré (14)

The constant kp g gives the mean free energy E of
sorption per molecule of sorbate when it is transferred

to the material surface from infinity in the

solution [45]:

E— as)
V2kp_g

Dubinin—-Radushkevich constants were shown in
Table 2. The D-R isotherms were plotted against the
experimental data points (Fig. 8). It was clear that the
sorption energy value was lower than the sorption
capacity of MV. R* value was much lower compared
to other isotherms values.

3.7.3. Temkin isotherm

Temkin isotherm contains a factor that explicitly
takes into account sorbing species and sorbate interac-
tions. This isotherm assumes that the biosorption heat
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of all molecules in the layer decreases linearly due to

adsorbate/adsorbate interactions, Temkin isotherm
equation is:

RT
ge = 5 In (KrCe) (16)

This equation can be expressed in its linear form as:
ge= Bi In Ky + By In C, (17)

where

(18)

4.0 1

3.6

Ing,

3.2 A

2.8

1.2 1.6 2.0

InC,

24 2.8

(C) 4.4

4.0
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The sorption data can be analyzed according to
Eq. (17). A plot of g. vs. In (C,) enables the determina-
tion of isotherm constants, Kt and B;, from the slope
and intercept of the plot, respectively. Ky is the
equilibrium-binding constant corresponding to the
maximum binding energy (L g™') and constant B, is
related to the heat of biosorption (J mg ') (Table 2).
So, the comparison between different isotherm models
shown that, the most satisfactory prediction of MV
biosorption onto A. leucotrichus was provided by the
Langmuir model with a highest correlation coefficient
(R* > 0.999), while the lowest one was D-R equation.
Indeed, the constants and correlation coefficients R?
values obtained from the four models applied for
biosorption of MV on A. leucotrichus (Table 2) shown
that Langmuir and Freundlich models gave the

(b)

)
0.06 -
\c.'” []
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Fig. 8. Evolution of (A) In g vs. In C,, (B) 1/4. vs. 1/C, (C) In g, vs. &, and (D) Je vs. In Ce.
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Table 2
Constants of Freundlich, Langmuir, Dubinin—-Radushkevich,
and Temkin isotherms models

Isotherms Models Models constants Value
Langmuir Im (mg g™ 500
Ky (L mg ™) 0.0104
R? 0.989
R 0.657
Freundlich Kg (L mg ") 5.430
R? 0.9913
N 1.082
Dubinin—Radushkevich Im (mg g™h) 1.395
Kpgr (mol k1 J71? 2.947
R? 0.845
E (k] mol™) 0.412
Temkin By (J mol ™) 33.28
B 74.5
rR? 0.965
K (Lgh 9.38

highest R* compared to the D-R and Temkin model.
The maximum value of sorption capacity (gm)
500 mg g~ was obtained for Langmuir model.

3.8. Comparison with other sorbents

A comparison of the sorption capacity g, (mg g ')
of a few adsorbents available in literature for removal
of MV from aqueous solutions was regrouped in
Table 3. It was clear that A. leucotrichus biosorbent
used in the present work had a relatively high
sorption capacity compared to other sorbents. So,
A. leucotrichus is a suitable biomass for the removal of
MV from aqueous solutions with g, = 500 mg g ".

Table 3

Comparison of maximum adsorption capacities of
A. leucotrichus with other adsorbents for MV in aqueous
solutions

Im
Adsorbents (mg g) Refs.
Activated carbon 500 [46]
N-benzyltriazole derivatized 95.24 [47]
dextran
Sunflower seed hulls 92.59 [48]
Halloysite nanotubes 105.26 [49]
Puerh tea powder 277.78 [50]
Halloysite nanotube-Fe;O4 90.09 [51]
Ammodaucus leucotrichus 500 Present
study

A. Hamitouche et al. | Desalination and Water Treatment 57 (2016) 15862-15872

4. Conclusion

The present work was designed to investigate the
biosorption behavior of MV onto the A. leucotrichus.
The maximum biosorption capacity was 93.83% at
optimum operating conditions. FTIR indicated that the
amino, carboxyl, hydroxyl, and carbonyl groups on
the surface of the biomass are responsible for biosorp-
tion of MV. Based on these results, A. leucotrichus
biomass can be used as an efficient low-cost biosor-
bent for the removal of MV dye from wastewater.
The pseudo-second-order kinetic equation could best
describe the biosorbent kinetics, and Freundlich iso-
therm model best fit onto the experimental data with
a maximum biosorption capacity gmax = 500 mg g .
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