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Abstract

In the present work, the elimination of the cationic Methylene Blue (MB) dye is reported using the dry powder of Nostoc commune
(NC). The results of the Fourier Transform Infrared Spectroscopy (FTIR) analysis corroborated the presence of functional
groups such as hydroxyls, carbonyls, and amines. The scanning analysis microscopy shows the change in morphology after
the biosorption of MB. In a stationary (batch) system, the experimental parameters that affect biosorption, such as NC dose,
pH, temperature, and initial MB concentration were evaluated. The experimental data of the isotherm fit better to the Langmuir
model. The maximum biosorption capacity of MB of 158.7 mg/g was obtained with a dose of 1 g NC/L, pH 8, and contact time
of 120 min. The kinetic data were better adjusted to the pseudo-second-order model, which indicates that biosorption seems to be
controlled by chemisorption, the intraparticle diffusion model indicates that diffusion in the pores is the limiting factor throughout
the biosorption process. The thermodynamic parameters indicated that at all the temperatures evaluated (293, 303, and 313 K)
the biosorption of MB on NC was a spontaneous, favorable, and exothermic process. The results showed that NC can be used to
remove cationic dyes from wastewater.

Keywords: Biosorption, water treatment, cyanobacteria, cationic dye.

Resumen

En el presente trabajo de investigacién informamos la capacidad de eliminacion del colorante catidnico azul de metileno (AM)
usando el polvo seco del Nostoc commune (NC). Los resultados del FTIR corroboraron la presencia de grupos funcionales como
hidroxilos, carbonilos y aminas los cuales estarian asociados a la remocién del AM. El andlisis de microscopia electrénica de
barrido muestra un cambio en la morfologia del biosorbente NC antes y después de la biosorcién. En un sistema discontinuo,
se evaluaron los pardmetros experimentales que afectan el proceso de biosorcidon, como la dosis de NC, el pH, temperatura y
concentracién inicial de AM. Los datos experimentales de la isoterma se ajustaron mejor al modelo de Langmuir. Se obtuvo la
capacidad maxima de biosorcién del AM de 158.7 mg/g con una dosis de 1 g NC/L, pH 8 y tiempo de contacto de 120 min. Los
datos cinéticos se ajustaron mejor al modelo de pseudo-segundo orden lo que indica que la biosorcién parece estar controlada
por la quimisorcidn, el modelo de difusién intraparticular indica que la difusién en los poros es el factor limitante durante
todo el proceso de biosorcidn. Los pardmetros termodindmicos indicaron que la biosorcién del AM sobre NC fue un proceso
espontdneo, favorable y exotérmico. Los resultados mostraron que el NC puede ser usado para remover colorantes catiénicos de
aguas residuales.

Palabras clave: Biosorcion, tratamiento de aguas, cianobacteria, colorante catidnico.

1 Introduction are widely used in the textile, paper, food, cosmetic
and pharmaceutical industries (Alver et al., 2020).
The presence of synthetic dyes in water prevents
the penetration of light, delaying photosynthesis and
reducing the re-oxygenation of the water (Wahlstrom
et al., 2020).

Water pollution is one of the main concerns in
recent decades due to accelerated industrialization and
urbanization (Shooto et al., 2020). Synthetic dyes
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Due to the presence of complex aromatic
molecules in their structures, they are resistant
to photodegradation, biodegradation, and oxidation,
which are relatively difficult to treat and persist in the
environment (Daneshvar et al., 2017). Most synthetic
dyes are toxic and carcinogenic; therefore, they could
be responsible for serious environmental damage and
also pose a threat to public health (Han et al., 2020).
Methylene blue (MB) whose molecular formula is
C16HI18CIN3S is a cationic synthetic dye that is
widely used in medical staining agents, diagnostic
tests, and fiber dyes in the textile industries. The
high dose of MB causes serious skin problems,
eye irritation, vomiting, methemoglobinemia, profuse
sweating, mental confusion, respiratory toxicity,
etc.(Akbari et al., 2015; Yagub et al, 2014).
Several physical, chemical, and biological techniques
have been developed to remove synthetic colorants.
Biosorption is a technique that has been used for the
decolorization of wastewater where a solid adsorbent
is used to attract the dye molecule and finally lead
to its elimination from the aqueous medium. For
this purpose, abundant and low-cost waste materials
are used, such as plant materials, industrial and
agricultural waste (Fomina & Gadd, 2014), non-
living microbial agents such as bacteria, fungi, yeasts,
algae, and cyanobacteria (Gupta & Rastogi, 2008).
According to Tatjana et al. (2018), the functional
groups of proteins and exopolysaccharides present
in cyanobacteria play a very important role in the
mechanism of the biosorption of organic and inorganic
contaminants. In the removal of the methylene blue
dye, various bioabsorbents have been used such as
mucuna beans (Shooto et al., 2020), Ulva fasciata
and Sargassum dentifolium (Moghazy et al., 2019),
Chlorella pyrenoidosa and Spirulina (Lebron et al.,
2018) determining the effect of parameters such as pH,
adsorbent dose, contact time, temperature and initial
concentration, in the removal of methylene blue.

There are studies on the use of Nostoc biomass
for the removal of some heavy metals such as Pb,
Zn, Cd, and Cr (Diengdoh & Syiem, 2017; Gupta
& Rastogi, 2008; Morsy et al., 2011), but there
is little information of its use in the treatment of
synthetic colorantsls important and advantageous to
carry out biosorption studies with Nostoc commune
(NC) since it grows in extreme conditions and low
in nutrients, it does not produce toxic substances
compared to other bacteria and fungi, besides, it is
capable of photosynthesis (Patel et al., 2019). These
characteristics mean that the Nostoc commune could
be grown outdoors or in laboratory cultures on a large

scale and at low cost, therefore, providing a cheap,
reliable, and constant supply of biomass for eventual
expansion works, in this way to be used sustainably.

The objective of the present study was to evaluate
the biosorption capacity of MB using the dry powder
of Nostoc commune as a biosorbent. For which the
influence of pH, initial MB concentration, contact
time, and temperature on the MB biosorption capacity
was evaluated. The experimental data was evaluated
using kinetic, isothermal, and thermodynamic models
to try to explain the biosorption mechanism of MB on
NC.

2 Materials and methods

2.1 Nostoc commune biosorbent

The biomass used in this study was prepared from
the Nostoc commune, these gelatinous colonies were
collected in the town of Pampa Cruz in the Junin
Region, in Peru. The straw and soil residues were
removed with abundant distilled water, subsequently,
they were dried in the oven at 60°C for 3 days, the dry
material was ground and sieved to a 70 um mesh, thus
obtaining the dry powder of the NC.

2.2 Biosorbent characterization

The functional groups present on the biosorbent
surface were identified by Fourier Transform Infrared
Spectroscopy (FTIR) in a SHIMADZU FTIR-8700
Spectrophotometer, the sample was analyzed in a
spectral range of 4000 to 400 cm™!. The determination
of the acid groups was carried out following the
Boehm method, described by Aygun, er al. (2003)
in which a strong base, such as NaOH, is used to
neutralize the acid centers present on the surface of
the NC. Scanning Electron Microscopy (SEM) Model
SU 8230 Evol5, Hitachi Brand was used to study the
morphology of the adsorbent surface. To determine the
point zero charge (pypzc), we proceeded according
to what was reported by Moghazy et al. (2019) for
this, 0.05 g of biomass was mixed with 50 mL of
an aqueous solution with different initial pH values
(pH,) ranging from 1 to 12 and the final pH (pHs) was
determined after 24 h of equilibrium. To vary the pH
of the solutions, 1 M HCI and NaOH solutions were
used. The values of ApH (ApH = pH, - pHy) versus
initial pH (pH,) were plotted, the pgpzc was obtained
from the graph when ApH = 0.

942 WWW.rmiq.org



Lavado-Meza et al./ Revista Mexicana de Ingenierfa Quimica Vol. 20, No. 2 (2021) 941-954

2.3 Biosorbent studies

A stock solution of MB (Reag. Ph Eur) of
500 mg/L was prepared from it, the different necessary
concentrations were prepared, the biosorption of MB
was carried out in a discontinuous system composed
of multiple shaking equipment and Erlemenyer flasks
in which the AM solutions and the NC biomass were
put in contact at a speed 150 RPM, room temperature
(200C) using different doses of NC (0.025 - 6 g/L). To
determine kinetic equilibrium, the experiments were
carried out at different time intervals (5-180 min)
(Tejada-Tovar et al., 2020). The biosorption balance
was evaluated at different initial concentrations of MB
(20 - 400 mg/L of MB). The study of the influence of
pH was carried out adjusting the pH to values between
1.0 - 8.0 with HCI and NaOH solutions. The study of
the influence of temperature was carried out with three
different temperatures (293, 303, and 313 K) with a
fixed dose of NC of 1g/L and two different initial
concentrations of MB of 100 and 200 mg/L. In each
case, after the experiments, the phases were separated
by filtration and the MB concentrations in the samples
were measured through a UV-Vis spectrophotometer
(Beckman Du 64 UV/VIS) at a wavelength of 663 nm.
All experiments were carried out in triplicate and the
results presented are the corresponding average and
the respective standard deviations.

2.4 Desorption studies

For the desorption study, 0.1 g of NC was put in
contact with 50 mL of MB with a concentration of

100 mg/L (under continuous stirring), it was kept
stirring for 2 h. The unadsorbed dye solution was
then separated by filtration. The spent biosorbent was
dried at 333 K for 24 h. This material was mixed and
stirred (150 RPM) with 50 mL of HCI at different
concentrations (0.1, 0.5, and 1 M) (Eren et al., 2020).
The adsorbed and desorbed MB concentration was
examined with a UV-vis spectrophotometer.

2.5 Data analysis

The amount of MB retained by the biosorbent (g.)
in mg/L and the % Removal were calculated using
equations 1 and 2 respectively.

_(Co=C)xXV
Go=—— (M
_ (Co — Ce)
%R = —C (2)

where: C, and C, are the initial and final concentration
of MB in the solution (mg/L) before and after
biosorption respectively, M is the mass of NC (g), and
V the volume of the solution (L) (Salazar-Pinto et al.,
2021).

The biosorption kinetic data obtained were
adjusted to the kinetic models described in Table 1.

The experimental data at equilibrium were
evaluated using the Langmuir and Freundlich isotherm
models, whose linearized forms are expressed in the
Table 2.

Table 1. Kinetic adsorption models.

Model Equation

Parameters

Largergren or

Pseudo-first order

Pseudo-Second order L1 4
qr kzq% qe

h=kog?

Intraparticle diffusion q: = k,-dtl 24+ B

log(ge — q:) = log(qe) - 7303

q. (mg/g): adsorption capacity

qt (mg/g): the amount of MB retained
per unit mass of biosorbent in time ¢
ki (1/min): the first-order Kkinetic
constant

ky (g/mg min): rate constant
adsorption

h (mg/g min): initial adsorption rate
Kiq (mg/g min'/?): intraparticle
diffusion rate constant

B (mg/g): constant related to the
thickness of the adsorbent boundary
layer

Source: (Shooto et al., 2020).

Table 1. Kinetic adsorption models.
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Model Equation

Parameters

C 1 C
Langmuir == =
de  Gmaxb Gmax

Freundlich Ing, =InKp + % InC,
1

Ry =

1+bC,

q. (mg/g): adsorption capacity

C, (mg/L): adsorbate concentration in equilibrium
gmax (mg/g): Langmuir constant related to the
maximum biosorption capacity

b: Langmuir constant related to the affinity
between sorbent and sorbate

KFr (L/g): constant equilibrium

n: constant related to the affinity between sorbent
and sorbate.

b (L/mg): Langmuir constant

C, (mg/L): initial concentration of adsorbate

R; provides important information on the
nature of the biosorption, 0 <Ry <1 denotes
favorable adsorption, Ry > 1 indicates unfavorable
adsorption

Source:(Tran et al., 2016).

The thermodynamic parameters of Gibbs free
energy change (AG), enthalpy change (AH), and
entropy change (AS) were estimated using the
following equations:

AG = —RT InK, (3)
AG =AH-TAS )
K=" s)

Ce
Ink, = % - 2—1; (6)

where: K. is the equilibrium adsorption constant,
C,s is the concentration of MB in the biosorbent
at equilibrium, C, is the concentration of MB in
solution at equilibrium, R is the universal gas constant
(8.314 J/mol.K) and T is the absolute temperature of
the solution (K).

The desorption efficiency of the NC biomass was
calculated using the following equation (Nayak & Pal,
2017):

Desorption efficiency % =
amount of MB desorbed from NC

100
amount of MB adsorbed on NC x

(N

3 Results and discussion

3.1 Characterization of biosorbent

Figure 1 shows the FTIR spectrum of the NC
biosorbent, the presence of broadband at 3427.3 cm™!
can be observed, it is indicated by the existence of -
OH groups of polymeric compounds such as sucrose
and the -NH group of proteins. The absorption band
at 2931.6 cm™! is due to the symmetric stretching
of aliphatic chains of the typical C-H bond in alkyl
functional groups of carbohydrate and its bending
vibrations at 1388.7 cm™! (Calero et al., 2013). Also,
the absorption band at 1643.2 cm™! can be seen due
to the stretching of the bonds in the carbonyl groups
(C=0) in primary and secondary amides of protein-
peptide bonds (Gupta & Rastogi, 2008), and the band
at 1546.8 cm™! confirms the presence of carboxylates
(COO- (Tran et al., 2016). According to Bhunia
et al. (2018) the absorption bands at 1031.8 cm™!
and 1417.6 cm™! are due to the stretching of the
C-OH and C-H bond, respectively, in pyranose units.
The FTIR spectrum of NC of the present study is
similar to the FTIR spectrum of exopolysaccharides
(EPS) reported by Ohki et al. (2014), who identify
negatively charged groups such as carboxyl, hydroxyl,
and amino to which the uptake of cationic molecules
with MB can be attributed due to the electrostatic
attraction between them. After MB had been adsorbed
onto the NC surface, the spectrum showed several
changes. As observed in Fig. 1, spectrum b, the band
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at 3427.3 cm™! shifted to 3498.3 cm™! indicating
that the functional groups such as O-H and N-H
on the NC surface actively participated in the MB
biosorption. In addition, the bands at 2931.6, 1643.2,
1546.8 y 1388.7cm™! shifted to 2993.2, 1710.4,
1630.8 y 1453.1 cm™!, respectively. These changes
are caused due to the adsorption of MB as well as
due to the electrostatic interactions between MB and
NC biosorbent (Nayak & Pal, 2017). The number
of acid groups determined by the Boehm method
was 0.52 mmolH*/g, which shows that NC has acid
surface, this may be due to the presence of functional
groups reported in the analysis of the FTIR spectrum.

Figure 2 shows the characterization by Scanning
Electron Spectroscopy (SEM), the morphology of the
biosorbent surface (NC) is observed before and after
biosorption; in Figure 2A a heterogeneous surface and
the presence of cavities are observed, which would
allow that MB molecules penetrate the NC and interact
with it (Daneshvar et al., 2017).

On the other hand, after biosorption (Fig. 2A) a
more homogeneous surface morphology is observed,
with fewer cavities. This is due to the occupation of the
biosorbent surface by the dye molecules (Albadarin
& Mangwandi, 2015). This is corroborated with the
intraparticle diffusion study shown below.

The pypzc is the pH at which the net surface
charge in the biosorbent is zero, the pgpzc value
obtained was 1.5 (fig. 3). Therefore, in a solution
with pH> pypzc, the surface is negatively charged
and cation biosorption is favored due to the increasing
electrostatic attraction between cationic dye molecules
and NC functional groups (Lebron et al., 2018).

%T

T T T T
4000 3000 2000 1500 1000 500

Wavenumber (1/cm)

Fig. 1. Fourier Transform Infrared Spectroscopy
(FTIR) spectrum of the biomass of the Nostoc
commune (a) before and (b) after the MB adsorption.

of &

- 4

-1

ApH

2

-3

pH,

Fig. 3. Point zero charge (pgpzc) of Nostoc commune.

Fig. 2. Scanning electron microscope (SEM) of Nostoc commune (NC) a) Before biosorption and b) After
biosorption.
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Fig. 4. Influence of the dose (NC) on the % Removal
of MB, t = 60 min, T =293 K, C, = 50 mg/L.

3.2 Effect of biosorbent dose

Figure 4 shows the effect of the NC dose on the
removal of MB that was studied in the range of 0.25
to 6 g/L, keeping the initial concentration of MB fixed
at 50 mg/L, it is observed that the % elimination is
increased from 66.3% to 99.78% with a dose increase
from 0.25 to 6 g/L. This behavior could be attributed
to the greater availability of active adsorption sites,
due to the greater amount of NC biosorbent with a
fixed volume of dye solution (Nayak & Pal, 2017),
the highest removal percentage was achieved with the
dose of biosorbent of 2 g/L, at higher concentrations
the elimination of MB remained almost constant.
Therefore, 1 g/L. dose of NC was used as the optimal
dose of biosorbent for the additional experiments.
Similar behavior was reported by Afroze et al. (2015)
and Albadarin et al. (2018) who removed the MB with
the biomass of the eucalyptus bark and biomass of
yerba mate respectively.

3.3 Effect of contact time and biosorption
kinetics

In figure 5 it can be seen that, for the different initial
concentrations, the biosorption capacity increased
rapidly in the first 10 min and then increased slowly
until reaching equilibrium at 60 min. The initial rapid
phase can be attributed to the existence of a surface
with unsaturated active sites. As the adsorption sites on
the surface fill, the rate of biosorption decreases with

additional contact time. Several investigators reported
similar results regarding the equilibrium time for MB
adsorption on dry bean powder (Shooto et al., 2020),
algae (Moghazy et al., 2019), green and brown algae
(Daneshvar et al., 2017).

With the experimental data, the kinetic parameters
were calculated after plotting Log (g.-qt) vs t
(Figure 6a) and t/qt vs t (Figure 6b) and qt vs
{03 (Figure 6c¢) for the pseudo-first-order equation,
pseudo-second-order and second linear section of
the intraparticle diffusion equation, respectively. The
results are presented in Table 3. It is observed that
for all the initial concentrations of MB the data
better fit the pseudo-second-order model (0.9992
<R? <0.9997). This suggests that the biosorption
is controlled by chemisorption, which involves the
exchange of electrons between the MB cations and the
functional groups the surface of the NC (Mitrogiannis
etal., 2015).

The intraparticle diffusion model was used to
evaluate the contribution of MB diffusion within the
NC biomass in the biosorption process (Figure 7c and
7d). It is observed that, for the three different initial
concentrations, the behavior was not linear and the
graph did not pass through the origin, which confirms
that diffusion is not the only step that controls the rate
of biosorption (Modesto et al., 2010). On the other
hand, the intraparticle stage has a steeper slope at
the higher MB concentration. “K;;” and “B” values
increased as the initial dye concentration increased
from 20 to 100 mg/L.

60 1

50 1 3 3 3
%) T T
Z 40
=0
£ 30 {
o : i
é 20
=
] AR z
10 by a
o —&—20 mg/L —a— 50 mg/L —o— 100 mg/L
0 30 60 90 120 150 180 210
Time (min)

Fig. 5. Effect of contact time on methylene blue (MB)
biosorption, Nostoc commune (NC) dose = 1g/L, T =
293 K.

Table 3. Kinetic parameters for MB biosorption on NC.

C, pseudo-first-order Pseudo-second-order intraparticular diffusion
mg/L kq Ge(cal) R? Ge(cal) h ka R? K; B R?
20 0.004 £0.001 4452 +2.8 0.8307 10.27+24 2.01+1.7 0.019 £0.001 0.9992 0.944 +0.05 3.92+0.92 0.9791
50 0243 £0.012 3697 +2.3 09436 24.75+1.8 20.04 £2.1 0.032 +0.013 0.9997 0.993 +0.03 19.16 +1.81 0.9831
100 0.013 £0.001 70.76 £1.9 0.9715 48.08+1.4 13.09 £2.9 0.006 +0.001 0.9996 3.012+0.04 21.61 +2.11 0.6817
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Fig. 6. MB biosorption kinetics on NC a) pseudo-first-order b) pseudo-second-order c) intraparticle diffusion d)
second linear portion of the intraparticle diffusion model g, Vs t%.

This increase may be related to the increasing
effect of the driving force that could reduce the
diffusion of the colorant in the boundary layer and
improve the diffusion in the solid (Daneshvar et al.,
2017).

Figure 7 shows the effect of the initial MB
concentration on the equilibrium biosorption capacity
of NC at different pH values. It is observed that g,
increases with the increase in the initial concentration
of MB at all pH values. For the lowest concentration
of 20 mg/L and pH 8, the amount of MB removed
was 9.9 mg/L and it increased to 90.67 mg/g with
the highest initial concentration of MB of 200 mg/L.
The same trend is observed for all pH values. This
observation can be explained by the increasing driving
force that overcomes the resistance to mass transfer
of the MB dye between the aqueous and solid phase
(Anastopoulos et al., 2017).

Furthermore, the number of collisions between the
MB cations and the biosorbent may increase due to
the increase in the initial concentration of dye, which

WWW.rmiq.org

would improve the sorption process (Mitrogiannis et
al., 2015). The increasing driving force at higher dye
concentrations is consistent with the values of the
initial adsorption rate, h, (table 3) that were estimated
by the parameters of the pseudo second order kinetic
model. The influence of pH on ¢, is also observed, this
behavior is discussed and explained later.

120
100 4

B0 9

60 4 DpH=8
DpH=4
BpH=3

q. (mg MB/g NC)

40 4

: ﬁr}h , HDB ,

G (mg/fL)

[,

100 200

Fig. 7. Effect of initial MB concentration on NC
adsorption capacity at different pH values, NC dose
=1g/L, t = 60 min, T =293 K.
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Table 4. Langmuir and Freundlich constants.

Langmuir Freundlich
pH 4max b 1/n Kr R?
103.09 £5.4 0.049 +0.012 0991 0.746 +0.02 4.22+0.98 009111

3
4  151.52+6.3
8

158.73 +6.9  0.165 +0.08

0.136 £0.09  0.9811

0.470 £0.01 22.21 £3.25 0.9423

0.9814 0.286 +£0.01 38.84 +4.12 0.9035

3.4 Adsorption isotherms

The biosorption isotherms show the relationship
between the MB concentration in the liquid phase
and the amount of MB adsorbed per unit weight
of biosorbent at equilibrium Figure 8 shows the
equilibrium isotherms for different pH values, the
experimental data were analyzed using two common
isotherm models: Langmuir and Freundlich.

The Langmuir constants (g, and b) and
Freundlich (Kr y n) were calculated from the slope
and the intercept of the line graphs C,/q, versus C, and
log g, versus log C, respectively (Figure 9a and Figure
9b) and are presented in Table 4. The Langmuir and
Freundlich isotherm models presented satisfactory and
similar correlation coefficients (R2> 0.98 and 0.90,
respectively). The good and similar concordance of
the two isotherm models applied with the experimental
data shows that the sorption of MB was a complex
process, involving more than one mechanism. Both the
monolayer biosorption and the heterogeneity of the
biosorbent surface affected the removal of MB from
the solution (Mitrogiannis et al., 2015).

The values of the dimensionless separation
factor, Ry, according to figure 10 are less than
unity and greater than zero (0 <Ry <1) at all
initial concentrations and pH, which confirms a
favorable sorption process, the higher the Initial

1.6 -
1.4 A1
1.2 A1
1.0 A1
=~ 0.8 A1 @

0.6 - W e i

0.4 -
AR
02 {2E 0.

0 50 100 150

MB concentration, the lower the R; value and the
more favorable the MB biosorption (Albadarin &
Mangwandi, 2015). On the other hand, the value of the
values of 1/n were less than 1, which shows that the
biosorption isotherm is classified as type L with high
affinity between the dye molecules and the biosorbent
(Ahmad et al., 2020; Deniz & Ersanli, 2019).

Table 4 shows that as the pH of the solution
increases, the maximum adsorption capacity in
monolayer also increases, as do the values of b, which
shows a greater affinity of biomass for MB.

Compared with other studies of biosorption of MB
reported in the literature (Table 5), the high values
of gmqx demonstrate that the material NC has great
potential for use in eliminating the MB aqueous media.

180
160

o=
8 B

S W
=1

]
s 2

q, (mg MB/g NC)

&=
=1

—o—pH=4

e
=3

—&8—pH =3

o
=

20 40 60 80 100 120 140
C.(mgL)

Fig. 8. Isotherms of the equilibrium of MB biosorption
on NC, NC dose = 1g/L, t = 60 min, T = 293 K.
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Fig. 9. Linear form of a) Langmuir equation b) Freundlich equation.
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Table 5. Comparative table of the ge, of MB with different types of biomass.

Biosorbent material Gmax (ME/E) Reference
Bibalvos powder one (Elwakeel et al., 2017)
Cumin seeds 13.62 (Shooto et al., 2020)
Gracilaria corticata algae 95.41 (Vijayaraghavan et al., 2015)
Seeds of Abelmoschus esculentus 104.38 (Nayak & Pal, 2017)
Green algae 143.97 (Daneshvar et al., 2017)
Cyanobacterium Nostoc commune 158.70 This studio

—a—pH=8
—o—pH=4

—=—pH=3

0 = # =}

0 100 200 300 400 500
Co

Fig. 10. Relationship between the initial concentration
of MB and the dimensionless separation factor Ry, at
different pH values.

3.5 Effect of pH

The pH of the solution plays an important role in the
biosorption process, as it affects both the chemistry
of the solution and the binding sites to the surface of
the biosorbent (Han ef al., 2020). The initial pH of
the MB solution was studied in a range from 1 to 8
(Fig. 11). For the three different initial concentrations,
it is observed that the profiles have the same tendency,
q. increases with increasing pH. For NC the main
functional groups are the hydroxyl and carboxyl, at
pH acid the ionization of the carboxyl group would be
low so that the electrostatic interaction between these
functional groups and MB is weak; which is reflected

in the low values of ¢,.
60

.
=

W
1=}

]
=4

q. {mg MB/g NC}

1 1
I T T
SOmg/lL —A—20mg/L —e— 100 mg/L

=)

=
+

T T T T T T T 1
0 1 2 El 4 5 [ 7 8 9

Fig. 11. Influence of pH on the ability of biosorption,
NC dose = 1g/L, t = 60 min, T = 293K.
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As the pH is increased, the sites of carboxylic
acid are deprotonated and the carboxyl groups ionize
into -COO-, whereby the capacity of biosorption of
1 MB increases (Yanqgiao et al., 2014). On the other
hand, the value of the point of zero charge (pupzc)
of the NC is 1.5; when pH> pppzc, the surface
of NC is negatively charged so could remove the
cationic dye MB by electrostatic attraction evidenced
with increasing capacity biosorption (Elwakeel et al.,
2017).

3.6 Thermodynamic study

MB adsorption on NC was evaluated concerning
thermodynamic parameters such as AG, AH, and AS
calculated by equations (10) (11) (12) and (13). The
AS and AH values were calculated from the intercept
and slope of the InK, versus 1/T plot, respectively.
As shown in Figure 12, the values of the correlation
coefficient (R?) were 0.98 and 0.96 for initial MB
concentrations of 100 and 200 mg/L respectively,
indicating that the estimated values of AH and AS are
reliable. The calculated thermodynamic parameters
are summarized in Table 6.

The negative AG values at the three temperatures
evaluated represent the spontaneity and viability of
the adsorption process with a high preference of
the NC biosorbent for the MB dye (Nayak & Pal,
2017). It is observed that the negative value of AG
is high at low temperature (298 K), which favors the
adsorption process. On the other hand, the negative
value of AH indicates that the adsorption process
is exothermic (Alver et al., 2020). Therefore, the
increase in temperature causes a decrease in the
adsorption capacity of MB over NC.

The exothermic nature of the biosorption was also
reported by other authors such as Dotto et al. (2013)
and Cardoso et al. (2012) who removed synthetic
dyes with a cyanobacterium (Spirulina platensis).
According to Mitrogiannis et al. (2015) and Koyuncu
& Kul, (2020), the magnitude of the enthalpy change
can be used to classify the type of interaction between
sorbent and sorbate.
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Table 6. Thermodynamic parameters of MB biosorption on NC.
C, AS kJ/mol AG (kJ/mol)
mg/L.  AH kJ/mol K 293 K 303K 313K

100  -34.13+£3.25 -0.07£0.01 -8.31+1.23 -7.20+1.56 -6.56+1.28
200  -41.14 +4.12  -0.12+£0.03 -554 £1.56 -3.86 £0.98 -3.12 +0.82

950

4 -

3.5 4 &
& A Lt

] Je

2

Ln Kc

1.5 A

1
A 100 mg/L

051 0200 mg/L

0 T T T T T 1
0.00315 0.0032 0.00325 0.0033 0.00335 0.0034 0.00345

1T

Fig. 12. InK, Vs a 1/T for the estimation of the
thermodynamic parameters of the MB biosorption in
NC.

Values of AH <30 kJ/mol indicate physical
sorption, values in the range of 4 to 10 kJ/mol show the
existence of van der Waals forces. Values of 40 kJ/mol
indicate ion exchange and values of 2 to 29 kJ/mol
dipole bond forces. On the other hand, AH> 80 kJ/mol
indicates chemical bonding forces. In this study, the
values of AH (<42 kJ/mol) obtained would indicate
that the biosorption of MB in the NC biomass is due
to ion exchange. The negative effect of the increase
in temperature on ¢, and the good correlation of
the pseudo-second-order kinetic model show that the
sorption process of MB would involve chemisorption.
Negative AS values for initial concentrations of 100
and 200 mg MB/L are very low, indicating that there
are no notable changes in entropy and a decrease
in disorder at the solid-liquid interface during MB
biosorption in the NC (see Table 6).

3.7 Desorption studies

Desorption studies were carried out to evaluate the
possibility of recovery of the dye, reuse of the
biosorbent material, and a better understanding of
the biosorption mechanism. Figure 13 shows the
percentage of desorption of MB using distilled water
and different concentrations of HCI (0.1, 0.5, and 1M).
It is observed that the maximum desorption occurs
using 1 M HCl, with an MB recovery of up to 81.64%.

o
=]

e
(=]
L

~
(=}
L

60

n
(=}
L

Desorption efficiency
— N W b
c & & &

distillated 0.1M 05M 1M
water

<

Concentration HC1

Fig. 13. Desorption of MB with different
concentrations of HCI.

This behavior would indicate that the mechanism
of MB adsorption on the NC would be ion exchange
(Anastopoulos et al., 2018). This result corroborates
what was discussed in the thermodynamic study
above. It is observed that the use of HCI for the
desorption of MB allows the efficient regeneration
of NC making it economically feasible (Eren et al.,
2020).

Conclusions

The present study explores Nostoc commune powder
(NC) as an efficient and effective biosorbent
for removing methylene blue (MB), a cationic
dye from aqueous media. With the analysis of
the FTIR spectrum, it was possible to identify
some representative functional groups of the
polysaccharides which would be responsible for
the removal of MB. FTIR analysis confirmed the
interactions between NC biosorbent surface and
MB dye molecule. The SEM analysis showed a
heterogeneous surface and the presence of cavities
in NC. Kinetic experiments clearly indicated that
adsorption of MB dye on NC biomass is a multi-
step process: a rapid adsorption of dye onto the
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external surface followed by intra-particle diffusion
into the interior of adsorbent which has also been con-
firmed by intra-particle diffusion model. The kinetic
studies showed that the MB dye adsorption process
followed pseudo-second-order kinetic model. The
Langmuir isotherm better describes the experimental
data at equilibrium, characterizing the process with the
formation of a monolayer, the g, was 158.7 mg/g.
The good fit for the mentioned models and the
results of the desorption study would indicate that
the MB biosorption mechanism would occur through
a chemisorption process specifically ionic exchange
and would involve adsorption on the surface of the
NC and intraparticle diffusion in the biomass pores.
The amount of MB dye adsorption on NC was
found to increase with an increase in initial solution
pH and contact time. Thermodynamic parameters
were determined at three different temperatures.
From the results of negative enthalpy change (AH)
accompanied by negative entropy change (AS) and
negative decrease in Gibbs free energy change (AG),
it is evident that the adsorption process is exothermic,
favorable and spontaneous in nature. Nostoc commune
can be used as an effective and environmentally
friendly biosorbent for the removal of MB from
wastewater
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