|
International Journal
of Biological and

Chemical Sciences

Available online at http://www.ifgdg.org

Int. J. Biol. Chem. Sci. 18(3): 1180-1198, June 2024

ISSN 1997-342X (Online), ISSN 1991-8631 (Print)

http://ajol.info/index.php/ijbcs http://indexmedicus.afro.who.int

Original Paper

Adsorption of a basic dye Methylene Blue in aqueous solution on a
bioadsorbent from agricultural waste of Manihot esculenta Crantz

Bernick WEMBOLOWA TSHENE, Kifline MILEBUDI KIFUANI,
Anatole KIA MAYEKO KIFUANTI", Pitchou BOKOLOMBE NGOY and
Gracien BAKAMBO EKOKO

Laboratory of Physical Organic Chemistry, Water and Environment, Department of Chemistry and
Industry, Faculty of Sciences and Technology, University of Kinshasa, P.O. Box 190 Kinshasa XI,
Democratic Republic of Congo.

*Corresponding author, E-mail: anatolekifuani@gmail.com; Tel: (+243) 998229987

Received: 16-05-2024 Accepted: 26-06-2024 Published: 30-06-2024

ABSTRACT

The objectives of present study were to prepare a bioadsorbent from Mannihot esculanta Crantz peels
(MEB) and to examine its effectiveness in the removal of methylene blue (MB) dye from aqueous solution by
adsorption process. The adsorption was studied in a discontinuous reactor. Effects of the following parameters
were studied: dose of bioadsorbent, contact time, initial concentration and pH of MB solution. The residual
concentrations of MB solution were analyzed by UV-Vis spectrophotometry. The results obtained showed that
the bioadsorbent MEB has a specific surface area of 265.27 m? g'! and a maximum observed adsorption capacity
(Omo) of 94.12 mg g'!. The percentage of adsorption increased with the dose of biosorbent and the time due to
the availability of free sites. The adsorption was better in a basic medium, because of electrostatic interactions
between negatively charged MEB surface and organic ions of MB. The dose of 800 g of bioadsorbent and a pH
solution of 10 were the optimal conditions of adsorption. Pseudo-first-order model was more suitable for
describing the adsorption of MB on MEB, compared with pseudo-second-order model. The Langmuir model was
best for describing the adsorption of MB on MEB bioadsorbent compared to the Freundlich model. The Langmuir
separation parameter RL and Freundlich parameter 1/n, less than 1, indicate that the adsorption of MB on MEB
was favorable. The bioadsorbent MEB offers a high potential for adsorption of dyes in aqueous solutions.
© 2024 International Formulae Group. All rights reserved.
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INTRODUCTION

Organic dyes are among the most
dangerous water pollutants. They are present in
water effluents from various industries,
including textile, hair, flax, wood, silk, paper
and plastic. The first use of organic dyes dates
back to about 4000 years ago. Nearly 15 to 20%
of the dyes used for dyeing textiles are

© 2024 International Formulae Group. All rights reserved.

DOI : https://dx.doi.org/10.4314/ijbcs.v18i3.35

discharged through water effluent without prior
treatment (Jain et al., 2016). Organic dyes give
water pestilential odors and noticeable
discolorations. They inducteve environmental
pollution, intoxication of aquatic fauna and,
through the trophic chain, the intoxication of
humans who are thus contaminated by the
biomagnification effect (Vanessa et al., 2017;
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Alouani et al., 2018; Kifuani et al., 2018a ; Li
etal., 2021 ; Jan et al., 2022 ).
Methylene blue (MB),
thiazine dye, is widely used for dyeing cotton,
wood and silk and as chemical indicator,

a cationic

biological stain, and drug (Sakr et al., 2015;
Wei et al., 2015 ; Pathiana et al., 2017 ; Jia et
al., 2018 ; Nworie et al., 2019). It is also used
for medical analysis. It can cause the following
conditions through contact, inhalation or
ingestion: eye burns responsible for permanent
injury to the eyes of humans and animals,
breathing difficulties, burning sensations in the
diarrhea,
gastroenteritis, perspiration and cold sweats.
The removal of methylene blue and other dyes

mouth, nausea, vomiting,

from effluents is important for environmental
and human health (Song et al., 2017; Rahimian
and Zarinabadi, 2020 ; Nyakairu et al., 2024).
Various methods have been developed
for dyes removal classified into biological,
chemical and physical methods, including a
variety of techniques such as: adsorption,
advanced oxidation, biosorption, chemical and
oxidation,
filtration, floculation, microbial and fungal

electrochemical coagulation,
decolorization, photocatalysis, nanofiltration,
ozonation, reverse osmosis, etc. (Maryam et
al., 2013 ; Kifuani et al., 2018b ; Mekky et al.,
2020 ; Basma et al., 2023 ; Miyah et al., 2017,
Raiyyaan et al.,, 2021). Many of these
techniques have proven to be expensive or
responsible for the pollution induced because
of the degradation products formed, sometimes
more toxic than the initial dyes themselves (Ali
et al, 2021). Rahimian and Zarinabadi (2020)
showed that among the processes for treating
water polluted by organic dyes, adsorption
turns out to be the most effective. Pathiana et
al. (2013) reported that adsorption on activated
carbon is an effective technique for removing
organic dyes from water, but the cost of
activated carbon is quite high, which limits the
use of activated carbon to water purification
treatment.

Abas et al. (2013) reported that the
demand for efficient and low-cost adsorbents
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for dye removal or heavy metals in water
effluent has increased. The use of materials of
agricultural origin seems to be a promising
approach for wastewater treatment. Various
agricultural solid waste are used such us rattan
sawdust, cotton stalk, hazelnut shell, oil palm
shell, coffee residue, orange peel, powdererd
peanut hull, sugarcane bagasse, sunflower
stalks, mango seed kernel, coconut coir dust,
abricot stones, groundnut shells, banana pith,
yelow passion fruit waste, green pea peels,
mango leaves, Hevea brasilliensis seed coat,
coir pith and Peach stones. It is reported that
plant leaves content certain constituents, e.g.
polyphenols, lignin, tanins, pigments and
protein, making it suitable to provide active
sites for adsorption of pollutants like organic
dyes or metallic elements (Laximi et al., 2010 ;
Barios et al., 2012 ; Kassale et al., 2015 ; Jain
et al.,, 2016 ; Kumar et al., 2017 ; Pathiana et
al., 2017 ; Song et al, 2017 ; Alouani et al.,
2018 ; Jia et al, 2018 ; Kifuani et al., 2018a ;
Ahmad et al, 2019; Rahimian and
Zarimabadi, 2020 ; Mobalayi et al., 2021;
Hatiya et al., 2022 ; Basma et al., 2023 ; Gani
et al., 2023). Thus, cassava peels (Mannihot
esculanta Crantz), a low-cost material, was
used to study its adsorption performance for
methylene blue, in aqueous solution. The
effects of dose of adsorbent, contact time,
initial concentration and pH of methylene blue
solution have been studied.

MATERIALS AND METHODS
Preparation and characterization of the
bioadsorbent (MEB)

Peels of Mannihot esculenta were
collected from the city of Mbanza Ngungu,
Province of Kongo Central, Democratic
Republic of Congo. They were washed several
times with distilled water to remove impurities
from its surface, and then dried in an oven at
105 °C for 24 h (DESPATCH Oven Co, type
Elect). After drying, the peelings were crushed
(Industrial high speed grinder) and sieved to
obtain a powder with a desired particle size
ranges (< 500 pm). The bioadsorbent of
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Mannihot esculenta bioadsorbent (MEB) thus
obtained were stored in a desiccator at
laboratory temperature (28°C), to keep it free
from moisture contact and oxidation (Kifuani
et al, 2018a). The bioadsorbent
characterized by the determination of Humidy,
Ash, Dry matter, pHzpc.

was

Humidity and dry matter

Humidity (H) and dry matter (DM)
were determined by loss of weight after heating
5 g of MEB in a oven. The humidity level (%H)
is calculated by the following relationship
(Kifuani et al., 2018a):
(m, - m,).100

m,

%H =

(1]

Where, m; and m,, the weights of
bioadsorbent before and after steaming,
respectively.

The weight of the dry matter is
determined after deducting the weight of water

in the initial sample.

Ash content

The ash content was evaluated by
determining the weight loss after calcination of
5 g of MEB in a muffle furnace (NABER,
Modéle N7/H) for 8 hours. The ash content
(%A) is giving by the equation below (2):
(m,-m,).100

m,

%A =

[2]

Where, m3 and my, the weights of
bioadsorbent before and after calcination,
respectively.

The weight of the dry matter is
determined after deducting the weight of water
in the initial sample.

Determination of pHzrc

The pH at the zero point of charge
(pHzpc) was obtained by the pH drift method
reported by Kifuani et al. (2012) and Musah et
al. (2020). For this purpose, 100 mL of 0.01
mol L' NaCl solution were placed in different
Adsorbers (LACOPE ADX). The pH of these
solutions were adjusted from 3 to 12, by

1182

addition of HCI (0.1 N) or NaOH (0.1 N)
solutions, to adjust the acidic or basic solutions,
respectively. 1000 mg of bioadsorbent are then
added to each solution and the suspension was
stirred for 72 h and centrifuged at 3000 rpm
(Centrifugeuse Labofuge 200 Heraeus). The
final pH was determined with a pH-Meter
(Hanna Instrument). The intersection of the
curve obtained by plotting the final pH as a
function of the initial pH of each solution
determines the pHzpc.

Determination of specific surface area

The specific surface area (Sgm) was
evaluated by the Kifuani method, Kifuani
volume variation method (KVVM), which
consists of studying, at equilibrium time, the
adsorption of methylene blue with a low weight
of Dbioadsorbent (5 mg) using increasing
volumes (100 mL to 1000 mL) of MB solutions
(50 mg L"). The plateau obtained by plotting
the adsorption capacity (g.) as a function of the
volume (V) of the MB solution corresponds to
the maximum observed adsorption capacity
(¢mo OF Omo) (Kifuani et al., 2012, Kifuani,
2013 ; Kifuani et al.,, 2018a). The specific
surface area was then calculated using the
following equation (Kifuani, 2013) :
SMB=QmO.NA.S [3]

Where, Svs the specific surface area
was determined using MB as adsorbate (m? g
", Omo the maximum observed adsorption
capacity (mg g'), Na the Avogadro number
(6.022 10?* mol- ') and s, the area occupied by
a MB molecule (175 A2).

Adsorbate: methylene blue dye

Methylene Blue dye was used as a
model of organic dye in this study, because of
its flat surface known in the literature (175 Az).
His IUPAC name is 3,7- Bis
(dimethylamino)phenothiazin- 5- ium chloride.
It is a cationic dye heaving chemical formula
C16H1sN3SCl, and Mw 319.852 g mol'. It was
obtained from Merck and wused without
purification. All the reagents used in this study
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were of analytical grade. The structure of MB
blue is given by Figure 1.

MB solutions were prepared in pure
water by dilutions from a concentrate solution
of MB. The MB solutions, before and after
adsorption, were analyzed using a UV-Vis

spetrophotometer (HACK
Spectrophoptometer, SP, model 1105) at
maximum  length  wave, determined

experimentally, by scanning in the range of 400
nm to 700 nm, for each pH studied in this paper
(3-12). The residual concentration was
calculated from the Beer-Lambert law, giving
by equation 4 below (Kifuani, 2018a):
A=elC [4]

With, 4 being the absorbance, & the
molar absorption coefficient (L mg™! cm™), / the
thickness of the cell (lcm) and C, the
concentration of the solute (mg L).

Batch adsorption experiments

Before use, the MEB bioadsorbent was
dried in an oven at 105°C for 3 h. Different
weights of MEB were weighed (1 mg — 1000
mg) using an analytical balance (HEB-E 303).
Adsorption studied for different
concentrations (5 mg L' - 100 mg L") and pH
(3 — 12) of MB solutions, different weights of
bioadsorbent (Img — 1000 mg) and different
contact times (0 - 450 minutes). The pH of the
solutions were adjusted with 0.1N of HCI or
NaOH solutions for acidic or basic solutions,

was

respectively. The adsorption tests were carried
out in an adsorber (LACOPE ADS) with 100
mL of MB solution. After stirring for the
required time, the suspension was centrifuged
at 3000 rpm for 30 minutes and the supernatant

was analyzed with a UV-Vis
spectrophotometer ~at  the  appropriate
wavelength, to determine the residual

concentration of the MB solution. Each
experiment is repeated three times to determine
the absolute error.

The adsorption capacity (Q.) the
adsorption percentage (%Ads) were calculated
using Egs. (5) and (6), respectively (Mobalaji
etal., 2021):

and
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Qe: (Co - Ce ) \4

[5]
mB
% Ads = CC_C %100 [6]

[0}

With, Q. being the apparent adsorption
capacity or the equilibrium capacity of the
bioadsorbent (mg g'), C, the
concentration of methylene blue solution (mg
L"), C. the residual or equilibrium
concentration (mg L), V the volume of the
methylene blue solution (L) and %Ads, the
adsorption percentage.

initial

Adsorption Kinetics

The adsorption kinetics were evaluated
using Lagergren pseudo-first-order and
pseudo-second-order models giving by the
following equations (Mekky et al., 2020):

Lagergren Pseudo-first-order model:

d

dqtt = k,(q, - a,) [7]
m(q, -q,)=mq, -kt [8]

Lagergren Pseudo-second-order model

d

dqtt = k.. -, ) ]
. i+ k,t [10]
@.-a) a.

In this study, pseudo-first-order and
pseudo-second-order model
modified by Kifuani, were used (Kifuani et al,
2012 ; Kifuani, 2013):

Kifuani Pseudo-first- order kinetic model:

_ % [11]
(qe - qt)
With, ¢g. being adsorption capacity at
equilibrium (mg g), . adsorption capacity at
time # (mg g™), ge-q: adsorption capacity of free
sites, ¢ the time (s) and ki, the constant rate of
pseudo-first order reaction (min™).

equations

/n = kit

The plot of /N S C versus ¢ gives a line
(@.-q,)

whose slope corresponds to ki, the rate constant
of pseudo-first-order reaction.
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Kifuani Pseudo-second-order kinetic model :
oF
a.(a.-a. )

Were, k» is the rate constant of the pseudo
second order reaction (g mg™!' min™).

=kt [12]

The plot of ) versus ¢, give a line

q.(a. -q,
whose slope corresponds to k>, the rate constant
of the pseudo-second—order reaction.

Adsorption isotherms
The adsorption
determined for pH 3 to 12 by application of

isotherms  were
linear models of Langmuir and Freundlich,
giving by the following equations (Alouani et
al., 2018):
Langmuir model :
1 1 1 1
Q. Q. Q.K. C,
Where, Q. is the apparent adsorption
capacity of the bioadsorbent (mg g'), Om the
adsorption capacity at saturation or maximum

[13]

adsorption capacity (mg g'!), K. equilibrium
constant adsorption (L mg') and Ce,
equilibrium concentration.

The plot of 1/Q versus 1/C. gives a line
which allows to determine Oy, and Ki, from the
intercept and slope, respectively.

The Langmuir separation parameter (Rp) was
calculated by the following equation (Alouani
etal., 2018) :
RL = 1

1+ K C,
K\ is the Langmuir constant (L mg™") and C, the

[14]

initial dye concentration.
Freundlich model :

1
Log Q. =log Kr + H log C. [15]

Where, Q. the adsorption capacity at
equilibrium (mg g'), Kr the adsorption
constant (Freundlich constant), C. the
concentration of the adsorbate at equilibrium
(mg L") and n, the Freundlich constant,
characterizing the affinity of solute for the
adsorbent (affinity parameter).
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The plot of log Q. versus log C. gives a
line which allows to determine Kr and 1/ from
the intercept and slope, respectively.

N
@gy@ I\l/cHa

| o (

CHs CHgs

Figure 1: Structure of Methylene Blue.

RESULTS
Characteristics of the bioadsorbent

Table 1 present the physicochemical
characteristics of MEB bioadsorbent. The
bioadsorbent has a specific surface area of
265.27 m? g' and a maximum observed
adsorption capacity (Omo) of 94.12 mg/g. The
pHzpc of the adsorbent is 5.24.

Effect of bioadsorbent dosage

In order to estimate the optimal weight
necessary to eliminate methylene blue, 100 mL
of the methylene blue solution, with a
concentration of 50 mg L', were brought into
contact with different weights of bioadsorbent
at the self-equilibrium pH (6.64). The results
obtained are shown in Table 2 and Figures 2
and 3. Figure 2 gives a plot of maximum
adsorption capacity (Om) versus the dose of
adsorbent. The results reported in Figure 3
show that when the weight of the bioadsorbent
increases, from 1 to 1000 mg, the maximum
percentage adsorption (%mAds) also increases
from 10.94% to 76.38%. The optimal
adsorption weight was evaluated at 800 mg,
with a maximum adsorption percentage of
76,5%, after 270 min. After this weright, the
adsorption tends towards constancy.

Effect of contact time

The adsorption tests were carried out
from 0 to 450 minutes, first with a methylene
blue solution 50 mg L' for differents weights
of adsorbent, after, with differents initial
concentrations and pH of BM solutions using
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800 g of MEB. The results obtained are given
by Table 2, and Figures 4 to 9.
blue

Effect of initial

concentration

Methylene

The effect of the initial concentration on
adsorption was studied at self-equilibrium pH
6.64. The results obtained are presented in
Figures 10 and 11. Figure 10 shows an increase
in the maximum adsorption capacity, when the
initial concentration of methylene blue
increases. The results presented in Figure 11
show a decrease in the adsorption percentage
with the increase of initial concentration. The
maximum percentage adsorption (%mAds)
decreases from 87.06% to 74.24% when the
MB concentration increase from 10 mg/L to
100 mg/L. After the initial concentration of 50
mg L, the adsorption percentage tends to a
constant value (74,31%).

Effect of pH

The effect of MB pH solution on the
adsorption is given by Table 3, Figures 12 and
13. These results reporte that the maximum
adsorption capacity and the
adsorption percentage increase with the pH of
MB solution and tend to a constant value after

maximum

pH 10, which is than the optimum pH, with the
maximum adsorption percentage of 78.74%
after 270 minutes. The pH of 10 was chosen as

the optimum pH for adsorption of MB on MEB
bioadsorbent with 78.74% of MB removal.

Modeling of adsorption kinetics

Only the kinetic results obtained for the
adsorption of BM on the MEB bioadsorbent
with the optimal weight (800 mg) were
modeled using the kinetic equations of the
pseudo-first-order and pseudo-second-order
surface reaction. Table 4 shows the kinetic
parameters for the adsorption at differents pH.
The ki constants range from 0.090 min™' to
0.0174 min™!, while the k, values range from
0.0056 g mg! min"! t0 0.0197 g mg™! min'..

Modeling of adsorption isotherms

The adsorption isotherms were obtained at
different pH (3-12) wusing 800 mg of
bioadsorbent, 100 mL of MB solution 50 mg L~
!, The suspensions were stirred for 300
minutes, time being in the equilibrium range.
The modeling of the isotherms was done with
the Langmuir and Freundlich isotherm models.
By linearization, the following parameters
were determined: Om, Ki, R for Langmuir ; Kg
and 1/n for Freundlich. Table 5 presents the
and  Freundlich

Langmuir parameters

determined.

Table 1: Characteristics of MEB bioadsorbent.

Parameters Values
Particle seize (mm) <0,50
Humidity (%) 2,95
Dry matter (%) 97,05
Ash (%) 4,32
pHzpe 5,24
Omo (mg g™) 94,12
Specific area, Smp (m?>g™) 265,27
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Table 2: Equilibrium concentration (C.), maximum adsorption capacity (QOm), maximum
percentage of adsorption (%mAds), equilibrium time (z.) at different weights of bioadsorbent
(mBA).

mga (mg) C.(mgL?) Om (mg g) %omAds te (min)
1 445 547,0 10,94 330
5 41,7 165,9 16,59 300
50 37,4 25,2 25,20 300
100 28,8 21,2 42 47 270
200 15,2 17,4 69,53 270
400 13,8 9,0 72,35 270
600 12,6 6,2 74,71 270
800 11,8 4,8 76,35 270
1000 10,4 4,0 76,38 270
600
1
500
400
© 300+
o
E
OE
200
_l
100
L |
o7 7T —T1T T T "1 b1 1
0 100 200 300 400 500 600 700 @800 900 1000 1100
m,,(mg)

Figure 2: The maximum adsorption capacity (Qm) vs dose of bioadsorbent (mg)
(Co:50mg Lt;pH:6.64;V:100mL;T:28,0°C ; Amax: 662 nm).
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— T 1 1 - T T T T T T T
0 100 200 300 400 500 600 700 800 900 1000 1100

Mga(MQ)

Figure 3: The maximum percentage of adsorption (%mAds) vs. dose of bioadsorbent (mg) (Co : 50
mg L' ;pH:6.64;V:100mL ; T:28,0°C ; Amax : 662 nm).

——50 mg
25 ——100 mg
—A—200 mg
—¥—400 mg
—€-600 mg
—4—800 mg
20 —»—1000 mg
4 154
o
o
E
(]
O 104
;’ X
5 1l
4
Ay 41
y
0 T T T T T T T T T
0 100 200 300 400 500

t (min)

Figure 4: Effect of contact time on adsorption capacity (Q.) of MEB at different dose
of adsorbent (Co: 50mg L' ; pH: 6.64 ; V: 100 mL ; T': 28,0°C ; Amax : 662 nm).
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—m— 50 mg
100 —e— 100 mg
200 mg
—v— 400 mg
600 mg
—<4— 800 mg
1000 mg

% Ads

s
0 L e e L L A
0 50 100 150 200 250 300 350 400 450 500

t (min)

Figure 5: Effect of contact time on the percentage of MB adsorption on MEB at different dose of
adsorbent (Co: 50 mg L' ; pH : 6.64 ; VV: 100 mL ; T: 28,0 °C ; Amax : 662 nm).

10

8
—— 10 mg/L
i —@— 20 mg/L
—&— 30 mg/L
—¥— 50 mg/L
6 —@— 60 mg/L
o —4—80 mg/L
o | —»— 90 mg/L
g —@— 100 mg/L
N
o 4
(4

:
"

T T T T T

T
0 100 200 300 400
t (min)

Figure 6: Effect of contact time at different initial concentrations (7 : 100 mL ; pH 6.64 ; mga: 800
mg ; T: 28,0°C).
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100

—a— 10 mg/L
—e— 20 mg/L
—4A— 30 mg/L
—wv— 50 mg/L
—&— 60 mg/L
—<4— 80 mg/L
—»— 90 mg/L
—— 100 mg/L

% Ads

20 4

ot+—T—F T T T T T 1
0 50 100 150 200 250 300 350 400 450

t (min)

Figure 7:  Effect of contact time on the percentage of MB adsorption on BME at different initial
concentrations (¥ : 100 mL ; pH 6.64 ; mga: 800 mg ; T: 28,0°C).

—4— 10,00
L —<—12,00
0 T T T T T T T T T
0 100 200 300 400 500

t (min)

Figure 8: Effect of contact time on the adsorption capacity of BME at different pH
(Co:50mg L-"; V: 100 mL ; mpa: 800 mg ; T 28,0°C).
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Figure 9: Effect of contact time on the percentage of MB adsorption on BME at different pH
(Co:50mgL"; V: 100 mL ; mpa: 800 mg ; T: 28,0°C).
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10
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0 T T T T T T T T T T
0 20 40 60 80 100

-1
C,(mgL")

Figure 10: Effect of initial concentration of MB on the maximum adsorption capacity of MEB (V :
100 mL; pH: 6.64; mga : 800 mg ; T : 28,0°C).
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74 "
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Figure 11 : Effect of initial concentration of MB on the maximum adsorption percentage of MEB (V
: 100 mL ; pH : 6.64 ; mga : 800 mg ; T : 28,0°C).

5,0

4,9

4,8 [ ]

4,7 4

Q,(mg g™

4,6 4

45

4,4 T T T T

Figure 12: Effect of pH on the maximum adsorption capacity of BME (V : 100 mL ; mga : 800 mg ;
T:28,0°C).
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Tableau 3: Maximum adsorption capacity (On), maximum percentage adsorption (%mAds),
and equilibrium time (z) at differents pH.

pH Om (mg g!) %mAds t. (min)
3,00 4,5 71,50 240
5,00 4,6 72,88 240
6,64 4.8 76,35 270
8,00 49 77,75 270
10,00 49 78,74 270
12,00 49 78,82 270
79
[
78
77
]
76
3
< 75 4
o
> 744
73 .
72
71 4
I I I I I
2 4 6 8 10 12
pH

Figure 13: Effect of pH on the maximum adsorption percentage of MEB (V : 100 mL ; mga : 800 mg;
T:28,0°C).
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Table 4: Pseudo-first- order and pseudo-second-order parameters for the adsorption of MB onto MEB

at different pH.
pH Pseudo-first- order parameters Pseudo-second-order parameters
k1 (min™) R? k2 (g mg™! min™) R?
3 0,0133 0,9581 0,0061 0,9694
5 0,0174 0,9679 0,0138 0,8675
6,64 0,0109 0,9806 0,0197 0,9175
8 0,0094 0,9597 0,0056 0,9604
10 0,0133 0,947 0,0153 0,9081
12 0,009 0,9821 0,0109 0,9496
Table 5: Langmuir and Freundlich parameters for the adsorption of MB onto MEB
at différents pH.
pH Langmuir parameters Freundlich parameters
Om(mg/g)  Ki(L mg?) R R? Ki* 1/n R?
3.00 45 0.0744 0,2118 0,9180 0.0062 1.6813 0,7572
5.00 46 0.0455 0,3053 0.8242 2.6255 0.1406 0,7416
6,64 438 0.0548 0,2675 0.9665 0.8089 0.4552 0.8542
8.00 49 0.0596 0,2513 0.8521 2.5318 0.1668 0,7384
10.00 49 0.0412 0,3266 0.9039 3.3394 0.0991 0.9131
12.00 4,9 0.0521 0,2772 0,9582 3.0290 0.1245 0,8917
ke* unit : (mg g™") (mg L))
DISCUSSION The decrease of the maximum

The maximum observed adsorption
capacity (Omo) determined for the MEB is
significantly better compared to those reported
by Rahimian and Zarinabadi (2020) with 40.0
mg g! for the leaves of pine trees bioadsorbent.
The pHzpc of MEB shows that the surface of
the bioadsorbent is neutral at pH 5.24. The
surface of the biodsorbent is thus positive at pH
<5.24 and negative at pH >5,24.
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adsorption capacity of the bioadsorbent with
increasing of weight of bioadsorbent (Figure 2)
is explained by the weight effect of the
bioadsorbent, characterized by an
agglomeration of the bioadsorbent particles.
Certain particles do not participate in
adsorption when the weight of the bioadsorbent
increases, although they are taken into account
when expressing the adsorption capacity (Jain
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et al., 2016; Kifuani et al., 2018a). The increase
of the maximum adsorption percentage of the
bioadsorbent with increasing of weight of
bioadsorbent (Figure 3) is explained by the fact
that the increase in the weight of the adsorbent
increases the availability of free sites, which
are gradually saturated (Kifuani, 2018a ; Song
et al., 2017).

These results of Figures 4 to 9 show that
the apparent adsorption capacity (Q.) and the
apparent adsorption percentage (%Ads)
increase with the increase of contact time MB-
MEB, until a maximum value which remains
constant despite the increase in time. These
maximum values correspond to the apparent
maximum adsorption capacity (Om) or the
apparent maximum adsorption percentage
(%omAds). These increase of adsorption
capacity or adsorption percentage are
explained by the availability of free sites,
which are gradually saturated (Wei et al.,
2015).

From the results of Figures 10 and 11, it
appears that the quantity of methylene blue
retained by the bioadsorbent is higher, and the
adsorption mechanism is more efficient, with
the increase in the initial dye concentration.
The decrease of the maximum percentage
adsorption when the MB concentration
increase is due to the agglomeration of the
solute particles (methylene blue) with the
increase of initial concentration. Musah et al.
(2020) also reported the same observations on
the decrease in the adsorption percentage with
the concentration of the solution for the
adsorption of methylene blue on a bioadsorbent
from Platanus orientalis leaf powder.

The increase of the maximum
adsorption capacity and the maximum
adsorption percentage with the pH of MB
solution can be explained as follows : since the
pHzpc of MEB is 5.4, the surface of the
bioadsorbent is neutral at this pH, which reduce
the attractive interactions with the organic
cation ions of MB if pH< 5.4, the pHzpc. The
surface of the bioadsorbent is negative at pH
>5.4, than there are strong attractive
interactions with negative charges of the
bioadsorbent surface and the organic cation
ions of MB. Then we observe an increasing in
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the adsorption capacity and adsorption
percentage in basic medium compared to acidic
media.

The average of the overall linear
correlation coefficients (R%g) of the pseudo-
firt-order reaction model (0.9659) is higher
than that of the pseudo-second-order reaction
model (0.9287), indicating that the kinetic
model of the pseudo-first-order reaction is
better suited to describe the adsorption of
methylene blue onto the bioadsorbent than the
pseudo-second-order reaction. The correlation
with the pseudo-first-order model indicates that
the adsorption is governed by the surface
reaction, characterized by the attachment of
methylene blue molecules to the surface of the
MEB bioadsorbent. This correlation, less than
I, does not exclude other adsorption
mechanisms. Similar kinetic results have been
reported in the literature (Musah et al., 2020).

The averages of the overall correlation
coefficients (R%g) of the Langmuir model
(0.9038) and the Freundlich model (0.8160)
obtained (Table 5) indicate that the Langmuir
model is best for describing the adsorption of
MB on MEB bioadsorbent compared to the
Freundlich model, indicating monolayer
adsorption of BM onto the bioadsorbent. The
correlation with the Freundlich model
indicates, however, that additional layers are
formed at high MB concentrations (Kifuani,
2013). Similar results have been reported in the
literature (Ahmad et al., 2019 ; Basma et al.,
2023 ; Gani et al., 2023). The K1 , equilibrium
parameter or separation parameter, indicates
the affinity of the bioadsorbent towards
methylene blue, which can be favorable ( 0 <
Ri<1), irreversible (R.=0), linear (R =1) or
unfavorable ( Ry>1) (Maryam et al., 2013 ;
Kumar et al., 2017).The Ry values obtained <
1, for all pH studied, indicate that the
adsorption of MB on the MEB bioadsorbent is
favorable (Table 5). The Kr values represent
the adsorbent power of the bioadsorbent, when
the concentration (Cc) of BM is unitary. The
Freundlich parameter 1/n indicate the
adsorption intensity or adsorption interaction
strength. It is reported that the adsorption can
be favorable (1/n <1), linear (1/n = 1), physical
and unfavorable (1/n>1) (Pathiana, 2017).
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Values of 1/n obtained in this study are less
than 1 indicate high affinity between MB and
MEB surface, and thus the adsorption is
favorable.

Conclusion

In this work, the adsorption of a basic
dye, Methylene Blue, in aqueous solution, on a
bioadsorbent from agricultural waste of
Manihot esculenta Crantz was studied. The
adsorption tests were carried out in an adsorber
(LACOPE ADS) with MB solution. After
stirring for the required time, the suspension
was centrifuged and the supernatant was
analyzed with a UV-Vis spectrophotometer, to
determine the residual concentration of the MB
solution. Various adsorption parameters were
studied including the weight of the
bioadsorbent, the bioadsorbent-BM contact
time, the initial concentration and pH of MB
solutions. The results obtained in this research
showed that the bioadsorbent MEB has a
specific surface area of 265.27 m? g!' and a
maximum observed adsorption capacity (Omo)
0f94.12 mg g’ The optimal adsorption weight
was evaluated at 800 mg, with a maximum
adsorption percentage of 76,35%, after 270
minutes. The optimum pH was evaluated to be
10, with 78.74% after 270 minutes. The kinetic
model of the pseudo-first-order reaction is
better suited to describe the adsorption of
methylene blue onto MEB bioadsorbent than
the pseudo-second-order reaction. The
Langmuir model is best for describing the
adsorption of MB on MEB bioadsorbent
compared to the Freundlich model. The
bioadsorbent MEB has a high specific surface
area and a high maximum observed adsorption
capacity and thus offers a high potential for
adsorption of dyes in aqueous solutions and
might be used as an adsorbent for wastewater
treatment.
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