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ABSTRACT

In the present study, we have introduced a new effective and economical adsorbent,
Mahogany fruit shell. This adsorbent has porous nature and essential active groups are
present on their surfaces which enhance its capability of adsorption. Developed adsorbent
was characterized with Fourier transform infrared spectroscopy, scanning electron
microscopy, etc. techniques which also support to confirm successful adsorption. In the
present study, batch adsorption experiments were carried out as a function of pH, contact
period, dye concentration, adsorbent dosage, etc. for maximum removal of methylene blue, a
basic dye from aqueous solution. Mahogany fruit shell adsorbent had succeeded to remove
basic dye up to 99.05% at pH 9. The experimental data are fitted well to the Langmuir
adsorption isotherm. Thermodynamic parameters such as (DG˚), (DH˚), and (DS˚) were calcu-
lated, which indicated that the adsorption is spontaneous and endothermic in nature. The
Mahogany fruit shell had showed great adsorption capacity to remove the methylene blue.

Keywords: Adsorption; Mahogany fruit shell; Kinetic; Isotherm; FTIR study

1. Introduction

For decades, water pollution management has
been prime area of scientific concern. With the devel-
opment of technology and industry, more and more
attention has been paid to water pollution which con-
tains dyes [1]. Considerable quantity of water and
chemicals are utilized in textile industries for wet pro-
cessing of textiles at every step such as desizing,
scouring, bleaching, dyeing, printing, and finishing
[2]. Dye wastewater arises as a direct result of the pro-
duction of the dye, and also as a consequence of its

use in the textile and other industries. There are more
than 1,00,000 commercially available dyes and nearly
7� 105 tones of dyes produced annually. It is esti-
mated that 2% of dyes produced annually are dis-
charged in effluent from manufacturing operations
while 10% is discharged from textile and associated
industries [3].

The dyes are highly hazardous to aquatic systems,
due to their carcinogenic, mutagenic, toxic, and aller-
gic nature. The difficulty of biodegradation of the
dyes is related to their synthetic origin and stable
complex aromatic structures [4]. Methylene blue (MB)
can cause eye burns which may be responsible for
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permanent injury to the eyes of human and animals.
On inhalation, it can give rise to short periods of
rapid or difficult breathing while ingestion through
mouth produces a burning sensation and may cause
nausea, vomiting, profuse sweating, mental confusion,
and methemoglobinemia [5]. MB exhibits several syn-
ergistic modes of actions which enable the dose-limit-
ing neurotoxicity of alkylating chemotherapy with
ifosfamide in cancer patients to be overcome [6].
Therefore, the treatment of effluent containing such
dye is of interest due to its harmful impacts on
receiving waters.

In recent years, processes such as electrochemical,
membrane filtration, biosorption, ion-exchange, photo-
catalytic degradation, coagulation/flocculation, elec-
trocoagulation, ozonation, etc. have been applied. But
it is found that either the method is expensive or do
not eradicate the dye completely. The treatment by
electrochemical or photochemical methods also poses
problems of generation of some toxic by-products or
intermediates [7]. The hunt for a safe, economic, fast,
and most suitable water treatment process finally con-
cluded at adsorption technique and for the last two
decades this technique has established as the most
powerful tool in the water treatment technology.

This study introduces the novel adsorbent Mahog-
any fruit shell (MFS) for removing MB. Mahogany is
having several medicinal uses and very popular for
its wood, as it has been used for preparing number of
stuffs. But its fruit shell is unemployed, so it was
structured as adsorbent to remove MB from aqueous
solutions. The optimum conditions like pH, agitation
period, agitation speed, initial concentration of MB,
etc. were investigated for maximum removal of MB.
The study was extended with applying isotherm and
kinetic well-known models. The results of this study
divulge that, the present adsorbent is effective and
economical for removal of MB dye from aqueous
solution.

2. Experimental

2.1. Preparation of materials

Swietenia mahagoni, known as West Indian or
Indian Mahogany, belongs to Meliaceae family. The
MFS has been employed successfully as adsorbent in
this study without any chemical or physical treatment.
The fruit shells were dried naturally. It was washed
thoroughly under tap water to remove dirt and again
dried in oven at 383K for 24 h, and then cut into small
pieces and again washed. The dried sample was
crushed and at this stage the material was washed till
all coloring contents are removed out which may

interfere into further process. The material was dried
at 383K for 24 h and sieved through BSS 25. The MB
dye stock solution of 1 g/dm3 was prepared with
deionized water. All chemicals used in this study
were of analytical reagent grade and purchased from
S. D. Fine Chem. Ltd, India.

2.2. Batch adsorption experiment

The experiments were carried out by batch adsorp-
tion method. The isotherm study has been done by
varying the initial concentration of the MB from 100
to 700mg/dm3 at constant MFS of 450mg as adsor-
bent. The batch was agitated for 420min on orbital
shaker at constant temperature 299± 2K and at pH of
9 in the Erlenmeyer flasks with 180 rpm as agitation
speed. For the thermodynamic study, temperature
was varied from 303 to 323K. The equilibrium adsorp-
tion capacity of MFS was evaluated.

3. Results and discussion

3.1. Characterization of adsorbent

The characterization of MFS has been done with
Fourier transform infrared spectroscopy (FTIR), scan-
ning electron microscopy (SEM) and C, H, N, S ana-
lyzer. Various properties such as ash content, bulk
density, and moisture content were also determined
which was observed as 2.53%, 0.237 gm/cm3, and
9.92%, respectively.

The FTIR (Perkin–Elmer Spectrum 100) spectrum of
MFS is given in Fig. 1. In the spectrum (Fig. 1), the
value at 3,400 cm�1 has denoted the presence of OH
group, while 2,923 cm�1 corresponds to C–H stretch-
ing. The values at 1,733, 1,626, 1,434, 1,372, 1,250, and

Fig. 1. FTIR spectrum of MFS.
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1,049, 896 cm�1 give the information about the pres-
ence of C=O, N–H bending, –CH2 from cellulose, N=O
symmetric stretching, C–O stretch, and C–H bending
and =C–H bending, respectively. The SEM (JEOL, JSM-
6360) images are shown in Fig. 3(A) before adsorption
and Fig. 3(B) after adsorption. The C, H, N, S elemental
analyzer (Quanta 3D FEI) confirms that the presence of
carbon is maximum amongst all as 60.77% along with
hydrogen and nitrogen 1.76 and 0.57%.

3.2. Analysis of adsorption of MB on MFS

The adsorption of MB on MFS was clearly identi-
fied from Fig. 2, FTIR spectrum of MFS (Fig. 2(A)),
MB (Fig. 2(B)), and MB adsorbed on MFS (Fig. 2(C)).
The major peaks are present from 2000 to 400 cm�1.
The several peaks from MFS and MB are merged or
they are slightly shifted. The peak at 1,736 cm�1 in
Fig. 2(C) is due to C=O which is only present in MFS
(Fig. 2(A)) at 1,733 cm�1. The peak at 1,626 cm�1 is
due to presence of N–H bending present in MFS
(Fig. 2(A)) and 1,601 cm�1 peak from (Fig. 2(B)) MB is
due to C=C group. Both these are merged and show
weak peak at the 1,620 and 1,602 cm�1 and form broad
peak together. The peak at 1,508 cm�1 is due to C=N
stretching from MB in Fig. 2(C) as it shows peak origi-
nally at 1,488 cm�1 in MB (Fig. 2(A)). Peak at
1,383 cm�1 in Fig. 2(C) is due to merging of peak from
both MFS and MB peak at 1,372 and 1,396 cm�1,
respectively but peak at 1,330 cm�1 (Fig. 2(C)) is

shifted from 1,356 cm�1 which indicates C–H bending
in MB (Fig. 2(B)). In case of MFS, peak at 1,250 cm�1

(Fig. 2(A)) is due to C–O stretching which is shifted to
1,248 cm�1 in Fig. 2(C) MB adsorbed on MFS. The
peaks from MB (Fig. 2(B)) at 1,142 and 1,182 cm�1 are
due to merging of C=S stretching with strong peak at
1,048 cm�1 from MFS (Fig. 2(A)), and show broad
peak at 1,051 cm�1 in MB adsorbed on MFS (Fig. 2
(C)). Peak at 886 cm�1 in MB (Fig. 2(B)) is due to C=C
aromatic bending, it slightly shifted at 889 cm�1 in
Fig. 2(C). The FTIR results reveal the adsorption of
MB on MFS. The merging and shifting was already
observed in some reports [8].

In SEM study, the change in surface morphology
was observed. In Fig. 3(A) before adsorption and
Fig. 3(B) after adsorption, it is clearly observed that
the layer of adsorbed dye was formed on surface.
Before adsorption, the MFS surface was very rough
and after adsorption of MB dye appears like forma-
tion of a smooth layer on it. The rough surface is
made from incorporation of various small particles of
MFS adsorbent, as the particles are smaller in size

Fig. 2. FTIR spectrum of (A) MFS, (B) MB, and (C) MB
adsorbed on MFS.

Fig. 3. (A) SEM image before adsorption of MB and (B)
SEM image before adsorption of MB.
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results in larger the surface area which is favorable to
greater the adsorption. Similar observations in case of
SEM are also reported [9].

3.3. Effect of pH and determination of pHZPC

The pH study is important for development of
every successful method. In the present study, pH
was varied from 1 to 11 with 100mg/dm3MB concen-
tration, 450mg MFS, 299± 2K temperature, and agi-
tated at 180 rpm for 420min. The maximum
adsorption was observed above pH 6 (Fig. 4). At pH
6, the MB removal percentage was 98.24% and
amount adsorbed was 10.91mg/g which was
increased up to 99.05% and 11.01mg/g when pH
increases up to 9.0 (Fig. 4). As the maximum removal
was observed at pH 9.0, it was kept constant pH
throughout the study.

The MB adsorption usually increases as the pH is
increased. Lower adsorption of MB at acidic pH is
probably due to the presence of excess H+ ions
competing with the cation groups on the dye for
adsorption sites. At higher pH, the surface of MFS
particles may get negatively charged, which enhances
the adsorption of positively charged dye cations
through electrostatic forces of attraction [10]. The pres-
ent observations are in good agreement with the pre-
vious findings by Cengiz [11].

The determination of point of zero charge (pHZPC)
of MFS was performed according to the solid addition
method [9]. The pHZPC of an adsorbent is a very
important characteristic feature that determines the
pH at which the adsorbent surface has net electrical
neutrality. At this value, the acidic or basic functional
groups no longer contribute to the pH of the solution.
The value of pHZPC observed for this study was 6.44.

When solution pH>pHZPC, the surface of the adsor-
bent gets more negatively charged by loosing protons
and therefore favors uptake of cationic dyes due to
increased electrostatic force of attraction [12]. Thus,
MB adsorption onto MFS was favored at solution pH
higher than 6.44 (pHZPC).

3.4. Effect of time

The effect of agitation period on the removal of
MB by MFS was studied with MB 100mg/dm3 at pH
9. The agitation period was varied from 0 to 600min
at constant temperature. The removal of adsorbate is
rapid in early stages but it gradually slows down until
it reaches the equilibrium. After completion of
120min, more than 67% removal of MB was reported
while it had taken from 240 to 420min for removal of
90 to 99.05% MB. This is due to fact that a large num-
ber of vacant surface sites are available for adsorption
during the initial stage, and after a lapse of time the
remaining vacant surface sites are difficult to be occu-
pied due to repulsive forces between the solute mole-
cules on the solid surface and in bulk phase [9]. The
equilibrium was attained after shaking for 420min.
Once equilibrium was attained, the percentage sorp-
tion of MB did not change with further increases of
time. So, it was assumed that longer treatment might
not have further effect to change the properties of the
adsorbent therefore time of 420min was fixed for fur-
ther study.

3.5. Effect of initial concentration of MB

The amount of MB adsorbed per unit mass of
adsorbent increased with the increase in initial
concentration and percentage removal of MB from
aqueous solution decreased with the increase in initial
concentration (Fig. 5). The amount of MB adsorbed at
equilibrium increased from 11.01 to 50.73mg/g as the
initial concentration increased from 100 to 700mg/
dm3. The initial concentration provides an important
driving force to overcome all mass transfer resistances
of the MB between the aqueous and solid phases.
Hence, a higher initial concentration of dye will
enhance the adsorption process [13]. The effect of ini-
tial concentration was studied at constant parameters
like pH, temperature, agitation speed, time, etc.

3.6. Effect of adsorbent dosage

The effect of adsorbent dosage on the removal of
MB was studied for an initial dye concentration of
100mg/dm3, by varying the adsorbent from 50 to
450mg at temperature 299± 2K and by keeping all

Fig. 4. Effect of pH on removal, % and amount of MB
adsorbed, mg/gMB=100mg/dm3, time= 420min, T= 299
± 2K, MFS= 450mg, agitation speed= 180 rpm.
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other parameters constant. Removal of MB dye was
increased from 5% up to 99.05% with increase in
adsorbent dosage. This may be due to the fact that the
active sites could be effectively utilized when the dos-
age was low (i.e. low ratio of adsorbent/adsorbate).
When the adsorbent dosage is higher (high ratio of
adsorbent /adsorbate), it is more likely that a signifi-
cant portion of the available active sites remains
uncovered, leading to lower specific uptake [12]. The
amount of dye adsorbed per unit mass of adsorbent
decreased with increasing adsorbent mass, due to the
reduction in effective surface area.

3.7. Effect of temperature and agitation speed

The temperature plays a vital role in the adsorp-
tion capacity of adsorbent. The temperature was
increased from 303 to 323K with 5K interval and the
results were showing very much difference in the
adsorption; it was increased from 53.05 to 61.85mg/g.
This indicates that the adsorption reaction was endo-
thermic in nature. The enhancement in the adsorption
capacity may be due to the chemical interaction
between adsorbate and adsorbent, creation of some
new adsorption sites, and the increased rate of
intraparticle diffusion of MB into the pores of the
adsorbent at higher temperatures.

In the batch adsorption systems, agitation speed
plays a significant role in affecting the external bound-
ary film and the distribution of the solute in the bulk
solution. The experiments were carried out by varying
agitation speed from 50 to 240 rpm by keeping all
other conditions constant. With increasing agitation
speed, the amount adsorbed and percentage removal
of MB increased simultaneously. At the 50 rpm,
50.75% removal of MB was observed, which was

increased up to 99.05% with increasing speed of agita-
tion up to 180 rpm. The influence of agitation speed
was negligible after 180 rpm; both amount and per-
centage remains steady so that agitation speed was
decided for further study.

3.8. Adsorption isotherm

Equilibrium studies that give the capacity of the
adsorbent and adsorbate are described by adsorption
isotherms, which is usually the ratio between the
quantity adsorbed and remained in solution at equi-
librium at constant temperature. Several models have
been reported in the literature to describe the experi-
mental data of adsorption isotherms. The Langmuir
and Freundlich are the most frequently employed
models. In this work, both models were used to
describe the relationship between the amount of dye
adsorbed and its equilibrium concentration.

3.9. Langmuir isotherm

The Langmuir adsorption isotherm has been suc-
cessfully applied to many adsorption processes and
has been the most widely used. The Langmuir equa-
tion can be stated as [14],

Ce=Qe ¼ ð1=KLqmÞ þ ð1=qmÞCe ð1Þ

where, KL is the Langmuir equilibrium constant of
adsorption (1/mg), qm is the quantity of adsorbate
required to form a single monolayer, and qe is the
amount adsorbed on unit mass of the solid when the
equilibrium concentration is Ce. A plot of Ce/qe vs. Ce

(Fig. 6) indicates a straight line of slope 1/qm and an
intercept of 1/KLqm.

A further analysis of the Langmuir equation can
be made on the basis of a dimensionless equilibrium
parameter, RL [15] also known as the separation
factor, given by,

RL ¼ 1=ð1þ KLCeÞ ð2Þ

The value of RL lies between 0 and 1 for favor-
able adsorption, while RL > 1 represents unfavorable
adsorption, and RL = 1 represents linear adsorption
while the adsorption process is irreversible if
RL = 0.

The essential characteristic of a Langmuir iso-
therm, related to the isotherm shape, can be expressed
in terms of a dimensionless constant separation factor,
also called the equilibrium parameter RL. The adsorp-
tion of MB on MFS follows the Langmuir isotherm
model for metal adsorption. The values of qm and KL

Fig. 5. Effect of concentration of MB on amount adsorbed,
mg/g and removal, % of MB time= 420min, pH=9,
T= 299± 2K, MFS= 450mg, agitation speed= 180 rpm.
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were evaluated and given in Table 1. The dimension-
less parameter RL between 0.039 and 0.913 is consis-
tent with favorable adsorption. The high value of
correlation coefficient R2 indicates a good agreement
between the parameters and confirms the monolayer
adsorption of MB on the adsorbent surface.

3.10. Freundlich isotherm

The Freundlich isotherm assumes that the adsorp-
tion occurs on heterogeneous surface at sites with dif-
ferent energy of adsorption and with non-identical
adsorption sites that are not always available. The log-
arithmic form of the Freundlich isotherm equation is
given as [16],

log qe ¼ logKf þ 1=n logCe ð3Þ

where, qe is the amount adsorbed (mg/g), Ce is the
equilibrium concentration of the adsorbate (mg/L),
and Kf and n are Freundlich constants related to the
adsorption capacity and adsorption intensity,
respectively. The Freundlich constants are given in
Table 1 and from the result it may concluded that the
Langmuir isotherm model fits better than the
Freundlich isotherm model.

3.11. Temkin model

Temkin and Pyzhev considered the effects of indi-
rect adsorbate–adsorbate interactions on adsorption
isotherms. The heat of adsorption of all the molecules
in the layer would decrease linearly with coverage
due to adsorbate–adsorbate interactions [9]. The Tem-
kin isotherm has been used in the form as follows:

qe ¼ ðRT=bÞ lnðKTCeÞ ð4Þ

It can be expressed in its linear form as,

qe ¼ B lnðKT þ B lnCeÞ ð5Þ

where,

B ¼ ðRT=bÞ ð6Þ

The adsorption data were analyzed according to
Equation (5). A plot of qe vs. ln Ce yielded a linear
line, as shown in Fig. 7 enables the determination of
the isotherm constants KT and B. KT is the Temkin
equilibrium binding constant (L/mg) corresponding
to the maximum binding energy and constant B is
related to heat of adsorption. The constants KT and B
together with the R2 values are shown in Table 1.
From Table 1, the Langmuir adsorption isotherm
model yielded best fit as indicated by the highest R2

values compared to the other two models.

3.12. Adsorption kinetics

The experiments were carried out at constant tem-
perature as well as speed and pH. Amount of adsorp-
tion of MB on MFS was studied at various time
intervals from 0 to 420min. In order to investigate the
mechanism of adsorption on MFS, kinetic model has
been used to identify the possible mechanisms of such
adsorption process. In this study, pseudo-first- and
pseudo-second-order kinetic models have been pro-
posed to elucidate the mechanism of adsorption
depending on the characteristics of the adsorbent.

The following pseudo-first-order equation is used
for it is simple and easy for graphical presentation
[17]:

Table 1
Langmuir, Freundlich, and Temkin constant for the adsorption of MB on MFS

Langmuir constants Freundlich constants Temkin constants

qm (mg/g) KL (1/mg) R2 Kf n R2 KT (L/g) B R2

51.81 0.101 0.997 12.72 3.556 0.964 2.941 7.884 0.981

Fig. 6. Langmuir isotherm for adsorption of MB on MFS
time= 420min, pH=9, T= 299± 2K, MFS= 450mg,
agitation speed= 180 rpm.
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log ðqe � qtÞ ¼ log qe � k1t=2:303 ð7Þ

where qe and qt are the amount of solute adsorbed
(mg/g) at equilibrium and at time t (min), respec-
tively, and k1 is the rate constant of the pseudo-first-
order adsorption process. The k1 and qe value for the
initial concentration of 100mg/dm3 are given in
Table 2, which are not promising as compare with
true value.

The corresponding pseudo-second-order rate
equation [18] is,

t=qt ¼ 1=k2q
2
e þ t=qe ð8Þ

where k2 is the rate constant for pseudo-second-order
adsorption. The pseudo-second-order rate equation is
used to study the adsorption of MB on MFS. The rate
parameters k2 and qe can be directly obtained from the
intercept and slope of the plot of t/qt vs. t (Fig. 8).
The values obtained graphically for pseudo-first- and
pseudo-second-order models are listed in Table 2. The
results show that the pseudo-second-order model pro-
vided a better approximation to the experimental
kinetic data than the pseudo-first-order model.

3.13. Intraparticle diffusion study

The adsorbate species are most probably trans-
ported from the bulk of the solution in to the solid
phase through intraparticle diffusion process, which is
often the rate-limiting step in many adsorption pro-
cesses. The possibility of intraparticle diffusion was
explored by using the intraparticle diffusion model
[19].

The intraparticle diffusion varies with square root
of time [20],

qt ¼ kidt
1=2 þ c ð9Þ

where c is constant and kid is the intraparticle diffu-
sion rate constant (mg/g min1/2), qt is the amount
adsorbed at a time (mg/g), and t is the time (min).
The intraparticle diffusion rate constant (kid) was
determined and tabulated in Table 2.

The adsorption of MB on MFS adsorbent was a
multi-step process, involving adsorption on the exter-
nal surface and diffusion into the interior. All the steps
slow down as the system approaches equilibrium. If
the steps are independent of one another, the plot of qt

Table 2
Kinetic parameters for the adsorption of MB on MFS

Pseudo first order Pseudo second order Intraparticle diffusion
equation

qe exp.(mg/g) k1� 10�3 (min�1) qe calc. (mg/g) R2 k2� 10�3 qe calc. (mg/g) R2 kid (mg g�1 min�1) R2

11.01 6.40 17.02 0.932 6.26 12.64 0.991 0.512 0.942

Fig. 8. Pseudo-second order plot for adsorption of MB on
MFS MB=100mg/dm3, pH=9, T=299 ± 2K, MFS=450mg,
agitation speed= 180 rpm.

Fig. 7. Temkin isotherm for adsorption of MB on MFS
time= 420min, pH=9, T= 299± 2K, MFS= 450mg,
agitation speed= 180 rpm.

A.S. Sartape et al. / Desalination and Water Treatment 53 (2015) 99–108 105



vs. t1/2 usually shows two or more intersecting lines
depending on the exact mechanism, the first one of
these lines representing surface adsorption and the sec-
ond line shows intraparticle diffusion. The absence of
such features in the plots of the present work indicated
that the steps were indistinguishable from one another
and that the intraparticle diffusion was a prominent
process right from the beginning of dye-solid interac-
tion. If the uptake of the adsorbate varies with the
square root of time, intraparticle diffusion can be taken
as the rate-limiting step. If the qt vs. t1/2 plots pass
through the origin then intraparticle diffusion is the
sole rate-limiting step [21]. Since this was also not the
case in the present work it may be concluded that, sur-
face adsorption and intraparticle diffusion were con-
currently operating during the MB–MFS interactions.

3.14. Adsorption thermodynamics

The thermodynamic parameters such as standard
Gibb’s energy (DG�), standard enthalpy (DH˚), and
standard entropy (DS˚) were determined at 700mg/
dm3 MB concentration by keeping all other parame-
ters constant

The standard Gibb’s energy is given by equation,

�Go ¼ �RT lnKc ð10Þ

The equilibrium constant Kc was evaluated at each
temperature using the following relationship. Other
thermodynamic parameters such as change in stan-
dard enthalpy (DH�) and standard entropy (DS�) were
determined using the equation [22],

lnKc ¼ �So=R��Ho=RT ð11Þ

As the temperature increases from 303 to 323K
showed decrease in standard free energy change (DG˚)
from �3.938 to �4.611 kJ/mol. Negative values of DG˚
indicated the feasibility of the process and spontane-
ous nature of the adsorption with a high performance
of MB for MFS. Positive value 0.746 kJ/mol of
standard enthalpy change (DH˚) indicated the endo-
thermic nature of the process, while positive value
4.034 J/mol k of standard entropy change (DS˚)
reflected the affinity of the adsorbents for the MB.

4. Comparison of adsorption capacity of MFS with
other adsorbents

The developed MFS adsorbent MB removal capacity
was compared with reported adsorbents (Table 3) and
it was observed that, MFS has great adsorption
capacity.

5. Conclusions

In the present research, the adsorptive removal of
MB from aqueous solution was investigated by using
a MFS which is one of the most promising adsorbent

Table 3
Comparison of adsorption capacity of MFS with other
adsorbents

Adsorbent qm (mg/g) Reference

Parthenium hysterophorus 39.68 [8]

C. racemosa var. cylindracea 5.23 [11]

Natural zeolite 16.37 [16]

Amberlite XAD-2 16.8 [18]

Neem tree 8.76 [21]

Raw kaolin 27.49 [23]

Calcined raw kaolin 13.44 [23]

Gypsum 36 [24]

Fe(III)/Cr(III) hydroxide 22.8 [25]

Polyacrylic acid-bound iron oxide
magnetic nanoparticles

0.199 [26]

Multiwalled carbon nanotubes
containing oxygen

0.85% 61.10 [27]

2.16% 36.62 [27]

7.07% 25.62 [27]

Silica nanosheets 11.77 [28]

Oil palm wood activated carbon 90.9 [29]

Sunflower oil cake activated
carbon

10.21 [30]

Impregnation with 0.85 H2SO4 16.43 [30]

Impregnation with 1.90 H2SO4 15.798 [30]

Straw carbon 42.60 [31]

Rice husk carbon 37.57 [31]

Groundnut shell carbon 7.50 [31]

Coconut shell carbon 8.16 [31]

Bamboo dust carbon 7.20 [31]

Activated coir pith carbon 5.87 [32]

Cotton stalk 4.52 [33]

Cotton dust 8.33 [33]

Cotton waste 9.75 [33]

Rice husk ash 18.15 [34]

Spent coffee grounds residue 18.70 [35]

Ricinus communis activated carbon 7.7 [36]

Agar 12.8 [37]

Rice husk activated carbon 9.73 [38]

Biochar wheat straw 12.03 [39]

Residue biochar 16.75 [40]

Oyster shell 0.084 [41]

Hard clam shell 0.060 [41]

Short-neck clam shell 0.893 [41]

MFS 51.81 Present
work
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due to its low cost and easy availability. One of the
essential features of this study was to use the adsor-
bent without any previous activation treatment which
has the preparation cost nearly zero. The adsorption
properties of MFS were studied, which suggests that
it showed excellent adsorption capacity at pH 9. The
removal of MB was possible by MFS up to 99.05%
when concentration of the dye was 100mg/dm3. The
study was evaluated with isotherm models amongst
them, Langmuir adsorption was fitted better than oth-
ers. The kinetic study had shown that, the pseudo-sec-
ond order is more suitable than pseudo-first order.
The process is endothermic and spontaneous, and
evaluated thermodynamic parameters such as DG˚,
DH˚, and DS˚ which supports the favorable adsorp-
tion. Finally, it is concluded that the MFS is inexpen-
sive, effective adsorbent to remove MB from aqueous
solutions. It is useful for wastewater treatment.
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