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ABSTRACT

In this work, the adsorption potential of sawdust of Swietenia mahagoni to remove Basic
Violet 10 (BV10) from aqueous solutions was investigated by batch adsorption system. The
adsorbent was characterized by Fourier transform infrared spectrophotometer, scanning elec-
tron microscope, particle size distribution, and Brunauer, Emmett, and Teller methods. The
effect of various experimental parameters such as pH, initial dye concentration, adsorbent
concentration, and temperature on adsorption of BV10 was investigated. The optimum pH
for BV10 adsorption was found to be 4.2. Equilibrium adsorption data were analyzed by the
Langmuir, Freundlich, Temkin, and Scatchard isotherm models. The results show that the
best fit was achieved with the Langmuir isotherm with a maximum adsorption capacity of
222.76 mg g−1 at 50˚C. Pseudo-first-order, pseudo-second-order, intraparticle diffusion, and
Elovich models were used to analyze the kinetic data obtained at different BV10 concentra-
tions. The adsorption kinetic data were well described by the pseudo-second-order model.
The calculated thermodynamic parameters, namely ΔG˚, ΔH˚, and ΔS˚, showed that adsorp-
tion of BV10 was spontaneous and endothermic under examined conditions.
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1. Introduction

Industrial wastewater usually contains a variety of
organic compounds and toxic substances that are
harmful to fish and other aquatic life [1]. During tex-
tile processing, large numbers of chemically different
dyes appear in the form of wastewater and are
directly discharged into the surrounding environment
[2]. Dyes are usually of synthetic origin with complex
aromatic molecular structures, which make them very
stable, resistant to fading, and difficult to biodegrade
[3]. As hazardous pollutants, they pose ecological risks
and are toxic to aquatic life if discharged directly into

receiving waters. They may be mutagenic and carcino-
genic, and can cause a severe health hazard to human
beings, such as dysfunction of kidneys, reproductive
system, liver, brain, and central nervous system, and
thus should be treated before discharging into the
receiving body of water [4].

Today, there are more than 10,000 dyes with different
chemical structures available commercially. Dyes are
generally classified as anionic, cationic, and non-ionic
depending on the ionic charge on the dye molecules.
Among them, the cationic dyes are more toxic compared
to anionic dyes, and their tinctorial values are very high
(less than 1.0mgL−1) [5]. Basic dyes are a group of
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water-soluble cationic dyes that are employed in leather,
paper preparing, printing, and textile fibers dyeing [6].

Among a number of physicochemical dye treat-
ment available, the adsorption technique has been pro-
ven to be one of the most promising for the removal
of dyes from aqueous effluents. Activated carbon is
one of the main adsorbents used to remove dyes from
wastewater because of its good adsorption ability [7].
Activated carbon is the most widely used adsorbent
for dye removal, but it is too expensive [8]. Various
workers have been applied to remove basic dye such
as palm kernel fiber [9], raw and pre-treated bentonite
surfaces [10], succinylated sugarcane bagasse [11],
Hevea brasiliensis seed coat [12], and bentonite [13].

The plant Swietenia mahagoni (L.) is a beautiful, lofty,
evergreen large tree, 30–40m high and 3–4m in girth
[14]. In the present study, the removal of Basic Violet
10 (BV10) was investigated in a batch system using
sawdust of S. mahagoni as adsorbent. The effect of solu-
tion pH, adsorbent dosage, initial dye concentration,
and temperature on BV10 removal was also studied.
The adsorption isotherms, thermodynamics, and kinet-
ics for both adsorbents were measured. Equilibrium
data were fitted to Langmuir, Freundlich, Temkin, and
Scathcard equations to determine the correlation
between the isotherm models and experimental data.

2. Materials and methods

2.1. Adsorbate

BV10 dye, supplied from Fluka, was used without
further purification. The chemical structure of BV10 is
shown in Fig. 1. BV10 is CI = 45,170, chemical
formula C28H31ClN2O3, FW = 479.02 gmol− 1 [15], and
λmax = 553 nm. Stock dye solutions (1,000mg L−1) were
prepared by dissolving 1 g of BV10 in 1 L of distilled
water. Experimental solutions of desired concentration
were obtained by further dilution. The spectrum of
the BV10 at different dye concentrations shows an
absorption peak at 553 nm as shown in Fig. 2.

2.2. Adsorbent and its characterization

Sawdust of S. mahagoni (mahogany trees) was
obtained from a furniture factory. It was used directly
for adsorption experiments without any treatment.
Fourier transform infrared (FTIR) spectra were mea-
sured using Perkin–Elmer Spectrum One model FTIR
spectrometer. The particle size distributions (PSD) of
the solid samples were determined using a Malvern
Mastersizer 2000 particle analyzer. The specific sur-
face area and average pore size of the manure ash
samples were analyzed by the Brunauer, Emmett,
and Teller (BET) and BJH methods, respectively. The
determinations of the surface area and pore size were
based on isotherms of adsorption and desorption of
nitrogen at 77 ± 0.5 K using a Gemini V2.00 Surface
Analyzer (Micromeritics, USA). Before measurements,
moisture and gases such as nitrogen and oxygen that
were adsorbed on the solid surface or held in the
open pores were removed under reduced pressure at
423 K for 7 h. Scanning electron microscopy was
performed using a FEI model QUANTA FEG 450
instrument.

2.3. Batch adsorption studies

Adsorption studies were performed by the batch
technique to obtain equilibrium data. Experiments
were conducted in 250mL erlenmeyer flasks contain-
ing known BV10 synthetic solutions. Flasks were agi-
tated on a shaker at 240 rpm constant shaking rate for
160min to ensure equilibrium was reached. The
sample solutions were filtered at equilibrium using
0.45 μm filter paper to determine the residual concen-
trations. The residual concentration of the dye in the
solution at different times of sampling was deter-
mined by UV–visible spectroscopy.Fig. 1. Chemical structure of BV10 [16].
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Fig. 2. UV–vis absorption spectrum of BV10.
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3. Results and discussion

3.1. Characteristics of the adsorbents

3.1.1. FTIR of sawdust of S. mahagoni

The BV10 adsorption onto sawdust of S. mahagoni
is attributable to the functional groups and bonds pre-
sent on them. In order to investigate the surface differ-
ence of adsorbent after and before adsorption, FTIR

analyses were carried out in the range 400–4,000 cm−1.
Fig. 3 shows the infrared spectra of sawdust of
S. mahagoni before and after BV10 adsorption. In FTIR
spectra, the region between 3,200 cm−1 and 3,600 cm−1

showed a broad and strong band stretch, indicative of
the presence of –NH2 groups and free or hydrogen
bonded O–H groups [17], indicating the presence of
both surface-free hydroxyl groups and chemisorbed

Fig. 3. FTIR spectra of sawdust of S. mahagoni: Initial sample before adsorption (a) and after adsorption (b) with BV10.
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water on the adsorbent [18]. The absorption bands
around 2,800 cm−1 were characteristic symmetric and
asymmetric –CH2 vibrations of sawdust of S. mahagoni
[19]. The band observed at 1,738 cm−1 is relative to the
carbonyl group (C=O) of carboxylic acid or ester [20].
The 1,738–1,508 cm−1 bands are associated with C=O
stretching and C=C bonds, whereas the 1,424–1033
cm−1 band was assigned to the C–O and O–H bending
modes [21] and the peaks shifted to 1,628–1,488 cm−1

and 1,420–1,056 cm−1 after the adsorption of BV10,
respectively. The peak around 559 cm−1 corresponds
to the –CN stretching [22]. There were clear band
shifts and intensity decreases of the band at 1,738,
1,628, and 1,508 cm−1. As shown in Fig. 3, the spectral
analysis before and after BV10 adsorption indicated
that O–H groups, –NH2 groups, C–O and C=O
stretching, C=C bonds, and –CN stretching were
especially involved in dye adsorption.

3.1.2. Scanning electron microscope (SEM) of sawdust
of S. mahagoni

Morphological differences between adsorbent
before and after dye adsorption were examined by
SEM techniques. In the present study, SEM pho-
tographs of sawdust of S. mahagoni reveal surface tex-
ture and porosity. The images showed clearly that, on
the sample surfaces after adsorption, many grains of
the dye ions accumulated on the surfaces of the sam-
ples but not deep within the pores as expected. Also,
this figure reveals that the surface of sawdust of S.
mahagoni is a rough surface. After dye adsorption, a

significant change is observed in structure of the
adsorbent Fig. 4(b) as a result of BV10 adsorption.

3.1.3. BET of sawdust of S. mahagoni

Fig. 5 displays nitrogen adsorption–desorption iso-
therms for pure sawdust of S. mahagoni and identified
as the IV type isotherms according to Brunauer’s
classification [23]. Isotherms of sawdust are of IV type,
which indicates the presence of mesopores. The hys-
teresis loop of the sample is of H4 type. Type H4

Fig. 4. SEM images of sawdust of S. mahagoni before (a) and after (b) dye adsorption.
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Fig. 5. N2 adsorption–desorption isotherm and pore size
distribution from BJH method of sawdust of S. mahagoni.
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loops feature both parallel and almost horizontal
branches. This occurrence has been attributed to
adsorption–desorption in narrow slit-like pores [24].
Also, the pore size distribution from BJH method

revealed mesoporosity (in Fig. 5). The classifications of
pore sizes for micropores of less than 2 nm, mesopores
(between 2 and 50 nm), and macropores (larger than
50 nm) were made [25]. The most probable pore size

0

0.001

0.002

0.003

0.004

0.005

t-Plot 
micropore 

volume

Vo
lu

m
e 

of
 p

or
es

 (c
m

3 /g
)

After adsorption BV10

After adsorption BV10
Before adsorption BV10

0

1

2

3

Single point
surface 
area at 
p/p0

BET surface
area

Langmuir
surface 

area

t-Plot 
Micropore 

Area

t-plot 
external 
surface 

area

BJH 
adsorption 
cumulative 

surface 
area of 
pores  

BJH 
desorption 
cumulative 

surface 
area of 
pores

Su
rf

ac
e 

Ar
ea

 (m
2 /g

)

(a)

(b)
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was about 10–40 nm, according to Fig. 5, therefore it
was regarded as a mesoporous material of sawdust of
S. mahagoni.

According to Fig. 6(b), before BV10 adsorption, the
specific BET and Langmuir surface area of sawdust of
S. mahagoni was found to be 2.0686 m g−1 and 2.9282
m g−1 with corresponding total pore volume of
0.004957 cm g−1 (P/P0 = 0.98). Micropore volume and
micropore surface area were calculated using the
t-plot method. The micropore surface area, calculated
by the t-plot method, was 0.4682m g−1 for sawdust.

Also, for sawdust of S. mahagoni, BJH adsorption/
desorption surface area of pores is 0.611/0.7037 m2g−1

and cumulative adsorption/desorption pore volume
of the pores is 0.004068/0.004962 cm3g−1, respectively.

As seen in Fig. 6(a) and (b), values of pore volume
and surface area after BV10 dye adsorption were
decreased. This situation is due to the attachment of
dye molecules into pores and BV10 adsorption
occurring.

3.1.4. PSD of sawdust of S. mahagoni

Particle size distribution of sawdust of S. mahagoni
shows a satisfactory bell-shaped distribution curve
(Fig. 7). The particle size distribution analysis shows
that the sizes of sawdust particles are in the range of
10–800 μm. Before BV10 adsorption, the sample con-
tains 10% particles of diameters smaller than
109.129 μm, 50% particles of diameters smaller than
267.824 μm and 90% particles of diameters smaller
than 537.398 μm. The mean diameter of its particles in
the whole sample volume (D[3,4]) is 298.354 μm. After
BV10 adsorption, the sample contains 10% particles of
diameters smaller than 119.782 μm, 50% particles of
diameters smaller than 267.534 μm and 90% particles
of diameters smaller than 531.238 μm. The mean
diameter of its particles in the whole sample volume
(D[3,4]) is 299.353 μm.

3.2. Effect of initial BV10 concentration on adsorption by
sawdust of S. mahagoni

The initial dye concentration provides an important
driving force to overcome all mass-transfer resistances
of dyes between the aqueous and solid phases [7]. The
adsorption of BV10 onto sawdust of S. mahagoni at
various initial dye concentrations (75–170mg L−1) was
studied as a function of contact time in order to deter-
mine the necessary adsorption equilibrium time. Fig. 8
shows the effect of contact time and initial BV10 con-
centration on adsorption sawdust of S. mahagoni. As
shown in Fig. 8, adsorption at different initial BV10

concentrations is rapid at the initial stages and then
gradually decreases with the progress of adsorption
until the equilibrium is reached. For the adsorption
experiments, an equilibrium time of 160min was con-
sidered to be optimum. The rapid adsorption at the
initial contact time is due to the availability of the
negatively charged surface of adsorbent which led to
fast electrostatic adsorption of the cationic dye mole-
cules from the solution. Afterwards with the gradual
occupancy of these sites, the adsorption became less
efficient and dye needed to diffuse to the sorbent
surface [26].

It was observed that the removal of BV10 increased
with decreases in initial dye concentration. The resid-
ual dye concentration (Ck) increased from 27 to 100
mg L−1 when the initial BV10 concentration increased
from 75 to 170mg L−1 at room temperature. Contrar-
ily, the dye removal decreased from 63.86 to 40.93%
when the initial BV10 concentration increased from 75
to 170mg L−1 at room temperature.

3.3. Effect of solution pH on adsorption by sawdust of S.
mahagoni

The pH of the dye solution is an important factor for
the sorption capacity of sorbate molecule due to its
influence on both characteristics of sorbent surface and
ionization of the dyestuff molecule [27]. The effect of
solution pH on the BV10 removal was studied at differ-
ent initial pH values (2.5–6.0) and is shown in Fig. 9 as
decrease in absorbance. As shown in Fig. 9, the most
decrease in absorbance of 100mg L−1 BV10 concentra-
tions was obtained at natural pH. Also, the percentages
of dye removal by sawdust of S. mahagoni were found
to be 54, 50.8, 59.2, 45.7, and 54.2% at pH of 2.5, 3.5, 4.2,
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5.0, and 6.0, respectively. According to the results, pH
4.2 (natural pH of adsorbent) was chosen as the opti-
mum pH for removal of BV10 for further experiments.

3.4. Effect of adsorbent concentration on adsorption by
sawdust of S. mahagoni

One of the parameters that strongly affects sorption
capacity is the quantity of contacting sorbent in the liq-
uid phase [28]. Fig. 10 shows the effect of adsorbent
dose on the percentage removal of BV10 by sawdust of
S. mahagoni as adsorbent. This figure reveals that the
removal of BV10 increased up to a certain adsorbent
dosage and then decreased. An increase in adsorption
with adsorbent dosage can be attributed to increased
surface area and the availability of more adsorption
sites [29]. The percentage of BV10 removal increased
from 33.4 to 59.2% as the adsorbent dose increased
from 0.5 to 1.0 g L−1 and then when adsorbent dosage
was 1.5 mg L−1, percentage of BV10 removal decreased
to a value of 41%. The reason for this is the increase of
adsorbent dosage may be attributed to saturation of
adsorption sites due to particulate interaction such as
aggregation. Such aggregation would lead to a
decrease in total surface area of the adsorbent and
increase in diffusional path length [30]. Also, adsorp-
tion capacity of BV10 increased from 39.33 to 133.2 mg
g−1 with the decreasing sawdust of S. mahagoni concen-
tration from 1.5 to 0.5 g L−1. Therefore, the adsorbent
dose was fixed at 0.5 g L−1 at all experiments.

3.5. Effect of temperature on adsorption by sawdust of S.
mahagoni

The effects of temperature on adsorption and
removal of BV10 were studied at 20, 30, 40, and 50˚C
and sawdust of S. mahagoni showed maximum dye

adsorption at 50˚C and the least adsorption at 20˚C.
An increase in the BV10 adsorption capacity and
removal occurred when the temperature increased
(Fig. 11). This may be due to the higher rate of diffu-
sion of BV10 onto the adsorbent surface particle at
higher temperatures [3]. It can be seen that there is a
marked increase from 110 to 169.66mg g−1 in the
adsorption capacity of BV10 as temperature increases,
indicating the endothermic nature of the adsorption
reaction of BV10 onto sawdust of S. mahagoni [4].

3.6. Adsorption equilibrium studies

Equilibrium data, commonly known as adsorption
isotherms, describe how the adsorbate interacts with
adsorbents, and give a comprehensive understanding
of the nature of interaction. It is basically important to
optimize the design of an adsorption system [4]. The
parameters and correlation coefficients obtained from
the plots of Freundlich (ln qe vs. lnCe), Langmuir (Ce/qe
vs. Ce), Temkin (qe vs. ln Ce), and Scatchard isotherms
(qe/Ce vs. qe) at different temperatures are listed in
Table 1.

As shown in Table 1, the Langmuir isotherm
model fitted better with higher R2 values compared to
the other isotherm models. Conformation of the
experimental data into Langmuir isotherm equation
indicated the homogeneous nature of sawdust of S.
mahagoni surface, i.e. each dye molecule/sawdust
adsorption had equal adsorption activation energy.
Additionally, the results demonstrated the formation
of monolayer coverage of dye molecule at the outer
surface of sawdust of S. mahagoni [31].

Fig. 10. Effect of adsorbent dosage on the adsorption by
sawdust of S. mahagoni.
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In the Freundlich adsorption isotherm, the value of
KF increased with temperature, indicating that adsorp-
tion capacity increases with temperature. As can be
further seen from Table 1, the values of Qo and KF

increased with temperature, indicating that the
adsorption process was endothermic in nature. The
maximum adsorption capacity based on the Langmuir
isotherm was 222.76mg g−1 at 50˚C. The maximum
adsorption capacity was found to increase from 6.43
to 222.76mg g−1 for an increase in the solution tem-
peratures from 25 to 45˚C.

The essential characteristics of the Langmuir iso-
therm may be expressed in terms of dimensionless
separation parameters RL, which is indicative of the
isotherm shape that predicts whether an adsorption
system is favorable or unfavorable. RL is defined as
(Eq. (1)):

RL ¼ 1

1þ KC0
(1)

where KL and Co are the Langmuir constant and initial
BV10 concentration, respectively [1]. The RL value
indicates the type of the isotherm to be either favor-
able (0 < RL < 1), unfavorable (RL > 1), linear (RL = 1),
or irreversible (RL = 0) [15]. As shown in Fig. 12, RL

values were in the range of 0.0052–0.2367 indicating
that the adsorption was favorable.

The Temkin isotherm constant in Table 1 shows that
the heat of adsorption (B) increases with increasing

temperature, indicating endothermic adsorption. The
shape of the Scatchard plot is related to the type of the
interactions of adsorbate with adsorbent.

3.7. Adsorption kinetics

In order to analyze the adsorption kinetics of
BV10, the pseudo-first-order, pseudo-second-order,
intraparticle diffusion, and Elovich models were
applied to experimental data. The values of constants
obtained from kinetics are given in Table 2.

Table 1
Isotherm constants for BV10 adsorption on sawdust of S. mahagoni at different temperatures

Type 20˚C 30˚C 40˚C 50˚C

Ce

qe
¼ 1

Q0K
þ Ce

Q0

Langmuir isotherm

Q0 (mg g−1) 6.43 178.57 212.22 222.76
K (Lg−1) 1.135 0.052 0.043 0.083
R2 0.9923 0.9657 0.9161 0.9604

ln qe ¼ lnKf þ 1

n
Ce Freundlich isotherm

KF (Lg−1) 90.90 94.81 98.03 117.97
n 357.14 196.08 129.87 158.73
R2 0.9505 0.9397 0.8251 0.7714

qe ¼ B lnAþ B lnCe Temkin isotherm
B 18.12 29.87 33.28 37.93
A (Lg−1) 7.28 1.47 1.03 3.07
R2 0.9719 0.8177 0.6984 0.7520

qe
Ce

¼ KsQs � Ksqe
Scatchard isotherm

Ks (Lmg−1) 0.0925 0.0573 0.0392 0.0877
Qs (mg g−1) 131.81 176.77 234.81 213.55
R2 0.9261 0.5843 0.5337 0.5366
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Fig. 12. RL values at different temperatures relating to the
initial BV10 concentrations.
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Linear form of pseudo-first-order kinetic equation
is expressed as (Eq. (2)):

log qe � qtð Þ ¼ log qe � k1
2:303

t (2)

where qe (mg g−1) is the amount of dye adsorbed at
the point of equilibrium, qt (mg g−1) is the amount of
dye adsorbed at time t, and k1 (1 min−1) is the rate
constant which can be calculated from the straight line
plot of log (qe – qt) vs. time [2] (in Fig. 13).

Linear form of pseudo-second-order kinetic
equation is expressed as (Eq. (3)):

t

qt
¼ 1

k2q2e
þ 1

qe
t (3)

Equilibrium adsorption capacity qe and second-order
constants k2 can be determined experimentally from the
slope and intercept of plot t/qt vs. t [32] (in Fig. 14).

Since the above kinetic models cannot describe the
intraparticle diffusion, the intraparticle mass-transfer
diffusion model was studied. It is described using the
following (Eq. (4)):

qt ¼ kit
1=2 þ C (4)

where ki (mg/gmin1/2) is the intraparticle diffusion
rate constant and C (mg g−1) is the intercept [33] (in
Fig. 15). When C = 0, the adsorption kinetics are con-
trolled only by intraparticle diffusion. If C ≠ 0, the
adsorption process is quite complex [34].

The Elovich equation generally used is expressed
as [35]:

qt ¼ 1

b
ln abð Þ þ 1

b
ln t (5)

where qt (mg g−1) is the amount of dye adsorbed at time
t (min) and a and b are the constants. The chemical
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Fig. 13. Pseudo-first-order kinetic models for BV10 adsorption on sawdust of S. mahagoni at different initial dye
concentrations and temperatures.
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significance of Fig. 16 shows the plot qt vs. ln t having
slope 1/b and intercept [(1/b) ln (ab)].

As shown in Table 2, the correlation coefficients
for BV10 were very low (0.4947–0.97789 and the calcu-
lated equilibrium adsorption capacity (qe,cal) does not
agree with the experimental values (qe,exp). This indi-
cates that the adsorption of BV10 onto sawdust of S.
mahagoni is not an ideal pseudo-first-order reaction.

The qe,exp and the qe,cal values from the pseudo-
second-order kinetic model are very close to each
other (Table 2). The calculated correlation coefficients
(R2 ~ 0.99) are also close to unity for pseudo-second-
order kinetic than those for the pseudo-first-order
kinetic model. Therefore, the adsorption can be
approximated more appropriately by pseudo-second-
order kinetic model than other studied kinetic models.
The pseudo-second-order model is based on the
assumption that the rate-determining step may be a
chemical sorption involving valence forces through
sharing or exchange of electrons between adsorbent
and sorbate [36].

Values of intercept, C, give an idea about the thick-
ness of boundary layer, i.e. the larger the intercept,
the greater is the boundary layer effect [31]. The
deviation of the straight lines from the origin, as
shown in the figure, may be because of the difference
between the rate of mass transfer in the initial and
final steps of adsorption. Furthermore, such deviated
straight line from the origin indicates that the pore
diffusion is not the sole rate-controlling step [1]. From
Fig. 15, it may be seen that there are two separate
regions; the first portion is attributed to the bulk diffu-
sion and the second portion to intraparticle diffusion.

Based on linear regression (R2) values, the kinetics
of BV10 onto sawdust of S. mahagoni can be described
well by pseudo-second-order > Elovich > Intraparticle
diffusion > pseudo-first-order equation.

3.8. Activation energy and thermodynamic parameters

Represented in Table 2, the pseudo-second-order
rate constant k2, the activation energy Ea for adsorption
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Fig. 14. Pseudo-second-order kinetic models for BV10 adsorption on sawdust of S. mahagoni at different initial dye
concentrations and temperatures.
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of BV10 onto sawdust of S. mahagoni was determined
using the Arrhenius equation.

ln k2 ¼ lnA� Ea

RT
(6)

In Eq. (6), Ea is the Arrhenius activation energy (kJ
mol−1), A the Arrhenius factor, R the gas constant
(8.314 J mol−1 K) and T is the solution temperature in
Kelvin [26]. By plotting ln k2 vs. 1/T, Ea was obtained
from the slope of the linear plot and was estimated to
be around 20.97 kJ mol−1.

Generally, low-activation energies (5–40 kJ mol−1)
are characteristic of physical adsorption, while high
ones (40–800 kJ mol−1) suggest chemisorptions [37].
The value of activation energy (52.15 kJ mol−1) shows
that the adsorption of BV10 onto sawdust of S.
mahagoni was a physisorption process.

The thermodynamic parameters of processes such
as enthalpy (ΔH˚), entropy (ΔS˚), and free energy
(ΔG˚) of dye adsorption on modified sawdust of

S. mahagoni were calculated by using the following
Eqs. (7)–(9) [38]:

KD ¼ amount of dye in adsorbent

amount of dye in solution
¼ V

W
(7)

DG
� ¼ �RT lnK (8)

where ΔG˚ is standard free energy change (J), R the
universal gas constant, 8.314 kJ mol−1, and the abso-
lute temperature (K).

DG
� ¼ DH

� � TDS
�

(9)

The plot of ΔG˚ as a function of T (Fig. 18) a straight
line from which ΔH˚ and ΔS˚ can be calculated from
the slope and intercept, respectively.

As shown in Table 3, the negative values of
ΔG˚ indicate that the adsorption of BV10 on the
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Fig. 15. Intraparticle diffusion kinetic models for BV10 adsorption on sawdust of S. mahagoni at different initial dye con-
centrations and temperatures.
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sawdust is spontaneous. The magnitude of enthalpy
is consistent with a physical interaction of an adsor-
bent with an adsorbate. The enthalpy changes (ΔH˚)

indicate that adsorption followed endothermic
processes [39]. The positive value of ΔS˚ indicated
an increase in randomness at the solid/solution
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Fig. 16. Elovich equation for BV10 adsorption on sawdust of S. mahagoni at different initial dye concentrations and tem-
peratures.
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interface after BV10 adsorption on sawdust of
S. mahagoni [40].

4. Conclusion

In the present study, sawdust of S. mahagoni was
used as an effective adsorbent for the removal of BV10
from aqueous solutions. Characterization of adsorbent
was carried out which showed the presence of various
functional groups on the adsorbent surface and that
the adsorbent was mesoporous material and suitable
for adsorption. The adsorption equilibrium data fitted
well with the Langmuir isotherm model, and kinetic
data were fitted by the pseudo-second-order model.
The predicted maximum monolayer adsorption capac-
ity of sawdust of S. mahagoni from the Langmuir
model was 222.76mg g−1 at pH 4.2 and 50˚C. Thermo-
dynamic analysis indicated that adsorption of BV10
onto sawdust of S. mahagoni was spontaneous and
endothermic in nature.
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