International Journal of Materials Science
ISSN 0973-4589 Volume 12, Number 1 (2017), pp. 107-116
© Research India Publications
http://www.ripublication.com

Removal of Methylene Blue dye from aqueous
solutions Using Lagerstroemia indica seed (LIS)
activated carbon
P. Satheesh Kumar
Research and Development centre,
Bharathiar University, Coimbatore, Tamilnadu, India.
S. Sivaprakash
Research and Development centre
Bharathiar University, Coimbatore, Tamilnadu, India.
Dr. N. Jayakumar
Principal
Sri Vasavi College, Erode, Tamilnadu, India.

Abstract
The feasibility of using Lagerstroemia indica seed (LIS) activated carbon for
the cationic dye (methylene blue MB) adsorption from aqueous solution has
been investigated as a low cost and an eco-friendly adsorbent. Adsorption
studies were conducted on a batch process, to study the effects of contact time,
initial dye concentration, Carbon dosage and pH. Maximum colour removal
was observed at higher pH. The present dye removal decreased from 93% to
85% as the dye concentration has been increased from 10 mg/l to 40 mg/l. A
maximum removal of 93% is obtained at higer pH. Kinetic models, the
pseudo-first and pseudo-second order rate equations were applied. The
obtained results show that the sorption of MB by LIS was best described by
the pseudo- second order kinetic model. Sorption equilibrium isotherms of
MB at different temperatures was determined and correlated with common
isotherm equations such as Langmuir and Freundlich models. The results
indicate that the Langmuir and Freundlich model fits the data better. The
results suggest that LIS is a potential low-cost adsorbent for the MB dye
removal from aqueous solutions.
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I. INTRODUCTION
Color is the first contaminant to be recognized in water. [1] Residual dyes are the
major contributors to color in waste waters generated from textile, pulps, paint,
printing, dyeing and cosmetics [1-3]. Color impedes light penetration, retards
photosynthetic activity, inhibits the growth of biota and also has a tendency to chelate
metal ions which result in micro-toxicity to fish and other organisms [4]. Most of the
dyes are toxic, carcinogenic and can cause allergic dermatitis, skin irritation,
mutation, etc. [5-7]. It is difficult to remove the dyes from effluents since they are
stable to light, heat and oxidizing agents and are biologically non-degradable.
Currently, several physical or chemical processes are used to treat dye-laden waste
waters, such as these include chemical coagulation/flocculation, ozonation, oxidation,
ion exchange, irradiation, precipitation, reverse osmosis, membrane separation [1-2,
4,7-9].
The aim of the present investigations has been to evaluate the efficiency of the
removal of methylene blue from aqueous solutions using Lagerstroemia indica seeds
as an easily available and cheap adsorbent. The effects of contact time, initial dye
concentration, pH, ionic strength and temperature of dye solution and adsorbent dose
on the adsorption percentage have been investigated to optimize the conditions
leading to maximum removal efficiency. The obtained results may provide useful data
for future scale up using this material as a low-cost adsorbent for the removal of
cationic dye.
II. EXPERIMENTAL
A. Materials and methods
Fresh Lagerstroemia indica seeds are used for adsorption experiments with Sulphuric
acid treatment. Cut the seeds into small pieces and dry it in sunlight. The dried
material soaked in boiling solution of 10% H2SO4 for 1h and kept at room
temperature. After 24h the seed material was separated, air dried and carbonized in
muffle furnace at 400°C for 20min. The carbonized material was powdered and
activated in a muffle furnace at 800°C for a period of 10min. Then the material was
washed with plenty of distilled water to remove residual acid, dried, sieved into 300
μm size and then preserved in the desiccator for further adsorption studies.
B. Preparation of MB solution
The dye methylene blue (MB) was obtained from Sigma-Aldrich and their stock
solutions (1000 mg/L) were prepared in double distilled water. All reagents used in
the present work were of analytical grade. To prepare various solutions at desired
concentrations from the stock solution, double distilled water was used for the
necessary dilutions. MB concentration was analyzed by measuring the absorbance
values after and before each experiment with UV–Visible spectrophotometer at 664
nm respectively.
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C. Adsorption studies
Sorption studies were performed by the batch technique to obtain equilibrium data. In
each experiment, 0.1 g of adsorbent was added to a 50 ml dye solution of known
concentration. All the experiments were carried out in duplicate. After equilibrium,
the final dye concentration (Ce) was measured and the percentage removal of dye was
calculated using the following relationship:
%Dye removal = (Ci-Ce)/Ci ×100

(1)

where Ci and Ce are the initial and final (equilibrium) concentrations of dye
(mg/L),respectively.
The amount of dye adsorbed qe (mg/g), onto LIS was calculated from the mass
balance equation as follows:
qe=(Ci-Ce)V/M

(2)

where V is the volume of dye solution (L), and M is the mass of the adsorbent
used (g).
Batch adsorption experiments were carried out at initial pH values ranging from about
2 to 12; initial pH was adjusted by addition of dilute HCl or NaOH solutions. The pH
values were measured by using a Elico make pH-meter. The effects of temperature on
the adsorption data were carried out by performing the adsorption experiments at
various temperatures (30, 40, 50 and 60°C). The equilibrium data have been analyzed
using the Langmuir, and Freundlich isotherms and the characteristics parameters for
each isotherm have been determined.
III. RESULT AND DISCUSSION
A. Effect of contact time
The effect of contact time on adsorption of MB onto LIS is shown in Fig. 1. The
results show that adsorption process reached equilibrium within 90 minutes and
percentage dye removal increased with increase in contact time. LIS rapidly adsorbed
over 67 % of the dye within the first 5 minutes of contact time. The changes in
percentage adsorption after the 5th minute became relatively gradual with the
equilibrium being reached within 90 minutes with 93% dye removal achieved. The
high removal rate at the start of the contact time was due to the large amount of
surface area available for adsorption of the dye during the initial stage and the
capacity of the adsorbent became gradually exhausted with time since the few
remaining vacant surface sites became difficult to be occupied due to repulsive forces
between the solute molecules on the solid and bulk phases. Similar results have been
previously reported in the literature for dye removal [10].
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Fig.1 Effect of contact time on MB dye sorption
B. Effect of adsorbent dose
The removal of MB with LIS was studied at different adsorbent dosages (0.1-0.3 g/50
mL) of dye solution at a constant dye concentration (30 and 40 mg/L), pH (7.2) and
contact time (60 min). The results (Fig. 2) indicate that an increase in the adsorbent
dose resulted in a higher removal of MB dyes. Maximum removal was observed with
an adsorbent dose of 0.30 g/ 50 mL for MB. The increase in the percentage removal
with an increase in the adsorbent dosage is due to the increase in the number of
adsorption sites. The adsorption capacity was lesser at higher adsorbent doses. This is
due to greater availability of the exchangeable sites or surface area at a higher
concentration of the adsorbent [11].

Fig.2 Effect of adsorbent dose on MB dye sorption

Removal of Methylene Blue dye from aqueous solutions using Lagerstroemia indica….

111

C. Adsorption kinetics
Adsorption kinetic models are used to explain the adsorption mechanism and
adsorption characteristics. The pseudo-first-order kinetic model and pseudo-secondorder kinetic model are often used to predict the adsorption process.
The pseudo-first-order kinetic model (fig.3) is expressed as [12]:
log(qe-qt)=logqe-k1/2.303 t

(3)

The pseudo-second-order kinetic model (fig.4) is expressed as [12]:
t/qt =1/(k2 qe2 )+1/qe t

(4)
−1

where qe and qt are the amount of solute adsorbed (mg g ) at equilibrium and time t
(min), respectively, k1 is the rate constant of the pseudo-first-order adsorption (min−1),
and k2 is the rate constant of the pseudo-second-order adsorption (mg g−1 min−1).
The values of qe, k1, and k2 were determined using nonlinear regressive analysis by
least square sum of difference between calculated values and experimental values
according to Eqs. (3) and (4), respectively. The parameters were listed in Table 1.
From Table 1, the value of R2 (0.999) from the pseudo-second order kinetic model
was higher than that from the pseudo-first-order kinetic model The fitted curve from
the pseudo second-order kinetic model was very close to the experimental curve. So it
was concluded that the pseudo-second-order kinetic model is better to fit the
experimental data and the process may be chemical process [12].
The half-adsorption time t1/2 was another parameter which can be calculated from the
equilibrium concentration and the diffusion coefficient rate values. This was
calculated by using the following equation [13]:
t1⁄2=1/(k2 qe )
where k2 and qe can be obtained from Table 1.

.
Fig. 3 Pseudo-first-order kinetics plot for the adsorption of MB dye by LIS

(5)
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Fig. 4 Pseudo-second-order kinetics plot for the adsorption of MB dye by LIS
Table1. Kinetic model values for adsorption of methylene blue onto activated LIS
carbon
Concentration (mg/L)

10

20

30

40

Pseudo first order kinetics
K1×10-2(min-1)

2.95

1.61

2.23

4.84

qecal (mg/L)

7.83

8.96

15.66

10.03

R2

0.8936

0.9277

0.9148

0.7898

Pseudo second order kinetics
K1×10-3(min-1)

10.12

5.93

3.31

9.7

qecal (mg/L)

44.14

46.04

46.81

42.69

R2

0.9990

0.9956

0.9931

0.9990

D. Adsorption isotherms
The adsorption isotherm indicates how the adsorption molecules distribute between
the liquid phase and the solid phase when the adsorption process reaches an
equilibrium state. The time required to attain this equilibrium state is termed the
equilibrium time, and the amount of dye adsorbed at equilibrium reflects the
maximum adsorption capacity of the adsorbent under the operating conditions. The
analysis of the isotherm data by fitting them to different isotherm models is an
important step to find the suitable model for the case studied [14]. The Langmuir and
Freundlich were used to describe the data derived from the adsorption of the dye by
LIS over the entire concentration range studied. The Langmuir model assumes
monolayer sorption on a surface with a finite number of identical sites [15]. While,
the Freundlich isotherm model assumes heterogeneous surface energies, in which the
energy term in the Langmuir equation varies as a function of the surface coverage and
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hence does not assume monolayer capacity [16].
The applicability of the two
isotherm equations were compared by evaluating the correlation coefficients, R2.
E. Langmuir isotherm
The linear form of the Langmuir's isotherm model is given by the following equation:
Ce/qe =1/(Q0.b)+Ce/Q0

(6)

where Ce is the equilibrium concentration of the dye (mg/L), qe is the amount of
adsorbate adsorbed per unit mass of adsorbent (mg/g), and Qo and b are the Langmuir
constants related to adsorption capacity and rate of adsorption, respectively. The plot
of Ce/qe against Ce (fig. 5) gave straight lines with slope 1/Qo for MB. This result
indicated that the adsorption of MB on LIS follows the Langmuir isotherm and
demonstrated the formation of monolayer coverage of dye molecules at the outer
surface of LIS. The Langmuir constants b and Qo for MB was calculated from this
isotherm and their values are given in Table 2. The essential characteristics of the
Langmuir isotherm can be expressed in terms of a dimensionless equilibrium
parameter (RL) [17], which is defined by:
RL=1/(1+b.C0 )

(7)

where, b is the Langmuir constant and C0 is the highest dye concentration (mg/L). The
value of RL indicates the type of the isotherm to be either unfavorable (R L˃1), linear
(RL=1), favorable (0˂RL˂1) or irreversible (RL=0). Values of RL were found to be
0.8906–0.3608 for MB in the concentration range studied. These results confirmed
that the LIS is favorable for the adsorption ofMB dye under the experimental
conditions used.

Fig.5. Langmuir isotherm for the adsorption MB on to LIS
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F. Freundlich isotherm

The linear form of the Freundlich isotherm model can be defined by the following
equation [16]:
(8)
where Kf [mg/g (L/mg)n] is the Freundlich isotherm constant related to adsorption
capacity (represents the quantity of dye adsorbed onto the adsorbent) and n is the
Freundlich isotherm constant related to adsorption intensity (giving an indication of
how favorable the adsorption process). The applicability of the Freundlich sorption
isotherm was analyzed by plotting log qe versus log Ce is given in fig.6. This plot
gives straight lines for the dye with slope ‘1/n’, indicating that the adsorption of MB
follow the Freundlich isotherm. The slope 1/n ranging between 0 and 1, is a measure
of adsorption intensity or surface heterogeneity. It becomes more heterogeneous as its
value gets closer to zero and a value for 1/n below one indicates a normal Langmuir
isotherm while 1/n above one is indicative of cooperative adsorption [18].
Accordingly, the Freundlich constants (Kf and n) and the related correlation
coefficients were calculated and recorded in Table 2.

Fig.6. Freundlichisotherm for the adsorption MB on to LIS
Table 2 Constants of adsorption isotherms of MB on LIS.
Temperature
(0C)
30
40
50
60

Qo
58.13
53.64
50.5
49.01

Langmuir
b
R2
0.0245 0.9969
0.0274 0.9983
0.0322 0.9938
0.0354 0.9932

Freundlich
n
Kf
R2
1.1344 1.1797 0.9982
1.1473 1.5556 0.9982
1.1636 1.678 0.9969
1.1735 1.7803 0.9967
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IV. CONCLUSION
The adsorption of methylene blue from aqueous solution onto Lagerstroemia indica
seed has been studied. Adsorption experiments were carried out as a function of
contact time, adsorbent dosage, solution temperature, pH and dye concentration. The
adsorption experiments indicated that Lagerstroemia indica seeds were effective in
removing basic dye such as methylene blue from aqueous solutions. The removal
percent decreased with the increasing initial concentration of dye in the solution and
increased with the increasing adsorbent dosage. The results also indicated that with
temperature increasing, the ability of adsorption increased indicating an endothermic
process. The adsorption data was well described by the Langmuir and Freundlich
isotherm equation. The rates of sorption were found to conform to pseudo-secondorder kinetics with good correlation. The present study concludes that Lagerstroemia
indica seed could be employed as a low-cost adsorbent for the removal of basic dye
from aqueous solutions.
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