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ABSTRACT

The adsorption of methylene blue dye in aqueous solution on low cost adsorbent, prepared from barks of
Moringa oleifera, was studied. The adsorption equilibrium isotherms have been reported. The effect of pH,
contact time, adsorbent dose and initial dye concentration on adsorption process was investigated. The
adsorption equilibrium data fitted both Freundlich and Langmuir isotherm equally well. Experiment was done
using batch process.

INTRODUCTION

Most industries use dyes to colour their products. More than
8000 chemically different types of dyes are being manufac-
tured, and the colour and dye bearing wastewater is dis-
charged into water streams leading to water pollution and
disrupting aquatic life. Such dye effluents are toxic and dif-
ficult to be removed by conventional wastewater treatment
methods like filtration, chemical precipitation, ion exchange,
adsorption, electrodeposition and membrane systems (Garg
et al. 2003). The removal of colour and dyes by adsorption
using low cost adsorbent has recently become the subject of
considerable interest (Namasivayam & Kadirvelu 1994). Ad-
sorption has evolved into one of the most effective physical
processes for removal of dyes (APHA 1990). The adsorp-
tion of dyes by charcoal obtained from local plant material
was studied and found to be very effective. The most com-
monly used adsorbent for the dye removal is activated car-
bon, because of its capability for efficiently adsorbing a broad
range of different types of adsorbates (Aurelia et al 1989).
The study includes the contact time, pH, dose and concen-
tration on the adsorption.

MATERIALS AND METHODS

Preparation of activated carbon from Moringa oleifera:
The activated carbon was prepared from the naturally dried
barks of the plant Moringa oleifera. The barks were cut into
small pieces and treated with 2% v/v sulphuric acid in 1:1
ratio, kept in oven at 150°C for 24 hours, filtered and washed
with distilled water repeatedly to remove sulphuric acid, and

finally dried and powdered. Chemical activation of carbon
using sulphuric acid produces a high surface area and high
degree of microporosity. The adsorbent was sieved to
40-60 mesh size and heated at 150°C for 2 hours. This pow-
der was used as an adsorbing material.
Dye solution preparation: Methylene blue, a cationic dye
is used for direct dyeing wool and silk.

A stock solution of 500 mg/L methylene blue was
prepared in distilled water. Experimental solutions of the
desired concentration were obtained by successive dilution.
Batch adsorption studies: Batch adsorption studies were
carried out to study the effect of pH (4, 5, 6, 7, 8, 9), contact
time (15-120 min), adsorbent dose (3-7 g/L) and initial dye
concentration (50-250 mg/L) at room temperature using
stopperred bottles (U.S. EPA 1988). The initial pH of the
solution was adjusted by using 0.1 M sodium hydroxide or
0.1 M nitric acid without changing volume of the sample.
The contants were centrifuged for the required contact time
and filtered through Whatman No. 41 filter paper and un-
treated dye in the filtrate was analysed. All the measurements
were made at a wavelength corresponding to the maximum
absorbance of 655 nm. The effect of pH, time of contact and
amount of adsorbent on the adsorption process were stud-
ied.

The removal efficiency (E) of the adsorbent was calcu-
lated as:

E (%) = [(Co-Ce)/Co] × 100
Where Co and Ce are the initial and and equilibrium con-
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centrations of dye solution (mg/L) respectively.
Freundlich adsorption isotherm: Freundlich isotherm is
represented by the following equation.

Log qe = log Kf + 1/n Log Ce

Where,
qe = Amount of adsorbate adsorbed per unit mass of ad-

sorbent (mg adsorbate/g adsorbent)
Kf = Adsorption capacity
n = Empirical constant
Ce = Equilibrium concentration of adsorbate (mg/L)

Langmuir adsorption isotherm: Langmuir isotherm is rep-
resented by the following equation.

Ce/qe = 1/Qmb + Ce/Qm

Qm and b are Langmuir constants related to adsorption
capacity (maximum specific uptake corresponding to the site
saturation) and energy (intensity) of adsorption (L of ad-
sorbent/mg of adsorbate) respectively. The essential charac-
teristics of the Langmuir isotherm can be expressed in terms
of a dimensionless constant, separation factor or equilibrium
parameter RL that is defined as:

RL = 1/(1+ bCo)
Where, b is the Langmuir constant and Co is the initial

concentration of the dye. Values of dimensionless equilib-
rium parameter RL show the adsorption to be favourable if
(0 < RL < 1).
Adsorption kinetics: To describe the adsorption kinetics, a
pseudo-second order rate model reported in the literature was
applied in the following form (Senthikumaar et al 2005).

t/qt = 1/ho + 1/(qe)t
Where,
ho = Initial adsorption rate (mg/g min)
qe = Amount of the dye adsorbed at equilibrium (mg/g)
qt = Adsorbed at time t (mg/g)
The initial adsorption rate, ho at t = 0 is defined as:
ho = K2qe

2

Where, K2 is the pseudo second order rate constant for
the adsorption process (g/mg min). The initial adsorption
rate ho, the equilibrium adsorption capacity, and the rate con-
stant  K2 were determined from the slope and intercept of the
plot of t/qt against t.

RESULTS AND DISCUSSION

Effect of contact time: In adsorption system, the contact
time plays a vital role irrespective of the other experimental
parameters, affecting the adsorption kinetics. Fig. 1 shows
that increasing contact time increased dye uptake and re-

mained constant after 90 minutes, thus the effective contact
time (equilibrium time) is 90 min.
Effect of pH: The adsorption of dye was found to be strongly
dependent on pH of the solution. At lower pH values, the
large number of H+ ions neutralize the negatively charged
adsorbent surfaces, thereby reducing hindrance of the dye.
At the high pH values, the reduction in adsorption may be
due to the abundance of OH- ions causing increased hindrance
to diffusion of dye. With the pH 7, the percent removal of
methylene blue dye increases sharply for AC-MO (Fig. 2).
Effect of initial dye concentration: The increase in initial
dye concentration decreased the percent adsorption (Fig. 3).
The adsorption efficiency decreased with increasing the ini-
tial dye concentration. These results may be explained on
the basis that the increase in the number of dye molecules
compete for the available binding sites and also because of
the lack of the active sites on the adsorbent at higher con-
centrations. Therefore, more dye molecules were left
unadsorbed in solution at higher concentration levels.
Effect of adsorbent dose: The effect of adsorbent dose on
percent removal of methylene blue dye is shown in Fig. 4.
Adsorbent dose was varied (3, 4, 5, 6 and 7 g/L) and studies
were performed at pH 7. The study indicated that the amount
of dye adsorbed increase with increase in the AC-MO dose
up to 6 g/L, but thereafter with further increase in dose, the
increase in removal was very small. Thus, the optimal dose
is 6 g/L.
Results of adsorption isotherms: Langmuir and Freundlich
isotherms for adsorption of methylene blue by AC-MO were
found to be linear showing the applicability of the isotherms
(Figs. 5 and 6). The linear regression data for Langmuir and
Freundlich adsorption isotherms are given in Table 1. The
values of Langmuir and Freundlich constants calculated from
the graph are summarized in Table 2 for methylene blue ad-
sorption by AC-MO. Values of n for methylene blue was
1.6638 at effective dose and contact time, indicates good ad-
sorption potential of the adsorbent.
Kinetic study: Based on linear regression (R2) values, the
kinetics of methylene blue adsorption onto AC-MO for 50
mg/L solution described well by pseudo second order  (R2 =
0.9934) equation (Fig. 7). The values of K2 for methylene
blue are 9.2 × 10-3, 4.7 × 10-3, 3.1 × 10-3, 2.3 × 10-3 and 1.7 ×
10-3 for 50, 100, 150, 200 and 250mg/L respectively. The
results clearly indicate that this model fits progressively well
with increasing adsorbate concentration (Table 3).

CONCLUSION

The present investigation indicates that activated carbon of
Moringa oleifera has rapid adsorption rate for methylene
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Fig. 1: Effect of contact time on removal of methylene blue at different
concentrations by AC-MO at pH 7.

Fig. 2: Effect of pH on removal of methylene blue at different
concentrations by 6g/L of AC-MO at constant contact time of 120 min.

Fig. 3: Effect of initial concentration of methylene blue on percent
removal by 6g/L of AC-MO at equilibrium contact time 90 min at pH 7.

Fig. 4: Effect of AC-MO dose on percent removal of methylene blue at
equilibrium contact time of 90 min at effective pH 7.

Fig. 5: Freundlich isotherm plot for methylene blue adsorption by
AC-MO at optimum conditions.

Fig. 6: Langmuir isotherm plot for methylene blue adsorption by
AC-MO at optimum conditions.

Fig. 7: Pseudo second order kinetic model plot for methylene blue.

blue dye. The dye adsorption was found to be dependent on
initial dye concentration, contact time, pH and amount of
adsorbent. The Freundlich and Langmuir adsorption mod-
els was used to represent the experimental data, and equilib-
rium data fitted very well to both the Freundlich and
Langmuir isotherm models. Kinetics of dye adsorption
obeyed the pseudo-second order model, which suggests
chemisorption as the rate-determining step in adsorption
process. Maximum adsorption of 80.8% of methylene blue
dye was occurred at pH 7. Since Moringa oleifera plant is
abundant and its activated carbon can be easily synthesized
at relatively low cost, the adsorbent could be applied for the
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removal of dye from wastewaters.
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