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Biosorption studies of malachite green, methylene blue and methyl orange dyes were carried out on Banyan tree leaves at 298 K and 308
K. The equilibrium data for the adsorption of all the dyes were well described by Freundlich isotherm at both the temperatures. The
adsorption of these dyes on the adsorbent follows pseudo second order kinetics with film diffusion and pore diffusion to be the rate
limiting steps. Thermodynamic studies of the adsorption process revealed adsorption of malachite green and methylene blue to
be spontaneous whereas that of methyl orange to be non-spontaneous. The value of adsorption capacity (q.) calculated for the adsorption

values of (q.) for malachite green and methylene blue, it is suggested that Banyan tree leaves can be effectively used for the removal of

these dyes.

INTRODUCTION

Organic dyes find numerous industrial applications.
Methylene blue is used as colouring agent in textile, paper,
leather, food, pulp mills and plastic industries'. Malachite green
is used as a dye in wool, silk, jute, cotton, leather and pulp
industries®. The protozoal and fungal infections are also cured’
by malachite green. Methyl orange is mainly used as pH
indicator in laboratories and as a dye in industries®. Although
these dyes are useful in many industries yet they have severe
hazardous effects. Many of these dyes are carcinogenic’ in
nature. Methylene blue affects the eyes of both the terrestrial
and aquatic animals and causes irritation to gastrointestinal
tract and skin®. Malachite green can damage liver, gonads,
intestine and skin’. Methyl orange is hazardous in case of skin
contact, eye contact and inhalation® while the severe over
exposure to this dye can result in death. Most of the industries
discharge their waste into the nearby water bodies without
paying their attention to its effect on living organisms. There-
fore the treatment of effluent containing such dyes is of great
interest in order to avoid their hazardous effects. Many methods
have been applied for the removal of such coloured effluents
from water. These include coagulation®, reverse osmosis,
photodegradation’, ozonation, adsorption'® etc. Adsorption is,
however, more popular method used because of its low cost,
easy operation, simple design and possibility of adsorbent
recycling. Activated carbon'' is mainly used as an adsorbent

of malachite green, methylene blue and methyl orange at 308 K are 17.76, 12.57 and 2.56 mg/g, respectively. Keeping in view the higher |
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for the removal of dyes but is expensive. To minimize the cost,
search for new adsorbents (alternative to carbon) are highly
desirable. An adsorbent in general is considered as low cost if
it requires little processing, found abundantly in nature or is a
by- product or waste material from any industry. Different
types of adsorbents such as rice husk, saw dust, glass fiber,
silica, sun flower and bagasse have been tried by different
researchers'>". Banyan tree leaves, however, fulfill all the
requirements of a low cost adsorbent. Leaves can be easily
picked from the tree, no extra chemical processing is required
and there is no shortage of leaves from giant trees spread over
a wide range of the earth. This manuscript deals with the
adsorptive removal of malachite green, methylene blue and
methyl orange from aqueous solutions using Banyan tree
leaves as adsorbent.

EXPERIMENTAL

Activation of adsorbent: Banyan leaves were collected
from local trees. The leaves were washed with deionized wa-
ter and dried in the sun. The dried leaves were grinded to fine
particles and treated with hot deionized water to remove the
pigments. The biomass was then dried in oven at 333 K for
3 h. This biomass was sieved to get particles of the same size
(149 micron) and was used in further investigations.

Adsorption studies: Methyl orange, methylene blue
(82 %, Fluka) and malachite green (90 %, Merck) were used
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as adsorbate and the processed Banyan tree leaves as adsorbent.
A stock solution of 1000 mg/L was prepared for each dye in
deionized water and the solutions of different concentrations
ranging from 20-38.0 mg/L were prepared by their successive
dilutions with the same solvent. In a typical measurement, a
weighed amount (0.1 g) of the biomass was added in a flask
containing 25 mL dye solution of known concentration. The
solution was shaken in a thermostat shaker at the shaking rate
of 120 strokes/minute for 20 min at the desired temperature.
The residue was separated by filtration and equilibrium concen-
tration C. of each dye in the solution was asseyed at their
respective Amax values (Avg 616 nm, Aye, 665 nm and Ayo 430
nm) using UV visible spectrophotometer (Analytika JENA
SECORD200). The amount of dye adsorbed (q.) was calculated
using eqn. (1).

4.=(c, -~ 1)

m

where, C; is the initial dye concentration (mg/L), C. is the equili-
brium concentration (mg/L), V is the solution volume (L) and
m is the mass (g) of the adsorbent.

RESULTS AND DISCUSSION

SEM characterization of the adsorbent: Surface mor-
phology of the adsorbent (Banyan tree leaves) before and
after adsorption of the dyes was examined by using Scanning
electron microscope (JEOL-JSM-6700F). SEM images of the
Banyan tree leaves before and after adsorption of malachite
green, methylene blue and methyl orange are shown in Fig. 1
(a-d). It is clear from the pictures that surface of the adsorbent
before adsorption (Fig. 1a) is rough containing a large number
of uniformly distributed pores of regular shapes and size. After
adsorption, the surface is saturated and looks smooth. In case
of malachite green (Fig. 1b), the surface of the adsorbent is
more saturated showing greater adsorption of malachite green
as compared to that in case of methylene blue (Fig. 1¢). After
adsorption of methyl orange on the adsorbent (Fig. 1d), the
surface is sparingly filled indicating least adsorption of this
dye on the surface of the adsorbent.

Adsorption isotherms: Different equilibrium isotherms
applied to the experimental data and the results thus obtained
are discussed below:
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Fig. 1(a). SEM Micrograph of Banyan tree leaves before adsorption
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Fig. 1(b). SEM Micrograph of Banyan tree leaves after adsorption of
malachite green
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Fig. 1(c). SEM Micrograph of Banyan tree leaves after adsorption of
methylene Blue
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Fig. 1(d). SEM Micrograph of Banyan tree leaves after adsorption of methyl
orange

Freundlich isotherm: The Freundlich isotherm is a
result of the assumption that the adsorption occurs on a hetero-
geneous surface and non-uniform distribution of the heat of
adsorption takes place over the adsorbent surface'*".
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The linear transformation of Freundlich isotherm'®is given
as (eqn. 2):

Inq, =InK; +llnCe (2)
n

where, q. is the amount adsorbed at equilibrium (mg/g), C. is
the equilibrium dye concentration in solution (mg/L) and K¢
and n are Freundlich constants.

The plot of In C. versus In q. for malachite green is shown
in Fig. 2 and the values of the parameters (n and Ky) calcu-
lated from slope and the intercept of these plots are listed in
Table-1.

Inge
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Fig. 2. Freundlich isotherm for the adsorption of malachite green on Banyan
leaves

TABLE-1
FREUNDLICH PARAMETERS FOR THE ADSORPTION OF MG,
MB AND MO DYES ON BANYAN LEAVES

T (K) Dyes n K; (mg/g) R?
Malachite green (MG) 1.786 8.059 0.969
298 Methylene blue (MB) 1.796 6.020 0.966
Methyl orange (MO) 1.968 0.296 0.921
Malachite green (MG) 1.408 8.044 0.988
308 Methylene blue (MB) 1.970 5.558 0.933
Methyl orange (MO) 2.159 0.283 0.973

The values of K; (Table-1) decrease with increase in
temperature, which reflects exothermic’ nature of the adsor-
ption process for all the dyes. It is also clear from the table
that values of ‘n’ for all the dyes are greater than unity. These
higher values of ‘n’ are indicative of the fact that adsorption
of these dyes on Banyan leaves is favourable.

Langmuir isotherm: The Langmuir'® isotherm proposes
that the coverage of adsorbate molecules on a solid surface
occurs in a monolayer. It is assumed that once the adsorbent
site is covered with the dye molecules, no further adsorption
can take place at that site. It also suggests that all the adsorption
sites are of equivalent energy.

The linear form of Langmuir isotherm'” is expressed as
(eqn. 3):

C 1 C

C=— 4a, —
q. K. - K. )

where, K. and a; are Langmuir constants. Langmuir plot at
298 K for malachite green is shown in Fig. 3.
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Fig. 3. Langmuir isotherm for the adsorption of malachite green on Banyan
leaves

Ce/de (9/L)

The adsorption capacity qm can be calculated as the
inverse of the slope (eqn. 4) of this plot.

An = 4)

The important characteristic of Langmuir isotherm can
be expressed in terms of a dimensionless separation factor,
Ry, which is defined as eqn. 5:

1
T1+K,C, )

The value of R, obtained in the present studies (Table-2)
is 0 <Ry < 1 showing the adsorption process to be favourable'”.
The values of a,. and K, decrease with temperature for all the
dyes. On comparing the regression coefficients obtained for
Freundlich and Langmuir models it can be very well predicted
that the Freundlich isotherm is more favoured for the adsorption
of all the dyes on Banyan leaves.

L

TABLE-2
LANGMUIR PARAMETERS FOR THE ADSORPTION OF
MG, MB AND MO DYES ON BANYAN LEAVES

T U K, ar, R, 2
18] Dyes (mgfe) (Umg) (Umg) (L) N
Malachite green  12.674 21.834 1.722 0.246 0.962
298  Methylene blue  13.514 11.357 0.839 0.153 0.940
Methyl orange 2.863 0.1217 0.042 0.351 0.892
Malachite green  17.760 14598  0.821  0.261 0.948
308 Methylene blue 12.579 10.416 0.828 0.165 0.889
Methyl orange 2.564 0.1076 0.041 0.369 0.971

Dubinin Rudushkevish isotherm: The adsorption data
was also applied to the linear form of Dubinin Rudushkevish
(DR) model®® (eqn. 6).

Ing, =InX_ —K.¢& (6)

1
e=RT ln(l + C—] (7)

e

where, €, X,, is monolayer capacity" of adsorbent and Kpg is
constant related to adsorption potential.

The graph plotted between In q. versus € for malachite
green is shown in Fig. 4 and the values of Kpr and X,, are
obtained from the slope and intercept, respectively.
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TABLE-4
KINETIC PARAMETERS FOR THE ADSORPTION OF MG, MB AND MO ON BANYAN LEAVES AT 298 K
Dye q. (exp) mg g! q. (cal) mg g k x 107 R’
1sl 2nd lsl 2nd 1sl (mjn'l) 2nd (dm3/mg/mm) lsl 2nd
Malachite green 2432 2432 0.528 2.52 0.105 0.363 0.967 0.998
Methylene blue 4.775 4.775 1.694 4.81 0.355 0.467 0.983 0.999
Methyl orange 1.870 1.870 1.293 2.27 0.139 0.095 0.963 0.995
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Fig. 4. Dubinin Rudushkevish isotherm for the adsorption malachite green Fig. 5. Plot for pseudo second order kinetic model for the adsorption of

on Banyan leaves

The mean sorption energy is calculated by the following
equation (eqn. 8).

1
E=—n

2Ky ®)
The values of X.,,, Kpr and E are given in the Table-3. The
adsorption process accompanied with the energy (E) < 8 kJ/
mol have been ascribed to be of physical nature®. The value
of heat of adsorption < 3.2 kJ/mol obtained in the present
investigations, thus indicate physical nature of the adsorption

process for all the three dyes.

TABLE-3
D-R PARAMETERS FOR THE ADSORPTION OF MG,
MB AND MO DYES ON BANYAN LEAVES

T X. E
(K) DEes mele) K pmoy R

Malachite green (MG) 9.075 _ 5B-08 _ 3.162 0.967

208 Methylene blue (MB)  8.859  -1E-07 2236 0.950

Methyl orange (MO) 1708 -2E-05  0.158 0.821

Malachite green (MG) 9.650 _ 7E-08 _ 2.672 0978

308 Methylene blue (MB) ~ 8.092  -9E-08  2.357 0.820

Methyl orange (MO) 0479 2E-05 0.158 0.977

Kinetics and mechanism: To investigate kinetic order
and mechanism of the adsorption process pseudo first order
(eqn. 9), pseudo second order (eqn.10) and intraparticle diffu-
sion model (eqn.11) were employed.

In(q, —q,)=Inq, —k,t 9)
t_ 1t

q[ kzqez qe (10)
qlzkid\/;"'l (1n

The results of adsorption (Table-4) show that the pseudo
second order model (Fig. 5) provides a better fit for all the
dyes as compared to that given by pseudo first order kinetic
model.

malachite green on Banyan leaves

Furthermore, the experimental value of adsorption capacity
g. compares well with that of calculated from pseudo second
order kinetic model. This evidence also supports that the
adsorption of all the three dyes on Banyan leaves follow pseudo
second order kinetics indicating the occurrence of both the
external as well as internal mass transfer during the adsorption
process®.

In order to investigate the number of steps involved in the
adsorption process, the experimental data was subjected to
regression (piecewise) analysis. The resultant four linear
segments (Fig. 6) indicate that adsorption of these dyes on
Banyan tree leaves is taking place in four steps which are as
follows: (i) Transfer of solute from the bulk of the solution to
the boundary layer (bulk diffusion); (ii) Transport of solute
from the boundary layer to the surface of the material (film
diffusion); (iii) Transfer of solute from the adsorbent surface
to active intraparticle sites (intraparticle diffusion); (iv) Inter-
action between solute molecules and the available adsorption
sites on the internal surface of the adsorbent.
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Fig. 6. Plotof piece wise regression analysis for the adsorption of malachite
green on Banyan leaves

The rate of adsorption process is controlled by one or more
of these steps. The first and last steps are usually considered
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to be rapid® and film diffusion, pore diffusion or a combination
of both may be the rate controlling steps. In order to decide,
which one is the rate limiting step, intraparticle diffusion model
was applied to the experimental data.

Yuh* suggested that it is crucial for g, versus t" plot to go
through the origin (i.e. I =0.00) if the intraparticle diffusion is
the only rate limiting step. Any value of I greater than zero
can be attributed to difference in rate of mass transfer during
initial and final stages. The values of intercepts (I) obtained
for malachite green, methylene blue and methyl orange are
3.583,4.197 and 0.484 mg/g, respectively (Fig. 7). This suggests
that film diffusion and pore diffusion are concurrently respon-
sible for controlling rate of the adsorption process™.

12

6

qt (mg/g)

0 0.5 1 15 2 25 3 3.5 4 4.5 5
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Fig. 7. Plot of intraparticle diffusion model for the adsorption of malachite
green on Banyan leaves

Thermodynamic studies: Thermodynamic parameters
AG, AH and AS were calculated by the following equations
(egs.12, 13 and 14).

AG =RTInK, (12)
where, K, is Langmuir constant.
a K, _ AH| 1 1
K, R|T, T (13)

where, K, and K, are Langmuir constants at 308 K and 298 K,
respectively.
AG = AH-TAS (14)
The values of AG, AH and AS obtained from the adsor-
ption data of all these dyes are given in Table-5. The negative
values of AG and AH for the adsorption of malachite green
and methylene blue show that the adsorption process of these
two dyes is spontaneous and exothermic. The negative value
of AS can be attributed to the loss of translational degrees of
freedom of the adsorbate molecules after adsorption.

TABLE-5
THERMODYNAMIC PARAMETERS FOR THE ADSORPTION
OF VARIOUS DYES ON BANYAN LEAVES

AG AH AS
T &) Dyes (Kj/mol)  (Kj/mol)  (Kj/mol K)

Malachite green -7.638 -30.722 -0.077

298  Methylene blue -6.019 -6.595 -1.932
Methyl orange 5.216 -9.440 -0.049
Malachite green -6.865 -30.722 -0.077

308  Methylene blue -6.001 -6.595 -1.932
Methyl orange 5.708 -9.440 -0.049

Removal efficiency of the adsorbent: Removal efficiency
of the adsorbent was calculated in terms of % removal (eqn.15)
of the dyes from aqueous solutions under the given experimental
conditions.

C -C
Removal (%) = fxloo (15)

where, C; and C. have the same meanings as mentioned in the
above text.

The percentage removal of malachite green, methylene
blue and methyl orange obtained in the present studies are
98.00, 96.00 and 23.80 %, respectively.

Conclusion

The sky-scraping percentage removal of malachite green
and methylene blue in just 20 min suggests that Banyan tree
leaves can effectively be used for removal of these dyes from
aqueous solution. Adsorption data is well described by Freundlich
model indicating heterogenous surface of the adsorbent. Mean
sorption energy (< 3.2 kJ/mol) calculated from Dubinin
Rudushkevish model indicates physical nature of the adsorption
process. Adsorption of all the three dyes on Banyan tree leaves
follows pseudo second order kinetics indicating that external
and internal mass transfer are taking place simultaneously.
Intraparticle diffusion model with non zero intercept indicates
film diffusion and pore diffusion to be the rate controlling steps.
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