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pulasan's peel, pineapple's peel, durian husk, orange peel and
pomelo's peel.
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Fig. 1. Structure of methylene blue

Batch experiments: Sorption ex periments were performed
by agitating 0.1 g of sorbent in 20 mL of 50 mg/L dye solution
in a centrifuge tube at 150 rpm on an orbital shaker for 4 h at
room temperature (25 + 2 °C) unless otherwise stated. All
experiments were conducted in duplicates and the results stated
are the means. Controls without sorbent were simultaneously
carried out to ascertain that sorption was due to sorbent and
not the wall of the centrifuge tube. The percentage of dye
uptake was calculated using the following equation:
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where, C, is the initial concentration and C; the concentrations
at time t.

Effect of pH: A series of 100 mg/L methylene blue dye
solutions were prepared. The initial pH of the dye solutions
was adjusted to the range of 5-10 by adding dilute HCI or
NaOH.

Effect of initial dye concentration and contact time:
Contact time experiments were performed using methylene
blue dye solutions with concentrations of 50 and 100 mg/L.
The samples were withdrawn and analyzed for their dye
concentrations at predetermined intervals.

Sorption isotherm: Equilibrium studies were performed
by agitating 0.10 g of durian husk with 20 mL of dye solution
at various methylene blue concentrations (ranging from 100
to 500 mg/L). The amount of dye adsorbed at equilibrium,
can be calculated with the equation;
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where, C,= Initial dye concentration (mg/L); Cs= Equilibrium
dye concentration (mg/L); V = Volume of dye used (mL), W=
Weight of sorbent used (g).

Surface morphology: The samples were ground and
palletized using a pellet compressor before it was stuck on a
stub using double-sided tape. Before the sample was analyzed,
the prepared pellet was coated with a thin layer of gold to
prevent the occurrence of charging effect.

Techniques: The dye concentrations were analyzed using
a Perkin Elmer Lambda 35 UV-VIS spectrophotometer. All
measurements were made at the wavelength corresponding to
maximum absorption for methylene blue, Amx = 664 nm.
Dilutions were carried out when measurement exceeded the
linearity of the calibration curve. The surface morphology of
all the sorbents was studied using scanning electron micro-
scope (SEM), which is equipped with energy dispersive X-ray
spectrometer (SEM-EDX)- JEOL ISM-6400.
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RESULTS AND DISCUSSION

Effect of pH: The sorption behaviour of methylene blue
by all the sorbents at different pH values was studied and the
results obtained are shown in Fig. 2. The optimum pH for the
removal of methylene blue by most of the investigated sorbents
was found to be in the range of 6-9. Within this pH range, an
uptake greater than 93 % was achieved. Lower uptake of
methylene blue in the acidic condition was probably due to
the presence of H* ion competing with cation groups for the
sorption sites, With increasing pH, the number of positively
charged sites decreased and the number of negatively charged
sites increased. This phenomenon favours the sorption of posi-
tively charged dye due to electrostatic attraction™,
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Fig. 2. Effect of pH on the sorption of methylene blue

The previously reported work for the removal of methylene
blue onto the garlic peel also showed' that the percentage of
dye removal increased with increasing pH from 4 to 6. In other
study, the sorption of methylene blue became favourable at
higher pH and this was attributed by the electrostatic interac-
tion of cationic methylene blue species with the negatively
charged hazelnut shell surface'.

Effect of initial dye concentration and contact time:
The rate of methylene blue sorption by various fruits peel at
initial dye concentrations of 50 mg/L (Fig. 3) and 100 mg/L
(Fig. 4) showed that the uptake was rapid and equilibrium
was attained within 1 h. These results agreed well with most
of the available sorption studies in literature, whereby the up
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Fig. 3. Effect of initial dye concentration and contact time
on the sorption of methylene blue (50 mg/L)
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Fig. 4. Effect of initial dye concentration and contact time on the sorption
of methylene blue (100 mg/L)

take of sorbate species is fast at the initial stages of the contact
period and thereafter, it becomes slower near the equilibrium.
The fast uptake at the beginning may be attributed to the rapid

attachment of the dye molecules to the surface of the sorbent
and the following slower sorption due to intraparticle diffusion'?,

The kinetics involved in the sorption of methylene blue
onto the sorbents was investigated in order to gather more
information about the mechanism of the sorption process. The
experimental data were fitted into two kinetics models, namely
pseudo-first and pseudo-second order kinetic models. The
equations involved can be expressed as follows:

kt
log(g, —q,)=1o -t -
g(q, —q,) = log(q,) 2303 (Pseudo
first order of Lagergren'?) (2)
and _
t 1 t
q_:H+_ (pseudo-second order') (3)

where, g. = the amount of dyes sorbed at equilibrium (mg/g),
qr = the amount of dyes sorbed at time t (mg/g), k,= the rate
constant of pseudo-first order sorption (1/min), h (kxqe? ) = the
initial sorption rate (mg/g min) and k.= the rate constant of
pseudo- second order kinetics (g/mg min),

In many cases, the kinetics of sorption by biological
materials is described by the pseudo-first order kinetics, How-
ever, in this study, it was found that the pseudo-first order
equation did not fit well for the whole range of concentrations
studied and the equilibrium sorption capacities calculated from
the first order kinetic model gave unreasonable values compared
to those determined experimentally. It thus appears that the
system under study is more appropriately described by the
pseudo-second order model which was based on the assumption
that the rate limiting step may be chemical sorption or chemi-
sorption involving valency forces through sharing or exchange
of electron between sorbent and sorbate'. The plots of t/q,
versus t for 50 mg/L methylene blue dye solutions are shown
in Fig. 5.
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Fig. 5. Pseudo-second order kinetics of methylene blue at 50 mg/L



TABLE-1
LANGMUIR AND FREUNDLICH CONSTANTS FOR THE SORPTION OF METHYLENE BLUE

Subent Langmuir Freundlich
Q, (mg/g) K, (L/mg) K. n R’
Mangosteen's peel 56.50 0.481 0.995 21.53 3.99 0.930
Pulasan's peel 34.97 3.287 0.999 18.11 3.88 0751
Pineapple's peel 50.51 0.151 0.995 11.40 2.95 0.968
Durian husk 48.54 0.100 0.998 8.43 2.60 0.956
Orange's peel 48.31 0.063 0.983 5.70 1.87 0.980
Pamelo's peel 78.74 0.030 0.997 3.26 1.38 0.977
The values of ge. kz and h against Cy in the corresponding logC,
linear plots of the pseudo-second order equation were regressed logq, = "W +1og K, )

to obtain expressions for these values in terms of the initial
dye concentration. Thereafter, the generalized predictive models
for methylene blue sorbed at any contact time and initial concen-
tration within the given range with relationship of q., Cs and t
can be calculated. From all the plots, it is clear that the theore-
tically generated curves agreed well with the experimental data.
The representative plot is as shown in Fig. 6, involving the
sorption of methylene blue by mangosteen’s peel.
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Fig. 6. Comparison between measured and pseudo-second order time
profile for methylene blue sorption on mangosteen's peel

Sorption isotherm: The equilibrium data of the sorption
of methylene blue was fitted into both Langmuir and
Freundlich equations. The linearized Langmuir model is
written as:

c 1 C

e _ — I
6. QK, Q, @
whereas the linear form of Freundlich isotherm model can be
represented as:

where C. = the equilibrium liquid phase dye concentration
(mg/L), e = the amount of dye adsorbed at equilibrium (mg/
2), Q.= the maximum adsorption capacity (mg/g), K. = the
adsorption equilibrium constant (L/mg), n = Freundlich cons-
tant for intensity and K¢ = Freundlich constant for adsorption
capacity.

The coefficients for the linearized forms of the isotherm
models for the sorption of methylene blue on the investigated
sorbents are listed in Table-1. Both Langmuir and Freundlich
models appeared to provide reasonable fittings for the sorption
data. No doubt these two models are based on different assum-
ptions: Langmuir model implies monolayer coverage and
constant sorption energy while the Freundlich model deals
with physico-chemical sorption on heterogeneous surfaces,
however, the applicability of both isotherms to sorption of dyes
by agricultural wastes, activated carbons prepared from
wastes and treated spent bleaching earth have been reported
previously*"!*1¢,

Surface morphology: The surface morphology of
mangosteen's peel, pulasan's peel, pineapple's peel, durian
husk, orange peel and pomelo's peel was examined using
scanning electron microscope. Figs. 7-12 showed the SEM
micrographs of mangosteen's peel, pulasan's peel, pineapple's
peel, durian husk, orange peel and pomelo's peel, respectively.
From the SEM micrographs, it is also clear that all the investi-
gated sorbents are non-porous materials, due to the absence
of pores and cavities.
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Fig. 7. SEM micrograph of mangosteen’s peel
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Fig. 8, SEM micrograph of pulasan’s peel Fig. 12. SEM micrograph of

pamelo’s peel

Conclusion

Based on the experimental results, it revealed that all the
six proposed sorbents i.e., mangosteen's peel, pulasan's peel.
pineapple's peel, durian husk, orange peel and pomelo’s peel,
have the potential to be low-cost material for removing methy-
lene blue, a basic dye from aqueous solution. Sorption of me
thylene blue was pH dependent and the optimum pH was
observed at pH 8-9. The isotherm study showed that equili-
brium sorption data of methylene blue on all the investigated
sorbents conform to both Langmuir and Freundlich isotherm
models. The maximum sorption capacities calculated based

—_ - on the Langmuir isotherm model was in the range of 35-78
9,000 1um _COOMEREESESE mg/g. From the SEM micrographs, it showed that all the investi-
Fig. 9. SEM micrograph of pineapple’s peel gated sorbents are non-porous materials, due to the absence
of pores and cavities.
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