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Abstract

Equilibrium studies were carried out at 305 K for the sorption of malachite green onto orange peel for a fixed operating line condition
(solution volume/adsorbent mass ratio or V/M ratio). The experimental data were fitted to the Freundlich, Langmuir and Redlich—Peterson
isotherms by non-linear method. The best fitting isotherm was found to be the Langmuir and Redlich—Peterson isotherm. Redlich—Peterson
is a special case of Langmuir isotherm when the constant g equals unity. A single stage batch adsorber was designed for different operating line
(VIM) ratios using the Redlich—Peterson isotherm. Equilibrium data were obtained from the Langmuir isotherm at different V/M ratios using the
mass balance equation for the batch adsorber system. A simple linear expression relating the parameters involved in the batch adsorber design

was proposed for the studied system.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Adsorption process is proved to be an effective process for
the removal of color from dye wastewaters [1,2]. The analysis
and design of adsorption process require information on the
equilibrium adsorption isotherms [1,2]. The most common
way to obtain isotherm parameters for any adsorbate/adsorbent
system is by carrying out equilibrium studies at different solu-
tion volume or at different adsorbent mass or by varying the
initial dye concentrations. The effect of volume of solution
to the adsorbent mass ratio (V/M) on the equilibrium uptake
of dye solution at different initial concentrations is an impor-
tant factor to be considered in adsorber design. However, this
requires an extensive experimental work to determine the
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isotherm parameters for different V/M ratios and also at differ-
ent initial dye concentrations. In the present study, an attempt
has been made to determine the equilibrium data at different
VIM ratios using the experimental equilibrium data of mala-
chite green onto orange peel obtained from a single V/M ratio.
The three widely used isotherms Freundlich, Langmuir and
Redlich—Peterson were used to design the batch adsorber for
different V/M ratios of malachite green/orange peel system.
Non-linear method was used to estimate the parameters in-
volved in the isotherm process. The dye malachite green is se-
lected as a model compound in order to evaluate the capability
of orange peel to remove dye from wastewaters.

2. Experimental

The orange peel used in the present study was obtained
from the university canteen. The obtained orange peel was
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cut into small pieces using scissors. Then the orange peels
were sun dried for 48 h. The dried materials were then ground
using a domestic Sumeet mixer. The ground materials were
then directly used as adsorbents without any pretreatment.
The particle size distribution of the orange peel used
in present investigation is given as follows: >1 mm:
5.342%; 1—0.75 mm: 4.489%; 0.75—0.92 mm: 40.46%;
0.92—0.335 mm: 31.22%; 0.335—0.215 mm: 7.487%;
< 0.180 mm: 11% by weight.

The dye used in all the experiments was malachite green,
a basic (cationic) dye. Synthetic dye solutions were prepared
by dissolving weighed amount of malachite green in 1 L of
double distilled water. All working solutions were prepared
by diluting the stock solution with distilled water.

Batch sorption experiments were carried out at 305 K. Dye
solution (30 mL) with dye concentration ranging from
200 mg/L to 50 mg/L was taken in 100 mL capped conical
flasks. Accurately weighed 0.009 g of orange peel was added
to the solution. Then the flasks were agitated using a water
bath shaker at a constant agitation speed of 95 strokes/min.
The contact was made for 24 h, which is more than the suffi-
cient time required to reach equilibrium. After shaking, the
samples were then centrifuged to separate the orange peel
from the solution. The left out concentration in the supernatant
dye solution was analyzed using UV spectrophotometer.

3. Results and discussions

The Freundlich [3], Langmuir [4] and Redlich—Peterson

[5S] isotherm expressions are given by Egs. (1)—(3),
respectively
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where C, is the equilibrium concentration (mg/L); ¢, is the
amount of dye sorbed (mg/g); K is the Freundlich isotherm
constant, (mg/g)(L/g)"; n is the Freundlich exponent; ¢, is
g. for a complete monolayer (mg/g); Ky is sorption equilib-
rium constant (L/mg); A is the Redlich—Peterson isotherm
constant (L/g), B is the Redlich—Peterson isotherm constant
(L/mg" ") and g is the exponent, which lies between
0 and 1.

The parameters involved in the isotherm expressions were
obtained by non-linear method. For non-linear method, a trial
and error procedure, which is applicable to computer opera-
tion, was developed to determine the isotherm parameters by
maximizing the respective coefficients of determination be-
tween experimental data and isotherms using the Solver add-
in with Microsoft’s spreadsheet, Microsoft Excel. Fig. 1 shows
the experimental equilibrium data and the predicted isotherms
using non-linear method for malachite green onto orange peel
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Fig. 1. Experimental and predicted isotherms for malachite green onto orange
peel at 305 K.

at 305 K, respectively. The obtained isotherm parameters are
listed in Table 1. From Table 1 it was observed that the coef-
ficient of determination (+%) values were found to be 0.98 for
all the three isotherms studied. The higher /* values for all
the three isotherms studied confirm the applicability of these
isotherms. The higher ¢, values of 483.63 mg/g confirm that
the orange peel can be effectively used as an adsorbent for
the removal of malachite green from its aqueous solution.
Fig. 1 shows that the Langmuir and Redlich—Peterson iso-
therms overlapped each other with the same coefficient of de-
termination values (Table 1). Thus the Redlich—Peterson is
a special case of Langmuir when the Redlich—Peterson iso-
therm constant g equals unity. A similar observation was pre-
viously reported by our research group for safranin/activated
carbon systems.

The essential characteristics of the Langmuir isotherm can
be expressed in terms of dimensionless constant separation
factor or equilibrium parameter, Ry, given by [6]

Ry =1/(1+K.Cy) (4)

The parameter Ry indicated the shape of isotherm as
follows:

Value of R, Type of isotherm
R >1 Unfavorable
Rp.=1 Linear

O<R_ <1 Favorable
R.=0 Irreversible
Table 1

Isotherm parameters by non-linear method for malachite green onto orange
peel

Langmuir isotherm  Freundlich isotherm  Redlich—Peterson isotherm

gm  483.6323 1/n 0322987 A 52.27661
K, 0.108082  Kp  115.7596 B 0.108094
" 0.983281 2 0.983826 g 1

" 0.983281
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Fig. 2. Plot of separation factor versus initial dye concentration.

The calculated Ry values at different initial malachite green
concentrations at 305 K are shown in Fig. 2. From Fig. 2 it was
observed that sorption was found to be more favorable at
higher initial dye concentrations. Also the value of Ry in the
range of 0—1 at all initial dye concentrations confirms the
favorable uptake of malachite green in the sorption process [6].

Generally sorption process proceeds through varied mech-
anisms such as external mass transfer of solute onto adsorbent
followed by intraparticle diffusion. Unless extensive experi-
mental data are available concerning the specific sorption ap-
plication, determining the rate-controlling step is impossible.
Therefore, empirical design procedures based on sorption
equilibrium conditions are the most common methods to pre-
dict the adsorber size and performance. Previously, sorption
isotherm relations have been used to predict the design of sin-
gle stage batch adsorption systems [2,7,8]. A schematic dia-
gram of a single stage batch adsorber is shown in Fig. 3.
The design objective is to reduce the dye solution of volume
V (L) from an initial concentration of Cy to Cy (mg/L). The
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Fig. 3. Single stage batch adsorber design.

amount of adsorbent is M and the solute loading changes
from ¢, (mg/g) to ¢q; (mg/g). At time =0, go=0 and as
time proceeds the mass balance equates the dye removed
from the liquid to that picked up by the solid. The mass bal-
ance equation for the sorption system in Fig. 3 can be written
as

V(Co—C1) =M(q0 — q1) = Mq, (5)

At equilibrium conditions, C;—C,. and g; — ¢ (6)

Since the sorption isotherm studies confirm that the equilib-
rium data for malachite green onto orange peel fitted well in
Langmuir isotherm, Langmuir isotherm equation can be
used for ¢, in equation batch adsorber design.

Eq. (6) can be rearranged as

_ (CO - Ce) _ (CO - Ce)

= 7
q1 qe CIOKLCe ( )
14+ K.C.

Eq. (7) can be rearranged as follows:
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The equilibrium sorption capacity ¢. for any initial dye
concentration can be obtained from the operating line
(VIM) and the Langmuir isotherm. Fig. 1 shows the Langmuir
isotherm and the series of operating lines with the slope of
0.03 L malachite green/0.009 g orange peel. From Fig. 1, it
was observed that the equilibrium sorption capacities evalu-
ated from the Langmuir isotherm and from the experiments
are reasonable. Similarly the ¢. values for different orange
peel masses can be obtained from Langmuir isotherm by pro-
jecting a series of operating lines with varying slope values.
Figs. 4—7 show the Langmuir isotherm and the generated

160 150 200
C., mg/L

Fig. 4. Langmuir isotherm and operating lines with slope value equal to
VIM = 0.03 L/0.02 g.
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Fig. 5. Langmuir isotherm and operating lines with slope value equal to
VIM =0.03 L/0.03 g.

operating lines having a slope of V/M of 0.03L/0.02 g,
0.03 L/0.03 g, 0.03 L/0.04 g and 0.03 L/0.05 g, respectively.
The predicted g. values for different initial dye concentra-
tions at different V/M ratios are shown in Fig. 8. Fig. 8 can
be used to determine the amount of dye adsorbed at equilib-
rium for the initial dye concentrations and V/M ratios ranging
between 50 mg/L to 200 mg/L and 0.03 L/0.02 g to 0.03
L/0.05 g, respectively. The relation between the V/M ratio
and the ¢. values predicted from the Langmuir isotherm at
different initial malachite green concentrations fit the following
equation:

CoV
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Fig. 6. Langmuir isotherm and operating lines with slope value equal to
VIM =0.03 L/0.04 g.
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Fig. 7. Langmuir isotherm and operating lines with slope value equal to
VIM = 0.03 L/0.05 g.

Eq. (9) can be used to design the malachite green/orange
peel sorption system for any V/M ratio and for any initial
dye concentration.

4. Conclusions

The present study shows that the biosorbent orange peel can
be effectively used as an adsorbent for the removal of malachite
green from its aqueous solution. The equilibrium data were
found to be well represented by the Freundlich, Langmuir and
Redlich—Peterson isotherms. Redlich—Peterson is a special
case of Langmuir isotherm when the constant g equals unity.
A single stage batch adsorber was designed for different V/iM
ratios using the experimental equilibrium data obtained at a sin-
gle V/IM ratio.
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Fig. 8. Plot of ¢, versus C, for different V/M ratios.
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