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ABSTRACT

In the present Paper, kinetics of acid activated kokum (Garcinia Indica) leaf powder was investigated as an adsorbent to remove orange
Il dye from aqueous solutions in batch mode experiment. The rate of adsorption was tested by pseudo first-order and second-order
kinetics models. The pseudo second - order kinetics model was found to be the most suitable. The data of thermodynamic parameters
indicated that adsorptive removal is spontaneous, endothermic and favorable with increase in disorder .The results indicated that Kokum
leaf powder can be used as potential adsorbent for removal of azo dyes like orange Il from aqueous solutions.

Key words: Kokum leaf powder, Orange Il dye, adsorption, pseudo second order kinetics.

I. INTRODUCTION

There has been increased use of synthetic dyes by textile, cosmetics, plastic, paper, leather and pharmaceutical industries due to ease of
their use, low cost of synthesis, high stability and variety of colours as compared to natural dyes.2. Most of these dyes are non-
biodegradable due to their complex aromatic structure and synthetic origin®.The discharge of these dyes by industrial activities into
water sources as effluent causes low light penetration and thereby reducing photosynthetic activities*. These dyes are not only aesthetic
but carcinogenic in nature and can have adverse effects on human beings and aquatic life>® The conventional dye removal technologies
are not effective because of the presence of different organics in these dye molecules.”® hence there is a need of other efficient
technologies. Adsorption by activated carbon is found to be the most effective and widely used technology for wastewater treatment
but high cost of activated carbon and difficulties in regeneration led investigators to search for new low cost adsorbents such as Neem
leaf powder®1%, Gulmohor leaf powder?, orange peel*?, Coconut shell*3, guava leaf powder4, rice husk!>16- saw dust!’ teak leaves for
the removal of dyes from waste water.

In present study, the adsorption properties of Kokum (Garcinia Indica) leaf powder for the removal of orange 11 dye from waste water

has been evaluated

Il. MATERIALS AND METHODS

2.1 Preparation of adsorbent

Kokum Tree leaves were collected from nearby area and dried in shadow, crushed and boiled in distilled water to remove colour and
suspended particles. Then it was filtered, residue was treated with formaldehyde and then by dilute sulphuric acid for 30 minutes. The
residue left was further washed with distilled water to remove free acid and dried at 100-120 °C for 8 hours, powdered, sieved and used
for further study.

2.2 Preparation of adsorbate solution
The orange Il dye was used to prepare solutions of 10 to 50 mg/L concentration in distilled water using 1000 mg/L stock solution. The

pH of solution was adjusted with 0.1 N HCI or 0.1 N NaOH solutions

2.3 Batch adsorption experiment
The batch adsorption experiments were carried by mixing 50 mL of 50 mg/L dye solution with 1.2 g of KLP adsorbent. The effect of

contact time, solution pH, adsorbent dose, initial dye concentration and temperature were evaluated. The dye kinetic experiment was
carried by taking 1.2 g adsorbent dose in 50 mL of 50 mg/L dye solution at pH 8 and equilibrated for different time intervals in
mechanical shaker. The residual dye concentration was determined by using UV/VIS Spectrophotometer (Elico -1245) at 485 nm.
Wavelength

IV. RESULTS AND DISCUSSION

4.1 Effect of contact time

The effect of contact time on adsorption was studied by taking 50 mg/L of orange Il dye solutions treated with 1.2 g of kokum leaf
powder for 5 to 90 minutes at solution pH 8. The dye % removal with contact time has been shown in Figure 1 indicated that % dye
removal was increased from 39.51 to 86.46 with increased contact time. The equilibrium was attained at 60 minutes .Similar results
were reported by other researchers 8,

4.2 Effect of dye solution pH

The effect of solution pH was evaluated in the pH range of 2 to 10 with 50 ml orange Il dye solution of 50 mg/L concentration, 1.2 g
adsorbent dose, 60 minutes contact time and 30 °C temperature. Figure 2 showed that 93.08 % of dye was removed at 2 pH and at pH
8, it was found to be 86.46 % and equilibrium was attained at pH 8. Similar results were reported by other resrearchers!®-2°
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4.3 Effect of dye initial concentration

The effect of initial dye concentration of orange 1l dye (10 to 50 mg/L) on adsorption was studied with 50 mL volume, adsorbent dose
1.2 g/L, pH 8. From figure 3, it was observed that % removal of dye was decreased from 90.95 to 86.46 % whereas the amount of dye
adsorbed increased with increase in concentration. Due to surface activity and monolayer formation for given concentrations. Similar
observations were reported by other researchers?

4.4 Effect of adsorbent dose

The effect of adsorbent dose was studied by taking 50 mL of 50 mg/L orange Il dye solutions and varying adsorbent dosages from 0.2
to 1.4 g. The removal of orange 11 dye was 44.46 to 88.13 when treated with different doses of KLP as shown in Figure 4. The increase
in dye removal % with increased dose may be due to presence of more active sites on adsorbent surface??. The maximum dye removal
was found at 1.2 g of adsorbent dose

4.5 Effect of temperature

The effect of temperature on removal of orange Il dye, batch mode experiment was carried out from 30 to 60 °C Figure 5, showed that,
dye removal % increased from 86.02 to 90.57 % with increase in temperature®
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4.6 Kinetics of Adsorption

To determine the rate controlling mechanism pseudo first and pseudo second order kinetics models were used for adsorption data. The
linear form of Lagergren pseudo first order rate equation is given as?°

K
logqe — q:=logqe — (57t @)
Where geand g: the amount of dye adsorbed (mg/g) at equilibrium and at time t, Ky is pseudo first order rate constant. The values of K
and can be evaluated from slop and intercept of plot of log(q. — q;) vs t given in Figure 6 and Table 2

The pseudo second order rate equation is written as 2

t _ 1 1.

a Kzq2 * qe) t (2)

Where g is the amount of dye adsorbed at time t (mg/g) and ¢ is equilibrium amount adsorbed (mg/g), K2 (g/mg.min.) is the pseudo

second order rate constant. The plot of qi vs t given in Fig.7 The correlation coefficient and similarities between ge ca. and ge exp. Showed
t

that adsorption of indigo carmine by KLP follows pseudo second order rate kinetics.
4.7 Thermodynamics Studies
The change in standard free energy AG® enthalpyAHP and entropy AS? (Table 2) were determined by following equations?®

K, = % ®3)
AG°= —RT InK, (4)
InK; = AS°/R — AH°/RT (5)
Table: 1 Kinetic parameters for adsorption of orange 11 dye by kokum leaf powder
Pseudo first order model Pseudo Second order model
qe (exp.) l_<1 1 Rz qe (cal.) qe (exp.) KZ qe (cal) h i R2
mgg~! | min- mggt| mgg? min."' | mg gt | mg/g.min
1.801 0.0603 | 0.986 1.347 1.801 0.0575 2.034 4.202 0.997

Table: 2 Thermodynamic parameters for adsorption of orange Il dye by kokum leaf powder

Ke -4G° AHP AS°
303 %K 313 %K 323 %K 333 %K kJmol* kJmol* Jmol?
6.385 7.104 7.817 9.395 5.381 10.424 49.663

V. CONCLUSIONS

The adsorption of orange 11 dye by Kokum leaf powder was studied and high value of correlation coefficient (R>=0.999) and similarities
between Qe caand Qe exp. indicated that Lagergren pseudo second order model best describes the kinetics of CV dye adsorption. The
results of thermodynamics parameters indicated spontaneous, endothermic and favorable nature of adsorption with increasing disorder
at solid -solution interface. Therefore sulphuric acid and formaldehyde activated Kokum leaf powder could be used as better alternative
for dyes removal.
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