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Abstract: Adsorption Characteristics of basic dye (Basic Blue 17) using fruit waste obtained from juice processing
industry was studied. The adsorption equilibrium capacity of basic dye onto the fruit waste increased with
increasing initial pH and with increasing temperature of the solution. Adsorption equilibrium of basic dye onto the
adsorbent could be represented by Langmuir isotherm equation. The kinetic data were fitted to the pseudo second
order and Elovich models. Thermodynamic parameters such as change in the free energy, the enthalpy and the
entropy were also evaluated. Desorption studies of dye in organic acid suggest that the adsorption of basic dye onto
fruit waste involves chemisorption mechanism. The adsorbent material could be employed as low cost adsorbent as
alternative material to commercial activated carbon for the removal of Basic blue 17.
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I. INTRODUCTION

Discharge of dyeing industrial effluents on the land and water bodies poses a serious threat to the environment due to its
high toxicity and non-biodegradable nature. Recently many technologies like electrochemical coagulation, reverse
osmosis, nano fitlration, adsorption using activated materials etc.. ,are used for the removal of dye from waste water
adsorption has been proposed as a feasible and economical process for the treatment of dyeing industry effluent. In recent
past, many researchers have proved that adsorbent prepared from useless plant materials and agricultural wastes can
remove substantial amount of dyes from the effluents.

Some of the materials which are used for the preparation of adsorbent in the recent past are orange peel*,lemon peel®,saw
dust * pinus pinaster bark *tamarind kernel powder® oil palm waste® Turkish Zeolite’etc., are of negligible cost as
compared to commercial activated carbon.

The present study is undertaken to evaluate the efficiency of an adsorbent prepared from fruit waste for the removal of
Basi Blue 17 dye. In this work, the applicability of kinetic and intraparticle diffusion models for the adsorption of Basic
Blue 17 onto fruit waste has also been studied.

I1. MATERIALS AND METHODS
Materials

Waste fruit residues (FR) obtained from the fruit juice processing industry after the removal of impurities (washed with
dil.HCI, distilled water and dried) was used as adsorbent.

All the chemicals used are reagent grade. A cationic dye (Basic Blue 17(or) Toludine Blue O having molecular weight
408 with C.1. N0.52040 (E,Merck) was chosen as the adsorbate.
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The pH measutements were made on Deluxe pH meter (Model 101E), conductivity measurements were made using
Conductivity Meter(Model M-180) and Colorimetric estimations were carried out using UV-VIS Spectrophotometer
119(Systronics).

Character studies

Physico chemical characteristics of the prepared adsorbent were studied as per the standard testing methods®® .Infrared
Spectroscopy provides information on the chemical structure of the adsorbent. The surface morphology of adsorbents
were visualized via Scanning Electron Microscopy.

Adsorption Studies

The adsorption experiments were carried out in a batch process at 302K,307K,312K,317K and 322K.Known weight of
adsorbent was added to 50ml of dye solution with initial concentration ranging from 10 to 40 mg/L. The contents were
shaken thoroughly using a mechanical shaker rotating at 120rpm.

Desorption Studies

After adsorption experiments the dye loaded adsorbent was washed gently with double distilled water to remove any un-
adsorbed dye if present. Desorption studies were conducted using several such adsorbent samples.500mg of the dye
loaded adsorbent was agitated above the equilibration time with 50ml of double distilled water of various pH.

I1l. RESULTS AND DISCUSSION
Investigation of sorption Parameter
Effect of agitation time and initial concentration of dye solution

The effect of agitation time on the amount of dye adsorbed was observed at the optimum initial concentration of dye. The
extent of removal of Basic Blue 17 by the adsorbent (FR) is found to increase and reach a maximum value with increase
in contact time. The relative increase in the extent of removal of dye after 165min of contact time is not significant and
hence it is the optimum contact time. The results are given in Figure-1.Similar results have been reported in literature for
the removal of dyes*® and metals™.
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Fig.1. Effect of agitation time and initial concentration on the removal of Basic Blue 17 with FR adsorbent
Effect of Initial pH

The effect of initial pH of the dye solution on the amount of Basic Blue 17 adsorbed was studied by varying the initial pH,
under constant conditions of other parameters™? the results are shown in Figure-2.
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Fig.2 Effect of pH on the removal of Basic Blue 17

The effect of adsorbent dose was also investigated for the removal of dyes from aqueous solution. The experiments were
carried out with adsorbent dose varied from 25mg to 450mg by keeping all other parameters are constant. The results are

shown in Table-1 .Similar results have been reported by the other investigators™.

Kinetic Model of Adsorption

TABLE 1: Effect of Adsorbent Dose

Adsorbent %Removal

(FR) Dose

(mg) 20mg/L 40mg/L
25 35.92 21.63
50 43.39 35.68
75 71.21 42.35
100 88.63 53.86
125 92.23 58.62
150 94.32 67.32
175 96.68 71.23
200 98.25 76.39
225 99.01 79.32
250 100.00 86.67
275 - 95.63
300 - 100.00

The Kinetics and dynamics of adsorption of Basic Blue 17 on treated fruit waste have been studied by applying pseudo
first order, Pseudo second order and Elovich models™.The adsorption follows pseudo second order kinetic model (Figure-

3).

Pseudo second order equation:

t/G =1/K,0¢° +/0e

k, —rate constant of second order adsorption (g/mg/min)
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Fig.3. Pseudo Second order reaction

The adsorption data were analysed with the help of the following linearised forms of Freundlich and Langmuir

isotherms™.

Freundlich isotherm: log q. =log K +1/n log ¢,

Langmuir isotherm: c./ge = 1/Q,b + ¢, /Q,

Where
K=adsorption capacity

(1/n)=order/intensity of adsorption

ge =amount of MG adsorption per unit mass of adsorbent (mglg)

e =equilibrium concentration of dye (ppm)

Qo.=monolayer (maximum) adsorption capacity (mglg)

b=Langmuir constant related to energy of adsorption (I/mg)

In the present study, the values of R are observed to be fraction (0.2040 to 0.6059), which indicate that the adsorption

process is favourable.

Table — 2.Langmuir Isotherm

Dye conc. | C, e C/Qe

Co(mg/L) | (mg/L) | (mg/g) | (9/L)

20 8.46 11.54 1.3640
40 15.82 24.18 1.5284
60 20.55 39.45 1.9197
80 24.12 55.88 | 2.3167
100 25.20 74.80 | 2.9682
120 24.12 95.88 | 3.7867
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Fig.4 Freundlich Isotherm
Effect of Temperature

Increase of temperature hardly increased g, value. The thermodynamic parameters were determined using the following
equations.

AG’ = AH' - TAS’
AG’ = -RT InK,

The negative value of Gibbs free energy change (AG) indicates the spontaneous nature of adsorption’®.The results are
shown in Figure 5.
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Desorption Studies

The poor desorption of the dye Basic Blue 17 with acetic acid indicates that the dye adsorbed onto the adsorbent through
by chemisorption mechanism?®.

IV. CONCLUSION

The adsorption of Basic Blue 17 with fruit residue as an adsorbent was studied. The adsorption rate increases with
increase in dye solution concentration and increase of adsorbent dose. The adsorption followed pseudo second order
kinetics and also supported by Elovich model. The adsorption isotherm data were well described by Langmuir and
Freundlich adsorption models. The adsorption process was found to be endothermic in nature. The thermodynamic study
reveals,a spontaneous adsorption process. Desorption studies reveals that no satisfactory desorption taking place
indicating chemisorptive nature of adsorption.
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