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ABSTRACT

This study investigate the use of activated cartprepared from groundnut shell (GSC) and Indian ahich shell
(IASC) which are agricultural waste for the remoa#lAzure A (AA) dye from the aqueous solutiondigtbmode
experiments. The activated carbons GSC and IASGriadszure A by varying dye concentration, dosagetact
time and pH. The amount of dye removal increased décrease in initial concentration of the dyerease in
contact time, increase in dosage and increase in ik adsorption data were fitted with Freundlitngmuir
Isotherm models and various first order Kinetic atjons such as Natarajan Khalaf, Lagergren and \édxachar —
Bhattacharya equations. The intra particle studyeal that the adsorption process follow first ordi@metics. The
result shown that the low cost adsorbents groundghet! carbon (GSC) and Indian Almond Shell Carlfigx&C)
can be used as an effective adsorbents alternadi@mmercial Activated Carbon (CAC) for the remlamfaAzure
A dye from aqueous solution.

Keyword: Adsorption, Azure A, Groundnut Shell Carbon (GS@}lian Almond Shell Carbon (IASC), Kinetics of
Adsorption.

INTRODUCTION

Water is directly associated with mankind. Henae dhality of water should be in pure form. Nowadthes water
is polluted by domestic wastes and industrial wadbyes are using as colouring agents in textieistries, rubber,
paper, plastics and cosmetics. The water emergaftert used from these industries create bad taffiensive
odour and affect the eco system [1]. A specialnsite had been given by the scientists on this pad they
suggested different methods like electro chemi2hl Oxidizing agents [3], Coagulants [4] and adsiorp [5],
commercial activated carbon (CAC) has been widskduto removecolour from the industrial efflueri]. [Even
though different methods are suggested, adsorpasrbeen found to superior than other methods.t®tegh cost
of CAC a low cost adsorbent have to be developéa. [dw cost adsorbents developed from agricultuadtes
were wool fibre and cotton fibre [7], Banana pi8j,[Chitosan [9], Neem husk [10], Tamarind fruiteBH11],
Coconut tree sawdust [12], rice husk [13], Pluimkés [14], Palm tree cobs [15], Date Pits [16]jtfatones [17],
cassava peel [18], sugarcane baggase [19], oliveest[20], Eucalyptus Globules Bark [21], Benterfitlay) [22]
etc., The motive of the present study is to devealogco friendly low cost adsorbents for the rerhofayes from
wastewater. In this study activated carbons Grounh&hell Carbon (GSC) and Indian Almond Shell ©arb
(IASC) were used as an adsorbents to remove Azdrem agueous solution.

EXPERIMENTAL SECTION
The commercial activated carbon (CAC) was suppligcE.Merck, India. The raw material groundnut stait

Indian Almond Shell were collected locally and aaised (at 400C). Then they were treated with acid, washed
and thermally activated at 1%D for 1 hour in an air oven. Finally they sieveddiscrete particle sizes. Thus
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groundnut shell carbon (GSC) and Indian Almond SBatbon (IASC) were prepared. Azure A (AA) supgliey
E.Merck, India was used as an adsorbate. The chésmiequired for this study were reagent grade.bibodistilled
water was used for preparing all the solutionsraagents.

Adsorption Studies

A stock solution of AA (1000 mg/l) was prepared aedactly 50 ml of dye solutions of different initia
concentrations were prepared in a standard megsflaisk. The optical density of each solution wasasured by
using Elico UV - visible spectrophotometer (mod&L207) at Amax value 497 nm and thus a standard curve is
drawn by plotting O.D. against concentration. Frtima standard curve the concentration of dye swiutias
calculated. Adsorption experiments were carried auroom temperature (30 #¥C) under batch mode. The
percentage removal of dye was calculated usingeladionship. [23]

Percentage removal = 100, (€G) / C
The amount adsorbed in (mg/g) was calculated ubiadollowing relationship.
Amount adsorbed (4= (G - G) /m

Ci and G be the initial and final concentrations (in mgf)dye respectively and ‘m’ be the mass of actigatarbon
(in mg/l).

Exactly 50 ml of AA solution of known initial conng&ation (Ci = 50 mg/l) for IASC and 60 mg/l for Gpwas
shaken at the constant agitation speed (200 rpitt) avirequired dose of activated carbon (100 mga diked
particle size (range : 90 micron) for a specificipe of contact time in a mechanical shaker (NEOLINDIA),
after noting down the initial pH of the solutiorHp= 7.2).

RESULTS AND DISCUSSION

The various experimental conditions for the adsorpstudies are given in Table — 1 and the resbitained are
discussed below.

Effect of Initial Concentration

The batch type adsorption studies on the extermewnfoval of dye AA on IASC and GSC were carried atit
different initial concentrations (AA on IASC = 50100 ppm and AA on GSC = 60 — 100 ppm) with adigese of
IASC and GSC (2 gt) and 30 minutes of contact time at room tempeeat2€C). The data obtained are tabulated
in Table 1. The percentage removal of dye AA onTA&hd GSC was found to decrease with the increagaei
initial concentration (Fig. 1). This may be duehe reduction in the immediate solute adsorptiaving to the lack
of available active sites required for the highiaticoncentration of AA. Similar results have bhemported in
literature on the extent of removal of dyes [24], 3% metal ions [26].

Adsorption Isotherm

The data obtained from the study on the variatibimitial concentrations of dye AA on IASC and G®¢ batch
adsorption were fitted with Freundlich and Langmisotherms respectively by plotting log (x/m) agdifog G
(Figure 2) and (€de) against ¢ (Figure 3). These two isotherms plots for AA orBld and GSC were found to be
linear with correlation coefficient (r values) cbo® unity, which indicate the applicability of #eetwo adsorption
isotherms for the removal of AA on IASC and GSC.

Freundlich Isotherm
(log x/m)=log K + (1/n) log Ce

Langmuir Isotherm

(Cdae)= (1/Qb) + (Ce/Q)

- Amount of dye adsorbed per unit mass of adsurfie mg g-1)
Weight of dye adsorbed

- Weight of adsorbent

Qo - Monolayer adsorption capacity (in mg g-1)

Equilibrium concentration (ppm)

- Langmuir constant

3 %8
1

T
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The feasibility of the process is expressed in seofrseparation factor Rvhich is given by the equation.

R = 1/(1+b @
b = Langmuir Constant
G = Initial concentration of dye

The separation factor Rndicates the nature of isotherm and the feasjhilf adsorption process as favourable. R
value for AA on IASC is 0.0137 and AA on GSC is@ which indicate that the adsorption procesavstrable.
The R values are found to be in the range of 0 — 1 caitig that the adsorption process is favourabf@. [Bhe
values of monolayer adsorption capacity)(@ere found to be 55.55 for AA on IASC and 142f86AA on GSC.
The data obtained are tabulated in Table 2.

Effect of Contact Time

To study the effect of contact time (range 5 n@iflutes) on the extent of removal of AA on IASC d@8C, batch
type adsorption experiments were carried out atston dose of CAC, GSC (2 gL and optimum initial
concentration of dye (G 50 ppm for AA on IASC and ;G 60 ppm for AA on GSC) at room temperature. The
percentage removal of dye increases with increasentact time and reaches a maximum value. (Figure

Kinetics of Adsorption
The following equations were used to study the tiiiseof adsorption under the conditions of firstd@r kinetics
(Table 3)

Natarajan and Khalaf Equation
K= (2.303 /1) log (G/ C)

Lagergren’s Model
Log (a— @)= Log g — (K /2.303) t

Bhattacharya and Venkobachar Model
Log[1-u(T)]=-(K/2.303)t
uM=[(GC-Q/(CG-G)]

Co - Initial concentration of dye solution (in ppm)

C - Concentration of dye solution at various timegpm)

t - Contact time (in min)

K - First order rate constant for adsorption ofslgie min?)
Oe - Amount adsorbed per unit mass of adsorbent (1hp g

at equilibrium.
O - Amount adsorbed at any given time t (mg g-1)
Ce - Concentration at equilibrium contact time

The plots of log (§/ G) ; log (@—q); Log (1 —u (T) against time were found to lme&r and shown in figures
5, 6 and 7. These values are also linearly cdeg@land found to be close to unity. The resultdath the
applicability of these kinetic equations and thetforder nature of adsorption process.

Intra-particle Diffusion Model
The intra-particle diffusion process in the presaigorption system is tested by applying the ipa#icle diffusion
model.

G=Kpt” +C
g is the amount of dye adsorbed at time t ;

C is the intercept and ;s the intra-particle diffusion rate constant (g gt min®. A graph was drawn by
connecting gagainst t (min”) (Figure 13). The linear line obtained indiogtithe existence of intra-particle
diffusion process. The correlation coefficient luea (for AA — IASC, r = 0.9996 and 0.9739 for AAGSC)
indicates the existence of intra-particle diffusfmocess. The extrapolation of the linear plotsricgpt (C) the Y —
axis. These intercepts give an idea about bounidger thickness. The larger the intercept gretiterboundary
layer effect [28]. The values of intra-particleffdsion rate constant (X were calculated from the slope of the
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curve. The values of correlation coefficient (r), &nd intercept are shown in Table 3. The intraigardiffusion
plots are given in figures 8 & 9.

Effect of Dose of Adsorbent

The effect of dose of adsorbents on the extentmbwral of dye AA was studied. The percent remoYalye AA by
IASC and GSC increases with increase in dose afradsts (Figure 10). This may be due to the in@eashe
availability of surface active sites resulting frane increased dose. The increase in the extarnodval of AA is
found to be insignificant after a dose of 2 g/l fA6C and GSC which are fixed as the optimum ddsedeorbents.

Effect of initial pH

The effect of pH on adsorption process for dye AAIASC and GSC were studied at different pH val{Range
2.7to 11.4 and 2.7 to 11.3). The increase inqdeiases the amount of dye adsorbed (Figure 1Ijhvikidue to
the forces of attraction between the dye AA andaser charge of adsorbents (IASC, GSC). The resuktsin
harmony with the literature reports.

Table : 1Experimental Condition for Batch Adsorption Studies of Azure A (AA) on IASC and GSC

S| o Initial ' antact Dose of Initial _ '
No. System Variation Concentration T|r_ne Adsorbent pH Particle Size
' (ppm) (Min) (gLh

1. Initial Concentration 50 — 100 30 2 7.2 90

2. Contact Time 50 5-60 2 7.2 90

3. AA on IASC Dose of Adsorbent 50 30 1.4-2p 7.2 90
4. pH 50 30 2 2.7-11.4 90

5. Particle Size (in micron 50 30 2 7.2 90 - 25(
1. Initial Concentration 60 — 100 30 2 7.2 90

2. Contact Time 60 5-60 2 7.2 90

3. AA on GSC Dose of Adsorbent 60 30 1.4-2p 7.2 90
4. pH 60 30 2 2.7-11.3 90

5. Particle Size 60 30 2 7.2 90 - 250

Table — 2 Results of correlation analysis on testinthe applicability of adsorption isotherm for theremoval of
Azure A (AA) dye by adsorption on IASC and GSC

Sl. No. | Parameter | AA—IASG AA-GSC
I. Freundlich Isotherm
1. Slope (1/n) 0.4 0.1805
2. Intercept (log K) 0.5 0.0425
3. Correlation Coefficient (r 0.9930 0.9056
Il. Langmuir Isotherm
4. Slope (1/Q@ 0.0180 0.007
5. Intercept (1 / @b) 0.04 0.054
6. Correlation Coefficient 1.02 1.01
7. G (mg g’ 55.55 142.85
8. b (L mg) 0.4500 0.1296
9. R 0.0137 0.0147

Table — 3: Kinetics and dynamics of adsorption of e Azure A (AA) on IASC and GSC

Sl. No. | Parameter | AA—IASG AA-GSC
I. Natarajan and Khalaf Equation

1. Correlation Coefficient (r 1.003 0.9500

2. K (min?) 0.1443 0.0734
Il. Lagergren Equation

3. Correlation Coefficient (r 0.9965 0.9813

4. K (m mY) 0.1900 0.1482
Ill. Bhattacharya and Venkobachar Equation

5. Correlation Coefficient (r 0.9603 0.9809

6. K (min®) 0.2255 0.273
IV. Intra-Particle Diffusion Model

7. Kp 0.015 0.0104

8. Correlation Coefficient (r 0.9996 0.9739

9. Intercept (C) 2.205 2.716
V. Log (% removal) VS Log (time)

10. Slope 0.015 2.335

11. Intercept 1.9507 1.943

12. Correlation Coefficient (r 1.01 0.9957
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Effect of Particle Size

The effect of particle size of GSC and IASC to rem@A dye by adsorption was studied by varying plagticle
size as 90, 125, 150, 212 and 250 micron. The atufuslye AA adsorbed increases with decrease itighasize
of the adsorbent (Figure 12).

Relative Adsorption Capacity

The relative adsorption capacity was calculatednfrthe @ values (Table 3) under optimum experimental
conditions. GSC has the more adsorption capacity=@42.85) than IASC (§= 55.55). However the GSC and
IASC are cost effective adsorbents and can be tosezinove Azure A.

= 100 — 93 TASC
% o5l E
g — £ 09 - GSC
E ) oS _IE {‘/’_)—‘”J'/
5 B34 2 D504
T T T T T T T - T T T T T T T
] 30 G0 70 g0 Q0 100 110 ] 3 13 25 33 43 33 63
Initial Concentration (mgl1) Contact Time (1min)
Figure 1. Effect of initial concentration Figure 4 : Effect of contact time on the
percentage removal of dve
0434 [ASC 1.3 1 [IASC
£ 005, / Z s, r/_/_‘(_(_r"_/g,_,—«-
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Figure 2. Effect of concentration variation: Natarajan and Ehalaf Equation
Freundlich Isotherm Model
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Figure 3. Effect of concentration variation: Lagergren Equation
Langmuir Adserption Isotherm Model T
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Intraparticle Diffusion Model

2052

Percentage of removal

Percentage of remowval

T T T T
0 70 &0 a0 100 110 120 130
Doze of Adsorbent
Figure 10. Effect of dose of adsorbents in
percentage removal of dve

rH

Figure 11 Effect of pHon the percentage
of removal of dve

T T T T T T T
125 130 175 200 223 230
Particle Size (micron)
Figure 12. Effect of particle size on the
percentage of removal of dve



M. Meenakshi Sundaramet al J. Chem. Pharm. Res., 2012, 4(4):2047-2054

. LASC
S GSC
o 2 3 4 5 6 T 8

Figure 13. Effect of contact time variation:
Intraparticle Diffusion Model

CONCLUSION

The experimental data were fitted with Freundlichngmuir adsorptions isotherms and the processusd to be
first order by applying first order kinetic equat® The raw materials for groundnut shell and Indiéémond Shell
are agricultural waste and hence they are low adsbtrbents. The experimental result reveal tha @l IASC
can be used as an adsorbents alternative to CAtidaemoval of Azure A from the aqueous solution.
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