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ABSTRACT

The present study establish the potential of atdiy carbon prepared from inexpensive, locally abdindantly
available biomaterialEuphorbia Tirucalli L wood to remove cationic dyes Basic Violet3 aagi@Violet10 from
aqueous solutions. Batch mode kinetic and isothsttdies were carried out to evaluate the effectsootact time,
initial dye concentration, pH and temperature. Emeount of dye adsorbed at equilibrium was 162.5gnfigy BV3
and 150 mg/g for BV10. The maximum removal of natidyes observed at pH of 8. Adsorption of catiahjes
increased with temperature indicating endothermatune of adsorption. Adsorption kinetic data hagmetudied
using pseudo first order, second order and intratigke diffusion model to understand the reactioramanism.
Adsorption isothermal data could be interpretedioy Langmuir and Freundlich models. The maximunogadi®on
capacity Q varies from 208.33 to 222.22 mg/g for BV3 and.@84to 217.39 mg/g while increasing the
temperature from 30°C to 45°C. Thermodynamic patarsewere also calculated and it was found to be
spontaneous, endothermic and physical adsorptionaiiure. The activation energy for both cationieslystudied
were below 40 kJ/mole, indicates the physical gutsom. The isosteric heat of adsorption also supgdrthe
physisorption process.

Key words: Euphorbia tirucalli L,cationic dyes, kinetics, adsorption, activatedoar isotherm studies.

INTRODUCTION

Pollution caused by the textile industries is a swn problem faced by many industrial countrieslnidia many
textile industries discharge untreated or partiriyated waste on land or in natural streams cgysitution to the
surface water, ground water and soil [1-3]. Theteagater disposed by textile industries is causitegor hazards
to environment and drinking water due to the preseof large number of contaminants like acids, asexic
organic, inorganic, dissolved solids and color [B]jscharge of dyes in the environment is worryimg both
toxicological and aesthetical reasons because tegtike dyes damage the quality of receiving streand is toxic
to food chain organisms [5]. Among the various stessof dyes, basic dyes are the brightest classloble dyes
used by the textile industry as their tinctorialwmeais very high. Color removal from industrial wasvater by
adsorption techniques has been of growing impoeahee to the chemical and biological stability géstuffs to
conventional water treatment methods and the gmpwiged for high quality treatment. Many investigatbave
studied feasibility of using low cost substanceshsas Euphorbia antiquorum L wood [6], Jute ancheemp [7],
Teak leaves [8] and Ashoka leaf powder [9] for temoval of dyes from aqueous solution. The useepéwable
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sources as raw material for manufacturing activatatbon is advantageous as these are less expeosive
manufacture.

In the present study, the adsorptions of basic dgesely Basic Violet3 and Basic Violetl0 have baemstigated
using ETAC as adsorbent. The kinetic and thermodhjngarameters were calculated to determine therptisn
mechanism. The effect of initial dye concentratiagitation time, pH and temperature has been etelita assess
the possibility of ETAC for the removal of catiordges.

MATERIALS AND METHODS

Adsorbent

Activated carbon prepared from the precursor wgaghorbia Tirucalli L.The wood cut into a pieces of 2 to 3 cm
size and dried in sunlight for 10 days. The driezterial soaked in a boiling solution of 35%R®, for 1 hour and
kept at room temperature for 24 hours. The wooderratseparated, air dried and carbonized in mdtfteace at
550 °C for 1% hour. The carbonized material powdi@red activated at 800°C for 10 minutes. The rieguttarbon
was washed with plenty of water until the residaed was removed. The dried material was ground todine
powder and sieved into a particle size of 180 t@ Bfcron [10].

Adsorbate

The cationic dyes used in this experiment are Baéidet 3 (M.Formula: GsH3,CIN3;, M.Wt: 407.97,Amax:
540nm), Basic Violet 10 (M.Formula:»gHz,CIN,Os, M \Wt: 479.02 Amax: 479nm) which are used without further
purification. All other chemicals used in this exipgent are of analytical grade. The structuresationic dyes used
are shown in Fig.1la and 1b. A stock solution of(L6@/L was prepared by dissolving appropriate arhotidye in
one litre of distilled water. The percentage puafydye is also taken in to consideration for theparation of stock

solution.
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Figure la - Structures of Basic Violet 3
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Figure 1b - Structures of Basic violet 10
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Characterisation studies
Physico-chemical characteristics of activated canre@pared fronkEuphorbia Tirucalli L wood were studied as per
the standard testing methods [11-12].

Batch adsorption studies

Batch adsorption studies were carried out at difietemperature by shaking 100 ml of dye soluti@wirg
concentration in the range between 25-100 mg/L Wb mg of adsorbent. At different time intervaie tdye
solution were taken and centrifuged. Absorbancsugiernatant solution was noted using spectrophatsniiglico
make : model BL 198) and analysed for residual aycentrations. The experiments were carried odiffgrent
experimental conditions by varying initial dye centration, contact time, pH and temperature.

Dye Adsorption by varying pH

The effects of pH on cationic dye adsorption wenestigated using 100 ml of 50 mg/L dye solutiod &l g of
ETAC. The initial pH in the range 1-12 was adjusteding 0.1M HCI or 0.1M NaOH. The experiment was
conducted at room temperature and equilibrium tisached at 80 min for BV3 and BV10 and the amotitye
adsorbed were determined.

Adsorption isotherm

Adsorption experiments were carried out at diffetemperatures (30-45°C) by using 100ml of dye temhs with
varying concentration in the range between 10-1g0Lnand fixed amount of ETAC (0.1 g). The amountdgé
adsorbed at equilibrium time was measured.

RESULTS AND DISCUSSION
Analysis of adsorbent characteristics
The Physico-chemical characteristics of activatathan (ETAC) prepared frofauphorbia Tirucalli L wood using
HsPO, were summarized in Table.1 and the adsorbent wak/sed for the adsorption of cationic Dyes (Basic
violet3 and Basic Violet10).

Table.1 Physico-chemical characteristics of Adsorlms

S. No Properties ETAC
1 pH 6.4¢
2 Conductivity, uS/cm 0.187|
3 Moisture content, % 10.4
4 Ash, % 10.8
5 Volatile matter, % 22.2
6 Bulk density, g/ml 0.56
7 Specific gravity 1.18
8 Porosity, % 52.54
9 Methylene Blue value, mg/! 405
10 lodine Number, mg/g 932
11 | Surface area(BET),’fg 857.85

Effect of initial dye concentration and agitation ime

The adsorption of all three cationic dyes onto ETW&e rapid in the first 15min, later it slows doam and finally
reached the equilibrium at 80 minutes for BV3 andlB. When the concentration of dye solution incegafsom 25
to 100 mg/L, the percentage of dye adsorption @deee from 93.75 to 81.25% and 91.84 to 75% for BYid@
BV10 respectively and lower adsorption is due te Haturation of adsorption sites. Though, the peace of
adsorption decreases on increasing the concemtratie equilibrium amount of dye adsorbed incredszd 46.88
to 162.5 mg/g for BV3 and 45.92 to 150 mg/g for BVThis is due to the fact that at higher concéiamnaower
adsorption percentage is due to the saturatiomsdration sites [13]. Similar results were obserf@dremoval of
basic dyes by sugar cane stalks [14] and jute iarbon [15].

Effect of temperature

It is important to analyze the temperature effastddsorption of cationic dyes onto ETAC. From theults of
temperature studies, the dye adsorbed at equilibrvias increased with increasing temperature inglit#tat the
adsorption is endothermic and high temperaturevsrible for the adsorption of all the three catiatyes. The

1222
Pelagia Research Library



Arunachalam Agalyaet al Adv. Appl. Sci. Res., 2012, 3(3):1220-1230

enhanced adsorption of cationic dyes with tempesaia due to increased mobility of dye moleculesl an
enlargement of pore size due to activated diffusiich causes pores to widen and deepen theredaging more
surfaces for adsorption [16].

Effect of pH

It is the most important parameter controlling #usorption process. When the pH of the dye solutioreased, the
amount of dye adsorbed also increases. The expeismere carried out at an initial pH of 1 to 12l dhe results
indicate that there is a strong electrostatic atton between adsorbent and adsorbate. FromdheefR both the
cationic dyes studied show higher percentage ofratlen at pH 8 to 9. At high pH the carbon surfdezome
negative which enhances the positively chargeaomtidyes [17].
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Figure 2 — Effect of pH

% of dye adsorbe

Adsorption kinetics

A study of adsorption kinetics is desirable asravides information about the mechanism of adsorptvhich is
important for the validation of the efficiency dfet process. In the present work, the kinetic dataimed from batch
studies have been analyzed by using pseudo-fidstrosecond order and intra particle diffusion niede

Pseudo-first order model
The pseudo-first order equation of Lagergren [$&]enerally as follows

d
d—? = k(G — ) Q)
The integrated form of equation
kit
lo e — =logQe - . (2
9(0e — q) g9q 5307 2

The amount of dye adsorbed at equilibriugrand first order rate constant éalculated from intercept and slope of
the plot log(@q,) vs time and the results are summarized in tabfrd@n the values ofrrit is clear that pseudo first
order equation does not fit well for whole rangeadkorption process, as it is applicable for thgainstages of
adsorption processes [19].

Pseudo-second order model
The second order equation for the equilibrium goksom is expressed as Ho and Mckay [20]

t 1 t
—= t— - (3)
g KeQe2 Qe
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The ¢ values obtained for various initial dye conceriorat were above 0.98 indicating that the secondrdkihetic

model describes very well for adsorption of catiodyes onto ETAC. Figure 3a and 3b showed the mssadond
order kinetic model for BV3 and BV10 respectivelyhe values of second order rate constagnand ¢ were

calculated from the intercepts and slopes of tbe @it/q vs t and the results are presented in table 2 vahe of

k. decreases with increase in dye concentrationa@dedrease in available vacant sites for adsorpBaeed on the
values of co-relation co-efficient, the second orkimetic model was more suitable to describe tHsogption

process for cationic dye adsorption than pseudt-dirder model.
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Figure 3a- Pseudo-second order plot for Adsorptionf BV3 onto ETAC
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Figure 3b- Pseudo-second order plot for Adsorptiomf BV10 onto ETAC
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Table 2. Kinetic Model values for adsorption of Baie Dyes onto ETAC

First Order Kinetics Second Order Kinetics Intratieke Diffusion model
Dyes | Concn mg/L| k; ge(cal) 2 ko X g(cal) 2 Kig 2
(min*) | (mgig) | 10 | Mo | (mglg min) r
(g/mgmin)
25 0.053¢ | 46.9% | 0.984¢ 11.934: 55.2¢ | 0.998( 4.684¢ 0.924¢
BV3 5C 0.056¢ | 92.57 | 0.988t 5.962¢ 106.3¢ | 0.9957 9.149( 0.910¢
75 0.0575| 130.7Q 0.989B 4.2459 15151 0.9956 1R.982| 0.9034
100 0.0651| 196.92 0.9644 3.2778 192/30 0.9964 76.63 0.9202
25 0.0612| 57.03| 0.9796 8.4455 57.47 0.9991 4.8939 .935Q
BV10 50 0.0522| 93.77| 0.9774 4.4070 103,09 0.9951 8.7074| 0.9565
75 0.052: | 125.6¢ | 0.982¢ 3.613¢ 142.8¢ | 0.997: 12.06( 0.944¢
10C 0.C601 | 189.1( | 0.948t¢ 2.514" 188.67 | 0.995¢ 15.924° 0.945:

Intra particle diffusion model

The pseudo-first order and second order kinetic etsodould not identify the diffusion mechanism, teat the
kinetic results were further analysed using intaetiple diffusion model [21-22]. In batch mode aqigimn process
there is a possibility that the transport of dydenoles from the solution into the pores of theogllent is the rate
controlling step .

t#=kq+C . (4)

This possibility was tested by plotting a graphwestn gt and’tat different initial dye concentration and shown in
Figure.4a and 4b. All the plots have initial curveattion followed by an intermediate linear portidrhe initial
portion is related to mass transfer and linear pmrtlue to intra particle diffusion. The values lgf for all
concentrations studied were determined from theesl@f respective plots and the results are predenttable 2. If
the intra particle diffusion was the only rate golling step, the plot passed through the origimat the boundary
layer diffusion controlled the adsorption to sonegte [23]. But the plots obtained were not linezr the whole
time range, implying that more than one processctéfl the adsorption ie the mechanism of removakatbnic
dyes is complex and both surface adsorption as agelhtra particle diffusion contribute to the raletermining
step.
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Figure 4a- Intra particle Diffusion plot for Adsorp tion of BV3 onto ETAC
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Figure 4b- Intra particle Diffusion plot for Adsorp tion of BV10 onto ETAC

Adsorption isotherm

Isotherms are the equilibrium relation betweendbecentration of the adsorbate on the solid phadérathe liquid
phase. It is the most important data to understia@anechanism of adsorption systems. In this stuaggmuir [24]
and Freundlich [25] isotherm models were usedesrdbe the basic dye equilibrium.

0,40 #30°C ®35°C A40°C 0 45°C|

0.35
0.30-
0.25-

&
$0.20-
(&)

0.15-

0.10

005 | %

0.00%
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Figure 5a- Langmuir Adsorption Isotherm for Adsorption of BV3 onto ETAC

Langmuir isotherm

The Langmuir isotherm equation is based on thenagBan that the maximum adsorption corresponds to a
saturated monolayer of adsorbate dye molecule eradsorbent surface. The energy of adsorptionristaat and
there is no transmigration of the adsorbate in glane of the surface [26]. The linearised form @hgmuir
isotherm is presented by the equation.
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+— .. (5)

Where, G is the equilibrium concentration (mg/L), i3 the amount of dye adsorbed at equilibrium (hafd Q
(mg/g) and b (L/mg) are Langmuir constants related to adsonptiapacity and energy of adsorption respectively.
Figure 5a and 5b showed the Langmuir plot for BW8 &8V10 respectively. The values of @nd b calculated
from the slopes and intercepts of the linear ptdt€e/q vs Ce and the results are presented in table 8ra@sults
show that the value of adsorption efficiency @d adsorption energy wf ETAC increases with increasing the
temperature suggests that the maximum adsorptioresgpnds to a saturated monolayer of dye molecntes
adsorbent. Further it confirms the endothermic meatf processes involved in the system [27]. Theimam
adsorption capacity Qvaries from 208.33 to 222.22 mg/g for BV3 and P840 217.39 mg/g while increasing the
temperature from 30°C to 45°C.

0.50 + 30°C = 35°C A 40°C o 45°C
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Figure 5b- Langmuir Adsorption Isotherm for Adsorption of BV10 onto ETAC

Table.3 Comparison of the coefficients of Isothernparameters of Basic dyes

Isotherm Models
Dyes Tgmp Langmuir Freundlich
C Q b P2 n ks r2
(mg/g) | (L/mg) (mg*" L*"g™)

30 208.33| 0.1867 0.9978 2.6673 47.2063 0.9362
BV3 35 212.76| 0.2179 0.9972 2.7948 52.7351 0.9502

4C 217.3¢ | 0.2527 | 0.997¢ | 2.922: 58.384¢ 0.956¢

45 222.22| 0.2980 0.9973 3.139%7 65.9173 0.9555

30 204.08| 0.1084 0.9873 2.4330 35.5385 0.9622
BV10 35 208.33| 0.1407 0.9891 2.6961 44.6580 0.97769

40 212.76| 0.1649 0.9912 2.8801 51.2035 0.9682

45 217.39] 0.1869 0.9918 2.9620 55.8598 0.9622

The essential characteristics of Langmuir isotheam be expressed by a dimensionless constant eajlgtibrium
parameter R[28] that is defined by the following equation

1

= - .. (6
(1+bCo) ©
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Where, Co is the initial solute concentration. Tyevalue indicated the type of adsorption isothernbeoeither
unfavourable (R>1), favourable (R<1), linear (R=1) or irreversible (R=0). Langmuir model is more appropriate
to explain the nature of adsorption of cationic slyéth correlation coefficient of 0.9978 to 0.99ft8 BV3 and
0.9873 to .9918 for BV10.

Freundlich isotherm
The Freundlich isotherm is an empirical equatiorivéel to model the multilayer adsorption and foe #Hdsorption
on heterogeneous surfaces.

Iogqe=logKf+%Iogce . (7)

Where, K and 1/n are Freundlich constants related to th@rptien capacity and adsorption intensity of the
adsorbent respectively. The & the amount of dye adsorbed per unit mass obrbdst (mg/g), Ce is the
equilibrium concentration of adsorbate (mg/L). Madues of Kand 1/n are calculated from intercept and slopes of
linear plot of log g vs log ¢ (figure not shown) and the results are presentadbile 3. The value of 1/n is below
one for all three dyes studied indicating thatatisorption of cationic dyes on ETAC is favouraBet it poorly fits
with the experimental data with correlation coaéfit 0.9362 to 0.9655 for BV3 and 0.9622 to 0.9622BV10.

Thermodynamic parameters

Activation energy

The second order rate constant of the dye adsarpsicexpressed as a function of temperature by ehitls
relationship.

Inkz = In A—£2 . (10)
RT

Where Ea and A refers to Arrhenius activation epargd Arrhenius factor obtained from the slope iatercepts of

a graph by plotting Inkvs 1/T shown in figure 6. The activation energiee found to be 27.1967 kJ/mole and
33.0255 for BV3 and BV10 respectively. The minimuadue of Ea (27.1967 kJ/mole) for sorption of BVist@m
ETAC indicated the higher adsorption due to legsergy barrier. The physisorption usually have giesrin the
range of 5-40 kJ/mole, while higher activation gmes 40-800 kJ/mole suggests chemisorption [29 dttivation
energy < 40 kJ/mole for both the dyes indicatediffasion controlled physisorption.

2 = BV3 A BVI10

154

1.4 T T T T 1

0.00310 0.00315 0.00320 L 0.00325 0.00330 0.00335
UT, K

Figure 6- Arrhenius plot for adsorption of Cationic dyes

The thermodynamic parameters such as change idasthfree energy\G), enthalpy £H?) and entropy4S°) can
be determined by using VantHoff equation
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In KL:AS _AH .. (8)
R RT
AG’= AH’-TAS’ .. (9)

Where, T is the absolute temperature apdlig) is the standard thermodynamic equilibriunmst@ant. By plotting

a graph of In K vs 1/T, the values aAS’ and AH® can be estimated from the slopes and intercejgsré not
shown).The results are given in table 4. The positive ®alofAS’ confirming physical adsorption nature and
increased randomness at the solid-solution interfdering adsorption and indicate affinity of theedgnto
adsorbents [30]. The value of enthalpy of a sorpfoocess may be used to distinguish between claéraid
physical adsorption [31-32]. For chemical adsompgothalpy value ranges from 83-830 KJ/mole [33].

Table.4 Thermodynamic Parameters at different Tempeatures

Dye | Temp°C| AG° kJ/mol| AH° kJ/mol | AS°kJ/K/mol | EakJ/molg AHx kJ/mole
30 -9.2107
35 -9.8296

BV3 20 70,4486 28.2942 0.1237 27.1951 27.1967
45 -11.0675
30 -7.8750
35 -8.5359

BV10 20 79.1969 32.1793 0.1321 33.0232 33.0255
45 -9.8579

Isosteric heat of adsorption
It is the basic requirements for the charactedzatand optimization of an adsorption process amso &ery
important for equipment and process design.

The isosteric heat of adsorption at constant c@eeim calculated using Clausius- Clapeyron equdfidh

InCe= Ak

+K ... (10)

Where Ce is the equilibrium dye concentration iluson (mg/L), AHy is the isosteric heat of adsorption (kJ/mole).
The isosteric heat of adsorption is calculated fittwn slope of the plot InCe versus 1/T. The magleithHy of
provides an information about the nature and mashawof the process. For physical adsorptidfy, should be
below 80 kJ/mole and for chemical adsorption igesmbetween 80 and 400 kJ/mole [35]. The valuedigffor the
adsorption of BV3 and BV10 onto ETAC are 27.196/frale and 33.0255 kJ/mole which are within the ean§
physisorption and suggested that the adsorptiocessois physisorption.

CONCLUSION

The present study confirmed that the activatedaragyepared frontuphorbia Tirucalli L wood was found to be
suitable adsorbent for the removal of cationic dyfidse equilibrium adsorption occurs with in 70 nies1 Removal
of cationic dyes is pH dependent and maximum remoweurs at pH 8-9. The kinetic studies revealeat the

adsorption data was controlled by both surface radiso and intra particle diffusion. The experimaradsorption
equilibrium data were in good agreement with Langmrmodel. The determination of thermodynamic parismse
indicates the spontaneous and endothermic natueglsdrption process. The activation energy forttedl three
cationic dyes studied was below 40 kJ/mole, isastezat of adsorption indicates the physical natiradsorption
process.
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