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Abstract: The capability of activated carbon frdBuphorbia tirucalli L wood for the adsorption of acid dyes
from agqueous solution was investigated. Batch éxygarts were carried out for the adsorption of Aglde 15
and Acid Orange 10 onto activated carbon (ETAC)e Témoval of acid dyes from aqueous solution using
ETAC was investigated in terms of initial pH, iaiticoncentration, contact time and temperature. rékalts
showed that maximum adsorption occurs at pH 2-@&hé&m and kinetic experiments were carried out on
different temperatures. Adsorption kinetics waslwebkcribed by the pseudo- second order kineticainwaith
intra particle diffusion as one of the rate detaing step. Equilibrium data were well represented.édngmuir
and Freundlich models. Thermodynamic parameteris aachange in free energy, enthalpy and entropg we
also evaluated. For AB15, enthalpy charyel}) and entropy changa$°) were 26.830 kJ/mole, 0.1160 kJ / K
/mole respectively, and those for AO10 were 15.K&®nole, 0.0180 kJ/K/mole respectively. The valoés
AGP°, AH° and Activation Energy Ea which indicate that #dsorption of acid dyes onto ETAC were a
physisorption process.
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I ntroduction

Dyes are synthetic aromatic water soluble dispkrgirganic colorants, having potential application
various industries. The dyestuff usage has beereased day by day due to tremendous increase of
industrialization and human desire for cofoiMost of the dyes used in textile industries aable to light and
are difficult to biodegrade due to their complegraatic molecular structure and synthetic ofigin addition,
some dyes or their metabolites are either toxianatagenic and carcinogenic. Furthermore, the cebbur
effluents reduce light penetration and potentiphgvent photosynthesié.

Acid dyes which comprise the largest class of olyéhe colour index (CI) are anionic compounds
mainly used for dyeing nitrogen containing fabiike wool, polyamide, modified acryl and silk. Masitthe
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acid dyes belong to azo and anthroquinone grougpgiae a wide range of bright colors’ on textileslare the
most difficult to remove. Physical and chemicalgasses have been used to treat the waste wateevidow
these processes are costly and can not be usetheffgto treat the wide range of dye waste wakeisorption

is physico- chemical waste water treatment methddch has gained popularity in the waste waterttneat
industry due to the high quality treated efflueate produced. Activated Carbon is the most widedgdu
adsorbent with great success because of its highrgitbn capacity. But its use is limited due htgh cost.
This has led to search for cheaper substitutes.pfésent study is undertaken to evaluate the effayi of a
carbon as adsorbent prepared fridaphorbia Tirucalli L wood (ETAC) treated with §PQO, for the removal of
acid dyes in agueous solution. Phosphoric acidattbin is a conventional method for the preparatibactive
carbon from lignocellulosic material. Phosphoriddanduces important changes in the pyrolytic degosition

of lignocellulosic materials as it promotes depatyisation, dehydration and redistribution of constnt
biopolymers. Various parameters affecting adsomptianto the activated carbon such as initial dye
concentration, contact time, pH and temperatureevetudied. The adsorption data were evaluated using
Langmuir and Freundlich models.

Materialsand Methods
Adsor bent
Preparation of Euphorbia Tirucalli Activated Carbon

Dried wood pieces dtuphorbia Tirucalli L were carbonized with 35%3AOs;for 1% hour in muffle
furnace at 550C and activated at 80C for 10 minutes. The resulting carbon was washittd plenty of water
until the residual acid was removed. The dried nteas ground well to fine powder and sieved

Characteristics of the Adsor bent

Physico-chemical characteristicsEiphorbia Tirucalli Activated Carbon (ETAC) were studied as per
the standard testing meth8dsand shown in Table 1. The surface structure andohmogy of ETAC was
carried out using Scanning Electron Microscopehasva in Figurel.

Table.1 Physico-chemical characteristics of
ETAC

S.No | Properties ETAC

1 pH 6.48

2 Conductivity, pS/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/g| 405

10 lodine Number, mg/g 032 20kV  X2,000 10pm 0000 11 46 SEI

11 | Surface area(BET), 7y 857.85 _ ,

Figure1l SEM image of ETAC

Adsor bate

The dye used in this experiment are Acid Blue WBWt:775.95, Mol. Formula: GHiNsNaGsS,,
Amax: 570 nm) Acid Orange 1015 (M.Wt:452.38, Mol.riRala: GeH100/N>S,Nap, Amax: 478 nm) Nature:
anionic dye used without further purification. Téteucture of Acid Bluel5 and Acid Orangel0 are shanv
Figure 2a and 2b respectively.
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Figure 2a Structure of Acid Bluel5 Figure 2b Structure of Acid Orange10

The stock solution was prepared by dissolving 1dmye in water and made up to the 1000 ml usingbtiou
distilled water. The concentration of the dye dolutwas determined by using spectrophotometer it th
respective wavelengths.

Experimental Procedure

Batch adsorption experiments were carried out fgiyating 200ml of dye solution with 0.1gm of
prepared activated carbon in an orbital shaker (REfslke) at different temperatures. After a predeieed
contact time, the mixture was withdrawn, centrifdigaend analyzed for residual dye concentration uEingp
make UV- Vis spectrophotometer.

% of dye removal = (£C) Cy X 100

Desorption studies were carried out using speriiota After desorption experiment the dye loaded
carbon agitated with double distilled water at ¥as pH and dye desorbed was estimated as statéa in
adsorption studiés

Result and Discussion
Effect of Initial Dye Concentration and Contact Time

The experimental results of adsorptions of Acice®¥AB15, AO10) on the ETAC at various initial
concentrations (25, 50, 75 and 100 ppm) with cdrttae are shown in the Figure 3a and 3b. The peage
adsorption decreased with increase in initial dyecentration, but the actual amount of dyes adsioplee unit
mass of carbon increased with increase in dye crat@on. The amount of dye adsorbed increased #4185
mg/g to 164.71 mg/g for AB15 and 47.22 mg/g to T2img/g for AO10, revealed that the adsorptionghlly
dependent on initial concentration of dye. Thibétause that at lower concentration, the ratichefinitial
number of dye molecules to the available surfaea & low. However, at high concentration the add sites
of adsorption becomes lesser and hence the pegeerganoval of dye gets decreased with increaseitiali
concentration *°. Further in Figures 3a and 3b, the curves arelesiagd continuous, leading to saturation,
suggesting the possible monolayer coverage ofyhe dn the carbon surface.

Effect of pH

The pH is one of the most important factors cdlimg the adsorption of dye onto the adsorbent. The
experiments were carried out at initial dye conaitn of 50 mg/lit and at different initial pH,&hesults show
that there was a change in percentage removale@faiy change in pH and maximum adsorption 86.286 fo
AB15 and 89.1% for AO10 occurs at pH=2 as showhigure 4. Higher pH causes a decrease in percenfage
dye removal from 90 to 56% and 93.9 to 58.9% forllBBnd AO10 respectively.
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Figure 3a Effect of initial dye concentration Figure 3a Effect of initial dye concentration
and contact time for the adsorption of AB15 and contact time for the adsorption of AO10
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Effect of Temperature

The adsorption capacity of the carbon increasdl increase in temperature of the system from 30 -
45°C. The increase in the equilibrium adsorption cépaxd Acid dyes indicates that a high temperafanesurs
the dye removal. The percentage removal of botliyles increased from 85.06 to 91.95% and 89.05 18090
for AB15 and AO10 when the temperature increasech fB0 -48C respectively. From the above results it is
clear that adsorption equilibrium is a thermo dejgen process. The enhanced adsorption of acid aiths
temperature may be due to increased mobility of rdgéecules and enlargement of pore size due toaet
diffusion which causes pores to widen and deeperetlby creating more surfaces for adsorption. &mil
results are also reported by other researthéts

Adsor ption Kinetic Study

The prediction of the adsorption kinetics of dyeni aqueous system is important in order to
design a suitable treatment system. In order tdysmahe adsorption kinetics of Acid dyes AB15, Al0dn
ETAC, the following kinetic equations have beerdsd. This study includes i) Adsorption rate stugyintra
particle diffusion study.
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Pseudo-First Order Kinetics

The first order equation is the simplest one artléanost widely used for the adsorption of a softam a
liquid solution. Theate equatiott is

%:k
1

dt (9. - ) (D)

whichwas further integrated to

K
lo -0 )=lo - N ¢
g(a. - a,) =logq, (2303j )

where gandg; are the amounts of dye adsorbed at equilibriumtemel t (min), k is the rate constant (min-1).
Linear plot of log(ge-0;) versust gives the value of kand g (figure not shown)The adsorption data fitted
poorly with pseudo-first order kinetic model. Hertbe adsorption does not follow first order ratpression.

Pseudo Second Order Kinetics

Adsorption of dyes on porous material has beemmksd that evolution of the adsorbed amount with
time follows pseudo second order kinetfcs

t 1 t
= +

g K2Qe2 E

.. (3)

The values of kand g can be calculated from the plot of t/grsus t and presented in Table 2. The k
is the second order rate constant (g/mg min) arisl the equilibrium adsorption capacity (mg/g)shhe initial
adsorption rate (mg/g min), as t-0 can be defireeti & kg.”. The second order rate constant decreases from
7.34 x10° g /mg min to 1.146 xIg/ mg min for AB15 and 6.69 xT¥@/mg min to 1.18 x16g/ mg min for
AO10 with increase in initial dye concentrationeltorrelation co-efficienfranges from 0.9925 to 0.9865 for
AB15 and 0.9926 to 0.9823 for AO10. From the resuttis concluded that the adsorption of acid dyes
ETAC can be explained by second order kinetics widiescribes the adsorption much better than psksto-
order kinetics. Figure 5a and 5b shows the secoher plot for the adsorption of AB15 and AO10 oBfBAC.

Table 2 - Kinetic Model valuesfor adsorption of Acid Dyesonto ETAC

Intra Particle
First Order Kinetics Second Order Kinetics Diffusion model
Concn mg/L
Dyes kz>§1 Kig
Ky de(cal) 10 de(cal) (mg/g
(min) | (mg/g) | r? (g/mgmin) | (mg/g) | r? min) r’
25 0.0428| 45.656| 0.9956| 7.34 55.248 0.9925| 4.2943 0.9214
50 0.0458| 92.811| 0.9924| 3.72 106.38 0.9902| 8.2976 0.9190
AB15 | 75 0.0462| 155.88| 0.9770| 1.67 169.49 0.9837| 12.754 0.9418
100 0.0462 215.19| 0.9622| 1.14 227.27 0.9865| 16.959 0.9541
25 0.0467| 51.594| 0.9628| 6.69 59.171 0.9926| 4.5746 0.9239
50 0.0437| 89.04 | 0.9905 3.08 114.94 0.9861| 8.8000 0.9204
AO10 | 75 0.0389 139.65| 0.9747| 1.69 175.43 0.9844| 13.104 0.9381
100 0.0377 183.65| 0.9795| 1.18 232.55 0.9823| 17.349 0.9429
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Figure 5a Pseudo Second Order plot for Figure 5a Pseudo Second Order plot for
the adsorption of AB15 the adsorption of AO10

Intra particle Diffusion M odel

It is important to determine the rate determingtgp in adsorption studies. Since the particles are
vigorously agitated during the experiment, thera ssibility that transport of adsorbate ion fritia solution
into the pores of adsorbent is the rate limitingpstThe rate limiting step might be film or intrarpcle
diffusion™ and was tested by plotting the graph between atrmfudlye adsorbed;@nd 2 Figure 6a and 6b
shows the intra particle diffusion plot for the agsgion of AB15 and AO10 onto ETAC.

The adsorption curve followed by two portions andgested that the adsorption process proceeds by
surface adsorption and intra particle diffusioneThitial portion indicates the boundary layer déiion effect,
while the final linear portions are due to intratfzde or pore diffusion effect. The rate constémt intra
particle diffusion coefficient i determined from slopes of the plot. Further maeine, linear portions of the
curve do not pass through the origin, indicatesititea particle diffusion is not the only rate @ehining step.
This indicates that mechanism of dye removal isglemand both surface adsorption as well as irardighe
diffusion contributes to the rate limiting st&p

180 *25mg/L = 50mg/L A 75mg/L X 100mg/L 200 *25mg/L m50mg/L A 75mg/L x 100mg/L
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Figure 6a Intraparticle Diffusion model for Figure 6b Intraparticle Diffusion model for the

the adsorption of AB15 adsorption of AO10
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| sotherm Models

Adsorption isotherm usually describes the equiliforrelationship between adsorbent and adsorbate ie
the ratio between the quantity of dye adsorbedthadremaining in aqueous solution at a fixed temapee at
equilibrium. The distribution of dye between thesadent and the dye solution at equilibrium is intg@at in
establishing the capacity of the adsorbent forréyeoval from aqueous solution.

The experimental data obtained were evaluatedaoypws isotherm models incorporating Langmuir
and Freundlich models.

Table 3 - Comparison of the coefficients of | sotherm parameters of Acid dyes

Dyes Isotherm Models
Langmuir Freundlich
Temp | Q, b ks
C_ |(mglg) |(Umg) |r* N (mg"L¥"gh) | r?
30 200.00 0.1377 0.9920 2.3452 36.2576 0.8746
AB15 |35 208.33 0.1621 0.9957 2.4962 42.2668 0.9062
40 212.76 0.1857 0.9970 2.5819 47.2063 0.9133
45 222.22 0.2054 0.9980 2.5960 51.0152 0.8998
30 227.27 0.1447 0.9973 2.3668 43.2818 0.9437
AO10 |35 238.09 0.1478 0.9980 2.3866 45.8880 0.9572
40 238.09 0.1693 0.9979 2.4881 50.4196 0.9589
45 243.90 0.1790 0.9987 2.5220 52.9785 0.9528

Langmuir |sotherm

The Langmuir Isotherm assumes that adsorption pédee at specific homogeneous sites within the
adsorbent, and it has been used successfully foy rmesorption processes of monolayer adsorfftidrhe
linear form of Langmuir isotherm is presented by tbllowing equation

cC._ 1 C
—_—= = +

—£ ... (4
o b q @

Where Ce is the equilibrium concentration of theamtate (mg/L), &s the amount of adsorbate adsorbed per
unit mass of adsorbent (mg/g), Qo andake constants related to adsorption capacity enefg@dsorption
(L/mg). Plotting Ce/gagainst Ce, straight line was obtained, where @s @alculated from the slope, whereas
with b, was found from the intercept.

The Langmuir isotherm fits the experimental dasxryvwell may be due to the homogeneous
distribution of active sites onto the surface.Langnadsorption capacity increases from 200 mg/@2a.22
mg/g for AB15 and 227.27 mg/g to 243.90 mg/g ford®0The Figure 7a and 7b shows the Langmuir isother
for the adsorption of AB15 and AO10 onto ETAC.

The essential characteristics of Langmuir isothean be expressed in terms of a dimensionless
equilibrium parameter &,

R.= 1/ (1+bCo)

Where Co is the highest initial solute concentrati® value indicated the type of adsorption isothernb¢o
either unfavourable (R>1), favourable (R1), linear (R=1) or irreversible (R=0). Langmuir model is more
appropriate to explain the nature of adsorptiorhweibrrelation coefficient of 0.992 to 0.998 for ABAnd
0.9973 to 0.9987 for AO10.
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Figure 7a Langmuir Model for the Adsorption Figure 7a Langmuir Model for the Adsorption of
of AB15 AO10

Freundlich M od€

The Freundlich isotherm is the earliest known &quadescribing the adsorption process. The
Freundlich isotherM is an empirical equation employed to describe rbg@neous systems, in which it is
characterized by the heterogeneity factor 1/n. dénearised form of Freundlich equation can betemias

logq, =logK, +%IogCe ... (5)

Where Kis the measure of adsorption capacity, n is theratisn intensity and are calculated from intercept
and slope linear plot of log.¢ersus log Ce (figures not shown). The value ofi4/below one for both dyes
indicating that the adsorption of acid dyes on ETi@avourable. But it poorly fits with the expeemtal data
with correlation coefficient 0.8746 to 0.8998 foBA5 and 0.9437 to 0.9538 for AO10.

Thermodynamic Parameters

Thermodynamic parameters such as free energy eh@df), enthalpy changeAd®), and entropy
change AS°) of adsorption were calculated from the bindingstant which obtained from Langmuir equation
using the following relations,

AG°=-RTInK .. (6)
n K= ASOR - AHY/RT

The AH° values were calculated from the slopes of lingaiation of In K versus 1/T and the results are
presented in table 4. The negative valueAGP indicates high affinity of dye to the surface BFAC. The
Gibbs free energy changa@) is an indication of spontaneity of a chemicalctem therefore it is an
important criterion for spontaneity. The valuesA@® for all the three dyes were with in the range2tf and 0

kJ /mole, indicating that the physisorption is tlteninating mechanism. The positive value#8f confirming
physical adsorption nature and increased randomaie$se solid-solution interface during adsorptiamd
indicate affinity of the dye onto adsorbéefitghe bonding between acid dyes and ETAC surfaseeek, since
AHC value is found to be 26.830 kJ /mole for AB18 45.78 kJ /mole for AO10.



A.Agalya et a/ /Int.). ChemTech Res.2014,6(2),pp 1478-1488. 1486

¢ AB15

1577 = AO10

1.52
1.47
1.42

£1.371

£
1.32
1.27
1.22
1.17

112 \ ‘ ‘ |

0.00310 0.00315 0.00320 0.00325 0.00330 0.90335
1/TK-1

Figure 8 Arrhenius plot for the Adsorption of Acid dyes

Table 4 - Thermodynamic Parameter s at different Temperatures

Dyes Temp°C | AG® kd/mol | AH® kd/mol | AS® kJ/K/mol| Ea kJ/mole | AHx kd/mole
30 -8.387
35 -8.969
AB15 40 -9.550 26.830 0.1160 13.4703 29.503
45 -11.131
30 -8.773
35 -9.178
AO10 40 -9.584 15.780 0.0810 11.8499 22.1859
45 -9.989

Activation Energy

The second order rate constant of the dye adsarfsi expressed as a function of temperature by
Arrhenius relationship.

Inkz:InA—E .. (D)
RT

Where Ea and A refers to Arrhenius activation gnemnd Arrhenius factor obtained from the slope and
intercepts of a graph by plotting ks 1/T as shown in Fig 8. The activation energg ¥veaund to be 13.4703
kJ/ mole and 11.8499 kJ/mole for AB15 and AO10 eefipely. The minimum value of Ea for sorption of
AO10 onto ETAC indicated the higher adsorption. phgsisorption usually have energies in the rarfge40
kJ/mole, while higher activation energies 40-800riale suggests chemisorptfdnThe activation energy <40
KJ/mole for Acid dyes indicate the physisorption.

A similar result has been observed for the ad&mrpf reactive dye on palm oil industry wédte
reactive orange on loofa activated cafpadsorption of acid dyes on the surface of Nirdeaf powdef".

I sosteric Heat of Adsorption

Isosteric Heat of AdsorptiofiHy is defined as the heat of adsorption determinedagtant amount of
adsorbate adsorbed. It is the basic requirememtshfo characterization and optimization of an apison
process and also very important for equipment aodgss design.
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The isosteric heat of adsorption at constant @meeis calculated using Clausius-Clapeyron eqution

AHx

InCe= +K . 8).
- (8)

Where Ce is the equilibrium dye concentration ituson (mg/L), AHx is the isosteric heat of adsorption
(kd/mole). The isosteric heat of adsorption is walked from the slope of the plot InCe versus 1@ the
results are presented in Table 4. The magnitHig of provides an information about the nature and
mechanism of the process. For physical adsorptibty should be below80 kJ/mole and for chemical
adsorption it ranges between 80-400 kJ/fiolEhe values of\H for the adsorption of acid dyes onto ETAC
are 29.503 kJ/mole and 22.1859 kJ/mole which isiwithe range of physisorption and suggested that t
adsorption process is physisorption.

Desor ption studies

Desorption studies help to elucidate the natur@dsbrption and recycling of spent carbon and ttee d
High percentage of desorption 23% occurs at thegpige of 8 to 9. Desorption increases with increageH
from 2 to 10. The high desorption at higher pHusg tb the common ion effect suggests that dil. NaOtd be
the suitable reagent for the regeneration of carbon

Conclusion

The present investigation showed that ETAC is @nising adsorbent for the removal of Acid dyes
from aqueous solution over a wide range of coneéioti. The amount of dye adsorbed was influenced by
initial dye concentration, contact time, pH and pemature. Adsorption behaviour was well describgdab
monolayer Langmuir type isotherm and Freundlichheom. Langmuir model is more appropriate to explai
the nature of adsorption with high correlation dicefnts. The adsorption capacity of ETAC was daiaed as
200 mg/g and 227.27 mg/g for AB15 and AO10 respeliti The experimental data indicates that the
adsorption kinetics follow the second order kirgtidth intra particle diffusion as one of the rhieiting steps.
The adsorption of Acid dyes (AB15, AO10) increaseth temperature indicates that adsorption prodgss
endothermic in nature. From the thermodynamic pataraAG°, AH° and AS° values, it is suggested the
adsorption is favourable and spontaneous in nafuativation energy which is below 40 kJ/mole forthacid
dyes and isosteric heat of adsorption also suppuatshe adsorption of acid dyes on ETAC is anodmetmic
physical process.
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