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ABSTRACT

Adsorption of basic dye on carbonized Eucalyptus bark and its surface derivatives has been investigated. Several
experiments have been carried out by using batch adsorption technique. Basic violet 10(Rhodamine B) has been
used as a model dye and the effects of process variables like effect of adsorbent dosage, pH, contact time,
temperature; initial dye concentration has been evaluated. The adsorption of basic violet 10 was found to take place
at pH>pHzpc for all the adsorbents. Thermodynamic parameters like AG®, AHand AS’are determined and the
processes were found to be entropy driven in nature. The study highlights the application of low cost carbons for the
removal of dyes from aqueous medium by the ion exchange process. The kinetics followed was first order and
Langmuir and Freundlich isotherm fitted the data well. Scanning electron microscopic analysis and Fourier
transform infra red spectroscopy (FTIR) reveals a noticeable surface morphology change with electrostatic
complexation after surfactant modification.
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INTRODUCTION

Sorption of pollutants from waste water is an algkepoocess. Rapid growth and industrialization leasto increase
the pollutants in the form of dyes, toxic heavy at&torganics, surfactants salts etc. Most of tideistries liberate
waste chemicals in outlet water stream. Dyes cista major class of pollutants as the presendyed in waste
water is unpleasant and unhealthy as some dyadexaceand even carcinogenic (Namasivayam et al2p00olored
water can affect ecosystem by penetration throygindsphere. Textile industries use a huge volumeaiér and
chemicals during wet processing stages and thudupes elaborate amount of effluent containing cdlyes are
apparent even at concentrations i.e. even belown (Robinson et al.,2001). Most of the dyes aréstast to
aerobic digestion and stable to heat, light andirixig agents (Sun et al., 2003). Several methoslingpractice for
dye removal from waste water. The common stratagiedves flocculation and coagulation ( Judkingkt 1978;
Bhattacharya et al.,2006; Kang et al., 2007) membseparation (Cheremisinoff., 2002; Al BastakiQ4; Petrinic
et al., 2007) ion exchange(Eliassen et al.,196%i.C2006; Ghobarkar et al.,1999) oxidation (Helimgf., 1997;
Kim et al.,2004; Zhu et al.,2008) adsorption(Malé al.,2007; Ali et al.,2007; Al-Degs et al.,2007)
biosorption(Wong et al.,2004; Slokar et al.,1998ttdll et al.,1996) irradiation (Rela et al.,20@0rasonication (
Suzuki et al., 2000) etc are the techniques intm@cAdsorption is simple, technically feasibledgorocedure of
choice in batch and column method. The designingadth reactor involves optimization of variablée Itime,
temperature and nature of material used as addothehe last decade several low cost adsorbémdbttom ash
and deoiled soya(Gupta et al.,2006) alunite (Ozaetral.,2003) cotton waste (Mc Kay et al.,198%hn waste (
Tamezuddin et al., 2009) peat (Mc Kay et al.,198&)ze cob( El Geunidi et al.,1992) soy meal hultaihi et
al.,2005) hazelnut shell (Ferro., 2007) orange lzamthna peel (Annadurai et al.,2002) grass wastm¢dd., 2009)
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tree fern (Ho et al.,2005) orange peel (Ardejanale 2007) coir pith (Namasivayam et al.,2001atedstone
(Mahmoodi et al.,2010) sunflower stalk (Sun et1897) sewage sludge( Dave et al., 2011) eucaypauk (
Morais et al.,1999; Dave et al., 2011) etc. havenbgsed for the removal of color from synthetic twagater. The
use of plant waste for color removal is benefitiatause the materials are usually locally availdbie cost, and
are biodegradable. Many researchers have carbo(iNsthasivayam et al., 2002) the plant materialderiving
adsorbent with properties of activated carbon whglsupposed to be best adsorbent. Due to its tigh and
difficult regeneration of activated carbon adsotb®ibstitutes are being designed. In the preserit ®wacalyptus
bark (EB) is carbonized and its efficiency is ewddd for the removal of a model dye Basic Violef{BY-10). The
Eucalyptus bark carbon (EBC) is treated with amipwiationic and non ionic surfactant and evaludteddye
removing efficiency. We have studied the specitiaracterization of EBC, SDS-EBC (Sodium dodecyfatal
modified EBC), CPC-EBC (Cetylpyridinium chloride dified EBC) and TX-EBC (Triton X-100 modified EBC)
for the removal of BV-10. SDS, CPC and TX are aimpnationic and non ionic surfactants respectiveaahyg are
used as model surfactants belonging to differeassgds. Numerous parameters like effect of pH, testyre,
contact time and initial dye concentration are eatdd and isotherm and kinetic models are invesiiga This is
assumed that after adsorption the carbon genefaiedbiomass degrades naturally leaving behind rg senall
volume of sludge.

MATERIALSAND METHODS

2.1 Materials

Basic violet 10 (Rhodamine B) a xanthene basedmiatidye, C.1.45170 (§H3:CIN,O3) was supplied by Thomas
Baker company. Sodium hydroxide, hydrochloric asidgium dodecyl sulphate (SDS), cetylpyridiniumoctie
(CPCQC), triton X-100 (TX), sulphuric acid and sodiusicarbonate were of analytical grade and were wsed
received. The structure of Basic violet-10, SDSCGId TX-10 are given in Figure 1.BV-10 (Basic @iol0) is a
fluorescent cationic dye used in textile dyeingehese of its more rigid structure than other orgalyes. Due to its
cationic structure, it can apply for anionic falsrighich contain negative charges such as polyébktas, wool, silk,
and acrylic fibers. The dye is brilliant and mdsbfescent among other synthetic dyes.

2.2 Adsorbent Preparation

Eucalyptus bark (EB) was collected in autumn 2Qbdnfadult trees from the Eucalyptus cloning centiilaur,
Punjab, India. The collected bark was washed wistilléd water several times to remove the dirttickes and
water soluble materials. The bark was cut into €hiB chips were carbonized (Preethi et al.,2008)h98%
sulphuric acid(20 g of EB chips were soaked in 30 afi sulphuric acid for 48 h. The material was theashed
thoroughly with water and dipped in 1000 mL of 1%HNCQO; for 24 h followed by washing with distilled watkt
the wash was neutral and conductance was < 0.0&ithSi0 evident color. The material was then corngdledried

in an oven at 353 K for 24 h. The dried EBC wastleeushed, and sieved to eliminate fine partick®.245
mm).Finally, surfactants SDS, CPC and TX-100 medifons were carried out to get the surface deviest5.0 g
of EBC is mechanically stirred in 100 mL of 2X10M2 SDS, 100 mL of 18 M CPC and 100 mL of 2X10-2 M
Triton X-100 for 3 hours at 303 K. It is assumedttthe treatment given by surfactant below itsaaitmicellar
concentration (CMC) changes the surface behavidoibying monolayer of adsorbed surfactant on théase. The
modified EBC was filtered and washed with doubkiliéd water thrice and the material was driedhart air oven
at 343 K for 24 h. FTIR Spectra of EBC and its aoef derivatives was carried out to confirm the auef
modifications using Perkin Elmer spectrophotometée pH of dye solutions and pHzpc were determimedsing
pH meter by Toshvin (TMP-85). An auto arranging awctivity meter TCM+15, provided with temperature
compensator made by Toshnival, India was used dterchination of surfactant characteristics and neatf the
filtrate of bark and its derivative washings. Tiveighing were carried out on a digital weighing avele of
accuracy up to 0.1 mg by citizen Co. Shimadzu 2P@ UV -—Visible spectrophotometer was used for the
determination of residual dye concentration in tmedium. The sample was also characterized by X-ray
diffractometry using an X’PERT PRO PANalytical wi@u-K, radiation.

3.0 Adsorption Studies

A stock solution of 500 ppm was prepared by didgaglrequired amount of BV-10 in distilled water afudither
dilutions were made to get the particular conceiotnaof dye in batch experiment using distilled grafThe series
of experiments were conducted by placing 50 mL y# dolution in an Erlenmeyer flask and adding wguired
amount of adsorbent to that in water bath incubataker made by orbitech India. Ltd. The pH of aetiht
solutions was attuned with 0.1 N HCI and 0.1 N NaQifter attainment of equilibrium the aqueous phases
analyzed for residual dye concentration using Usiblé spectrophotometer. From the absorbance ddtagy g%)
was determined using equation 1.
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Where G is initial dye concentration, Js final dye concentration and V is volume of dyditers and W is mass of
adsorbent in g. Duplicate experiments were perfdrite get concordant results and the average resuts
reported. The kinetics of dye removal was studisidgi250 ppm BV-10 solution. The samples were wiiach at
regular intervals and residual concentration wadyaed after centrifugation using ultracentrifugatiat 2000 rpm.
The isotherms were studied by using 50 mL of dyat®mm within concentration range of 100 ppm to Zgdm for
EBC and surfactant modified EBC at 303 K, 313 K 828 K. After the attainment of equilibrium the ichgal dye
concentration was analyzed spectrophotometrically.

3.1 Statistical analysis

The statistical analysis of the data obtained foetics and isotherms was evaluated by using SFBsbftware.
The best fit on the model is estimated by calcntptiorrelation coefficient R. n is number of paifsdata. This is
assumed that if x and y have strong positive catig then the value of R approaches to 1.000.Tnekation
coefficient greater than 0.95 is assumed to be dgoothe present set of data.

r e 3 - (X X))
E )= y?) - y?)

Second parameter which is calculated to find tre fieof the model is standard error of the estan@EE).For a
linear regression SEE is given by the followingtignship

ou = 2T

Y is the actual value and.¥is the estimated value of the parameter. SEE helpsake judgment about the size of
standard error of estimate from scatter plot.

Third parameter measured for the significance isidRel sum of squares. It is sum of explained stisgoares and
residual sum of squares. RSS is expressed as

2

n

RSS =3 (¥ ~ )
i=1

RSS is the measure of amount of variance in datagmnot explained by regression model.

The model is said to be fit in a better way onlRRifs high and higher than 0.95 and SEE and R8#vis

RESULTSAND DISCUSSION

4.1 Characterization of the adsor bent

Surface chemistry of the EBC such as specific sarfarea and pore volume were measured using nitrgge
adsorption technique with micromeritics surfaceaaapalyzer with liquid nitrogen at 77 K. The agiditnd basicity
of the adsorbent were determined by the Boehntititranethod (Bohem et al.,1966; Fabish et al.,13&4)eported
elsewhere. The zero point charge of the activa®@ Bnd derivatives was determined by solid additerhnique
(Srivastava et al., 2011). Scanning electron miaply of the adsorbent eucalyptus bark was carmnigdoofind out

the morphological characteristics of EBC and itewdgives. The characteristics of EBC are giveTable 1. The
chemical analysis of Eucalyptus bark before cartation suggests that cellulose, hemicelluloseslignth are the
main components (Khosla et al., 2012). SEM of EB@ eodifications reveal rough and porous surfastute

with judicious changes upon treatment with surfatstaas shown in Figure 2. The X-ray diffractioralgsis of the
EBC was carried out and shown in Figure3, reve#hedcrystalline nature of the sample. The XRD gpeof

adsorbents suggest that the coherence lengthesmatd by using Debye-Scherrer equation
_ 091
[pcosd
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Where is wave length(1.5406 °ACu-Kao), 0 is diffraction angle and is full width half maximu(FWHM). The
coherence length is estimated from molecular sizkigsignificantly larger than molecular size. Thepacings are
calculated and found that after carbonization dkrepacings decrteases, The d-spacing of of EB dseesefrom
4.108 A to 3.0316 A FTIR spectra (Figure 4) revealed that the adsorbeihly has cellulose as all the samples
presented a band at 3367-3370"aue to O-H stretching and C-H stretching band2982-2924 cil. In surfactant
modified EBC additional shoulder appeared at 288322cn".The bands at 1035-1038 ¢reuggests the presence
of C-O stretching in cellulose. The bands at 16&08.cm' suggests th@-glycosidic linkages between sugar units
of cellulose and the bands between 1500-153Breweals that aromatic ring vibrations are alsot@gs(Owen et
al., 1989).The carbonization temperature was b&l@® K thus the functional groups remained samephuiicle
size and surface area changed as is evident frold AR surface area analysis. Based on these reguiss
suggested that the dehydration for developing rpores proceeds with increasing carbonization teatpes. It
was assumed that the pyranose ring (1200-122% @nd 1379-1431cH) is formed during dehydration at the
primary carbonization step because these vibrdtimeales do not exist in the eucalyptus bark sam{{éssla et
al.,2012).

) Table 1- Physicochemical properties of EBC

Surface area (m2g1) 17.3242
Bulk density (gmL) 0.3566
Pore volume (cmig!) 8.7
Pore size distribution (nm) 100-500
Zero point charge (pHpzc) IR
Total surface acidity (mmol g1) 0.613
Total surface basicity (mmol g'1) 0.206
Loss on ignition (%) 2.0
Total moisture (%) 2.2

Table 2-Adsor ption capacities of BV-10 on various adsor bents

Adsorbent gqm (mg/g) Reference
Sugarcane dust 324 44
Fly ash 233 30
Iron chromium oxide (1CO) 2.08 51
Tamarind fruit shells activated carbon 3.94 32
Coir pith 2.36 53
Raw orange peel 323 34

Table 3-Freundlich and Langmuir parametersfor adsorption of BV-10 over EBCand its derivatives at different temperatures

Temperature(K) KF n Q.(mol/g)  b(L/mol)
EBC
303 10.136 3.498 0.0764 54.368
313 13.131 3.712 0.0828 100.394
323 11.727 2.567 0.1055 74.119
SDSEBC
303 6.961 2.379 0.1073 21.754
313 10.765 2.883 0.1049 38.533
323 10.995 2.715 0.1053 49.002
CPC-EBC
303 11.105 3.836 0.0776 48.976
313 9.788 3.064 0.0909 38.243
323 9.135 2.666 0.1049 32.250
TX-EBC
303 0.852 1.174 8.196 1.416
313 1.065 0.938 4.439 3.356
323 0.844 1.185 8.867 5.667
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Table 4-Values of thermodynamic parameter s for adsorption of BV-10 over EBC and itsderivatives at different temperatures

Temperature(K) 4G°(KJ mol’)  4H(KJ mol?)  4S°(J mol* K?)

EBC

303 -10.065

313 -11.994 -26.105 +0.1003
323 -11.563

SDSEBC

303 -7.758

313 -9.502 -32.773 +0.0757
323 -10.451

CPCEBC

303 -9.803

313 -9.483 +16.942 +0.0236
323 -9.328

TXEBC

303 -0.8762

313 -3.150 -57.7 +0.1759s
323 -4.658

Table-5-Pseudofirst order rate constantsfor the removal of BV-10 by EBC and itsderivatives at 303 K

Ki(s?)  ge(mg d) R

EBC 5.3x10 18.12 0.9850
SDSEBC  1.9x10- 20.58 0.9743
CPCEBC 1.2x16- 25.09 0.9898
TXEBC 6.9x10% 9.44 0.9669

(a) (b)
8 -
= cl \l/\l/@(:' {/O],H
E n
(c) (d)

Figure:la. Structureof Basic violet 10
Figure: 1b. Structure of SDS
Figure: 1c. Structure of CPC

Figure: 1d.Structure of TX-100
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Figure: 2a. SEM of EBC
Figure: 2b. SEM of SDS-EBC
Figure: 2c. SEM of CPC-EBC
Figure: 2d. SEM of TX-EBC
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Figure: 3. XRD of EBC
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Figure: 7 Effect of contact time on per centage dye removal, dye concentration 250 ppm, 303 K, 200 rpm
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Figure: 10 First order kinetic model for the adsor ption of BV-10 on EBC, SDSEBC, CPC EBC and TX EBC at 303 K

4.2 Effect of adsorbent dose

To examine the effect of adsorbent dose on adsormti dye on EBC and its surface derivatives, tkgeaments
were conducted with adsorbent dose between 1.0Mgfl0to 10.0 g/100 mL at 303 K. With the increasehe
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adsorbent dose, the percentage dye removal insreAseoteworthy increase is observed at adsorbesé af
5.0g/100 mL. This may be ascribed to the reasohwiith the increase in adsorbent dose number dfeasites
increases which makes the dye adsorption swift,dyjleemolecules first encounter the boundary lajfeceand the
porous structure of EBC makes physisorption possiiold when surfactant is present on the surfacedbadary
layer effect changes to ion exchange due to adsartesorption after surfactant modification tretive sites
become more available for dye removal, as at loagdsorbent dosage the number of dye molecules aswely
higher as compared to availability of adsorpticiessi Thus it is justified that with the increaseanfsorbent dose
100% dye removal takes place. The results are showigure 5.

4.3 Effect of pH

The effect of pH is studied in the range of 2-9lemitial concentration (250 ppm), adsorbent d¢s6 g/100 ml)
and temperature (303 K) were kept constant. Theceff initial pH on the dye removal is shown igltie 6. The
pHzpc of EBC, SDS-EBC, CPC-EBC and TX-EBC was fotmde 7.8, 6.81, 3.5 and 6.92 respectively. This i
usually observed that beyond pHzpc negative chdeyelops on the surface so cationic dyes are lisstriaed
above their pHzpc but dye BV-10 contains a carboxgfloup and two diethyl amino groups and one angirmap is
carrying positive charge, the dye upon increasegldfshows the zwitterions form in water may enhatize
aggregation of BV-10 to form a dimer (Ramuthai leR809) and become unable to enter into the piouetsire of
the carbon surface. The greater aggregation ofwhierionic form is due to the attractive electadis interaction
between the carboxyl and xanthane groups of theomen of dye. The adsorption capacity is highesfTi&EBC
at pH 2; this may be attributed to the reasonti@fpresence of non ionic surfactant causes nogehiarthe charge
of the surface of EBC; however the presence obstatft causes additional functional groups on tveys carbon.
The effect of change of pH is not prominent becaoféipolar structure of dye, at low pH amino greuis
protonated causing net positive charge on the dgead high pH the carboxylic group is deprotonatadsing no
charge on the dye molecule.

4.4 Effect of contact time

The effect of contact time was investigated inlthéch mode at dye concentration 250 ppm and adsbdose of
5.09/100 ml. The results have been shown in Figundich suggests that the adsorption capacity esdycreases
with increasing contact time. Initially the rate dife removal is higher due to high concentraticadgnt which
decreases gradually due to decrease of dye coatientrand blockage of active sites of the adsorb&he
equilibrium adsorption capacity is 38.4, 33.2, 86ahd 44.8 mg/g for EBC, SDS-EBC, CPC-EBC and T>XGEB
respectively. The adsorption capacity of differkemt cost adsorbents for BV-10 in literature (Khatr al., 1999;
Khan et al., 1999; Kannan et al., 2007; Vasu et2808; Namasivayam., 2001; Namasivayam et al. JLBOgery
small due to its amphoteric nature of the dye tihotlng presence of quaternary ammonium group makesa be
classified as a basic dye (Table 2). The adsorioapid for TX-EBC and relatively prolonged foBE, SDS-EBC
and CPC EBC. The equilibrium is obtained in 3 h To&¢-EBC and 8h for EBC, SDS-EBC and CPC-EBC. The
driving force is concentration gradient betweeridsahd aqueous layer. This seems that the dye miekedirst
encounter the boundary layer effect and then foltbe diffusion film mechanism. When a charged sidat is
present on the surface it takes relatively longee tfor diffusion due to repulsive interaction gfedmolecules with
the surfactant on the surface. The dye moleculss te arrange themselves as a least energetic reoation with
minimum repulsions and maximum attractive force®igediffusion through the surface. The presencdiftérent
charges on the surface of EBC makes the procegsehaqy with different rates. This seems that thecess is
electrostatic complexation driven.

4.5 Adsor ption isotherms

The Freundlich and Langmuir isotherm models haventmiccessfully applied to all of the above sysé¢warious
temperatures 303 K, 313 K and 323 K and thermodjnaarameters calculated accordingly. For the éiuiim
concentration of adsorbate JJCand amount of dye adsorbed at equilibriurg,(the following linear forms of
Langmuir and Freundlich isotherms were studied.

1.1, 1 2
de Qo bQuCe
logge = logKg +% logCe (3)

Where Qo and b are Langmuir constants apdakd n are Freundlich constants. The Freundlich laavdymuir
isotherms gave straight lines and intercepts angesl were used to determine the values of Fredndid
Langmuir parameters as given in Table 3. The R$%feundlich isotherm fit is found to be in the gar0.00824-
.03609 and SEE is found to be in the range 0.00120suggesting good agreement with Freundlich é&ath The
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RSS for Langmuir isotherm fit is found to be in thenge 0.001228-0.00755 and SEE is found to be00.00
suggesting better fitting of Langmuir isotherm. Tib@therms are shown in Figure 8-9.The changdsaratisorption
parameters for EBC and its surface derivatives asigthe concise idea of the thermodynamic paramethich
were also calculated from the above data usingtimmsa4-6. The Gibbs free energyG°was found to be negative
at all temperatures, indicating spontaneous proaeal the temperatures for EBC and its surfagévdives while
enthalpyAH®, was negative for EBC,CPC-EBC and TX-EBC suggegstixothermic and irreversible nature of the
process and is positive for SDS-EBC. The positisdue of entropyAS® for EBC and its surface derivatives
suggests that the randomness factor is increabimggh its value is small, the process is entropyedr The
behavior of SDS-EBC is different from EBC, CPC-EB@Gd TX-EBC suggesting that the structural chandies a
adsorption of dye takes place on EBC up to diffetient in the presence of different charged stafats. The
thermodynamic parameters were calculated usindolt@mving equations and the values of parametegsgaren in
Table 4.

AG°=-RTInb 4)

AH° =—R£ﬂJln(@j 5)
To-T) \b

0 _ ArDO
A0 = AHO -AG o

Where b, b, b, are Langmuir constants at 303 K, 313 K and 328dfectively.

4.6 Kinetic Studies

The rate of removal of BV-10 has been studied asation of time on EBC and its surface derivatiesscan be
seen in Figure7. The equilibrium was attained imf8r TX- EBC and 8h for EBC, SDS-EBC and CPC-EB@Ge

adsorption proceeds in three steps; in the firsp shpid adsorption of dye takes place on the adites of
adsorbent followed by slow establishment of equiiliim under potential gradient. Adsorption rate ¢ans study
was carried out with the famous Lagergran rate équuéequation 7)

log (e - )=1090e —[%3} ™

The time versus logg{-q;) plots as shown in Figure 10 was found to be limaeggesting that the adsorption
followed the first order kinetics. The slope of {hlet gave the value of rate constant and it i®giin Table 5. The
rate constant decrease with surfactant modificatioiirst order kinetics probably due to doubledaypotential set
up on the EBC surface layer which reduce the pritibabf the diffusion film mechanism. Thus, thitep is slow
followed by fast steps like particle diffusion aadsorption of dye. RSS and SEE values for pseudb dider
kinetic fit lies in the range 0.03127-0.16304 ar@D8-0.212 respectively suggesting superior fit.

CONCLUSION

This study shows that BV-10 can be successfullyorad from the simulated effluent by adsorption @Ckas well
as its surface derivatives. These adsorbents weralfto be porous and effective treatment of cdlavater before
and after surfactant modification. The followingnctusions can be drawn from this study: The baidborption
experiments show that the adsorption of the BV-¥8rd&BC and its derivatives is dependent on pH, larhof
adsorbent, concentration, contact time, and temyeraand 100% dye removal at dye concentration0<5m
could be accomplished. The thermodynamic parameteesned in both cases confirm the feasibilitytteff process
at each concentration. The Freundlich and Langrnsotherms fitted the data well suggesting homogenou
distribution of functional groups on the heterogmre surface of adsorbent before the surfactantntesd. The
results of kinetic experiments show that the adsampproceeds via first order kinetics over all @adbents. The
eucalyptus bark carbon and its surfactant modifiddorbents are economical and can be used as calablen
adsorbents.
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