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ABSTRACT

Natural plant material Saccharum spontaneum is uedthe removal of the industrial dye (Titan yellérom
aqueous solution. The effects of contact time geatpres , initial concentrations and pH values daveen
investigated . Langmuir and Freundlich isotherme fitted on the experimental data of adsorptionhef studied
system. Depending on the results obtained froneffext of temperatures , the thermodynamic param€ts®,
AH® and 4S°) are estimated. The work also included kineticlys conducted by applying two kinetic models, the
pseudo first and second order equations . The tequbved that, the studied system follows the gsesecond
order model indicated by the agreement betweerxperimental and calculated values of adsorptiopacity (ge)

at equilibrium .The concentration of the adsorbgé & determined spectrophotometerically.

Key words: Saccharum spontaneuifitan yellow , Langmuir and Freundlich isotherrasd adsorption,etc...

INTRODUCTION

Azo dyes are a class of coloured organic compothatshave largely used in industry for many appite such as
textiles, papers, leathers, additives and analythamistry [1]. During dye production and textii@anufacturing
process, a large quantity of wastewater contaidiegstuffs with intensive color and toxicity aréragduced into the
aquatic systems [2] .In such cases, it is importamemove color from wastes, because the presaineeen small
amounts of dye [below 1 ppm] is clearly visible anfluences water environment considerably .Thera@ation of
azo dyes has been reported in many papers[3-7]cblmurants have been used for painting and dyeihg o
surrounding, skin and cloth by people since thermgg of humankind and they were from natural iwrigntil 19th
century. Recent statistics have shown that theymtoah and consumption of dyes in the world havésed about
700,000 tonnes [8]. Dyes containing chromophoras @amxochromes groups can be classified as reactietl
complex, acid, direct, basic, disperse, pigment,dawt, vat, sulphur, anionic, solvent, ingrain atisers. The most
of the reactive dyes including a reactive grouphsag vinyl sulphone are azo or metal complex azopounds and
interact with cotton, wool, etc., to form covaldrind. The release of these dyes, which have therloegree of
fixation due to hydrolysis of reactive groups ire ttvater phase, into the environment is undesirabénerally,
physicochemical and biological methods such asipitation, flotation, ion exchange, adsorption, dation and,
bacterial and fungal biosorption and biodegradafaerobic, anaerobic and anoxic] can be employerkmoove
colour from dye containing wastewaters [9,10]. Tgtetocatalytic degradation, microemulsions and dyjimlal
techniques were applied to reduce azo dye effactse wastewater [11-13]. However, the many rebeaschave
focused on the other alternatives [14-17] becabseetonomically feasible of the process employedeiy
important. For this purpose, the cheap and efficidternate materials including biosorbents. Laageunts of dye
effluents are annually discharged by textile, casgmgepaper, leather, pharmaceutical, food andrattokistries[18]
. The dye-containing wastewater can adversely affiee aquatic environment by impeding light pertaira
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Moreover, most of the dyes are toxic, carcinogesmicd harmful to human health[19,20]. As a resultnyna
governments have established environmental rastictwith regard to the quality of colored efflugr@nd have
required dye industries to decolorize their efflisdmefore discharging [21]. Hence, various treatrpeocesses such
as physical separation, oxidation, biological ddgt®sn, coagulation and flocculation have been hipex to
remove dyes from waste waters[22,23] . Adsorptimtess is one of the most efficient and attraatinethods for
removing pollutants from wastewater, which hasriggéng characteristics, such as easy processotoluw cost
and energy requirements [24,25]. Biochar is produmethe combustion of biomass®&diccharum spontaneRig.

I) under limited oxygen conditions. Biochar is adigrained and porous substance and has beendapgdiently to
remove dyes from aqueous solutions [26,27].

Titan yellow is a azo dye, suitable for the dyemfgwool and nylon . It usually exists as a disodisait. Its
molecular formula is §H1oNsNa,0sS, [Na salt] , its molecular mass is 309.21 g Ataind itskmax is 370 nm. It is
a slightly brown powder soluble in cold water. #iuses irritation in the eyes, skin, digestive traad respiratory
tract.

K

Fig. | Saccharum spontaneum
MATERIALS AND METHODS

Instrumentation
The pH was adjusted with a digital pH meter [JenWmgdel 3320] using HCI [0.1 mol L —1] and NaOH [Oxiol L
—1]. Titan yellow was estimated with a UV/VIS speghotometer [Labomed UVD 3500]&nax 370 nm.

Preparation of adsorbent

Stems ofSaccharum spontaneumsollected from the karaikal coastal area, wasslued with laboratory-scale
crushers, powdered with a disk pulveriser, andesiedo 0-63 mesh [ASTM]. The powdered adsorbentwsashed,
dried at 105 C for 10 h in an oven, and stored in high-dengilythene [HDPE] bags. The proximate analysis of
the coal was carried out by using standard metfia83M D 5142-90]. Powdered adsorbent was soaked @h
[0.1 mol L —1] for 24 h, followed by filtering andlashings with distilled water. Afterwards, it wased in an oven

at 105- C for 10 h and stored in HDPE bags.

Chemicals

Alchemicalsusedduring experimemark were of analytical grade and were used ab suithout
purification. Titan yellow[Fluka], HCI [E.Merck 1&.M]. Double distilled water was used for the regtimn of all
types of solution and dilution when required.

Instrumentation
Balance ER-120A [AND], Electric grinder [KenwoogiH meter HANNA pH 211 [with glass electrode], UV&/b
pectrophotometer][Labomed, Inc.chmeUV-Vis double beam UVD =3500].

Standard Solutions

1.0 g of Titan yellowwas taken in 1000 mL measuflagk and dissolved in double distilled water, ingkvolume
up to the mark. This was 1000 ppm stock solutionly#. Standard solutions of dye were prepared bgessive
dilution of stock solution.

Adsorption Experiments

The adsorption studies were carried out at 30 €1pH of the solution was adjusted with 0.1 N HCkAown
amount of adsorbent was added to sample and allsufidient time for adsorption equilibrium. Themetmixture
were filtered and the remaining dye concentrati@reandetermined in the filtrate using [Spectro U\&\Dlouble
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Beam UVD-3500, Labomed.Inco] amax = 370 nm.The effect of various parameters enrétte of adsorption
process were observed by varying mesh size of bdsbcontact time, t, initial concentration of dye ,adsorbent
amount , initial pH of solution and temperature.eT$olution volume [V] was kept constant 50 mL].Tdhee
adsorption [%] at any instant of time was determibg the following equation:

Dye adsorption [%] = [Co —Ce] x 100/ Co
Where Co is the initial concentration and Ce isdbicentration of the dye at equilibrium. To in@@#he accuracy
of the data, each experiment was repeated thres tamd average values were used to draw the graphs.

Isotherm studies

A series of experiments Were carried out for isotted and kinetic study dbaccharum spontaneuadsorption of
Titan yellow dye. Langmuir [eq :1], Freundlich[e®],: Redlich-peterson[eq :3] and ,Dubinin-Kaganer-
Radushkevich[DKR] [eq :4] were plotted by usingnstard straight-line equations and correspondingraters
were calculated from their respective graphs.

Ce/X = 1/K*K_ + Ce/ K [1]
log ge =log k + 1/n log Ce [2]
ge = Kr Ce / [1+bRCH] [3]

log ge = log Xm 8¢2/2.303 [4]

Ce is the equilibrium concentration of the adsajatg/L ] and X is the amount of adsorbate adsofbeglg]. KL
indicates monolayer adsorption capacity [mg/g],Kthe Langmuir equation constant[L/mg],KF and 1/m ar
constants for a given adsorbate and adsorbenpaittiaular temperature and bT [KJ/mol] is adsompiimtential of
the adsorbent . & bg,,p are Redlich Peterson constants. Xm is maximumtisorgapacity;f is mean sorption
energy and sorption potential in DKR isotherms

RESULTS AND DISCUSSION

Adsorption of Titan yellow dye o8accharum spontaneuwwas studied through batch mode, making use ofréifite
variables like adsorbent dosage, pH of the meditontact time, initial concentration of Titan yellBwdye and
temperature. The size of adsorbent particles wetiatained constant at below 63um. Experiments warged out
so that the effect of any one variable was studiedping all others constant. This was repeatel alitthe other
variables.

Effect of particle Size

The effect of adsorbent’s particle size was studtiethe range of 0-200 microns mesh particle [0®3,125, 125-
200] for checking the maximum adsorption of Titallgw and the smallest mesh particle [0-63] wasnshto be
best for adsorption, as particles with smallest piesents a larger surface area and the resealshawn in Fig. II.

Effect of adsorbent dosage

The adsorbent dosage is an important parametechwhiluences the extent of dye uptake from theittmh and
thus the effect as shown in Fig. lll. It was evid#rat the amount of dye uptake increases from®%8nith 50mg
adsorbent up to 93.10% with 200mg adsorbent. Roithat, it is apparent that the percent removalit#n yellow
dye increases as the adsorbent dosage increase850rag up to 200mg due to the limited
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availability of the number of adsorbing species dorelatively larger number of surface sites ondbsorbent at
higher dosage of adsorbent. It is plausible thét Wigher dosage of adsorbent there would be graagglability of
exchangeable sites from dye. Besides, Fourest @k Ruggested that the reduction in adsorbent dosaghe
suspension at a given dye concentration enhaneadyiadsorbent ratio, and thus increases the phgdei per unit
adsorbent, as long as the latter is not saturétediever, in some cases, the adsorption capacitsedsed sharply
with the increasing of adsorbent dosage thesetsesily due to the overlapping of the adsorpticessiis a result of
overcrowding of adsorbent particles. Moreover, liigh adsorbent dosage could impose a screeningt effehe
dense outer layer of the cells, thereby shieldirggltinding sites from dyeThe effect of the mass of the adsorbent
in the adsorption of Titan yellow dye was studi¢tha optimum pH 1.0 and at room temperaturé@3050 ml of a
solution of Titan yellow dye with an initial condeation of 50 mg/L was mixed with 50.0 mg of thesarbent and
the mixture was shaken for 180 minutes. After ¢irgation, the amount of Titan yellow dye in thgoetnatant was
estimated quantitatively. From this the percentafydye adsorbed on the adsorbent was deduced.pfbigdure
was repeated with 100, 150, 200 and 250 mg of dserhent and the results are recorded in figuré/iZh the
adsorbent dosage of 200 mg or more, adsorptiorhegathe maximum. Hence adsorbent dosage was fixad a
optimum amount of 150 mg.

Effect of pH

The acidity of solution pH is one of the most imot parameters controlling the uptake of dyes fremstewater
and aqueous solutions. The uptake and percentage/ad of dye from the aqueous solution are stroadfigcted by
the pH of the solution as illustrated in Fig. 3.eTiptake of dye decreases from 92.01 % to 15.04%nvime pH
increases from pH 1 to pH 6 , sorption is noteddorease significantly 99.66% adsorption capadiptHhl. After
that the capacity of adsorption decreases deemiHinange of 7 to 9.The maximum adsorption obseatddw pH
[PH 1] may be due to the fact that the higher conegion and higher mobility of Hions present favoured the
preferential adsorption of Titan yellow dye compuhte hydrogen ions. It would be plausible to sug¢jest at lower
pH value, the surface of the adsorbent is surrodiiigenhydronium ions [H, thereby replacing by the dye from the
binding sites of the sorbent . In contrast, aspgHedecreases, more negatively charged surface hecarailable
thus facilitating greater dye removal. It is comiyoagreed that the sorption of dye cations deceasith
increasing pH [Fig 1V] as the dye species becongd Istable in the solution. However, at higher pluea [pH 7,
pH 8 and pH 9] there is a decrease in the adsorptapacity. This is due to the occurrence of dgeipitation.
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Effect of contact time
The effect of contact time on the adsorption of dyeSaccharum spontaneuis shown figure V. Adsorption
increases as contact time increases and is maxi@85 %] at 3 hours. Figure 4 reveals that theveus smooth
and continuous, Titan yellow dye to saturatiarggesting possible monolayer coverage of the dySamtharum
spontaneumNearly 68.04% adsorption has taken place witlim@nutes of contact time with the adsorbent which
indicates the efficiency @daccharum spontaneuas adsorbent. More time is required for attainneéetquilibrium.
In this study, all the batch experiments were edraut for a time interval of 180 minutes.

Effect of initial concentration

Figure VI show that adsorption capacity decreasms ©4.21% to 58.84% as the dye concentration &sa® from
10 to 60 mg/l. The trend is that of the resultlt# progressive decrease in the electrostatic rtterabetween the
Titan yellow dye and the absorbent active sitestddeer, this can be explained by the fact that éelsorption sites
were being covered as the dye concentration dezse8sides, lower initial concentrations to arréase in the
affinity of the Titan yellow dye towards the actiwgites. The decline in the adsorption capacity ue tb the
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availability of smaller number of surface sitestbhe adsorbent for a relatively larger number ofablisg species at
lower concentrations. The experimental results dfogption of Titan yellow dye oSaccharum spontaneuat
various initial concentrations are shown in figérelt reveals that, the actual amount of dye ©dmkd per unit
mass ofSaccharum spontaneudecreased with increase in dye concentration. Auigor is maximum when the
initial concentration of Titan yellow dyes were &@®/L.As the concentration increases, all the adgorsites are
being filled up and there remains unadsorbed dgecé the decrease in percentage adsorption. Tt iis in
favour of only monolayer coverage and suggestsaiiication of the Langmuir isotherm model. Sinee2d%
adsorption occurs when the initial concentratiors w@ mg/L,Saccharum spontaneuappears to be very effective
adsorbent in removing even traces of dye
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Adsorption isotherms

Isotherm parameters, evaluated from the linearsptdtequations 1-4 are illustrated in Table I, [Figla and
VII.b].The K [sorption equilibrium constant] value for the Lamgjr isotherm, ie. 3.984 mg/g indicated the high
adsorption capacity of biosorbent toward dye adsmmp This is in turn supported by the values o th
dimensionless separation factor, JRwhich are less than 1.Thé’ [orrelation coefficient] value 0.983 indicated
that the Langmuir isotherm is good for explainihg tlye adsorptionThe R value calculated for the Freundlich
isotherm was found to b@.989 indicating that the experimental data can be arpld by the Freundlich
isotherm. The K[ultimate adsorption capacity] value as calculdtedn the Freundlich isotherm was 3.9536
The values of Freundlich constant, n, are muchtgreéhan 1, implying that the adsorption procesgagerned by
physisorption onlyThe R value calculated for the Redlich-peterson isotharms found to b€.992 indicating
that the experimental data can be explained byréndlich-peterson isotherm. Tievalue as calculated from
this isotherm wad.1653 The Dubinin—Kaganer—Radushkevich [DKR] model waspded to describe the single-
solute adsorption isotherm$he R value calculated for the DKR isotherm was founch&.959 indicating
that the experimental data can be explained byDiKR isotherm poorly. Th@ value as calculated from this
isotherm was 0.301The values of desorption constafit,in the Redlich-Peterson and the Dubinin-Kaganer-
Radushkevich isotherms is a measure of the desarptinstant. Its values are less than 1, indicdtrgurable
adsorption. The sorption energyn the DKR isotherm is a valuable parameter ttimtjsiish between physisorption
and chemisorptions. Lower values suggest physisorjg more.

Table |
K. q0 b, R’
3.9840| 13.15789 0.302f 0.983
Ke N R?
3.9536 2.8328 0.989
B B q0 R
1.1653 0.549] 3.2062 0.992
B o3} Kr R?
0.301 3.3222| 0.8704 0.959
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Kinetics

Kinetics of adsorption is a characteristic respllesfor the efficiency of adsorption. Since thetialisorption rate
plays a crucial role, adsorption was measurednae fintervals 10, 20,30,40,50 and 60 minutes. Thetiis of
adsorption of Titan yellow dye ddaccharum spontaneunas followed by the use of four models:

Lagergren’s pseudo-first order kinetics
Pseudo-second order kinetics.

The Elovich kinetics

The intra-particle diffusion model.

The kinetics parameters are given in table I§§[MIII]. Analysis of the kinetics parameters shovihat there is no
correlation between theoretical and experimentalaaes for the Lagergren’s first order kineticgl drence the
adsorption process is not likely to be of the fomder. The Rvalues for the second order[eq 5] kinetics shows hi
precision suggesting that second order kinetieshisst fit.

Log [ge-qt] = log ge - [K1t/ 2.303] ----------- —5
Table Il
| Order K1 0.00921] Qe 1.3073 ’R0.834
| Order ge 3.6764 K2 0.0948 °R0.972
Int part diff Kp 0.130 C 1.443 ’R0.914
Elovich model | B 0.320 o 1.152 R=0.898
IT order Kinetics y=0.272x+ 8.039
60.000 R?=0.972
= 40.000
=
e
20.000
0,000 T T T T 1
0 50 100 150 200
Time, min
Fig VIII

Thermodynamic parameters
Thermodynamic parameters such as standard Gibbeffrergy AGO],Enthalpy AHO] and entropy4AS0] were also
calculated using equations 6 and 7 and the resioitténed are illustrated in table-11I [Fig IX].

AGO =-RTInK 6
InKc = [ASO/R]-[ AHO/RT] 7

Here, K denotes the distribution coefficient foe tadsorption. R is the universal constant and thésabsolute
temperature in Kelvin. The negative value of th& 0 at the studied temperature range indicatedthieasorption

of Titan yellow on sorbent was thermodynamicallgdiéle and spontaneous. The increase in the vdlue® 0
with temperature further showed the increase isifiéiy of sorption at the elevated temperature $Saccharum
spontaneum In other words, sorption is endothermic in natufée positive value ofAHO for Saccharum
spontaneunshowed that the sorption was endothermic. Thetipesialue 0ofASO showed an increased randomness
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at the solid Titan yellow solution interface duritige adsorption of alizarin yellow, reflecting tladfinity of
Saccharum spontaneuior alizarin yellow.

Table Il
AGO AHO ASO Log 10 Ka 1T
-3844.96| 16.083§ 67.78088 0.662534 0.003299
-5069.51 0.845644| 0.003193
-6048.34 0.977701| 0.003095
-7341.05 1.151045 0.003002

Arrhenius equation

Activation energies for adsorption of Titan yellowadsorbent was calculated using the Arrhenius tequeq
8],plotted in Fig IX and tabulated in table IV.Thetivation energy obtained[Table IV] in this caselicate that
physical forces are involved in the sorption med$rarand sorption feasibility.

Arrhenius equation

Log K = Log A — [EA / 2.303 RT] ------mnm=- 8
Table IV
Ea Log A R2
30.88434 5.986 0.996
. y=-1613.x + 5.986
Arrhenius plot RZ-0.996
1.5
<
S \
=
& 05
0 T T T T T T T T 1
0.00295 0.003 0.003050.00310.003150.0032 0.003250.00330.00335
1T
Fig IX

The thermodynamic parameters for the adsorptiofitah yellow dye orSaccharum spontaneuane given in table
IV. For the adsorption of dye ddaccharum spontaneyitine free energy values are all negative configirat the

process is spontaneous even at room temperatuee.eftiopy change is positive and explains the aseren

randomness of the process. The endothermic nafuhe @dsorption process is evident from the peesitialues of

enthalpy change. Presumably, the randomness fAca&] overcomes the energy facta{] and makes the overall
process spontaneoudG negative]. Activation energies for adsorptionTafan yellowR dyeon adsorbent was
calculated using the Arrhenius equation [eq 6-8}ited in Fig 8 and tabulated in table 8b.The ation energy
obtained in this case, indicate that physical fer@e involved in the sorption mechanism and songtasibility.

Effect of temperature
Temperature has an important effect on the ratedebrption. The percentage of dye adsorption wadiext as a

function of temperature in the range of 30-& It was observed that adsorption yield increagk increase in

temperature. The minimum adsorption wa s 93.24 8@ t* C and maximum adsorption was 97.70 % at®o
for 50 ppm initial concentration of dye solutionThe effect of temperature on the percentage atisorpf dye on
Saccharum spontaneuis shown in figure X and table IX. This is only netl because increase in temperature
provides the necessary energy for the endothermicegs of adsorption, to an increase in the rathefprocess.
The point to be appreciated is that even at roonpézature sufficient [more than 90%)] adsorptionta&en place.
This in turn confirms the efficiency of the adsarbi the removal of toxic dye.
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FT-IR Study
The action of oxidizing Oxygen on the surface of ttarbonaceous precursor causes formation of sudricles

Their structure have not been investigated compldiecause of the greater number of possible seifasups .The
most common Oxygen groups on the surface are cglibo¥actonic and phenolic .These groups have iacid
character, which can be relatively easily deterchibg titration methods that are based on titratiosisg bases of
different strengths. The method of Boehm has bekowvied to find the density of functional groupegent on the
carbon surface.FT-IR [SHIMADZU]spectra of the aated carbon samples before and after adsorpti@nshenwn
in the figures[Xlla &XIIb] respectively. The speatprovide the evidences for the presence of sudemeps on the
adsorbent’s surface as established by Boehm. Notfifierences among them are the peak intensifies carbons
have marked differences in the intensities of Iyeall the absorption bands , reflecting that thensity of
corresponding functional groups differ a lot. Aftadsorption some peaks is vanished due to desorptido
adsorbate and few peaks are slightly shifted thérigor lower wave numbers due to electrostaticefard here are
no new peaks after adsorption confirmed the absehfirmation of new compounds shown.

EsHimanzu

DaterTime;

Figure Xlla, Before Adsorption Figure XIlb, After Adsorption

SEM analysis
The surface morphology daccharum spontaneumas examined using Scanning Electron MicroscopyMBE

before and after adsorption and the correspondiig Sicrographs were obtained at an acceleratiriage of 15
kV [Hitachi SE 900] at 5000x magnification and @resented in figures XlIl a and XllII b. At such mégcation,
the Saccharum spontaneumarticles showed rough areas of surface within Wwhigicropores were clearly

identifiable.
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XRD Study

The X-ray Diffraction Studies of the adsorb&uaccharum spontaneyriefore and after adsorption of dye, were
carried out using Rigaku Corporation, Japan X-ré§r&tometer 40KV / 30mA, Model D/Max ULTIMA IlIThe
diffraction patterns are shows in figure XIV a axi/ b. It is evident from the figures that thererie appreciable
change in the spectra of adsorbent before ard adisorption. This may be due to the fact thabigdi®n does not
alter the chemical nature of the surface of thedmnt. The adsorption is governed by weak Vanvdaals forces
and is physical in nature.

1200 A 800 -

1000 - 7001
600
800
500 -

Intensity
Intensity
IS
o
o

400 1 300 -

T T |
500 1000 1500 2000 2500 3000 3500 4000 T !
-200 - 100 %) 500 1000 1500 2000 2500 3000 3500 4000

600 ‘

2 Theta 2 Theta

Figure XIV a, Before Adsorption Figure XIV b, After Adsorption
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