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ABSTRACT

Fundamental investigation on the adsorption of yletie blue by powdered biomass of Cicer arientiriam
conducted in batch conditions. The effect of diffiéerparameters such as contact time, sorbent doeand
temperature has been studied. Adsorption kinetideting data were found out. The kinetics of bipton results
shows that sorption process is well explained uge—second order model with determination coeffisi 0.978-
0.988 for S-1 under all experimental conditionseNalue Kp is found to be 0.04890 the sorption raeism was
determined by Weber and Morris intraparticle diffus model. Thermodynamic parameter viz KI&G have also
been calculated to determine the spontaneity optbeess.

INTRODUCTION

Contamination of the environment from a varietysofirces has become an increasingly serious probleetent
years. The release of dyes into waste water bpwarindustries posses, serious environmental prebtkie to their
persistent and recalcitrant nature. The dye caegedurns, which may be responsible for permangutyi to the
eyes of humans and animals. If swallowed the dyses irritation to the gastrointestinal tractwsymptoms of
nausea, vomiting, and diarrhea. It may also camsthemoglobinemia, cyanosis, convulsions, tachyaamhd
dyspnea, if inhaled. It is likely to cause irritat to the skin. and are highly dangerous to bibiges may also be
problematic if they are broken down unaerobicatiythhe sediments, as toxic amines are often proddcedto
incomplete degradation of bactefi Some of the dyes or their metabolites are not totic or mutagenic but
also carcinogenig2]. Synthetic dyes have complex aromatic structure whigrovides them physiochemical,
thermal, biological and optical stabilifig]. The “>5°* (Environmental Protection Agency) has classifiegtite
wastes into four groups (1) dispersible (2) hard¢at (3) high volume (4) hazardous and toxic @l Synthetic
dyes are widely used in many industries includiexgite dyeing and paper printing. Color and dyearimg waste
water discharged into water streams not only cbute negatively to aesthetic value but also causasiderable
resistance to biodegradation and may upset agjifatif]. Such colored waste water is unfit for recyclinghaut
proper treatmenBasic dyes are the brightest class of soluble dges by the textile industf@, 7]. Most dyestuffs
are designed to be resistant to environmental dondisuch as light, heat , microbial attack arsb @b oxidizing
agenf8] making the biodegradation of dyes a very slow @s¢8]. The conventional technologies used for the
removal of dye stuffs include chemical coagulatifiotculation , ozonation , membrane filtration,aanobic
degradation etc. These methods suffer from hawmg dfficiency for reactive dyes and are also vexgemsive.
These processes are therefore not very effectiieemting waste water containing dyes. They are alst cost
effective especially for developing countrid®]. Currently, for such countries the most suitaklehhology in the
removal of textile and other dyes seems to be atisor Literature also reports the removal of dgesh as
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Malachite greefil,12], crystal violet, methyl red, Eriochrome Black T,deoe,Saffranine reflLl3] Acid orange -

7, Acid red- 88 Acid bluell3 methyl violet, orddferent available adsorbents such as silica ,alanj14], etc.
However these adsorbents do not prove to be cfesttioe. The batch experiments have been caaigdy S.P.
Raghuvansh[15], to study the kinetics of adsorption of methylengebllye on bagasse with two different forms
like raw and chemically activated forms. Spectromegtudies have been accomplished by A. Rashédweh Kor
adsorption of dye methylene blue from aqueous wwoiudn the surface of sheep wool and cotton fil&r under
optimal conditions of temperature , concentratipH, , stay time duration and amount of adsorb&dsorbents
prepared from sugarcane baggase an agro-industaiste have been successfully used to remove thendieyl
red from an aqueous solution in a batch reactoesg&hadsorbents have been investigated by S. ahdr by
pretreating sugarcane baggase with formaldehydesahmhuric acid[17]. as sugarcane bagasse is a cheap and
abundantly available biomass and adsorption iscafriendly and economically feasible dye- remowdhnique
[18]. From the related literature several biologicalterials have been reported as dye bioadsorberdsiding
banana and cotton fibeange fruit peel§19], wheat bran[20-22], etc.A wide range of waste materials can be
used as raw materials used for the new and nogalradnts. Unconventional adsorbents like fly asigalsse, peat,
lignite, wood, saw dust which fall into the abovategories etc have therefore attracted the attertfoseveral
investigators. Adsorption characteristics of thesaterials have been widely investigated for remafabrganic
matter such as organic acids dy8f phenol[23], refractory organic, heavy metals etc. The adsampdiodyes on
these materials is reported to be fast and ispbeted within a short interval of tim@4-26]. The study has been
carried out mostly from the standpoint of theedetination of adsorption isotherms and related patars e.g.
particle size, surface area etc.

Preparation of biosorbent and adsorbate solution:

The stalks ofCicer arientinumwere collected from Western Maharashtra, cleametl shade dried. The dried
material was crushed, powdered and used as biotofife solutions of methylene blue (3, 9 bis — diem
phenathionium chloride) were prepared by dissohapgropriate amounts of dry powdered dye stuffistilted
water. Concentrations of the solutions used fig $tudies; were 0.799 mg/L., 7.99 mg/L, 39.9 magfid 79.99
mg/L.

EXPERIMENTAL SECTION

50 mg of sorbent was taken in different conicakkka to each of these flasks 25 ml of dye solutbnnitial
concentration (Co= 0.799 mg/L) was added. The velumas made up to 100 ml by adding distilled walédre
flasks were protected from sunlight and stirrednoagnetic stirrer for a period of 2,4,6,8,10,12304and 60
minutes respectively and filtered through whatméler paper. The absorbance of the filtrate wassueed using
systronic -112 photoelectric colorimeter at wavgtén640nm filter. The same procedure mentionetova was
used to study the effect of different variables tivered.

RESULTS AND DISCUSSION

Chacterization of biosorbents

Table 1
Adsorbent Bulk density g / c¢  Moisture content% | Ash Content % Volatile material %
Powdered biomas$  0.63 7.0 8.0 18.95

Effect of Contact Time:

For initial concentration of the dye, out of théalcamount adsorbed at equilibrium, more than 668%eien to be
adsorbed within the initial 2 minutes. The processches equilibrium within 30 minutes. The ratead$orption
decreases with time, probably due to saturatich@favailable sitegFig-1) The plot of % adsorbed veme shows
two distinct regions, one indicating rapid adsamptand the other indicating the slowed down ratgiilibrium time
is 15 to 20 minutes for all concentration. Sorptisncaused due to strong attractive forces betwhendye
molecules and the sorbent surfathe concentration of the dye at the surface oftitbent differs from that in the
solution, and therefore there exists a concentrgradient in the solution and at the surfacethéinitial stage this
gradient is large and leads to fast diffusion dhexternal surface and the rate of adsorptitigis. Then decrease
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in the concentration gradient and fast pore diffosinto the intra particular matrix and equilibrius attained
rapidly resulting into a slowed down rate of adsiom

Fig.1 Plot of %Adsorption vs. time S| (Co=7. 99 mg/L)
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Effect of adsorbent dose:

As thedose of biosorbent is increased from 500mg/L.@odgBL the maximum adsorption increases from 68t@%
87.4%. Although the % age removal increases withei@se in the adsorbent dose, the adsorption ¢tg=ws
significant decrease at equilibrilium. For the do§&.0 g/L the adsorption capacity is found talb@l2 mg/g, while
it is 0.635mg/g,0.335mg/g and 0.1334mg/g for theedoof 500mg/L, 1.0 g/L, 2.g/L & 5.0 g/L respechvérig. 2)
The plots of adsorption capacity vs. time indicdtat the smallest material dose 500 mg/L equiliris attained
after 14 minutes while for the highest dose (5gne@dilibrium is attained within 5 minutes. Thesesetyations can
be explained by considering the solute- sorbatgactions. When a solution is allowed to comedntact with an
adsorbent the charged sorbate particles get atrdotthe surface sites on the adsorbent particlée  extent of
adsorption is directly proportional to the surfacea available for adsorption. At a higher adsdrbese there is an
increase in the available surface area and alsouh®er of available sites. This results in aneased and rapid
uptake of the dye. However with increase in sorlmeass the amount of dye sorbed per unit mass bésbr gets
reduced thus causing a decrease in the adsor@tacity.

Fig.2 Plot of Adsorption capacity vs. time (Co=0.7®mg/L. 79.9mg/L)
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Effect of pH:

Plots of % adsorption vs Time indicate that remafathe dye is insignificant in the pH range 6 th The amount
adsorbed is maximum at pH 4 . A slight decreasebiserved when the pH is raised from 4 to 6.Theselts
indicate that the pH of the aqueous solution hesrsiderable effect on the both the binding sitethe sorbents
and sorbate. The FTIR of the sorbent S-1 showd itlentains different functional groups such &0OH, -OH
and other charged groups. The pH value of theatipg agueous medium is likely to influence the dgsorption
properties at the solid liquid interf&éeAt low pH there are ample number of idns along with the [MB]ions
and there is a competition betweeh ahd [MB] ions to occupy the adsorption sites of the sotb&na slightly
higher pH the sorbate molecules are held by elsiztic attraction on the surface of the sorbebbwve pH 6 there
are ample number of OH ions in the solution legdd reduced adsorption of [MBdn biosorbent at higher pH
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Fig.3 Effect of pH on % adsorption of M.B. by S- 1 (Co= 0799 mg/L)
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Effect of Initial concentration
For studying the effect dye on the process of gisor the following concentrations have been chosen

0.799mg/L,7.99mg/L,39.9mg/L&79.9 mg/L). All the mais are smooth, single and continuous leadingttoagt#on,
suggesting monolayer formation of the dye on thbestt surfacd-ig-4. The sorption capacity also increases with
increase in initial dye concentration. The equilibr sorption capacity is found to increase fronb8.%0 54.0 mg/L
for the fixed sorbent dose of 500 mg /L. Duringptimm the dye molecules initially reach the boudayer and
then have to diffuse into the sorbent surface hed tnto its porous structure.

Fig- 4 Effect of initial concentration on removal éd MB by S-I
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Adsorption equillibrium modelling .: Langmuir Isotherm
The data obtained was fitted in the Langmuir modlkk plots obtained are straight lines indicatimg applicability

of the model. The correlation coefficient valugasind to be 0.906. The value of Langmuir constangnd b are
given below.The Hall separation factor RL is less thanl, intiiigp favorable adsorption. These observations
indicate a good fit of Langmuir model to adsorptlonS-I in the concentration range studied. Froia ithcan be
concluded that there must be a monolayer adsoffdémethylene blue on biosorbent.

Fig. 8 Plot of Ce/Qe vs Ce for S-I (50 mg/L)
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Table-2

Sorbent | a b RL
bisorben | 3.3¢ | 0.0¢ | 0.1C

Freundlich isotherm model

The plot of log x/m vs. log Ce is found to be aight line with value:of K ranging between 4. 4 to 7.907 in
temperature range of 26 to 45C and value of n between 1.26 t01.21. Increasaénvalues of K indicates th
adsorption affinity increases with temperature shgwavorable adsorption at higher temperaturccording to
Treybal (1980) if the value of 1/n lies betweent®.1..0 it corresponds to beneficial adsorptiorthé value of 1/n i
less than unity it indicates better adsorption éomnation of relatively stronger bonds between aosnt anc
adsorbates.

Fig-9 A graph of log Ce vs. log x/m for 50 mg biosorbe

log »/m
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Thermodynamic parameter.

The equillibrium constant K for the process of agion can be used to calcualte the change in atadd free
energy using the relation

A G =-RT In K, where K is the equillibrium constant cén be determined .

A + dye = Adye compelx , A is the adsorb

Therfore
concentration of dye present on the suri
KD =
remaining concentration in soluti
Table-3
Initial concentration| KD AG
0.799 mg/L 2.08 -1814.8
7.99 mg/L 2.166 | -1915.20
39.9 mg/L 0.3518| +2588.70
79.9 mg/L 0.2717| +3219.80

The values of KD are found to vary with the initial @amtration . For the lower concentration the freergy
values are negative indicating the spontaneitythef process. As the initial concentration increasieove 7.9'
mg/L KD falls drastically prodibly due to the saturation of the sites,AG also becomes positi

Kinetic Modeling
The data obtained was fitted in the Lagergren firsier and the pseudo second order equations. [6ke qf (log
ge-qt)vs.t for all values of amount of adsobate and initi@hcentration (Co) are shown in ffig. 10. As seen in the
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plots and from Rvalues it appears that the pseudo first model dadescribe the sorption kinetics of the «
studied. The linear regression the observed values lines with coefficients efedmination ranging from 0.97
.91.for lower values of initial concentration, wilor higher initial concentration?ranges between 0.928 to 0.7
These observations lend support that the modeln’t help to explain the kinetics of adsorption ¢-l. The pseudo

second order equation was applied by Ho & McKaye Piots of t/qt vs. t are straight lines. With daént of
determination between 0.978 and 0.Fig.11.

Fig. 10 log qgeqt vs. t for S-I (varying biosorbent dose, varying initial concentation)
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Fig. 11Graph of t/gt vs. t for S-1 (50 mg, Co=0.799 mg/L, 7.99 mg/L and 79.9 mg/
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Intraparticle Studies.

The plots of Q vs. ¥show three distinct regions, the first portindicating mass transfer while the final port
indicates intraparticle diffusidfi®’. The intercept of the final linear portion indiestthe boundary layer effect. T
value Kp is found to be 0.04890 while the interdegm a value 0.51. The value he intercept increases with init
concentration indicating that boundary layer effacteases with concentrati

Fig.-12 A) Plot of Q vs. {*for 50 mg biosorbent (Co=0.799 mg/L
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