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ABSTRACT

Colored waste water contamination in natural resources due to natural and anthropogenic activities is becoming a
world wide problem now a days. The toxic nature of several dyesisa serious threat to human health. Among several
treating technologies adsorption has been recognized as a effective tool for color removal. In the present study
Bagasse fly ash is evaluated for its adsorption efficiency towards model cationic, anionic and zwitterionic dyes. The
equilibrium and kinetic experiments were performed in batch mode. The equilibrium data was fitted with Langmuir
and Freundlich models. Several operation variables such as adsorbent dosage, contact time, initial pH, and
temperature on the removal of dyes were investigated. The removal efficiency increased with increase in adsorbent
dosage. The adsorption process followed pseudo second order kinetics. Thermodynamic parameters like AH % AS°
and AG ° were analyzed. The processes were spontaneous for the ionic dyes. These results suggest that bagasse fly
ashisa potential low cost industrial waste for textile industry waste water treatment containing ionic dyes.
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INTRODUCTION

In developing nations like India the conventiorffluent treatment technologies are not affordaBapid industrial
growth has brought economical revolution in all imets of world and industrial waste water treatirisnan
important task due to environmental concerns. Taods of dyes are prepared for printing and dyennulyistries
from coal tar based hydrocarbons such as benzette@aaene, naphthalene, xylene, toluene etc. Dygeesised in
industries like paper, textile, cosmetics, rubli@od, drug and plastics[1]. According to an estiena®,000 different
types of commercial dyes are present and 7Xdfes of dyes are produced annually worldwide[2]s is observed
that aerobic biodegradation has very less colorokainefficiency. Most of the treatment technologigsrk on
biological treatment processes. Other physical @mmical methods like coagulation [3], oxidation[#{embrane
separation[5] and adsorption are in practice. Agison is a procedure of choice due to its simplicéfficiency and
cost efficacy[6]. Activated carbon is the best atleat but its higher cost and difficult regenematims encouraged
many workers for the research of new adsorbentsic Idyes have been removed by the use of adsorlikats
orange and banana peels [7], almond shells[8], cobn9], de-oiled soya[10], shale oil ash[11], &ugane bagasse
[12],coir pith[13], hazelnut shells[14], rice hu&k], wheat husk[16], sewage sludge[17], bark [18] €he present
work reports the results of adsorption studiesoofd dyes model anionic dye , acid orange-7 (AG7) model
cationic dye, basic red 12(BR-12), and a zwitteid dye basic violet-10 (BV-10) on sugar industryste bagasse
fly ash after minimal chemical treatment. Thermaaiyic and kinetics of the adsorption process isistudlong
with the mechanism of adsorption using FTIR analgdithe adsorbent.
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MATERIALSAND METHODS

Materials

Bagasse fly ash (BFA) was collected from Rana suoghs, Dhilwan Punjab.10.0 g BFA was dipped in 1094 of

20 V H,O,for 24 hours to oxidize the organic matter. Thisulzen filtered and washed with distilled wateresal/
times till the washings attain neutral pH and rgigle conductance. This was then dried in a hobam at 80 for

12 hours and sieved to get the particle size less 250um and was stored in an air tight container forHertuse.
The dyes i.e. AO-7, BR-12, and BV-10 were procuredmas Baker Co. The structures of dyes are givéfigure

1. 1000 ppm stock solution of dyes was preparedissolving in double distilled water (DDW). Dye stibns were
prepared by dissolving appropriate amount of dyPIW and stored in dark colored bottles and dilutgcadding
suitable amount of water to the stock solution @srpquirement. The dye concentration before atat atisorption
was determined by using Systronics 2201spectropietter. A standard plot is drawn for known conceiures and
the concentration of dyes was determined by coimgethe optical density to corresponding conceitratThe
residual dyes were analyzed at their respeéiimax. The FTIR of BFA was carried out in the ranGe-4000 crit
using Shimadzu spectrophotometer. The adsorbemixed with anhydrous KBr to make a pellet and scaies
carried out to give the average FTIR scan. The rhésd samples were also characterized by powdeayX-r
diffractometry using an X’PERT PRO PANalytical wiGu-K, radiation. The phases of crystalline and mesoporou
BFA was determined. SEM is carried out by usingOZEscanning electron micrograph. The micro porous
structures of the BFA were studied. BET surfaceaaneasurement is carried out by using micromergia$ace
area analyzer. This also gave monolayer volume,adrd pore volume of the adsorbents. The pH of dyiens
and pHzpc were determined by using pH meter by ViasfiTMP-85). An auto arranging conductivity meter
TCM+15, provided with temperature compensator mége Toshnival, India was used for determination
characteristics and nature of the filtrate of BFAshWings. The weighing was carried out on a digiteighing
balance of accuracy up to 0.1 mg by citizen Co.

Batch Experiments

The series of experiments were conducted by plasthgl of dye solution in an Erlenmeyer flask awldiiag the
required amount of adsorbent to that in an incubsttaker. The pH of different solutions was adjdstith 0.1 N

HCl and 0.1 N NaOH. After attainment of equilibriuthe aqueous phase was analyzed for residual dye
concentration using UV visible spectrophotomet&rom the absorbance data (g g') was determined using
equation 1.

(Co-Cov

qe_ W

@)
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 perfdriveget concordant results. The kinetics of dyaaeal was
studied using optimum dye concentration. The sasnplere withdrawn at regular intervals and residual
concentration was analyzed after centrifugatiomgsiltracentrifugation at 1000 rpm. The isothemmese studied
by using 50 ml of dye solution within suitable centration range at 303 K, 313 K and 323 K. ThepHapH zero
point charge) was determined by the method repaaeier [19].

RESULTSAND DISCUSSION

Characterization of BFA.

Surface chemistry of the BFA such as specific s@rfarea, pore volume distribution, and pore diametre
measured using nitrogen gas adsorption technigtremicromeritics surface area analyzer. The acility basicity
of the adsorbent were determined by the Boehniititranethod [20, 21] as reported elsewhere. Fopimalpgical
uniqueness, scanning electron micrograph of BFA wesised out. SEM is widely used to study the moipgical
features and surface characteristics of the adsbrbaterials. SEM of BFA discloses uneven and spcngface
texture. SEM of BFA and its derivatives have beleovs in Figure 2. The X-ray diffraction analysistbe BFA
was carried out and shown in Figure. 3, revealedctiystalline nature of BFA. EDAX studies reveattlBFA is
mainly composed of up of SjOAI,O;and CaOFTIR spectra (Figure. 4) revealed that the adsaryainly shows
Al-O streching [22] as a prominent band is obseraed072 crit. The presence of Sids also inferred[23] by a
peak at 775 cth A prominent band at 467 chindicates Ca-O stretching [24]; Hence BFA contahgO,, SiO,
and CaO as main components. The characteristiB&Afare given in Table 1.
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Table 1- Physicochemical properties of BFA

Surface area (fg?) 18.641
Monolayer volume(criig) 4.282
Bulk density (g mr) 0.338
Pore volume (rhg?) 0.0094
Zero point charge (pfa) 7.91

Total surface acidity (mmolyy  0.691
Total surface basicity (mmoly  3.720

Table 2-Freundlich and Langmuir parametersfor adsor ption of BR-12, BV-10 and AO-7over BFA at different temperatures

Temperature(K) K n Q.(mol/g)  b(L/mol)
BR-12
303 0.3626 1.755 27.469 17.713
313 2.4706 1.601 34.411 17.392
323 2.1072 1.349 48.883 12.446
BV-10
303 1.6627 1.547 4.404 66.708
313 10.765 2.608 4.333 97.356
323 10.995 2.678 4.243 96.858
AO-7
303 0.0379 1.043 15.458 0.812
313 0.9062 1.232 8.835 1.914
323 1.0853 1.328 6.641 3.622

Table 3-Values of thermodynamic parameter s for adsorption of BR-12, BV-10 and AO-7over BFA at different temperatures

Temperature(K) 4G°(KJ mol?)

AH(KJ mol?)

AS(J mol* K

BR-12
303 -7.241
313 -7.432 18.969 83.437
323 -6.711

BV-10
303 -10.581
313 -11.913 -40.075 -91.003
323 -12.28

AO-7
303 0.523
313 -1.689 -100.1 314.88
323 -3.456

(c)

Figure 1. Structure of ionic dyes(a) BR-12(b) AO-7(c) BV-10
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Table-4-Pseudo second or der rate constantsfor the removal of BR-12, BV-10 and AO-7over BFA at 303 K

k(gmg*min®) ge(mgg?) R
BR-12 _ 0.0166 15.702 0.9998
BV-10  0.0259 3.175 0.9914
AO-7  0.0245 2.673 0.9922

B 15k ADISre S50
3Rl

Figure2. SEM of BFA

Pl lmm [ 2Tre m](Emmper 5 Q0
Figure 3. XRD of BFA

Effect of adsorbent dose.

The effect of adsorbent dose was investigated Isprption of dyes on variable dose of BFA. The eixpents
were conducted with adsorbent dose between 2.9gfl@o 20.0 g/100 ml at 303 K and it was founct thiah an
increase in the dose, the adsorption increaseallftypes of dyes. The optimum adsorbent doseBfe12, AO-7
is 1.25g/ 100 ml and for BV-10 is 5.09/100ml. Tdieen mass of BFA can adsorb only fixed amoundy# and
the this amount depends upon the charge on themdiecule and its surface area for diffusion actbesboundary
of BFA. This may be attributed to the reason dswaér adsorbent dosage the number of dye moletsiledatively
higher as compared to availability of active adsorpsites. Further, the nature of functional gr®am the surface
decides the maximum adsorption capacity of the dyeshe surface. In view of this it is justifiedathwith the
increase in adsorbent dose 100% dye removal tdles.prhe results are shown in Figure 5.

Effect of pH

The dye adsorption is affected by solution pH anthe present study the effect of pH was studigtiérrange of 2-
9 while initial concentration of 100 ppm was used BV-10 and AO-7, adsorbent dose (1.25g/100 mi)A@-7
and (5.0g/100 ml) for BV-10 is maintained at 303while for BR-12 initial concentration of 250 pmnhadsorbent
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dose of 1.25g/100 ml were kept constant at 303 Ke. effect of initial pH on the dye removal is smoin Figure 6.
The adsorption capacity increases when the pHaseefor BR-12 while the adsorption of AO-7 deceeash the
increase of pH, while towards BV-10 the adsorptiapacity of BFA almost remains unchanged, the affestecan
be explained by assuming that the oxides of aluminisilicon and calcium undergo hydroxylation fongniM-OH
bonds in aqueous medium. The pHzpc of ;Sid,0; and CaO is 2.2, 8.3 and 11 respectively [25]. Phzpc
measured for BFA was 7.91 suggesting that thereiffeproportions of Si¢) Al,O; and CaO decides the nature of
BFA towards ionic dyes in agueous medium. The pKias measured for different ionic dyes suggesis pi
value for BR-12, BV-10 and AO-7 is 5.5, 7.0 and #eSpectively and beyond pHzpc negative chargeldpsen
the surface so cationic dyes are best adsorbedeaheir pHzpc. The oxides are protonated at pHetegsgan 2.2,
The electrostatic forces of attraction increasesragrthe adsorbent and anionic dye at this pH btlt thie increase
of pH of the medium, deprotonation of protonataiies takes place causing negative charge on tharlaeht and
increasing the removal of cationic dye. At high fité competitive adsorption of anionic dye and @its takes
place causing decrease of adsorption of anionic Egecentage of anionic dye removal decrease Wihirtcrease
of pH and cationc dye increases with increasetbfThe zwitterionic dye is protonated at pH 2.& #dsorbent is
also protonated at this pH, hence the electrostatialsion takes place between dye and adsorbeateuwhile at
higher pH the dye and adsorbent both are depradnedrrying negative charge creating repulsiveractions.
Further experiments were carried out at pH 2 forABV-10 and pH 5 for BR-12.
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Figure 4. Effect of Adsorbent dose on dye removal, dye concentration 250 ppm BR-12, 100ppm AO-7 and and BV-10, 303 K, 200 rpm

100 -+
90 -
80 -
70 A
60 -
50 A
40
30 -
20 -
10 A

0 T . T . !

=¢—BR-12
== AO-7

Percentage dye removal

BV-10

Adsorbent dose(g/100ml)

Figure5. FTIR spectra og BFA
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Figure 6. Effect of pH on dye removal, dye concentration 250 ppm BR-12, 100ppm AO-7 and and BV-10, 303 K, 200 rpm
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Figure 7.Effect of contact time on per centage dye removal, dye concentration 250 ppm BR-12, 100ppm AO-7 and and BV-10, 303 K, 200
rpm

Effect of contact time

The effect of contact time was investigated inlihtch mode at optimum dye concentration and aésbidose for
AO-7, BR-12 and BV-10. The results have been shimwikigure. 7 which suggests that the adsorptioraciyp of

dyes increases with increasing contact time. Toirbegth the rate of dye removal is higher due tghi
concentration gradient which decreases steadilytaldecrease of dye concentration in the mediumadostruction
of active sites of the adsorbent. The equilibriusls@ption capacity is 6.87, 4.27, 4.88 mg/g for BR-AO-7 and
BV-10 respectively. The adsorption capacity ofardt dye is highest anionic dye is lowest while famphoteric
dye is medium. The adsorption is rapid for BR-1ighest because deprotonated oxygen of aluminastiocd

makes electrostatic attractions feasible betwedioria dye and anionic oxides. The protonated orygéoms
causes attraction between anionic dye and pogitivhhrged surfaces of BFA. The behaviour of BV-%0in

between these two extremes. The equilibrium igregthin 6h for all the dyes in a constantly stirteatch reactor.
The driving force is concentration gradient betwselid containing functional group and aqueousiayhis seems
that the dye molecules first encounter the bountigmgr effect and then follow the diffusion film otenism. When
a charged surface is present it takes relativelgdo time for diffusion due to repulsive interaatiof dye molecules
with the surfactant on the surface. The dye motctgnd to arrange themselves as a least enecgefiermation

with minimum repulsions and maximum attractive &wdbefore diffusion through the surface. The presesf
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different charges on the surface of BFA at difféq@d makes the process happening gradually. Eems that the
processes are electrostatic complexation driven.
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Figure. 8a Langmuir plot for adsorption of BR-12 over BFA
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Figure8b Langmuir plot for adsorption of BV-10 over BFA
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Figure8c Langmuir plot for adsorption of AO-7over BFA
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Figure 10 First order kinetic model for the adsorption of BR-12, BV-10 and AO-7 on BFA at 303 K

| T T »
60 - | —a—BR12 “EE.
— - Bv-10

80| —e—a07 y
Lo4nk ,
= R=0.99979

Al - R=0.99135

o0 L R=0.99216

10k .

|:| | | |

0 50 100 150 200

Time in minutes
Figure 11 Pseudo second order kinetic model for the adsor ption of of BR-12, BV-10 and AO-7 on BFA at 303 K

Adsorption isotherms

The Freundlich, Langmuir and redlich peterson isathmodels have been successfully applied to ahefabove
system at various temperatures 303 K, 313 K andk328d thermodynamic parameters calculated accgiydifror
the equilibrium concentration of adsorbate (Ce) ambunt of dye adsorbed at equilibrium (ge), tHie¥ang linear
forms of Langmuir[26] and Freundlich[27] isothermere studied.

1.1, 1 2

de Qo bQuCe

logge =logKE 2 logCe ®3)
n

Where Qo and b are Langmuir constants apdakd n are Freundlich constants. The Freundlich laantymuir
isotherms gave straight lines and intercepts angesl were used to determine the values of Fredndid
Langmuir parameters as given in Table 2. The isatheare shown in Figure 8-9. the thermodynamic paters
which were also calculated from the above dataguStjuations 4-6.

AG°=-RTInb (4)
AHO = —R| T2TL|jn[ D2 (5)
To-T) (b
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0 0
o _ AH"-AG
AS —f (6)

Where b, b, b, are Langmuir constants at 303 K, 313 K and 328dpectively. The values are mentined in Table 3.
It is clear from the values of isothem parametbed freundlich isotherm is more applicable thamglauir for
adsorption of BV-10 and AO-7 suggesting that theoaption of these dyes is non ideal and reversibleature.
This empirical model is best explained for nonritisition of adsorption heat and affinities over tieterogenous
surface [28]. The adsorption of BR-12 over BFA dalk both langmuir and freundlich isothems with éqpase
suggesting that adsorption is homogenous on hetamg adsorption sites. The activation enegy fahalsites is
constant with no transmigration of dye moleculethm plane of surface [29]. The value of freundlicbnstant ‘n’
indicates surface hetrogenity and its value ratggaeen 0-1, while in the present study the n>dgsesting that
the adsorption of ionic dyes on BFA is cooperatidsorption [30]. The net Gibbs free enery®’ was found to be
negative at all temperatures, indicating spontasguacess at all the temperatures for all dyegevdrithalpyAH®,
was positive for BR-12 and negative for BV-10 an@-A& suggesting endothermic and physisorption ofptioeess
for adsorption of BR-12 on BFA and is negative BW-10 and AO-7 indicating irreversible chemisorptiorhe
positive value of entropyAS® for BR-12 and AO-7 indicates that adsorption afianic dye and anionic dye is
entropy driven in nature, The adsorption of zwitteic dye is enthalpy driven in nature.

Kinetic Sudies
The rate of removal of ionic dyes has been studieda function of time on as can be seen in Figurghe
equilibrium was attained in 6 h for all the dyesTadsorption proceeds in three steps; in the $itep rapid
adsorption of dye takes place on the active siteslsorbent followed by slow establishment of agtilim under
potential gradient. Adsorption rate constant stwes carried out with the famous Lagergran rate #gua
(Equation. 7).

k
log (G — & )= 1090 —[ﬁg} 7

The time versus logi(-q) plots as shown in Figure. 10 was found to bealirfer BR-12 and non linear for BV-10
and AO-7 suggesting that the adsorption followesl fttst order kinetics for BR-12. The slope of fhlet gave the
value of rate constantk 5.38X10° min™. Pseudo second order model is applied on the piisorof BV-10 and
AO-7.

t 1 t

w od ®)

The plot of t/gvs time is shown in Figure 11 and this is cleat fhseudo second order model fitted well the data
showing that the dye removal is high at the begigrind gradually slows down near equilibrium, ipesgive of the
charge on the dye, this is probably due to theore#izat there exist strong interactions among dgkecules and the
adsorbent at aparticular pH. The slope and intémgaye the value of rate constant Khe value of rate constant for
different dyes is given in Table 4.

CONCLUSION

This study shows that ionic dyes can be succegsfethoved from the simulated effluent by adsorptionBFA
which is found to be porous and valuable treatnoéblored water. The following conclusions candoawn from
this study: The batch adsorption experiments sti@atthe adsorption of the BR-12, BV-10 and AGaVer BFA
and its derivatives is dependent on pH, amountdsbebent, concentration, contact time, and temperatand
100% dye removal at dye concentration <250 ppmBRr12 and < 100 ppm for BV-10 and AO-7 could be
consummate at appropriate pH and adsorbent doseth€hmodynamic parameters obtained in both casdéy the
feasibility of the process at each concentratiofhe Freundlich and Langmuir isotherms fitted theadaell
signifying homogenous distribution of functionabgps on the heterogeneous surface of BFA. Thetsesikinetic
experiments show that the adsorption proceeds séadn second order kinetics. The BFA based adsisrizee
economical and can be used as praiseworthy adgssrben
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