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ABSTRACT

To minimize the industrial pollution, advanced weagter treatment techniques, such as adsorptiom, ar
economically and environmentally essential in teenoval of organic and inorganic compounds from stdal
wastewater. The present study focuses on the ussvafost adsorbent sugarcane bagasse fly ash $or&dCOD
content of the combined wastewater of sugar ingu®agasse Fly ash with specific surface area &72B34
cnf/gm is used as a clarifier to the combined wasteewaf Sugar mill at room temperature. The différdasage

of bagasse fly ash is kept in contact for 24 haurd analyzed before and after treatment. The resfitCOD
removal is up to 27.04% and is follow the Freuruliénd Langmuir adsorption isotherm.

Key words. Bagasse Fly ash, Adsorption, COD, Adsorption isotheAdsorption intensity (1/n), Adsorption
energy (b x 1%), Adsorption capacity (KOq).

INTRODUCTION

The Sugar Industry in India is one of the oldest Emgest industry in the country. These mills iiegjlarge volume
of water of high and purity and generate equallgdavolume of waste water which is highly complex gollute
[1]. For removal of the organic contaminants from Btdal waste water adsorption has become one obése
effective and economical method, thus this protess aroused considerable interest during recems.y€arrent
research has focused on modified or innovative @gigr that more adequately address the removal gafnar
pollutants[2]. In the present study, it was aimed to carryeqgeriments using low cost material like bagasge fl
ash from Sugar manufacturing unit for the removélooganic contaminants especially COD contributing
components from the combined waste water of Sugdudtry itself. The activated carbon adsorbent gmexh from
pod of wood applg3], Alternanthera Bettzichiana (Regel) Nicols plamttemnial[4] and neem leaf powd§s] can be
used as an efficient low cost adsorbent for Cr @)l organics removal from aqueous solution.

Sugar cane bagasse is an industrial waste whiokdad worldwide as fuel in the same sugar-cane induBhe
combustion yields ashes containing high amountardiurned matter, silicon and aluminum oxides asnmai
components. These sugar-cane bagasse ashes (S@BA)been chemically, physically and mineralogically
characterized, in order to evaluate the possihilfttheir use as a cement-replacing material inctirecrete industry
and as an adsorbent in surface chenfglryOne of the research group have used bagassehlgsan adsorbent
which is a byproduct of cane sugar industry, itselfises a great disposal problem and it is cuyréeihg used as
filler in building materials. The effect of variowperating variables, viz., solution pH, contaotdj concentrations
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of metal ions, adsorbent dose and particle sizes haen studied for the removal of cadmium andaliwas. The
material exhibits good adsorption capacity andofe#i both the Langmuir and the Freundlich modiélsThe effect
of particle size and shape of adsorbent on adsorpsi measured by computerized image analj@er Rate of
adsorption increases with the reduction in partgtl® and it is inversely proportional to the sguaf the carbon
particle diametef9]. The BOD content of the sugar industry waste water be removed up to 27.04% with
bagasse fly ash and this phenomena can be wédliegd by Freundlich and Langmuir adsorption isotieg 10].

The adsorption of phenol on carbon rich bagassadty (BFA) and activated carbon-commercial grade@pand
laboratory grade (ACL) were well studied. Batchd#ts were performed to evaluate the influences asfous
experimental parameters like initial pH (fHcontact time, adsorbent dose and initial conagioh Co) on the
removal of phenolC, varied from 75 to 300 mg/l for the adsorption ein studies and the effect of temperature
on adsorptior{11]. The adsorption of brilliant green (BG) on carbochrbagasse fly ash (BFA) by/with Batch
studies were performed to evaluate the influenéasmous experimental parameters like initial gbHg), contact
time, adsorbent dose and initial concentratiGg).(Equilibrium isotherms for the adsorption of B@ BFA were
analyzed by Freundlich, Langmuir, Redlich—Peterdauhnin—Radushkevich, and Temkin isotherm modeisgus
non-linear regression technique. Redlich—PeteradnLangmuir isotherms were found to best reprefentata for
BG adsorption onto BFA12]. The removal of lead from synthetic wastewater usingar factory wastes, bagasse
and bagasse fly ash like low cost material werel wtidied. Adsorption by these wastes can be usedna
alternative to conventional treatment methods. Bagavas treated under acidic condition while bagfigash was
untreated. Batch study indicated that the remoffaiency increased with increasing solution pH aatkorbent
dose. Adsorption isotherms revealed that the Fieaindquation fitted the isotherm data better than Langmuir.
Bagasse fly ash was more favorable than bagassenioving lead and thus was a better adsori&ht

One of the work involves the study of Se(IV) adsiorp onto bagasse fly ash. The adsorbents weredosith a
ferric chloride solution for the effective remowadlselenium. Equilibrium isotherms were analyzemhgid.angmuir,
Freundlich, and Temkin isotherms. Error analysesevedso carried out using hybrid fractional errondtion and
Marquardt's percent standard deviat[@d]. Nevertheless, sugarcane bagasse proved to bieea desorbent than
coal fly ash in the uptake of direct red dyes fri@xtile wastewater. Direct red 80 (DR 80) was thghést adsorbed
dye by both sugarcane bagasse (6.536 mg/g) andflgcadh (1.560 mg/g). Equilibrium data for metaimoval
conformed well to the Freundlich isotherm wherehsnml and direct dye removal complied with the Lang
adsorption isotherm modEl5].

MATERIALSAND METHODS

During the production of Sugar bagasse Fly astbiained as a waste product in large quantities fSurgar mill.
The total amount and physico-chemical charactesigif Fly ash which is occurred on burning Bagagseerated in
boiler varies from boiler to boiler depending ugbe boiler’'s efficiency. Bagasse Fly ash used gspnt research
work is collected from Sahakari Khand Udhyog Mdnde&d, Bardoli (Gujarat). It was washed to remosxecess
fines and oven dried at 1% for 24 hours before its use in experiments. light black colored material having
specific surface area 2637.784 %gm. Bagasse Fly ash mainly consists of unburneboca SiQ - 51 to 55%,
Al,O; — 10 to 11%, CaO -5 to 6 %, & - 4 to 5%, and trace of MgO. The known quantitylifdr) of sample is
treated with different amount of fly ash viz 2,18, 15, 20, 40 and100gm/L stirred well and keptontact for 24
hours at room temperature. Then the samples wdterefi and analyzed for various physico-chemical
characteristics. This study was especially coneg¢edr on COD removal. The method for determinatibiCOD
practicable is dichromate reflux method followednfr ‘Standard methods for the water and waste wglé}: The
results for each dose are presented in Tablahdilfigure 1, 2.

RESULTS

Table | shows the effect of different dosages ofd&se Fly ash onto various physico-chemical cheniatit of the
combined Waste Water Sugar Industry at room tenexalt is clear from the data that the pH andduamtivity is
increased alkalinity and hardness is decreasedimdtbase in adsorbent concentration. pH increfaees6.5 initial
to 8.82, conductivity increases from 3.05 m mh&.@ m mho, whereas alkalinity and hardness firgpsl and then
increases from 1660 mg/L (initial) to 800 with 2d@medsorbent and further to 1250 mg/L at 100 gm/bd a
hardness decreases to 600 mg/L (2 gm/L) from 204 rfinitial)and then increases upto 860 mg/L add/L of
bagasse fly ash. The chloride content of the samgi@ains constant upto 15gm/L of adsorbent dosetlasil
increases rapidly i.e. 204.936 mg/L (initial) to714648 mg/L upto 15 gm/L to 424.868 mg/L (100 gm/Che initial
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COD content 5089.56 mg/L decreases to 3695.16 mgth 40 gm/L of bagasse fly ash and remains comnsiin
higher dose. The initial BOD content is 1581 mgéLdecreased to 328.6 mg/L with same dosage 40gmndL a
remains constant for higher dose.

Table Il represents the data for Freundlich andgbauir adsorption isotherms along with percent reaha@f COD
exerting components. There is a considerable deeregaadsorption per unit weight of adsorbent wiiitrease in
adsorbent concentration. The removal of COD coutitiigg components is found to decrease from 69.72ymgdo
13.94 mg/gm respectively with varying amounts gfdkh from 2 gm/L to 100gm/L. The logarithmic anddrse
values of equilibrium concentration and removal yoat weight are used for plots of isotherm.

Fig. | represents the plot of log.{Vs log x/m for COD on bagasse fly ash. The strialgte nature of the plot
corresponds to slope 1/n and intercept K. 1/nlaed to adsorption intensity whose value is 4.2#8220D while
intercept K on Y-axis related to adsorption capaisitfound to be 1.25

Fig. Il represents the plot of Langmuir parametérs 1/C.q X 10° and 1/g x 10°. The nature of the curve for COD
onto bagasse fly ash from sugar industry is lifeawvever the intercept on X-axis related to adsorpgnergy
(L/mg) i.e. b x 18 is 0.2170 L/mg for COD exerting components. Theakies can be used to calculate the
adsorption capacitg, i.e 118.1631 (mg/gm).

DISCUSSI ON

The effect of different dose of bagasse fly ashvarious physico-chemical characteristics is presgbim table |
indicate continuous increase in pH, conductivitiiahbinity, hardness and also of chloride conteté¢ral5 gm/L of
dose suggest addition of some soluble inorganienaiand ionic species causes the increase otseg&arly at the
first stage of the reaction the values seen to dmredsed suggest adsorption of contaminants caa#iainity,
hardness and chloride content which is then stoftgards desorption with increase in dose. The C@d BOD
content are adsorbed on the bagasse fly ash sudiaderemoved by simple filtration, after optimumsedo
equilibrium condition attained and then no furthemoval is found even with higher dose.

Table Il represents the data for Freundlich andgbauir adsorption isotherms along with percent reahdéer COD
onto bagasse fly ash. These information are usedrdwe the adsorption isotherm model and from that
Adsorption intensity, Adsorption energy and Adsamptcapacity can be calculated. The percent remov&@OD
seems to be increased with increase in dose oflagisto The logarithmic and inverse values gf&hd x/m are used
for plot of isotherm.

The logarithmic value of equilibrium concentratiand removal per unit weight gives the linear ptot €OD by
bagasse fly ash confirm the applicability of Freigidadsorption isotherm. It is the most widely diseathematical
description of adsorption in agueous systems. Tjuatgon is an empirical expression that covershitterogeneity
of the surface and exponential distribution ofssé@ad their energies. With the purpose of linetiorathe equation
is represented in logarithmic form as—

log x/m =log K + 1/n log &

The plot of log Gqversus log x/m gives straight line with a slopelbf and log K is the intercept of log x/m at log
Ceq= 0 which indicates that Freundlich adsorptionhgotn model is applicable.

The same table shows the Langmuir adsorption iswotfier COD by bagasse fly ash. Langmuir isotherm ot of
the amount of impurity adsorbed by bagasse flyasinst the amount of impurity that remains in 8ohu It is a
preliminary test to check the efficiency of partemumaterial.

These mode of action can be explained on the lpfdiangmuir's model, i.e. ‘Ideal localized monolayeodel’
according to which:

1.The molecules are adsorbed at definite sites osutace of the adsorbent.

2.Each site can accommodate only one molecule (mgaQla

3.The area of each site is a fixed quantity deterraolely by the geometry of the surface.

4.The adsorption energy is the same at all the sites.
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Such behavior on the basis of kinetic consideragprasuming that the adsorbed molecules cannotateigicross
the surface of the interact with another neighlpritolecules can be mathematically expressed ag unde
1/q; = 1/90b X 1/Qq + 1/90

Where-
ge = amount of solute adsorbed per unit weightdsioabent(mg/gm)

= x/m i.e. x is amount of adsorbate adsoiloegfL)

m is weight of adsorbent (gm/L)
Ceq = equilibrium concentration of the solute (mg/L)
Oy = Langmuir constant related to adsorption capdoig/gm)

b = Langmuir constant related to adsorptiomrgné./mg)

Plot of log G, versus log x/m is a straight line in nature, pnése in figure-l suggests the applicability of this
isotherm and indicate a monolayer coverage of tts®rpate on the outer surface of the adsorbentsiidep slope
indicates high adsorptive intensity at high equililm concentration that rapidly diminished at loveguilibrium
concentration covered by the isotherm. As Freuhdbguation indicates the adsorptive capacity x/mfisnction of

the equilibrium concentration of the solute. Theref higher capacity is obtained at higher equilior
concentrations.

Figure-Il represents the plot of Langmuir adsomptisotherm for COD contributing components ontodssg fly
ash. The straight line nature of the plot confirtims applicability of the Langmuir model and alse thonolayer
coverage. The Langmuir constadg in mg/gm related to adsorption capacity indicatailability of more surface

active region onto adsorbent site and b Xl1éng related to adsorption energy in terms of igra characteristic of
the system.

Table| The effect of different dosages of Bagasse Fly ash onto various physico-chemical characteristic of the
combined Waste Water Sugar I ndustry

Adsorbent: Bagasse Fly ash Room temperati&i#12C
Specific Surface Area: 2634.Tf/ gm Contact duration: 24 Hours

Parameter Untreated | 2gm/L | 5gm/L | 10gm/L | 15gm/L | 20gm/L | 40gm/L | 100 gm/L
pH 6.5 8.17 8.47 8.64 8.67 8.70 8.78 8.82
Conductance (m mho) 3.05 2.10 2.14 2.41 2.59 2.98 3.48 5.04
COD (mg/L) 5089.56 4950.17 4601.5p 4392.36 41832 4043.76 .B695 3695.16
BOD (mg/L) 1581 589 496 434 403 372 328.6 325.6
Alkalinity (mg/L) 1660 800 820 860 920 1060 117§ 1250
Hardness (mg/L) 207¢ 60C 62F 67E 70C 72t 86C 86(
Chloride (mg/L) 204.936 167.448 167448 167.448 167.448 192|144 4287, 424.868

Tablell Freundlich and Langmuir adsor ption isotherm parametersfor COD along with percent removal of
COD onto Bagasse Fly ash

Adsorbent: Bagasse Fly ash Room temperaf&i#1°C
Specific Surface Area: 2637.784 &mgm Contact duration: 24 Hours
. Eqg. Conc. | Removal _

Adsorbent concentration — ge=x/m | Removal 3

No C x=Co-C log Ce | logx/m | 1/Cex10° | Lgex10?
m (gm/L) (mge/qL) (mg /L)e“ (mg/gm) % 9 e 9 « q

1 0 5089.56 | @ ------ | eeem | e 3.7066  ----- 0.1964 -----
2 2 4950.12 139.44 64.72 2.74 3.6916  1.8433 0.20201.4343
3 5 4601.52 488.04 97.61 9.59 3.66P9  1.94895 0.21]731.0244
4 10 4392.2 679.2 69.72 13.7 3.6407  1.8433 0.2278 .4348
5 15 4183.2 906.36 60.424 17.18 3.6215 1.7812 0.233 1.6549
6 20 4043.76 1045.8 52.29 20.54 3.6067 1.7184 Q.247 1.9124
7 40 3695.16 1394.4 34.86 27.4Q 3.5676  1.5423 6.270 2.8686
8 100 3695.16 13944 13.94 27.40 3.5676 1.1442 08.27 7.1736
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Fig 1: Freundlich Adsorption Isotherm for COD orBagasse fly ash
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Fig. 2: Langmuir Adsorption Isotherm for COD onBagasse fly ash
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CONCLUSION

This study leads us to the conclusion that thel fomenbined waste water of Sugar manufacturing ishighly
polluted having higher COD value. Due to some jcattimitation only COD parameter is emphasizedtis
paper when the final combined waste water of Sugkiis treated with finely divided low cost mataribagasse fly
ash at room temperature for 24 hours of contadtaur the following results are achieved.
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i. The maximum COD removal is found at 400gm/L ofdsh concentration i.e. 27.4%

ii. Bagasse Fly ash of sugar industry itself is a pafitiremoves BOD contributing components upto 7.2f the
combined waste water.

iii. The alkalinity, hardness and chloride content &f shhmple first decreased and then increases witkasing
amount of bagasse fly ash.

iv. At room temperature bagasse fly ash works as aarleist and follow Freundlich and Langmuir isotherm
models. The results give straight line which canfirthe applicability of isotherm.

a.The Freundlich constant K an intercept on X axiselated to adsorption capacity is found to be e the
slope 1/n is related to adsorption intensity isnfito be 4.2432

b.The straight line of the Langmuir plot gives intpt on Y axis called b x $0./mg i.e. adsorption energy is
0.1970 and the calculated adsorption capa@jtyng/gm is 118.1631
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