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ABSTRACT

The problem of water pollution can only be minenlzy clarify the industrial waste water at the @aof its
generation point by some chemical or biologicabtreent method. During present study the low cogernah fly
ash i.e. the waste of thermal power station whiskli produce pollution of environment is used farpose of
water pollution control. Fly ash with specific sack area of 6177.15&m is used as a clarifier to the combined
waste water of Sugar mill at room temperature. @iferent dosage of fly ash is kept in contactZdrhours and
analyzed before and after treatment. Fly ash of ttermal power station removes 20.88% BOD contiitgut
components of the waste water. At room temperdturash works as an adsorbent and follow Freundioid
Langmuir isotherm models. The straight line natcoafirms the applicability of isotherm. The Freunoblconstant
K an intercept on X- axis is related to adsorpticapacity is found to be 0.25 while the slope 1/melated to
adsorption intensity is found to be 11.4454. Thaight line of the Langmuir plot gives intercept ¥naxis called b
x 10 L/mg i.e. adsorption energy is 0.7510 and thewdated adsorption capacit§, mg/gm is 9.

Key words. Fly ash, Adsorption, BOD, Adsorption isotherm, Adstion intensity (1/n), Adsorption energy (b x
10%), Adsorption capacity (K9 ).

INTRODUCTION

Water is one of the essential enablers of life arthe But pure water is not available to a larggction of the
population of the planet. While availability is &sue, contamination is another major concern witickatens the
survival of many1]. Sugar industry is one of the biggest consuaievater, and can also introduce serious pollutant
to the environment. Chemical as well as biologicedtment to these waste waters are in practice $omg2]. The
conventional wastewater treatment technologiesdaptad in industrialized nations are expensiveuitdb operate
and maintain. The main objective of one of the gtgdoup was to develop low cost and effective waater
treatment technology for the reduction of COD and@Bfrom wastewater using activated sludge, sartdr fil
activated carbon and chlorination [3]. For remowélthe organic contaminants from industrial wastatew
adsorption has become one of the best effectiveeaadomical method, thus this process has arousesiderable
interest during recent years. Current researcHdwased on modified or innovative approach thateremequately
address the removal of organic pollutdd{s The activated carbon adsorbent prepared from padofl appld5],
Alternanthera Bettzichiana (Regel) Nicols plant eniai [6] and neem leaf powder [7] can be usedrasfficient
low cost adsorbent for Cr (VI) and organics remdvam aqueous solution. Coal fly ash, the solid teasf the
power plants has been used as an adsorbent foeithgval of cadmium from the aqueous solutions. Rexnof
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Cr(VI) and Hg(ll) from waste water by adsorption fip ash was studied by Banerjee et al. Applidggbibf
Freundlich adsorption isotherm was confirmed fdr[&11]. Study deals with the experimental invgstions
carried out on monitoring and treatment of efflgeffom hydrogenerated vegetable oil industry. Tfikients
contained high values of BOD, COD and oil and geede treatment of effluent in a composite colwontaining
fly ash, activated carbon and lime and found todaice BOD by 97%, COD by 95.1% and oil and grégs@9%.
The treatment technique is not only feasible bst @conomically viable [12].

In the present study, it was aimed to carry oyeexnents using low cost material like fly ash frtimermal power
station for the removal of organic contaminaggpecially BOD contributing components from the barad waste
water of Sugar Industry. The laboratory scale gsidlor reduction of concentration of phenolic coomband COD
content with fly ash is carried out and its adsorptharacteristics were well explained [13-14]eTuse of fly ash
for the removal of color from waste water of petremical industry was done. Some research workexdiest
various variables like fly ash dose, contact timkl, of the effluent and color intensity [15]. Rembwd COD

contributing components, TOC and cadmium of thetevasmter by adsorption process on fly ash was statlied.

The data follow Freundlich and Langmuir type bebavlhe reaction rate was evaluated for differanetintervals
and at different pH [16]. Isotherm data were présgifior the sorption of 20 organic compounds inicigdalcohols,
ketones and aldehydes by fly ash [17]. Fly ashbmansed as a promising adsorbent for removal abwaitypes of
pollutants from wastewater. Low-cost adsorbentslifiérent origin like industrial waste material,gzsse fly ash
and jute-processing waste can also be used forse@mborganic matter from wastewater [18-19].

MATERIALSAND METHODS

In modern thermal power station pulverized coaused and fly ash is obtained as a waste produtarge
guantities. Fly ash is also known as pulverized &s@. The source of fly ash material used in presesearch work
is from Ukai Thermal Power Station (Gujarat). Itsneashed to remove excess fines and oven drie@0&E Tor 24
hours before its use in experiments. It is grayorl material having specific surface area 617¢M8gm. Its
chemical composition is approximately as SKb1 to 55%, AIO; — 26 to 28%, F£; -3 to 6%, CaO -3 to 5 %,
MgO — 3to 5% and S as $@ace. The known quantity (1 liter) of sampleriated with different amount of fly ash
viz 2, 10, 20, 50, 100, 150, 200 gm/L stirred waeid kept in contact for 24 hours at room tempeeatlihen the
samples were filtered and analyzed for various iglbyshemical characteristics. This study was espgci
concentrated on BOD removal. The method for deteation of BOD practicable is 5 Day Incubation lodxrit
titration method contains DO (Dissolved Oxygen) sugament followed from ‘Standard methods for ttaer and
waste water[20]. The results for each dose are presentedbiteTall and figure 1, 2.

RESULTSAND DISCUSSION

Table | shows the influence of dose variation of fish onto various physico-chemical characteristitghe

combined waste water of Sugar Industry at room tatpre. The pH of the sample increased with irseraa

dosage i.e from 7.05 to 7.97. Conductance and kasddecreased upto 50 gm/L and then remain coristdrigher

dosages. Conductance decreases from 3.9 m mhalfitit 3.33 m mho and hardness decreases fronD &&jL

(initial) to 2060 mg/L. The alkalinity decreasechs@erably from 2625 mg/L (initial) to 1700 mg/Ltiincreasing
amount of fly ash. Chloride content reduced sligthto 187.441 mg/L from 104.936 mg/L (initial) &Q gm/L of

fly ash. The initial COD content of the waste waters 4979.52 mg/L is reduced to 3734.64 mg/L wBdgn/L of

fly ash and remains the same at 400gm/L. the BQidernt in the initial stage was 1410.5 mg/L is dasesl to 1116
mg/L by 150gm/L of fly ash and remain constantHigyher doses.

Table Il represents the data for Freundlich andgbauir adsorption isotherms along with percent reah@f BOD
exerting components. There is a considerable deergaadsorption per unit weight of adsorbent wittrease in
adsorbent concentration. The removal of BOD coutiify components is found to decrease from 46.5gmgb
0.7362 mg/gm respectively with varying amountslpfh from 2 gm/L to 200gm/L

Figure- 1 represents the plot of log,G/s log x/m for BOD on fly ash. The straight linatore of the plot
corresponds to slope 1/n and intercept K. 1/n listed to adsorption intensity whose value is 1144#t%y BOD
while intercept K on Y-axis related to adsorpti@pacity is found to be 0.25
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Figure- 2 represents the plot of Langmuir paranseter, 1/Gq X 10’ and 1/g x 1C°. The nature of the curve for
BOD onto fly ash from thermal power station is Andnowever the intercept on X-axis related to gutsmm energy
(L/mg) i.e. b x 18 is 0.7510 L/mg for BOD exerting components. Theaties can be used to calculate the
adsorption capacityyi.e 9.2248 (mg/gm).

Influence of different dose of fly ash on variousysico-chemical characteristics can be explainedhaspH
increases with increasing amount of fly ash sugtiestpresence of basic components into fly ash hwigads to
higher the results. The conductance, hardnessrigbl@ontent and alkalinity removal can be expldirzy
adsorption phenomena similar to that of organicstirents like COD and BOD.

Table Il represents the data for Freundlich andgbauir adsorption isotherms along with percent reahdor COD
onto fly ash. These information are used to prdwe adsorption isotherm model and from that the Auttan
intensity, Adsorption energy and Adsorption capacén be calculated. The percent removal of CODnset® be
increased with increase in dose of adsorbent. d¢&rithmic and inverse values of@nd x/m are used for plot of
isotherm.

The logarithmic value of equilibrium concentratiand removal per unit weight gives the linear ptot€OD by fly
ash confirm the applicability of Freundlich ads@ptisotherm[8-11]. It is the most widely used nettatical
description of adsorption in agueous systems. Tjuation is an empirical expression that covershigterogeneity
of the surface and exponential distribution ofssiad their energies. With the purpose of lineinnahe 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 iswottier BOD by fly ash. Langmuir isotherm is a pldtthe
amount of impurity adsorbed by fly ash againstah@unt of impurity that remains in solution. Itagreliminary
test to check the efficiency of particular material

These mode of action can be explained on the ledidisngmuir’s model [8-11], i.e. ‘Ideal localizedomolayer
model’ according to which:

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

2.Each site can accommodate only one molecule (mgegla

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.

Such behavior on the basis of kinetic consideragmasuming that the adsorbed molecules cannotateigricross
the surface of the interact with another neighlpritolecules can be mathematically expressed ag unde

1ig=1/8gb x 1/Gq+ 1/6,
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)

0o = Langmuir constant related to adsorption capgoig/gm)
b = Langmuir constant related to adsorption enérgyg)

Plot of log Gq versus log x/m is a straight line in nature, pnése in figure 1 suggests the applicability of this
isotherm and indicate a monolayer coverage of ts®rate on the outer surface of the adsorbentsidep slope
indicates high adsorptive intensity at high equililm concentration that rapidly diminished at loveguilibrium
concentration covered by the isotherm. As Freuhddiguation indicates the adsorptive capacity x/mfisnction of
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the equilibrium concentration of the solute. Theref higher capacity is obtained at higher equilior

concentrations.

Figure 2 represents the plot of Langmuir adsorptsmtherm for BOD contributing components onto digh. The
straight line nature of the plot confirms the apafiility of the Langmuir model and also the monelagoverage.
The Langmuir constarl o in mg/gm related to adsorption capacity indicatailability of more surface active
region onto adsorbent site and b ¥ 10mg related to adsorption energy in terms of inma characteristic of the

system.

Table | Theinfluence of dosage variation of Fly ash on various physico-chemical characteristic of Sugar
Industry Waste Water

Adsorbent: Fly ash

Specific Surface Area: 6177.15 Crfl gm

Room temperature: 25+1°C
Contact duration: 24 Hours

Parameter Untreated | 2gm/L | 10gm/L | 20gm/L | 50gm/L | 100gm/L | 150 gm/L | 200 gm/L
pH 7.0t 7.58 7.€ 7.6¢ 7.71 7.84 7.0t 6.97
Conductance 3.92 3.75 3.7 3.61 3.2 3.33 3.53 3.26
(m mho)

COD (mg/L) 4979.52 4841.2| 4633.72 4426.24 41496 38725 3808.83734.64

BOD (mg/L) 1410.5 1317.5 1302 1253.5 1193.6 11475 1196 1116
Alkalinity (mg/L) 2625 2250 2100 2000 1825 1800 1750 170
Hardness (mg/L) 2610 2375 2300 2250 2060 2060 206( 2060
Chloride (mg/L) 204.93 199.93 187.44 187.44 187.44 187.44 187.44 7.448
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Fig 1: Freundlich adsorption isotherm for BOD contributing component in Presence of
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Fig 2: Langmuir adsorption isothermfor BOD contributing component in Presence of
Fly ash
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Tablell Freundlich and Langmuir adsor ption isotherms for BOD contributing component and per cent

removal of BOD in Presence of Fly ash
Room temperature: 25+ 1°C

Contact duration: 24 Hours

Adsorbent: Fly ash
Specific Surface Area: 6177.15 Crfl gm

Adsorbent | Eg. Conc. | Removal _
No | Dosage Ce x=Co-Ceq qe-;dm Rerl}oval l0gCeq | logx/m | L/Cex10® | 1/qex10?
mgmlL) | (mgl) | (mgL) | (MY9M b
1 0 1410.5 - - - 3.1494 - 0.7089 -
2 2 1317.f 93.C 46.5 6.5¢ 3.1197 | 1.667¢ 0.759( 2.150¢
3 10 1302.0 108.5 10.85 7.69 3.1146 1.0354 0.7680 .2168
4 20 1255.5 155.0 7.75 10.99 3.0988 0.8493 0.7965 2.9082
5 50 1193.5 217.0 4.34 15.38] 3.0768 0.6375 0.83[79 3.0425
6 100 1147.0 263.5 2.635( 18.68 3.05945 0.4208 8.891 37.95
7 15C 1116.( 294t 1.963¢ 20.8¢ 3.047¢ | 0.292¢ 0.896( 50.9¢
8 20C 1116. 294t 1.472¢ 20.8¢ 3.047¢ | 0.168( 0.896( 67.91]
CONCLUSION

This study leads us to the conclusion that thel fomenbined waste water of Sugar manufacturing istighly
polluted having higher BOD value. Due to some peattlimitation only BOD parameter is emphasizedttis
paper when the final combined waste water of SugHris treated with finely divided low cost matalifly ash at
room temperature for 24 hours of contact durati@nfollowing results are achieved.

i. The maximum COD removal is found at 200gm/L ofdsh concentration i.e. 25%

ii. Fly ash of the thermal power station removes 20.88b contributing components of the waste water.

iii. The alkalinity, hardness and chloride content efsample reduced with increasing amount of fly ash.

iv. At room temperature fly ash works as an adsorbedtf@llow Freundlich and Langmuir isotherm moddlke
results give straight line which confirms the apahility of isotherm.

a.The Freundlich constant K an intercept on X axiselated to adsorption capacity is found to be GWRie the
slope 1/n is related to adsorption intensity isfto be 11.4454
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b.The straight line of the Langmuir plot gives inkpt on Y axis called b x £0./mg i.e. adsorption energy is
0.7510 and the calculated adsorption capdcgjtsng/gm is 9.2248
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