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ABSTRACT

Rapid globalization leads us on the way to industrialization. Pollution of water by organic and inorganic chemicals
is of serious environmental concern. Various treatment technol ogies have been utilized for organic load removal in
waste water expressed as COD and BOD. Nevertheless, yet there is an extreme need to ascertain alternative and
effective low cost treatment methods. Therefore, in this study potentials of waste water was analyzed and study of
Powdered Activated Carbon (PAC) and Granular Activated Carbon (GAC) to remove variety of contaminants like
COD and BOD was investigated. Both these material were prepared from wood and nutshell charcoal. PAC with
specific surface area of 5602.352 cmf/gm and particle size 44 4 m and GAC with specific surface area of 10.50
cmf/gm and particle size 1.08 mm are used as adsorbents to the combined waste water of Sugar mill at room
temperature. The different dosage of PAC and GAC is kept in contact for 24 hours and analyzed before and after
treatment. The results of BOD removal follow the Freundlich and Langmuir adsor ption isotherm. Among PAC and
GAC -PAC removes 93.24% of BOD at the dose of 20 gnvL, whereas GAC removes 80% of BOD at the dose of 30
gm/L dosages. It proves that rates of adsorption increases with the reduction in particle size.

Key words: Adsorption isotherm, Adsorption intensity (1/n)igorption energy (b x ) Adsorption capacity (K,
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INTRODUCTION

Environment is a complex and dynamic system in tviailt life forms are interdependent. The effecirafustrial

waste on plant and animal life in closed bodiesvafer in nature is catastrophic. Industries areldhgest user of
water so causes water pollution. Some of the waiblems in nature are taken care of by the largeuat of

living spaces, unfortunately where living spacedmees limited, dilution is no longer a satisfactasojution, and
other means must be taken to reduce the ratio sfeata space [1,2]. Textile, food and sugar indestplay a vital
role in the economic increases in India. Waterrie of the major products of nature used enormobgliruman
beings and it is not unnatural that any growing eamity generates enormous wastewater or sewagé[8gcent
years, increasing awareness of the environmenfzddtof chemical and bio-chemical oxygen demand3d@nd

BOD) has prompted a demand for the purificationinoiustrial wastewaters prior to discharge into reltwaters.
Pollution of water by organic chemicals has bec@®aeous environmental concern. The past two dechdes

witnessed a tremendous upsurge in the search sreffective, environmentally friendly and sountbatatives to
the conventional methods for wastes treatment. Agrtbem, adsorption process is found to be the miffsttive

method [4-8].
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In the present study, it was aimed to carry oyteeixnents using Powdered Activated Carbon and @aan
Activated Carbon for the removal of organic contaanits especially BOD contributing components frdma t
combined waste water of Sugar Industry, which fsased in South Gujarat region of India. BOD [@ncbe

determined by 5 day incubation method, in which Mkhér method is used for Dissolved Oxygen measunénie

is an acid azide modified iodometric titration nmatt10].

For removal of the organic contaminants from indabtaste water adsorption has become one ofekeddfective
and economical method, thus this process has at@mesesiderable interest during recent years. Ctiremearch has
focused on modified or innovative approach thateremtequately address the removal of organic palisifd1,12]
Adsorption of various substances onto carbon sarfa@n exceedingly complex process to solve theneaiality
problem has been discussed thoroughly [13] A n&velindlich type multi-components adsorption isathevas
employed successfully to describe the adsorptiororgfnic pollutants on activated carbon from theltimu
component aqueous solution.[14] Various activasethans were tested for its better quality and dtyaot different
particle size for a comparison of its adsorptioarelsteristics.[15] Rates of adsorption increasdb thie reduction
in particle size and it is inversely proportionalthe square of the carbon particle diameter. Autgwr is a water
treatment process that removes a soluble subsfamtethe water. As carbon adsorption method iscgffe in
removing pollutants. [16] Some investigators fotinat particular organic suspended solids couldfiate with the
adsorption process, both in term of adsorption cépand adsorption rate, however the effect of sodids
diminished as the size of the adsorbent increasgd [

EXPERIMENTAL SECTION

Powdered Activated Carbon (PAC) with specific scefaarea 5602.352 éfgm and particle size 44 m and
Granular Activated Carbon (GAC) with specific sudaarea 10.50 citym and particle size 1.08 mm were used as
adsorbents for the treatment of sugar industry evastter. For present research work the adsorbemplsa were
prepared from wood and nutshell charcoal. The m®cef manufacturing of activated carbons included
carbonization followed by activation. Where-in ogrqlysis of raw materials polynuclear aromatic eystget
resulted. The carbon formed would be further atdiddy burning it in atmosphere of @O, Q, H,O vapour, air

or other selected gases at temperature betweeto3@DE C. Wastewater samples were collected from thedithe
Sahakari Khand Udhyog Mandali Ltd, Bardoli. The phld EC of the samples were measured on the sit¢hand
other parameters were analyzed in the lab accotditige APHA (1989). Samples were stored at tentperdelow
3°C to avoid any change in the physic-chemical charistics.

The activated carbons were added to sugar indusisfe water sample and the mixture was stirred aredl was
kept in contact until equilibrium state attain ghdt was 24 hours for this system. The known qtyafii liter) of
sample was treated with different amount of Powdiévetivated Carbon and Granular Activated Carbanlvi2, 5,
10, 15, 20, 30 gm/L stirred well and kept in cobfac 24 hours at room temperature. Then the sasnple filtered
and analyzed especially for BOD removal. The metfoyddetermination of BOD practicable is Winkler tined
followed from ‘Standard methods for the water arabie@ water’ [18].

Biochemical Oxygen Demand (BOD):

Biochemical Oxygen Demand (BOD) by definition iethuantity of oxygen utilized by a mixed populatioh
microorganisms to destabilize the organic matteteuraerobic condition (of the organic matter inample of
wastewater). The test is carried out for 5 day20¥E as 70-80% of the organic waste is oxidized dutirig period.
In this method, measured amount of wastewatertedilwith prepared water, were placed in 300 ml B@ifles.
The dilution water, containing phosphate buffer (pB), magnesium sulphate, calcium chloride, fezhiloride was
saturated with dissolved oxygen. Acclimatized senisms were added to oxidize the waste orgdfnscsficient
microorganisms were not already present in theevester samples [18]

The BOD test is widely used to determine:

- Pollution load of wastewater

- Degree of pollution in lakes and streams at ang &and their self- purification capacity,
- Efficiency of wastewater treatment systems

The results for each dose are presented in Taldadd figure 1, 2 & 3.
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RESULTSAND DISCUSSION

Table 1 represents the data for Freundlich and toamgadsorption isotherms along with percent rerhafa88OD

exerting components of sugar industry waste watelod®AC. It can be observed that the percent reinavBOD

increases with increase in PAC concentration ut@®. The removal per unit weight is found to leerdased
from 917.6 mg/gm to 62 mg/gm with increase in PA@Sal The logarithmic values of equilibrium concation

(Cep) and removal per unit weight (x/m) were givenable were used for the explanation of Freundlad$ogption
isotherm model and plot whereas the inverse valaesed for Langmuir isotherm model.

Table 2 represents the data for Freundlich and toammgadsorption isotherms along with percent rerhafa8OD
exerting components of sugar industry waste watetodGAC. Percent removal of BOD increases witlreéase in
GAC concentration upto 80% with 30 gm/L of GAC amanain constant for higher dose. The removal pér u
weight is found to be decreased from 37.2 mg/g® 2@ mg/gm with increase in GAC dose. The logarithwvalues
of equilibrium concentration () and removal per unit weight (x/m) were given able which were used for the
explanation of Freundlich adsorption isotherm moahbEreas the inverse values needed for Langmuihésm
model.

Figure 1 represents the plot of log,&s log x/m (BOD) for PAC & GAC. The straight lingature of the plot
corresponds to slope 1/n and intercept K. 1/nlaed to adsorption intensity whose value is 2.4ft8 BOD while
intercept K on Y-axis related to adsorption capadcit found to be 1.00 for PAC. For GAC 1/n is rethtto
adsorption intensity whose value is 0.1714 for B@Bile intercept K on Y-axis related to adsorpticapacity is
found to be 0.90.

Figure 2 represents the plot of Langmuir pararsetér, 1/Gq x 10° and 1/g x 1C°. The nature of the curve for
BOD onto PAC and GAC is linear however the intetaapX-axis related to adsorption energy (L/mg) e 16 is

3.9 L/mg (PAC) and 2.9 L/Img (GAC) for BOD exerticgmponents. These values can be used to calchlate t
adsorption capacity, i.e 318.81 (mg/gm) for PAC and 291.51 (mg/gm) @AC. Figure 3 represents the %
removal of BOD contributing components of the wastder from sugar industry in presence of PAC akCG
clearly indicates that the maximum BOD removalasarfd at 20gm/L of PAC concentration i.e. 93.24% nehe
80% for GAC at 30gm/L.

The data presented in Table 1 and 2 represennfluehce of different dose of PAC and GAC on BODteibuting

components. The removal of BOD is explained onbtagis of adsorption phenomenon and the extent eaob
related with increasing adsorption sites with iases in the dose. The other information are useprdowe the
adsorption isotherm- Freundlich and Langmuir adsangsotherms for COD onto PAC and GAC which isdisor

the calculation of the Adsorption intensity, Adsiiop energy and Adsorption capacity. The percemtaval of COD
seems to be increased with increase in dose oflaslstofor PAC. The plautue nature of the plot ag@gm/L for

PAC is due to the exhaustion of the adsorbent #itean be explained on the basis of particle sRates of
adsorption increases with the reduction in partgtke and it is inversely proportional to the sguaf the carbon
particle diameter. The logarithmic and inversauealof Gy and x/m are used for plot of isotherm.

The logarithmic value of equilibrium concentratiand removal per unit weight gives the linear ptot BOD by
PAC and GAC confirm the applicability of Freundliedsorption isotherm. It is the most widely usedhematical
description of adsorption in agueous systems. Tfuaton is an empirical expression that covershigtterogeneity
of the surface and exponential distribution ofssiad their energies. With the purpose of linetinnahe 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 adsorptiontisotn model is applicable.

The same table shows the Langmuir adsorption isuottier BOD by PAC and GAC. Langmuir isotherm islatf

the amount of impurity adsorbed by PAC againstaim@unt of impurity that remains in solution. I@greliminary
test to check the efficiency of particular material
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These mode of action can be explained on the loddisngmuir’s model, i.e. ‘Ideal localized monolayaodel’
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

1/0,3 = 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 adsorbed (mg/L)
m is weight of adsorbent (gm/L)

Ceq = equilibrium concentration of the solute (mg/L)
O, = Langmuir constant related to adsorption capdmg/gm)
b = Langmuir constant related to adsorption enétgyng)

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 tis®rpate 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
the equilibrium concentration of the solute. Theref higher capacity is obtained at higher equtlior
concentrations.

Figure 2 represents the plot of Langmuir adsorptsmtherm for BOD contributing components onto PAG
GAC. The straight line nature of the plot confirthe 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 igma characteristic of
the system.

Figure 3 represents the % removal of BOD contersugfar industry waste water. The percent remova3 @b
seems to be increased with increase in dose oflaslstofor PAC. The plautue nature of the plot ag@gm/L for
PAC and 30gm/L for GAC is due to the exhaustiothef adsorbent site. It can be explained on theshdgparticle
size. Rates of adsorption increases with the réstuat particle size and it is inversely proport@bmo the square of
the carbon particle diameter.

Table 1: Freundlich and Langmuir adsor ption isothermsfor BOD contributing component and percent removal of BOD in Presence of
PAC
Adsorbent: Powdered Activated Carbon (PAC) Room temperature: 26+ 1°C
Specific Surface Area: 5802.352 crfi gm Contact duration: 24 Hours
Particlesize: 44p m

PAC Eq. Conc. | Removal g=x'm | Removal
No | Dosage Ceq x=Co-Ceq - % LogCeq | Logx/m | 1/Cex 10° | 1/gex10?
mmL) | (mgl) | (mgr) | (MYI™ b
1 0 917.6 - - - 2.9627| - 1.0898 -
2 1 229.4 688.2 688.20 75.00 2.3606 2.83y7 4.3592 .1453
3 2 186 731.6 365.80 79.73 2.2695 2.5682 5.3763 73a@.2
4 5 124 793.6 158.72 86.49 2.0934 2.2006 8.0645 300.6
5 10 93 824.6 82.46 89.86 1.9685 1.9162 10.75R7 12%1.2
6 15 86.8 830.8 55.39 90.54 1.9385 1.7434 11.5207 .8055
7 20 62 855.6 42.78 93.24 1.7924 1.6312 16.1290 378.3
8 30 62 855.6 28.52 93.24 1.7924 1.45%1 16.1290 063.5
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Table-2: Freundlich and Langmuir adsor ption isothermsfor BOD contributing component and percent removal of BOD in Presence of

GAC
Adsorbent: Granular Activated Carbon (GAC) Room temperature: 26+ 1°C
Specific SurfaceArea: 10.50 cr/ gm Contact duration: 24 Hours
Particlesize: 1.08 mm
No DGoACe Eq. Conc. )I(?_e(l;n(?\éal ge=xim | Removal |00 | jogim | 1CLx10° | 1 X107
o) | C=MIL) | “ro 57 | (moigm) |9 | 99 |10 ) a
1 0 31C - - - 2.491¢ - 3.225¢ -
2 1 272.8 37.2 37.20 12 243588 1.5705 3.665%7 2.6882
3 2 248 62 31.00 20 2.3945 1.4914 4.0323 3.2258
4 5 223.2 86.8 17.36 28 2.3487 1.2395 4.4803 5.7604
5 10 186 124 12.40 40 2.2695 1.0934 5.3763 8.0645
6 15 161.2 148.8 9.92 48 2.2074  0.9965 6.2085 06.08
7 20 124 18€ 9.3C 60 2.097: | 0.968t 8.064¢ 10.752
8 30 62 248 8.27 80 1.7924 0.9173 16.1200  12.0p68

Figure 1: Freundlich Adsorption I sotherm for BOD on to PAC and GAC
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Figure 2: Langmuir Adsor ption I sotherm for BOD on to PAC and GAC
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Figure 3: % removal of BOD by PAC and GAC
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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 SugHiis treated with finely divided low cost matefiPowdered
Activated Carbon (PAC) and Granular Activated Carf@®AC) at room temperature for 24 hours of contact
duration the following results are achieved.

i. The maximum BOD removal is found at 20gm/L of PA@hcentration i.e. 93.24% and remains constant for
higher dose, whereas 20 gm/L of GAC removes 608QID and increases up to 80% with 30gm/L.

ii. Comparison of PAC and GAC for removal of BOD protesat Adsorption is a surface phenomenon. Rates of
adsorption increases with the reduction in partstke and it is inversely proportional to the sguaf the carbon
particle diameter.

iii. At room temperature PAC and GAC work as adsorbfamtthe removal of BOD contributing components and
follow Freundlich and Langmuir isotherm models. Thsults give straight line which confirms the agpegbility of
isotherm.

a. The Freundlich constant K an intercept on X axigelated to adsorption capacity is found to bevihile the
slope 1/n is related to adsorption intensity isfto be 2.4767 for PAC

b. The straight line of the Langmuir plot gives inipton Y axis called b x £0/mg i.e. adsorption energy is 3.9
and the calculated adsorption capaé€ityng/gm is 318.81 for PAC

c. The Freundlich constant K an intercept on X axiselated to adsorption capacity is found to be @®fle the
slope 1/n is related to adsorption intensity igidto be 0.1714 for GAC

d. The straight line of the Langmuir plot gives intpt on Y axis called b x £0/mg i.e. adsorption energy is 2.9
and the calculated adsorption capa€ityng/gm is 291.51 for GAC.
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