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ABSTRACT

In the present investigation the surface of granaletivated carbon was modified by organic ligand femoval of
Mn?* ions from aqueous solution. Experiment was carped in batch mode at constant temperature of P&t
Some readily available derivatives of benzene wsezl for surface modification of GAC. To enhaneedipacity
to adsorb manganese. GACs were loaded with orgagaad. The equilibrium adsorption data was befiged to
the Langmuir and Freundlich adsorption model. Studs also extended to evaluate the surface areapied by
manganese in the formation of monolayer on GAC.

Keywords. Adsorption, Mn (1), Granular Activated Carbor§G), 3-Nitrophthalic Acid (3-NPTA), Filtrasorb100
(F-100), Filtrasorb 816 (F-816).

INTRODUCTION

In present day context water pollution is the bijgeazard for all forms of life. The environmengalllution has
been the most remarkable side effect of rapid im@lization and growing population of the worldoday, almost
all the things, which are most necessary to thedmbeings, are more or less contaminated by takistances.

Manganese is common contaminant in ground wates, disalent ion MA" and it is considered a pollutant mainly
because of its organoleptic properties. The Workdlth Organization (WHO) has set a guideline v&l35s mg/L
of manganese in drinking water [1]. Water getsyiel by manganese ions coming from many industnaily
pyrulusite MnQtreatment, steel alloy, dry cell batteries, glasd eeramic, paint and varnish, ink and dyes, match
and fireworks. A substantial part of water used fotable use shows contamination significantly exdoeg the
maximum contaminant level. Thus it is an importantd necessary for the researchers to develop ajgiep
methods to check the deterioration of the enviramtmumbers of methods have been developed by trkens
for the removal of heavy metals like ion exchargmyent extraction, chemical precipitation, biokaji operation,
filtration etc [2-8]. But adsorption of heavy metdly activated carbon and modified activated capmoned to be
the most economically viable technique in this amion.[9-19]. In present study adsorption isothgrwere
established and the results modeled by the Langamdir-reundlich isotherm.

MATERIALSAND METHODS

All the chemicals used in experiment were anal{tremgent grade. The manganese solution was pe:fnre
dissolving requisite MnSE(E-Merck) in freshly prepared distilled water. Imepent study granular activated
carbons namely F-816 and F-100 supplied by Calgarbd@ Corporation Ltd. Pittusberg PA USA were uasd
adsorbent. Each grade of carbons was first sultjdotsize fractionation to obtain a particles oficed size using a
sieve shaker (M/s Jayant Test Siever Mumbai) aadptrticles retained in between 84340Q: were used in all
experiment. These particles were washed severabtinith boiled distilled water until clear lechatas obtained
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and collected in petridish. Finally the samplesengried in an oven at a temperature of 100-C1600led at room
temperature and stored in desiccators until use.

A ten solutions of known concentration of frions were prepared from main stock solution bytifi with
distilled water. Potassium periodate method wasl tsdorm the complex with Miions[20]. Then absorbance of
each solution was measured spectrophotometricalb2d nm of wavelenght using Chemito-spectoscan2d90,
Double beam UV-Vis Spectrophotometer.The Beer's talibration curve was established by plotting tinaph
between absorbance versus concentration. In tisemrevork 3-Nitrophthalic acid was selected as wigghgand to
modify the surface of GAC. It was first purifieddanecrystallized by standard method. The experiaiantlting
point of 3-Nitropthalic acid (218.5°C) compared hwiliterature value (21€) [21].For determining adsorption
isotherm, 0.5 gm of the dried GAC was taken in eatdan shaking bottle and 200 ml of acid solutidm specific
concentration was shaken for 5 hrs using remiestiat about 500 rpm. The solution was then filteséfdand the
carbon was washed several time thoroughly withlididtwater. This carbon was transferred to shaliogle and
then 200 ml MA" ion solution of P =5 was added to it. The mixture was then stirred Sohrs at constant
temperature of 25 +1°C. The initial and final comzation of the MA" ion in mg /L was then estimated using
mathematical equation obtained from calibratiorveuiThe batch adsorption experiments were repdatetisure
reproducible result.

RESULTSAND DISCUSSION

Adsorption isotherms are essential for the dedorippf how metal ion concentration interact witlrlxan surface
and also useful to optimize the use of granulavated carbon as a adsorbent for the removal ofgasagse.

Adsorption of MA* ions on ligand loaded GAC was studied by batchrime. The uptake of of Mhon the
loaded GAC was calculated from equation

\Y
Qe = (CO _Ce)xW

Where,

e = Concentration of Mtion the ligand loaded GAC in mg/mmol of ligand amiéhrium,
C, = Initial concentration of Mfi in solution in mg/L,

Ce = Equilibrium concentration of Mhin solution in mg/L,

V = Volume of solution in Lit,

W = Weight of the carbon .

The adsorption isotherms of ligand loaded GAC alatdiby plotting gand Gare shown in Fig-land Fig-2.
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Adsorption isotherm:
The adsorption equilibrium data were fitted to tlegmuir and Freundlich isotherm.

The most important Langmuir model of monolayer apison of manganese ions on the surface of carltes s
expressed in the linear form. As per Langmuir thiethte non linear equation can be represented by
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The linearised form of Langmuir isotherm can beresped as
1 1 1 1

X—— 4+
g bQ® Ce Q°

Where, @ =(monolayer adsorption capacity) amount adsorbedupit weight of the carbon forming a complex
monolayer on the adsorbent surface, b = Langmuistemt. A plot of 1/Ce versus 1/ge found to bedimeadicating
the applicability of Langmuir model.

The Freundlich model is an empirical equation dbssrthe heterogeneous surfaces and multilayergtitso and
is expressed in non linear form as
1

q, = k Ce "
It may be linearised as

logq, =logKi +%IogCe

Where the constanK; and 1/n of the Freundlich model related to ttigoaption capacity and adsorption intensity
respectively ,which depends on the heterogenéitiieomaterial. A plot of log &yersus log €was fairly showing
validity of Freundlich equation over a range ohcentration. The slope of 1/n ranging between Ohrid a
measure of the surface heterogeneity, becoming meterogeneous as its value gets closer to &ge3 to Fig- 6
illustrate the plot of Langmuir and Freundlich isetm for F-816-3-NPTA-Mfiand F-100-3-NPTA-M# . The
value of K 1/n, b, g@and @ for F-816-3-NPTA-MA*and F-100-3-NPTA-Mf are shown in Table No.1. F-816-
3-NPTA-Mrf*systems show the superiority over F-100 -3-NPTAZMror the adsorption process.
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The saturation of monolayer by adsorbate gave #heevof ¢ was used for determination of surface area of the
adsorbent. For this purpose a plot of.Ykrsus 1/Ghelped in determination of 1’@nd hence QThe surface area
of the carbon through Mfiadsorption can then be represented as

S =NQ°A

Where,

S =Surface area of adsorbent’dm

N =Avogadro number

A =Cross section area of the adsorbate molecule
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Thus it is possible to determine the surface afdmand loaded GAC at the saturation level whemanolayer of
the Mrf*would cover entire surface of GAC adsorbent.

The determination of surface area occupied by glesiMrf* ion, were calculated using the expression given by
Bruanauer and Emmet.

A =4x0.866 [MA4N,.d]**

Where,

M=Atomic weight of Manganese [22]

N = Avogadro number

d = Density of Manganese (7.3 gmAi23]

The values of S obtained fron? @d Sobtained from g, are fairly comparable and are reported in the &bl

Table-1 Langmuir and Freundlich I sotherm Constants

Sr.No System Langmuir Constant Freundlich Constagmax(mg/m.mole)
Q’ b | 1/n Kf
1 GAC-F-816-3-NPTA-MA' 1.1494 0.3020 0.3650 0.3724 0.8750
2 GAC-F-100-3-NPTA -MA' 0.7468  0.3030 0.3060 0.2761 0.5750

The numerical value of kand 1/n for GAC F-816 are 0.3724 and 0.3650 rdmdy. The fractional value of 1/n
indicates that the surface of GAC is of the hetenegus type with an exponential distribution ofrggesite. The
higher numerical value of Kconfirms the significant affinity of Mfi ions for granular activated carbon. The value
of Freundlich and Langmuir constants indicate tngesiority of GAC —F-816 over GAC-F-100, in the reval of

Mn?* from aqueous phase.
Table No-2 Surface Area of GACs

Sr. No. System Area S S’
1 GAC-F-816-3-NPTA-MA" | 5.875x10cn? | 2.961x16cnf/g | 2.254x16cnf/g

2 | GAC-F-100-3-NPTA-MA" | 5.875x10%n? | 1.89x16 cnlg | 1.481x18cnlg

CONCLUSION

In the present investigation, it is concluded tB&Cs are unique adsorbents for the removal of maegm ions
from aqueous phase . The adsorptive ability of &-Blhigher than F-100. This is due to the fact dtivated
carbon have high surface area and high microparbasacters.

The results indicate the GAC is an effective adsotlior the removal of Mn(ll) ions from aqueoususin under
the tested experimental condition and could béulgethe treatment process of industrial wasiethe analytical
application.
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