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ABSTRACT

The adsorption of Cobalt ion on Granular Activat@drbon in combination with of 2-hydroxy-5-methoxenioic
acid at temperature 25 +°C was studied. The adsorption isotherm of CobalGoanular Activated Carbon has
been determined and the data fitted reasonably teethe Langmuir and Freundlich isotherm model dading
favourable and monolayer adsorption. The presentkwaings clearly the fact that ligand loaded GAGutd
function very effectively in the removal of the @lobns from aqueous solution.
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INTRODUCTION

With the scientific and industrial revolution incent past, there has been immense impact of mahin
environment. Environmental pollution is a seriousiglem of the environment in which human activitiesve
played a prominent role. Various metals and metatimpounds released from anthropogenic activita up to
their natural background levels in water. Somehefttace metals play essential roles in biologicatesses, but at
higher concentrations, they may be toxic to bidfa The wastewaters commonly include Cd, Pb, Cy,M\i and
Co etc as pollutants. The industrial effluent contey heavy metals are not biodegradable and theisence in
streams and lakes leads to bioaccumulation indivdnganisms, causing health problems in animakmtpland
human beings. Cobalt is irritating to the eyes amttus membrane, causing severe discomfort in tlse, raften
leading to formation of the nasal spectrum. The dasses irritation of the lung, pneumoconiosis finsis [2].
Adsorption has been recognized as an effective adelly many researchers for the removal of heavyalnieim
water [3-7]. The study of adsorption isotherms itev treatment is significant as it provides valadbsights into
the application of design. An isotherm describesrationship between the quantity adsorbed aadrémaining
in the solution at a fixed temperature at equilibri[8-9]. In present work, Cobalt was scavengedgi$i-100 and
F-820 in combination with organic ligand. In pres@mvestigation 2-hydroxy-5-methoxy benzoic acids Hzeen
chosen as a organic ligand for modification of acef of porous carbons. The varying porosity anthseararea of
GAC reflects on the uptake of ligand and therelgyatisorption of the adsorbate.

MATERIALS AND METHODS

The bituminous coal based granular activated cafd00 and F-820 gifted by M/s Calgon Carbon Caafion
Ltd Pittusberg, USA was used as adsorbents. ThésesGvere first subjected to size fractionation. BBoarbons
were sieved using a sieve shaker wherein the simesponding to mesh size 16 x 25 (M/s Jayant Bestes,
Mumbai) were collected for use. The sieved GAC \iet stirred in boiling distilled water carefullwithout
leading to any attrition several times until a clleachate was obtained and then dried in an ovariemperature of
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110°C for 15 hours and later cooled in a desiccatorgaining anhydrous Cagto ensure complete removal of
moisture from the carbon. A stock solution of Colahs was obtained by using a solution of Cobalplsate (E.
Merck). Beer’s law calibration curve was establiiier CF* using Nitroso-R-Salt method, spectrophotometnycall
to calculate concentration of experimental solgift0].

Analytical grade reagents were used in all expentalework. A sample of 2-hydroxy-5-methoxy benzaicid
(Sigma-Aldrich) was purified and recrystallized $tgndard method. The experimental melting poir2-bf/droxy-
5-methoxy benzoic acid (140%) was checked from the literature value (2)1[11]. The sample was also
characterized through determination of moleculaighteby the technique of pH titration against stamdalkali. To
evaluate the adsorption equilibrium data experimemere carried out in batch system. For determirtimg
adsorption isotherm of Cobalt ion on different graaf carbon containing adsorbed ligand such agdgshky-5-
methoxy benzoic acid, it was first essential totfig amount of ligand on the GAC. This processanhg of ligand

on GAC was denoted as “loading of GAC”. For thisgmse 0.5 g of the GAC was taken in clean shakittds
and 200 ml of the ligand solution of a specifiech@entration was shaken for about five hours usiefion bladed
stirrer at about 500 rpm. The solution was theairgdd off and the carbon particles were washedthgirly with
distilled water. This loaded carbon was then tramsfl to same shaking bottle and then 200 ml ol@ablution at

a pH = 5 were added to it. The contents were stifoe 5 hours at a constant temperature of 28G The initial
and final concentrations of the Cobalt ion in mgMlas then determined spectrophotometrically (Chemito
spectrascan UV 2700 Double beam UV Visible spetiotgmeter). The experiments were repeated to ensure
reproducible results. The concentrations of ‘Gon were calculated using following equation ob¢ai from Beer’s
Law plot.

A+ 0.0162

0.4567 1) (

Where,
A = Absorbance
C = Concentration of Cobalt ion.

RESULTS AND DISCUSSION

The adsorption studies were conducted at fixed amnoUGAC by varying initial concentration of Cob#@ns. The
equilibrium data obtained were analyzed in thetligh Langmuir and Freundlich isotherms. The adsorpt
isotherm describes the relationship between thedighase concentration and surface concentrafiadsorbate at
equilibrium, the amount of Cobalt on the ligand ded GAC was determined using the equation

W
Qe = (C-:-_ CE} M
® W

@
Where,
ge = Concentration of Cobalt ion on the ligand loa@C in mg/millimoles of ligand,
C, = Initial concentration of Cobalt ion in solutiommg/L,
C.= Final concentration of Cobalt ion in solutionng/L,
V = Volume of solution in liters,
W= Millimoles of the ligand actually present on GAT5 Q).
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Fig.1. Adsorption isotherm Fig.2.Adsorption isotherm
System: F-100-2-hydroxy-5-methoxy System: F-820-2-hydroxy-5-methoxy
benzoic acid-C&" benzoic acid-Cg8"
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The adsorption isotherms of ligand loaded F-100R#820 GAC obtained by plotting gersus Gand shown in
Fig.1 and Fig. 2. Using values afegersus G the Langmuir equation could be expressed as

C

0 E

qe = Q% x—=—
l+hi

Where,

Q° = amount adsorbed per unit weight of the adsorfeenting a complex monolayer on the adsorbent serfa

b = Langmuir constant.

Rearranging equation (3)
1 1 1 1

—_— _+_

de th Ce QD

(4)
A plot of 1/g.versus 1/Ce was found to be fairly linear. Simiytathe Freundlich equation used was
lin
Qe=kCeg
®)

Where, k and 1/n are constants determine experaitgntsing equation (5)

1
logg, =logk + —logC,

n (6)
A plot of log g versus log €fairly showing validity of Freundlich equation av& range of concentrations.
Fig.3 to 6 illustrates the plot of Langmuir and trdlich isotherms for F-100 and F-820. The plotdfof versus

1/C. were found to be linear indicating the applicapibf Langmuir model. The parameter8 &hd b are Langmuir
constants relating to the sorption capacity ané@udi®n energy respectively were determined.
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Fig.3 .Langmuir adsorption isotherm g. 4 .Langmuir adsorption isotherm
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Fig.5. Freundlich adsorption isotherm Fig .6. Freundlich adsorption isotherm
System: F-100-2-hydroxy-5-methoxy System: F-820-2-hydroxy-5-methoxy
benzoic acid-Cg" benzoic acid-C4".

Pelagia Research Library



Jitendra K. Gunjate et al Der Chemica Sinica, 2014, 5(3):5-9

The @ values were used for determination of surface afehe adsorbent. For this purpose a plot of téysus
1/C; helped in determination of 1?@nd hence & The surface area of the carbon through such €ababrption
can then be represented as

S'=Na.Q°. A (7)

Where,

S = Surface area of adsorbent*gm

Na = Avogadro number and

A = Cross-sectional area of the adsorbent molecut?,

Table 1 shows that it is possible to determinedindace area of the adsorbent using the technifaelsorbing
Cobalt on ligand loaded GAC at the saturation levieén a monolayer of the Cobalt would over therergurface
of the adsorbent. Determination of value of S’ rezkthe determination of A the surface area occupied single
Cobalt ion. The values of A were calculated usheyexpression given by Brunauer and Emmet.

%
A :4><0.866{ M }

e 8
a4/2.Na.d ®)

M - Atomic weight of the Cobalt
= The Avogadro number
d = The density of the Cobalt, [12]

The values of S obtained from ga are found to be fairly comparable with S’ (obtainkom @) which are
reported in Table 1

Table 1 Values of @, A, S and Sfor a system GAC-2-hydroxy-5-methoxy benzoic acidCo?*

Sr. A S S’ e max
No. System Q (cn?P) (cmPgm) (cnf/gm) (mg/m.mol.)
1 F- 100-2-hydroxy-5-methoxy benzoic acid®Co | 0.3298 | 5.4225 x 18 | 0.6068 x 18 | 0.7311 x168 0.2737
2 F- 820-2-hydroxy-5-methoxy benzoic acid?Co | 0.3459 | 5.4225x 16 [ 0.7233 x 18 | 0.7668 x18 0.3263

CONCLUSION

In this study, results showed that the adsorptio@abalt ion performed by GAC was very encouragifigam the

adsorption isotherm, it is observed that asnCreases galso increases but at the saturation leygénds to be
constant with increasing value of @hich indicates formation of a monolayer of Coblialt on the surface of
adsorbent. The experimental data seen to be ofatherable type and were then subjected for adherémdoth

Langmuir and Freundlich adsorption isotherm. Alsaghtion isotherms of the Cobalt ion on differenades of

carbons in combination with 2-hydroxy-5-methoxy beie acid clearly shows that F-820 adsorbs Coloaitto a

greater extent as compared to F-100. This mayerétatdsorbent characteristics in terms of porasitface area
and functional group that interact with Cions.
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