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ABSTRACT

The present study is carried out for the removataijalt from aqueous solution usiddferent commercial grades
of Granular Activated Carbon namely F-816, and Bdth 3, 5-Dinitrobenzoic acid at temperature 25%1 The
adsorption isotherm of cobalt on Granular Activat€drbon has been determined and the data fittedaeably
well to the Langmuir and Freundlich isotherm fotigated carbon.
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INTRODUCTION

The excessive release of heavy metals into ther@mwient is a major concern worldwide. Heavy metal
contamination exists in agueous wastes of manysinis, such as plating, mining operations, tamsersmelting
alloy industries and storage batteries industries [d] and these metal ions do not degrade intonless end
products [2].

Cobalt is beneficial for humans because it is & glavitamin B,,, which is essential for human health. However, too
high concentrations of cobalt may damage humantthe®dhen we breathe in too high concentrations affatt
through air we experience lung effects, such alsnastand pneumonia. When plants grow on contaminsaés
they will accumulate very small particles of cob&specially in the parts of the plant we eat, sasHruits and
seeds. Soil near mining may contain very high arteahcobalt, so that the uptake by humans thraagimg plants
can cause health effects [3].

Granular Activated Carbon is widely used for theoeal and recovery of toxic metals because ofoitg tost and
high affinity towards the metal ions. Activated lan is the collective name for a group of porousbeas
manufactured by the treatment of a char with oxidjzgases or by carbonization of carbonaceous rakter
impregnated with dehydrating chemicals. All thesebons exhibit a high degree of porosity and arereded
internal surface area. The use of porous carbdherform of carbonized wood (charcoal) has beewrrided as
early as 1550BC in an ancient Egyptian papyrus [4].

A number of adsorbents have been used by sever&kveofor adsorbing toxic metals from their aquesolisitions.
[5-17]. It is therefore proposed to carry out agsion of cobalt metal form aqueous solution usingrtilar
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Activated Carbon in the presence of 3, 5-Dinitratma acid. The work was also extended to studykthetics of
Cobalt.

MATERIALSAND METHODS

Apparatus

Systronics Digital Spectrophotometer, Type 166 wsad for all absorbance measurements. A pH metdCE&
Pvt. Ltd. Hyderabad, India. Model NO LI-120) wa®dsn the laboratory for maintaining the pH of #wdutions. It
was standardized every time using a phthalate baffpH 4.01 at 2%C. Five mechanical stirrers were employed for
stirring the solutions for about 5 hours at aro600 rpm. All glasswares obtained were from M/s Bdrdombay
and used in all experimental processes.

Reagents and Chemicals
All the reagents and chemicals used for the entink were of A. R. Grade

GENERAL PROCEDURE

Standardization and Char acterization of grades of carbon.

In the present work two grades of carbon namel\OBER and F-816D gifted by M/s Calgon Corporation.Ltd
Pittsburgh USA. were selected for comparative studiThe selected grades of carbon were first siemed
appropriate size corresponding to mesh size (16X®ff@r size fractionation the selected carbon washed with
boiled distilled water until a clear leachate wédained. Then water was decanted and GAC was &aesdfto a
petri dish. Carbon was then air dried properlyeimove all the moisture on the surface of carbonfeord pores of
carbon. Then it was kept in an oven at temperatangie 100-11T for two hours and cooled in desiccator
containing moisture absorbent CaCb ensure that the carbon sample was in equilibkiitim the surroundings, 0.5
gm of the carbon sample was kept in a weighingdattthe same desiccator and its weight was medtover a
period of one week until it shows dry and constagight.

Preparation of the solution of Cobalt ion and its estimation.

A Standard solution of Cobalt Sulphate (Loba maka$ prepared by dissolving 1.4055 gm in distilleater with a
drop of sulphuric acid to prevent hydrolysis and Holution was diluted to 500 ml. It was then stadized with
EDTA. A standard aliquot of the cobalt solution waken for the estimation. To 10 ml of the solutigf8 drops of
Xylenol Orange indicator followed by very dilutelgluric acid was added. The colour changed fromtaegellow.
Then powdered Hexamine was added with continuoakis until the deep red colour was restored (pH¥6e
solution was then warmed to@and 0.5 ml of 0.001 M phenanthroline was addedh%n addition improved the
end point. The solution was titrated with standB&fTA solution until the colour changed from red ytellow
orange at the end point.

Spectophotometrically, Beer's law calibration cunwas established for ¢o[18].

Experimental set up for the study of adsorption isotherm on GAC.

To get appropriate results of adsorption isotheroper arrangement of experimental set up was dakell the
adsorption isotherms were carried out at a fixedperature of 2% + 1°C. For this a water bath was used to
maintain constant temperature of solution. Mectalrstaker (Eltek Motor, Type M 56. Elektrocrats imdPvt.
Ltd. Mumbai) was used as a stirrer. An acrylic raith paddle was attached to the stirrer to agitidie
experimental solution. 10 cm long acrylic rods Ingv2 cm x 1cm thick paddle was used for stirring sblution.
Reagent bottles of 300 ml capacity were used adléisi&. All reagent bottles were kept in the walath to
maintain constant temperature.

To get an adsorption isotherm 0.5g of GAC was weigbarefully and transferred to each of five readpenttles.
200 ml of 0.001M, 3, 5-Dinitrobenzoic acid solutigras transferred to each reagent bottle. All thve fieagent
bottles and stirrer were adjusted in the water bathaintain 25C + 1°C temperature. This was done for the loading
of 3, 5-Dinitrobenzoic acid on GAC for six hours.

Residual 3, 5-Dinitrobenzoic acid solution was tltrained off from the reagent bottle and the carb@shed
several time with distilled water. Any water drapsthe bottle were completely eliminated by invegtithe bottle
draining the water and keeping carbons at the isglde the bottle. Without drying the carbon paetiit was used
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for further adsorption process. 200 ml of cobaluson of pH 5 was introduced carefully. The systeras then
stirred for five hours at around 500 rpm at conistamperature of 2& + 1°C. After the equilibrium was achieved
the concentration of the solution was estimatedh 3iech systems of different concentration werenged. The
equilibrium concentration of cobalt was estimatethg the standard calibration curve.

Experimental procedurefor studying thekinetics of adsor ption of the cobalt ions on ligand loaded GAC.

To study the kinetics of cobalt ion on GAC loadgd3;5-Dinitrobenzoic acid, 1 gm of GAC was shakethwi00

ml of 0.001 M ligand solution for about four houfBhe weight of GAC and concentration of Cavas fixed

throughout the kinetic study. The solution wasf#d off and solution was removed by decantingiawerting the
flask, keeping carbon particles at side. This loacrbon was then shaken with 400 ml of cobaltsiolation at pH
5 at around 500 rpm. The time of addition of carlveas noted as t = 0. Thereafter aliquots of 5 mhas of

experimental solution were withdrawn from the fldskmomentarily interrupting the stirrer. The fifsur reading
were taken at 15 minute time intervals, the next teadings were taken at 30 minute intervals apdfitral two

readings were taken at a time interval of one hdhe concentrations of cobalt iog &d G in mg/L in the sample
were estimated using standard calibration curve.

RESULTSAND DISCUSSION

Adsor ption I sotherm of Caobalt.

A set of ten consistent points of equilibrium camcation of cobalt which was obtained as per thecedure
outlined earlier permitted calculation of equiliom concentration of cobalt on loaded GAC using fhilowing
expression.

_ \Y
Je = (C,—Ce)x W

Where,

ge = Concentration of cobalt on the ligand loaded GA@g/millimoles of ligand;
C, = Initial concentration of cobalt in solution ingniL_,

C.= Final concentration of cobalt in solution in mg/L

V = Volume of solution in liters;

W= Millimoles of the ligand actually present on GAC.

A plot of g versus @ represented an adsorption isotherm with differgmratdes of loaded Granular Activated
Carbon, namely, F-816D and F-200D is given in Fi&.2. The comparative adsorption capacities (sditam
values of g) of cobalt on different grades of loaded GAC usethe present work can be assumed from Figs. 1&2.
The trend in the gyalues at the saturation level are in the order.

F-816D > F-200D.
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Fig. No. 1- Adsor ption I sotherm

System: F 816 D - 3,5-Dinitrobenzoic acid Co?*

Fig. No. 2- Adsor ption I sotherm

System: F 200 D - 3,5-Dinitrobenzoic acid Co?*

Pelagia Research Library

789



Yogeeta V. Heteet al Der Chemica Sinica, 2012, 3(4):787-793

On plotting log g versus log €linear plots were obtained. The plot of Li@rsus 1/@was also linear. It can be
concluded from these plots that the Freundlich gguas well as Langmuir equations are applicablalinost the
entire range of concentrations used in this workew representative plots justifying the adheretacthe Langmuir
and Freundlich equations are given in Figs. 3&4.
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Fig. No. 3 Langmuir Adsorption Isotherm Fig. No. 4 Freundlich Adsorption Isotherm
System:  F 816 D-3,5Dinitr obenzoic acid - Co* System:  F 816 D-3,5Dinitrobenzoic acid - Co®*

The Langmuir equation is useful in determining sheface area of the adsorbent under the preseetimental
conditions. Estimations of the specific surfaceaaref loaded GAC are based upon measurement chtiaxity of
the adsorbent for a selected solute having a wekp@ted molecular cross sectional area. This ig dgnusing ©
obtained from Langmuir plot and related to surfarea of the adsorbent by relation,

S = NaQA

Where,

S = Surface area of the adsorberfigm

N, = Avogadro number

A = Cross sectional area of the adsorbate moleotle,

The values of @ A and S are given in the following Table.

Surface area of grades of GAC

Sr. No Grades of GAI Q° A S
1 F-81€ 0.3867 54925 x 1016 85.725 x 10*
2 F-200 0.2295 5.4295 x 10° 50.868 x 10

The above Table clearly shows the fact that Cabkailtaccessible to the inner pores of the GAC aratisorbed
superficially. However the values being close etwuien one proceeds from F-816 to F-200 is suggesfi the
same amount of surface groups available to Cobalt.

The Rate of Exchange of Cobalt with GAC

From the initial concentration of Cobalt @d the concentration of Cobalt at different timeiivals Gvalues of q
were estimated by the procedure given in the empmrial. The plots of approach to equilibrium, bé.both g
versus t and g* versus t, are given in Figs, 5 & 6.
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Fig. No. 5- Approach to Equilibrium plotsof g Fig. No. 6- Approach to Equilibrium plotsof q
and g* versustime and g* versustime
System: F 816 D-3,5Dinitr obenzoic acid - Co? System: F 200 D-3,5Dinitrobenzoic acid - Co*

In adsorption it is essential to study the ratetmling factors in diffusional process. Diffusicarises from a
concentration gradient either in the fluid phas@wrthe solid phase. When diffusion involves sejpameof solute
from the fluid phase to the sorbent phase it iledgbarticle phase diffusion or homogeneous diffasiescribed by
an effective diffusion coefficient D. The drivingrte for pore diffusion, which usually occurs withthe pores of
the adsorbent, is due to the concentration gradi€mlhe adsorbate in the pore space, and charaetehy pore
diffusion coefficient [} Alternatively surface diffusion which occurs aftadsorption due to migration of the
adsorbed molecules along the pore walls may besepted in terms of the gradient of the amounhefdsorbate
on the pore walls. This is characterized by théaserdiffusion coefficient D

It is oftenly observed that one of the two typedhaf above mentioned diffusional processes coultdaged under
certain specified conditions, which are specifithie cases. Several investigators have estimateddiffusivities in
the agitated tank, [19] while some have proposedethod where surface diffusion [20] is rate cofitmgl This
method has been subsequently modified subjectrtaicdimitations and reasonable conclusions haaenbdrawn
from it [21].

Glueckauf and Coates [22] first suggested the fideiaing force (LDF) method in which the rate afsarption by a
spherical particle is considered to be the prodfisurface area, an effective mass transfer coeffiand a driving
force consisting of difference between the bulkrage concentration in the spherical particle q tred surface
concentration g*. Glueckauf made certain approxiomaand suggested the most common form of lineaindy
force (LDF) equation which is as follows

dq- _ 15D( - q_)
T2 B
dt a (1)
Where,
D = Diffusion coefficient in solid phase

a = Radius of the spherical particle
A representative of the LDF plot is given in Fig. 1

The LDF method is inadequate to distinguish betwaeface and pore diffusion. It leads to an esiionmabf gross
diffusion coefficient. Further it is useful methtwlknow the adsorption process and helps conditieira designing
adsorption columns. It might be worthwhile assagshe equation for initial time periods dt, when ©. In such
situation the equation (1) suggests thatddcapproaches the large infinite value while tlghtr hand side stands
numerically finite [23].
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Vermuelen [24] proposed the following Quadratic Vvibng Force (QDF) expression to overcome the above
mentioned anomaly.

d” _ > D [a7?-q
—.

dt a 2q

This expression was compared by Glueckauf who coled that while for most cases this LDF approxioratvas
adequate. The above relation approximated theigplaf solid diffusion model. In both cases it weecessary to
simplify assumptions before comparisons could bden@ representative of the LDF and QDF plots avergin
Fig. 7&8. In the present work, the QDF equation basn used to obtain the values of D, the diffusioefficient,
and is given below.
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Fig. No. 11- Linear driving force plot. Fig. No. 11- Quadratic driving force plot.
Svstem: F 816 D-3.5Dinitrobenzoic acid - Co?* Svstem: F 816 D-3.5Dinitrobenzoic acid - Co*
System D Values (cm?/sec)

F 816 D-3,5Dinitrobenzoic acid - Co®* 1.07256 x 10
F 200 D-3,5Dinitr obenzoic acid - Co?* 1.15243 x 16

From this Table, it is seen that all the D valuesia the range of that encountered for surfadeislin phenomena.
CONCLUSION

The present study demonstrated that Granular Aetiv&€arbon can be used efficiently in the removfaCobalt
from aqueous solution. In the present study thakebf Cobalt on to F-816 was found to be good. ddorption
isotherms obtained from the present work may bpftiein designing industrial adsorption columnsnélic study
revealed that the process of adsorption is sud#tgsion controlled.
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