
INTRODUCTION

Carbamazepine is an active antibiotic compound is used

in the pharmaceutical industry. Pharmaceuticals have been of

tremendous benefit to our society for treatment and prevention

of illnesses are continuously released to the environment by

domestic wastewater effluents1-9. Removal of even low concen-

trations of antibiotic agents in the environment is of great

concern to scientists due to proliferation of antibiotic agents.

Carbamazepine is inert to the biological treatment process1,4,10-15.

It was reported that in order to remove several organic pollutants,

many methods such as adsorption, biodegradation, ion exchange,

ozonization, electrochemical oxidation, have been used16,17.

Among these methods, adsorption is a promising method since

adsorption processes produce good quality effluents and is a

very effective process. Very less reports are available in litera-

ture on the adsorption of carbamazepine and therefore it is

necessary to study the adsorption of carbamazepine by diffe-

rent adsorbents. Activated carbon has been used extensively

as an adsorbent treatment systems since it has a high surface

area and good porosity. However, activated carbon has some

disadvantages, since its price and regeneration cost are high.

Therefore low cost alternatives are being continously investi-

gated. A number of materials including activated carbon

produced from agricultural waste materials, tree fern, orange

peel, montmrollonite, orange peel, chitosan, egg shell, coffee

residue, used tires, brick powder, coal mining waste and

adsorbent from spent bleaching earth have been reported for

the removal of several organic or inorganic pollutants16,17. In

our laboratory, new adsorbents have been produced from cheap
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materials such as used tires18,19, spent bleaching earth20-22 and

coffee residue23, contaminated soil24. They have shown a high

capacity for some organic and inorganic pollutants. In this

study, spent bleaching earth that is a solid waste from edible

oil processing industry was chosen as a raw material for the

adsorption of carbamazepine. The aim of this study is to produce

an adsorbent from spent bleaching earth and to use the adsor-

bent produced from spent bleaching earth in the removal of

carbamazepine from aqueous solutions.

EXPERIMENTAL

Preparation of the adsorbent: Adsorbents were prepared

according to the procedure described by Mahramanlioglu and

Ozgen and by Mahramanlioglu et al.16,17.

Adsorption experiments: All the solutions in this study

were prepared using double distilled water. Carbamazepine

was obtained from Sigma. The pH of solutions was adjusted

either with 0.01 N HCl or 0.01 N NaOH.

Batch adsorption experiments were carried out at 20 ºC

by shaking a known amount of adsorbent and carbamazepine

solutions of desired concentrations and pH in different glass

flasks in a shaking thermostat machine. At the end of predeter-

mined time intervals, samples were withdrawn and centrifuged.

The concentration of carbamazepine was determined using

spectroscopic method.

RESULTS AND DISCUSSION

Adsorption kinetics: The adsorption rate constants for

carbamazepine was determined from the following Lagergren

equation:
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ln (qe-q) = ln qe - kat

where, qe and q (both in mg g-1) are the amount of carbam-

azepine adsorbed per unit mass of adsorbent at equilibrium

and time, t, respectively and ka is the rate constant (min-1). The

value of ka was calculated from the slope of linear plot of ln

(qe-q) versus time (Fig. 1). The adsorption rate constants for

the initial concentrations of 10 and 18 mg dm-3 were given in

Table-1.
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Fig. 1. Lagergren plots for the adsorption of carbamazepine for the

concentrations of 10 mg dm-3 and 18 mg dm-3

TABLE-1 
CONSTANTS OF LAGERGREN EQUATION, INTRAPARTICLE  

DIFFUSION AND THE LANGMUIR ISOTHERM OF  
CARBAMAZEPINE ADSORPTION ON THE SBE 

Lagergren constants 

ka (min-1) 

Intraparticle constants 
kint (mg g-1 min-0.5) 

Langmuir  
constants 

10 mg 
dm-3 

18 mg 
dm-3 

10 mg 
dm-3 

18 mg 
dm-3 

Q0 (mg 
g-1) 

b (dm3 
mg-1) 

0.0705 0.0306 0.180 0.626 22.78 2.64 

 
Intraparticle diffusion: Besides the adsorption at the

outer surface of the adsorbents, the solute molecules can also

diffuse into the interior of the porous adsorbent. In order

to calculate the rate constant of intraparticle diffusion, the

following equation was used.

q = kint t
1/2

where, kint (mg g-1 min-0.5) is the intraparticle diffusion rate

constant. Fig. 2 shows that there is an initially curved portion

and the subsequent linear portion. The former indicates the

film diffusion and the latter indicates the intraparticle diffusion.

The values of kint were obtained from the slope of linear portion

of the curve. The values of kint for carbamazepine were given

in Table-1. The linear portion of the curves don't pass through

the origin indicating that intraparticle diffussion is not only

rate controlling step for all the solute. Fig. 2 shows that both

the film diffusion and intraparticle diffusion contribute to the

rate determining step.

pH effect: The equilibrium concentration of carbamaze-

pine as a function of pH was studied at different pH ranging

from 2.89 to 8.88 (Fig. 3). Fig. 3 shows that the equilibrium

concentration is not significantly affected by the change of

pH values. This can be explained by the fact that carbama-

zepine is a base with a pKa value of 2.3 and it is neutrally

charged at the pH range of the experiment10. Similar results

were reported for the removal of carbamazepine by

nanofiltration membranes10.
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Fig. 2. Intraparticle diffusion for the adsorption of carbamazepine for the

concentrations of 10 mg dm-3 and 18 mg dm-3
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Fig. 3. Equilibrium concentration of carbamazepine as a function of pH

(initial concentration, 10 mg dm-3)

Adsorption isotherm: In order to quantify adsorption

capacity for both solute, Langmuir equation was applied. This

equation can be given as follows:

C/q = C/Q0 + 1/Q0b

where, C and q are equilibrium solute concentration (mg dm-3)

and equilibrium adsorption capacity, respectively (mg g-1). Q0

and b are the Langmuir constants representing adsorption capac-

ity (mg g-1) and energy of adsorption (dm3 mg-1), respectively.

The value of Q0 and b were calculated from the slope and

intercept of the linear plot of C/q versus C and were given in

Fig. 4 (Table-1).

Giles isotherm: Fig. 5 shows the Giles isotherm for

carbamazepine. According to Giles classification in the case
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of carbamazepine, the shape of the obtained isotherm shows

H2 isotherm. This result shows that the Giles isotherm for

carbamazepine has the subgroup 2. According to H2 isotherm,

the initial curve shows that sites in the substrate are filled and

it becomes increasingly difficult for a bombarding solute

molecule to find a vacant site available and it is not possible to

find a vacant site in the region of plateau25.
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Fig. 4. Langmuir isotherm of the adsorption of carbamazepine
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Fig. 5. Giles isotherm of the adsorption of carbamazapine

Conclusion

The adsorption of carbamazepine on the adsorbent

produced from spent bleaching earth was studied. The adsor-

ption process followed a first order Lagergren equation.

Equilibrium data fit well the Langmuir isotherm. The results

of kinetic studies showed that both film diffusion and

intraparticle diffusion contribute to the rate determining step.

The pH effect on the adsorption of carbamazepine on the

adsorbent produced from spent bleaching earth was not very

significant. According to the Giles classification, the shape of

the obtained isotherm showed H2 isotherm.
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