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Introduction 

Phase transfer catalysts (agents) facilitate transfer of species, making reactions 

between reagents in two immiscible phases possible. One type of phase transfer agents 

(catalysts) is crown ethers. For example, 18-crown-6 acts as aphase transfer agent for 

sodium cyanide [1] for KMnO4 as oxidant in organic phase [2]. In this work the removal 

of 18-crown-6 from aqueous solutions by adsorption onto granular activated carbon was 

investigated. This study focused on adsorption kinetics. Another goal of the present work 

is to analyze the persent criteria (correlation coefficient) for selection of a kinetic model 

to describe the kinetic data obtained. 

 

 
Experimental 

The granular activated carbon used in this study was sieved into a particle size range 

of 1.0-1.5 mm. The18-crown-6 was used without further purification. The experiments 

were carried out using 40 ml of solution and 0.1 g of adsorbent at constant temperature 

with highest rate stirring by a magnetic stirrer. The concentration of 18- crown-6 was 

measured at 200.05 nm with a UV/visible spectrometer. The kinetic experiments were 

carried out at different temperature. A blank experiment was carried out in the absent of 

adsorbent. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Effect of initia 18-crown-6 concentration on kinetics of its adsorption by granular activated carbon 
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Table 1. Model rate constants for adsorption 18-crown-6 onto granular activated carbon at 25.0 0C: effect of 

solute concentration 

C0  Pseudo- 

second-order 

(mM) qe (g/g) k2 

(g/(g min)) 

Pseudo-first- 

order 

r 2 
2 qe (g/g) k1 

(min−1) 

 

 
r 1

2 

 

0.996 0.081 0.829 0.9963 0.071 0.044 0.9457 

2.04 0.142 0.413 0.9989 0.123 0.043 0.9667 

3.70 0.218 0.153 0.9939 0.161 0.040 0.9966 

6.76 0.368 0.057 0.9947 0.286 0.021 0.9809 

 

 

 

Result and discussion 

Effect of initial solute concentration 

Fig. 1 shows the kinetics of adsorption of 18-crown-6 at different initial 

concentrations. The results obtained showed that the rate of adsorption was rapid in the 

initial minutes of solution-adsorbent contact and after ~ 30 min it becomes very low. The 

amount of 18-crown-6 adsorbed increases with increase initial concentration. To analyze 

the adsorption kinetics, the pseudo-first-order and pseudo-second-order models were 

tested with the experimental data. The pseudo-first-order model was suggested by 

Langergren [3], and its differential equation is 

dqt/dt = k1 (qe – qt), (1) 

 
where qt and qe are amount of solute adsorbed (mol or gram) per gram of adsorbent at any 

time and at any equilibrium, respectively, and k1 is the first- order sorption cefficient. The 

pseudo-second-order model, introduced by Blanchard et al and its differential equation is 

 
dqt/dt = k2 (qe – qt)

2, (2) 

 
where k2 is the pseudo-second-order rate coefficient. 

Recently, we analyzed theoretically the pseudo-first-order and pseudo-second- order 

models and derived the kinetic coefficients [4]. From the results obtained (see Table 1) 

the pseudo-second-order equation was the model that gave the best fit to the 



i 

 

 

experimental data. In our previous work [4] we showed theoretically that, 

when qt is very low in comparison to C0, the adsorption kinetics obey a 

pseudo-first-order model, and when the amount of adsorption is not very low, 

the adsorption kinetics obey a pseudo-second-order model. But many 

researchers used the correlation coefficient (r 2) as a criterion for selection 

the kinetics model. For judgment about this criterion look at Table 1. On the 

basis of our experimental results t initial concentration , the correlation 

coefficient for pseudo-first-order and pseudo- second-order models are 

0.9966 and 0.9939, respectively. So at concentration 3.70 mM, the 

adsorption kinetics obeys a pseudo-first-order model, while at lower initial 

concentrations and at higher initial concentrations it obays a pseudo- second-

order model. This results means that sometimes the correlation coefficient is 

not sufficient criterion for selection of an adsorption kinetic model. In our 

previous work [4] we drived theoretically the relation between pseudo-first-

order rate coefficient (k1), adsorption (ka) and desorption (kd) rate constants 

and also the linear function of initial concentration (C0) of solute (Eq. (18) of 

Ref. [4]) as K1=kaC0+kdd. 

By using this equation we concluded that in the whole initial 

concentration, the adsorption kinetics follows a pseudo-second-order rate 

model. In our previous work [4] we showed theoretically that, the observed 

rate coefficient of the pseudo-second-order rate model (k2) is a complex of 

C0 [4]. 

 

 
Effect of temperature 

Adsorotion kinetics with initial concenteration of 2.04 mM were carried 

out at different temperatures (15.0, 25.0,and 45.0 ± 0.1). These experiments 

show that the rate of adsorption dose not change with increasing temperature 

from 25.0 to 45.0 0C and since the operation at room temperature (~25 0C) is 

too easy, the best temperature for adsorption of 18-crown-6 on granular 

activated carbon with high rate is room temperature. 
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