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Abstract 
Cr (III) sorption on strong acid exchanger Amberlite.IR-120(H+) was studied as a function 
of time and temperature using CrCl3.6H2O solution. The film diffusion equation was used 
to examine the kinetic data and the exchange rate was found to be governed by the film 
diffusion process. From the rate constant values, the energies of activation are calculated 
using the Arrhenius equation. The low activation energy confirmed the diffusional nature of 
the sorption process.  
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1.  Introduction 
Heavy metals like Cr, Cu, Pb, Mn, Hg and 
Cd are common pollutants in 
environment. They are harmful to aquatic 
life and cannot be degraded due to their 
high stability. Chromium, one of these 
metals exists in two stable oxidation 

states, Cr (III) and Cr (VI) 1. Cr (III) is 
extensively used in pigments and paints, 
leather tanning, fungicides, ceramics and 
glass industries. It is an essential nutrient 
for human health; however, the presence 
of strong oxidants can change it to Cr (VI) 
2. 
Many separation techniques have been 
proposed for the removal of chromium 
(III) from aqueous solutions, which 
include solvent extraction, ion exchange, 
co-precipitation, membrane processes, 
oxidation and sorption. Among these 
methods, ion exchange is highly popular 
and has been widely practiced for metal 

ion removal 3-4. 
Organic ion exchange resins are found 
more suitable for the removal of toxic 
elements due to their faster kinetics, ease 

of regeneration and high exchange capacity 
[5]. A little literature is available about the 
exchange removal of trivalent metal cations 
like Cr3+, Al3+ and Fe3+ using different cation 
exchangers [6-8]. The results obtained have 
shown that these exchangers have a strong 
affinity for these ions. 
The present study, reports a detailed kinetics 
investigation of Chromium (III) sorption by 
using the cation exchange resin Amberlite.IR-
120(H+) using metal ion concentration 
19.231mmol/L at different temperatures (293-
333K). 
 
2.  Experimental  
 

All the reagents were used analytical grade 
and no further purification was carried out. All 
the solutions were prepared in doubly distilled 
water, using Pyrex glass vessels. 
 
2.1. Materials and methods 
 

The cation exchange resin Amberlite.IR-120 
(H+) described below was used in these 
studies. Their physico-chemical properties 
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and specifications, as reported by the 
suppliers, are given in Table 1.    
 

Table 1. Physico-chemical properties 
of Amberlite.IR-120 (H+). 

Structure Microporous 

Matrix Polystyrene-DVB gel structure 

Functional groups SO3
2-

 

Physical form Insoluble spherical beads 

Ionic form as shipped  H
+   

 

Working pH range 0-14 

Total exchange capacity 5.35 mequiv/g 

Moisture content 47.45% by weight 

Particle size 0.45 to 60mm 

Operation temperature 
(Maximum) 

120
o
C 

 
2.2. Ion Exchange Kinetics Studies 
 
The infinite bath method was used to 
study the kinetics of Cr (III) sorption. An 
exact 3.00g of resin Amberlite.IR-120(H+) 
were poured in 100 ml solution of Cr (III) 
having concentration 19.231mmol/L in a 
double glass walled cell attached to the 
water-circulating bath at the desired 
temperature with the stirring rate of 120 
rpm. At various time intervals, 1.0 ml from 
the mixture was taken in the test tube 
and analyzed for Cr (III) by oxidizing it 
into Cr (VI) using H2O2 as an oxidizing 
agent in alkaline medium using the 
method described in the literature [9-10]. 
The concentration of Cr (III) was also 
determined using atomic absorption 
spectrophotometer (Perkin-Elmer A 
Analyst 800). The results obtained by the 
two methods were very close to each 
other.  
 

3. Results and Discussion 
 

3.1. Kinetics of Sorption in 
Amberite.IR-120 (H+) 
 

The results of the study are shown in 
Figure 1 which shows that the rate of 

chromium sorption onto ion exchange resin 
increases with increase in temperature. The 
equilibrium is observed to be attained after 20 
minutes at 293K, which reduces to 10 
minutes when the temperature is increased to 
313 or 333K, indicating that the rate of 
reaction increases with the increase in 
temperature.  
The kinetics of the chromium sorption on 
Amberite.IR-120 (H+) were observed to be 
described with the help of film diffusion 
equation. The expression for the film diffusion 
equation [10] is given below: 

 

  u-ln 1-F  = k t   (1) 
 

Where F is the ratio of amount adsorbed after 
time t to the amount adsorbed at equilibrium 
and Ku is the rate constant. According to 
equation 1, when the kinetic data obtained for 
a series of F values are plotted against t, a 
straight line is obtained having a slope equal 
to rate constant as shown in Figure 2. The 
values of Ku obtained from film diffusion 
equation at different temperatures are given 
in Table 2.  
The energy of activation (Ea) for the film 
diffusion process can be calculated using 
Arrhenius equation as,                                                                                                                                                                   

a
u

E
ln k  = ln A - 

RT
   (2) 

Where K is the film diffusion rate constant 
(ku), A is Arrhenius factor, T is absolute 
temperature and R is the molar gas constant. 
The plots of ln(ku) versus 1/T according to 
equation 2 for film diffusion process are 
shown in Figure 3 where a straight line is 
obtained with a slope and intercept equal to 
Ea/RT and ln(A). The value of activation 
energy for the film diffusion process is found 
to be 13.87kJ/mol (given in Table 2). The 
value of activation energy is found to be less 
than 21kJ/mol responsible for film diffusion 
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process [11]. Alguacil et al [8] proposed 
recently the film diffusion during kinetic 
investigation of Cr (III) removal from 
aqueous solutions using cation 
exchanger Amberite.IR-120 (H+). 
In order to confirm the controlling 
mechanism of Cr (III) sorption on the 
cation exchanger by film diffusion 
process, theoretical values for the 
amount adsorbed at equilibrium (qe, cal) 
were calculated using the equation 3 
given below: 

qe,cal  = qe,exp (1-e-kut
)   (3) 

where qe,exp is the amount adsorbed at 

time t , k is the film diffusion rate constant 
(ku). It can be seen from Table 3 that the 
experimental values (qe,exp) are in good 
agreement with the theoretical values 
(qe,cal); however, in comparison to the 
constant experimental values, the 
calculated values show a gradual 
increase with increase in temperature. In 
the view of these observations, it can be 
calculated that film diffusion process is 
the rate controlling mechanism for the Cr 
(III) sorption on the resin. Scheckel and 
Sparks [12] had also observed that 
activation energies below 42 kJ/mol were 
indicative of diffusion-controlled 
processes. 
 

4. Conclusions 
 

It may be concluded from the above 
discussion that the Amberite.IR-120 (H+) 
has a pronounced effect on the sorption 
behaviour of Cr(III). Film diffusion 
equation is found to be applicable to the 
kinetic data. Comparison of theoretical 
and experimental values for the amount 
adsorbed at equilibrium and lower 
activation energy confirmed the film 
diffusional nature of the sorption process.   

Table 2. Kinetics Parameters for Film 
Diffusion Process on Amberlite IR-120 (H+). 

Temperature 
(K) 

Rate Constant (Ku) 
min

-1
 

Activation Energy 
(Ea)(kJ/mol) 

293 0.265  

313 0.438                13.87 

333 0.522  

 

 

Table 3. Comparison of Experimental and 
Theoretical Values of Sorption Maxima. 
 

Temperature 
(K) 

qe, exp (mmol/g) qe, cal (mmol/g) 

293 0.597 0.600 

313 0.597 0.604 

333 0.597 0.600 
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Figure 1. Kinetics of chromium sorption on 
Amberlite.IR-120 (H+) at different 
temperatures (Concentration = 
19.231mmol/L). 
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Figure 2. Film diffusion plots for Amberlite 
IR-120 (H+) at different temperatures 
(Concentration = 19.231mmol/L). 
 

 
Figure 3. Arrhenius plot for film diffusion 
process on Amberlite.IR-120 (H+) at 
different temperatures. 
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