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ABSTRACT 
The poly(acrylic acid) hydrogel (PAA) has been suggested as adsorbent 
material to treat cobalt-60 in radioactive liquid waste. The kinetics of 
isothermal adsorption of cobalt ions from an aqueous solution onto PAA 
hydrogel was investigated in the temperature range from 298K to 315 K. 
The kinetic model of Co2+ adsorption [1-(1-α)1/3]2=kt, was established by 
using the model-fitting method. The kinetic parameters of Co2+ adsorption 
(Ea = 41 kJ mol-1, ln [A/min-1]=12) were determined. It was found that 
cobalt adsorption was kinetically controlled process which is determined by 
the rate of three-dimensional diffusion Co2+ ions (D3). 
 
INTRODUCTION 
Increased operation of nuclear power plants and nuclear laboratory are the 
source of radioactive wastes relased into environment. Enormous amounts 
of low-level liquid radioactive wastes (LLRW) are being produced as a 
results of operation, repair and disposal at those facilities. All of these 
LLRW were composed of different chemical and radiochemical 
composition [1]. The adsorption technologies using different adsorbents 
may be used for removal radioactive ions very successfully. The radioactive 
cobalt-60 with half-life (t1/2 = 5.27 y) in the liquid waste came from neutron 
activation for corrosion products. Adsorption cobalt ions by different types 
of adsorbents have been the subject of several studies [2-4]. As an 
adsorbent, hydrogels are successfully applied for the removal of pollutants 
from aqueous solution as they are easily applicable, have high removal 
capacity and can be regenerated [5]. The cobalt ion (Co2+) removal 
capacities by hydrogel N,N-dimethylaminopropyl methacrylamide 
(DMAPMAm) homopolymer and DMAPMAm/itaconic acid 
(DMAPMAm/IA) copolymers were investigated by taking into account of 
the initial metal ion concentration and pH of aqueous medium [6].  
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The aim of this research is to investigate the performance of PAA hydrogel 
in the treatment of radioactive liquid waste contained cobalt-60. Because of 
that, the kinetics of isothermal adsorption of cobalt ions from an aqueous 
solution onto PAA was investigated. 

 
EXPERIMENTAL 
In this research, the PAA hydrogel was synthesized by the procedure 
described in our previous work [7]. Adsorption of Co2+ on PAA hydrogel 
was carried by the batch method. Hydrogel powder (m ∼ 0.1 g) was added to 
200g aqueous solution of CoSO4 (with Co2+ concentration 100 mg/L) and 
the adsorption vessel was placed in the thermostat at pre-determined 
temperature (298 K, 300 K, 308 K and 315 K). During the adsorption 
process, the adsorption system was homogenized by stirring at 600 rpm. 
Samples were taken from this adsorption system at regular time intervals. 
After centrifugation, concentration of Co2+ remaining in supernatant was 
determined by measuring the absorbance at 625 nm. The determination of 
Co2+ ions as Co-(thiocyanate) was carried out according to the published 
procedure in literature [8]. For that measurement a UV-Visible spectrometer 
(Cintra 10e, GBC Scientific equipment) was used. 
The specific adsorption capacity of PAA hydrogel for Co2+ at a given 
temperature after certain adsorption period can be calculated from the 
equation: ( ) mmccx sis −= 0 , where: c0 is the initial concentration of the Co2+ 
solution before adsorption (mg/L), ci is the concentration of the Co2+ 
solution after a certain adsorption time (mg/L) and ms is the mass of 
aqueous solution of CoSO4 (g). The adsorption degree of Co2+ ions, α, is 
calculated from the equation maxxxs=α , where: xmax is the maximum 
specific adsorption capacity of PAA hydrogel for Co2+ at a given 
temperature and is determined from experimental kinetic curves. 
Kinetic model of Co2+ adsorption onto PAA hydrogel was examined by the 
so-called “model-fitting procedure”[9].  

 
RESULTS AND DISCUSSION 
The isothermal dependence of specific adsorption capacity of the PAA 
hydrogel for Co2+ vs. adsorption time (kinetic curves) is shown in Figure 1. 
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Applying the model fitting method we obtain that kinetics of Co2+ 
adsorption on PAA hydrogel 
can be described by theoretical 
kinetic model: [1- (1-α)1/3]2=kt 
, where k  is the rate constant 
of adsorption of  Co2+ on PAA 
hydrogel. This model is 
characteristic for the 
physicochemical processes 
whose kinetic is determined 
by the rate of three-
dimensional diffusion (D3). 
If model D3 describes the 
kinetics of the isothermal 
adsorption of Co2+ on PAA, 
then the dependence [1-(1-
α)1/3]2 on the adsorption time 
should be a straight line and 
from slopes of these straight 
lines the values of model 
constants has been determined. 
Since the increase of the model 
constant with temperature is 
obtained, the kinetic parameters 
were determined by applying 
the Arrhenius equation (Table 
I). The change of the model 
constant with temperatures and 
kinetics parameters, activation 
energy (Ea) and pre-exponent 
factor (lnA) for the Co2+ 

adsorption is given in Table I. 
With aim to investigate kinetic complexity, Friedman iso-conversional 
method [10] was applied to determine the dependence of the activation 
energy of the Co2+ adsorption on the PAA hydrogel on the degree of 
adsorbed Co2+ ions. 

 
 
 

Figure 1. The isothermal kinetic curves of  
adsorption Co2+ ions on PAA hydrogel  

Figure 2.  The dependence of Ea  
vs. adsorption degree  
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Table 1. The model constant of Co2+ adsorption and kinetic 
parameters  

T (K) k · 10-3 (min-1) R Kinetic parameters 
298 
300 
308 
315 

7.4 ± 0.2 
8.31 ± 0.04 
14.1 ± 0.5 
17.5 ± 0.2 

0.996 
0.9999 
0.991 
0.999 

 
Ea (kJ mol-1) = 41 ± 4 
ln [A/min-1]= 12 ± 2 

R = 0.968 
 

As can be seen from the results presented in Figure 2, the values of the 
activation energy are practically independent of the adsorption degree, and 
in accordance with the model value Ea  = 41 kJ mol-1. This implies that Co2+ 

adsorption on the PAA hydrogel is probably elementary process.  
 

CONCLUSION 
The PAA hydrogel is very efficient adsorbent for removal cobalt-60 from 
radioactive liquid waste. The adsorption of Co2+ions onto the PAA hydrogel 
is a probably kinetically elementary process, which can be modeled with the 
theoretical kinetic model D3 described by the equation: [1-(1-α)1/3]2=kt. 
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