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Abstract. Adsorption of Co(II) on synthesized chitosan-g-poly (acrylic acid) hydrogel was 
investigated, using batch adsorption technique under different experimental conditions of 
equilibrium pH, concentration of common competing ions, contact time and temperature. The 
Langmuir adsorption model fitted the experimental data reasonably well better than Freundlich 
model. The maximum monolayer adsorption capacity of Co(II) was 73.0 mg/g at 298 K. Kinetics 
experiments indicated that the adsorption of Co(II) on synthesized chitosan-g-poly (acrylic acid) 
hydrogel can be simulated by pseudo-first-order model.  

Introduction 

With the rapid development of nuclear power application around the world, radioactive wastes 
containing enormous amounts of radionuclides have become a focus of concern, which may pose 
serious chemical and radiological toxicity threats to the environment. Among common radioactive 
nuclides, 60Co is one of the most harmful nuclides owning to its strong γ-emission and relatively long 
half-life of 5.3 years [1]. 

Adsorption removal of 60Co has gained wide attention because of high efficiency, low cost and 
operation convenience compared with other available removal methods, such as chemical 
precipitation, reverse osmosis, ion exchange, solvent extraction, coagulation and membrane 
separation [2, 3]. Chitosan has been investegated with the application for 60Co and other radioactive 
nuclides adsorption, due to its metal ions adsorption capacity and nontoxicity [4]. As the copolymer 
obtained by deacetylation of chitin, the hydroxyl and amine groups existing in the chitosan polymer 
chain can react with radioactive nuclides by the mechanism of chelation and/or ion-exchange [5]. 
However, the mechanical strength and adsorption rate are often found to be unsatisfied in practice [4].  

Hydrogel is the hydrophilic polymers with the structure of three dimensional networks which 
crosslinked by the chemical or physical interactions [6]. Various functional groups can load on 
hydrogel, such as amine, carboxylic acid, hydroxyl, and sulfonic acid groups, which attached onto the 
polymeric networks as the excellent active sites [7-9].  

To enhance the mechanical strength and adsorption rate of chitosan absorbent, chitosan based 
hydrogel was synthesized for simulated radioactive cobolt adsorption in this study. Chitosan was 
used as the backbone to graft poly (acrylic acid) to synthesize a hydrogel adsorbent chitosan-g-poly 
(acrylic acid) (CTS-g-PAA). The effects on Co2+ adsorption were studied in terms of equilibrium pH, 
concentration of common competing ions, contact time and adsorption temperatures. The adsorption 
kinetics and isotherms were also investigated. 

Material and methods 

Materials. Chitosan (CTS) with 90% deacetylation degree was provided by Sinopharm Chemical 
Reagent Co.,Ltd (China). Potassium persulfate (KPS, AR) and N, N’-methylene-bisacrylamide 
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(MBA, AR) were provided by Tianjin Kaiton Chemical Reagent Co., Ltd.  (China). Acetone (Ac, AR) 
was provided Tianjin Dongzheng Chemical Industrial Co., Ltd. (China). Acrylic acid (AA, CP), 
ammonium ferrous sulfate ((NH4)2SO4FeSO46H2O, AR) and other inorganic reagents were bought 
from Tianjin Kemiou Chemical Reagent Co., Ltd. (China). All solutions were prepared with 
deionized water. Solutions of the NaOH (0.1M) and the HNO3 (1M) were used to adjust pH in bacth 
adsorption experiments. 

Preparation of chitosan-g-poly (acrylic acid) hydrogel. Solution A was obtained by diluting 
17.5 mL AA with 30 mL deionized water. CTS (1.5g) was completely dissolved  in solution A to 
prepare the colloidal solution B. KPS and ammonium ferrous sulfate were added as initiating agents 
in colloidal solution B with continual stirring at 70 ℃ for 2h. MBA (0.1g) was mixed into the 
resulting solution and stirred for another 1h at the same temperature for obtaining the colloid mixture 
of CTS and PAA. Then, the colloid mixture of CTS and PAA was rapidly cooled and excessive 
amount of Ac was added. The resulting mixture was kept in static for 30min to prepare the jellied 
CTS-g-PAA. The jellied CTS-g-PAA was washed by Ac 2 to 3 times and dried for 18-20h. After that, 
the prepared material was soaked and washed by deionized water to remove the excessive Ac, dried 
and grinded to get the CTS-g-PAA adsorbent for the subsequent experiments.  

Batch adsorption experiments. In the present study, a series of batch adsorption experiments 
were used to evaluate adsorption behavior of Co2+ on CTS-g-PAA adsorbent. The effect of 
equilibrium pH, concentration of common competing ions, contact time and temperature were 
investigated and the adsorption kinetics and isotherms were analyzed and discussed. Stock solutions 
of Co2+, Na+, Mg2+ and Ca2+ ions with the concentration of 1000 mg/L were prepared by  dissolving 
appropriate amounts of analytical grade nitrate salts in deionized water. Working solution of 15 mg/L 
Co2+ was prepared by stepwise dilution of the stock solution. Batch adsorption experiments were 
carried out  in glass flakes with 0.1 g adsorbent and 50 mL working solution, and in a 
temperature-controlled shaker (SHZ-A) with speed of 140±5 rpm for 24h. The adsorption temperature 
was 298 K in all experiments except for temperature effect experiment, in which a series of  283, 313 
and 333 K were studied. Kinetic experiments were conducted by adding 1.0 g of CTS-g-PAA into 
500 mL Co2+ solution of an initial concentration of 10 mg/L at 298 K. At various time points, 1.0 mL 
solution was taken for Co2+ concentration determination. Co2+ concentration in solutions were 
analyzed by atomic absorption spectrum method with flame atomization (AA-6800). The equilibrium 
adsorption capacity qe (mg/g) of Co2+ was calculated as follows: 

qe = (C0 - Ce)V/m.                                                                                                                                   (1) 
Where, C0 and Ce (mg/L) reprent the initial and equilibrium concentration of Co2+ respectively; V 

is the volume of the Co2+ solution, and m is the weight of CTS-g-PAA. 

Results and discussion 

Effects of the solution pH on Co(II) removal. Fig. 1 showed the adsorption efficiency of Co2+ on 
CTS-g-PAA as a function of pH ranging from 0.8 to 5.6. The removal was a pH-dependent process 
with an optimal pH of approximately 5.5. Lower efficiency was obtained at lower pH values. 
Subsequent experiments were performed with the equilibrium pH around 5.5 in solutions. 

Competition with common cations. In radioactive liquid wastes, 60Co coexist with common 
metal ions. Cations may compete with 60Co during adsorption. Fig. 2 shows the Co2+ removal 
efficiency in the binary solute systems which contain different molar concentrations of Na+, Ca2+ and 
Mg2+. With none competing ions, the adsorption efficiency of Co2+ was 48.05%, marked by the 
dashed. Adsorption efficiencies in the binary solute systems were reduced in presence of competing 
ions and the removal efficiency in the Ca2+/Co2+ system are much lower, which indicated that there 
existed a competition between Co2+and coexisting ions for the binding sites and Ca2+ is more 
affinitive with CTS-g-PAA adsorbent.  

Effect of temperature and adsorption isotherms. Adsorption isotherms of Co2+ at different 
temperatures of 298, 313 and 333 K are presented in Fig.3. Langmuir and Freundlich isotherm 
models were used to describe experimental data. The equations of two models and equilibrium 
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parameters of Co2+ adsorption obtained by regression analysis were listed in Table 1. Lower 
temperatures favored Co2+ adsorption on CTS-g-PAA within the experimental ranges, indicating an 
exothermic adsorption process.  Larger R2 values of Langmuir isotherm model presented a better 
correlation than Freundlich model, indicating for monolayer adsorption of Co2+ on CTS-g-PAA. 
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Fig. 1 Effect of pH on Co2+ removal (298 K; 
dose 2 g/L; initial Co2+ 15 mg/L; 24 h)        

Fig. 2 Effects of competing cations on Co2+ 
removal  (298 K; adsorbent dose 2 g/L; initial 

Co2+ 15 mg/L; pH 5.5; 24h) 
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Fig. 3 Adsorption isotherms of Co2+ at different temperatures (dose 2 g/L; initial Co2+ 15 mg/L; pH 
5.5; 24 h) 

Effect of contact time and adsorption kinetics. Adsorption experiments were carried out at 
different contact times. Fig. 4 illustrated adsorption capacity of Co2+ consisted of two stages: a 
primary rapid stage at the first 60 min and a secondary slow phase from 60 to 240 min. Adsorption 
equilibrium reached at equilibrium after 100-120 min. 

Classic pseudo-first-order and pseudo-second-order models were used to evaluate the kinetic 
mechanism that controls the Co2+ adsorption on CTS-g-PAA. The kinetic models and calculated 
values of parameters are given in Table 2, where qt and qe represent the amount of Co2+ adsorbed 
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(mg/g) at equilibrium and contact time t respectively, k1 (min-1) and k2 (g/(mgmin)) represent the 
kinetic rate constants of pseudo-first-order and pseudo-second-order models. The pseudo-first-order 
model described adsorption data with a higher coefficient of determination of 0.9939, compared with 
that of pseudo-second-order model, suggesting a linear relationship between adsorption rate and Co2+ 
concentration. 
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Fig. 4 Adsorption kinetic curve at 298 K (dose 1 g/L; initial Co2+ 10 mg/L; pH = 5.5) 

Table 1 Isotherm models and equilibrium parameters for Co2+ adsorption 

Model Equation Parameter 
Temperature (K) 

298 313 333 

Langmuir 
eL

eLm

Ck

Ckq
q




1
e  

qm (mg/g), the maximum adsorption capacity 73.0 69.0 27.7 
kL (L/mg), Langmuir constant related to the energy 

of sorption 
0.023 0.018 0.037 

Freundlich n
eFCkq /1

e   
kF (mg/g), adsorption capacity (mg/g) 2.48 1.75 2.53 

n, Freundlich constant indicative of  adsorption 
intensity 

1.37 1.30 1.74 

Table 2 Kinetic models and parameters for Co2+ adsorption 
Model Equation qe k 

pseudo-first-order t
k

qqq ete 303.2
log)(log 1  1.27 0.047 

pseudo-second-order 
eet q

t

qkq

t


2
2

1
 1.43 0.043 

Summary 

Chitosan-g-poly (acrylic acid) hydrogel was synthesized in this study and was expected to present 
high affinity to Co2+ for the presence of large amounts of functional hydroxyl and amine groups. By 
the investigation of Co2+ adsorption on CTS-g-PAA, this material was domestrated to be a promising 
adsorbent, in terms of effecting factors adsorption isotherms and kinetics. 
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