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Abstract 
Macroporous crosslinked copolymer of glycidyl methacrylate and ethylene 
glycoldimethacrylate (PGME) was synthesized by suspension copolymerisation and 
modified by ring-opening reaction of epoxy groups with ethylene diamine, diethylene 
triamine and triethylene tetramine. The uptake of copper ions by amino-functionalized 
macroporous PGME from aqueous solutions was investigated in batch experiments. 
The equilibrium data fitted well with the Langmuir model. 

Introduction 
Metal adsorption through precipitation and ion exchange/chelation is a common 
approach for reducing the toxicity of the wastewater streams of hydro-metallurgical 
and other industries [1]. Chelating copolymers that consist of crosslinked copolymer 
(solid support) and ligand with O, N, S and P atoms that coordinate different metal 
ions, are often used for that purposes. Amino-functionalized macroporous glycidyl 
methacrylate copolymers, obtained by reaction of epoxy groups of the copolymer with 
amines posses high capacity and good selectivity for heavy metal ions, combined with 
chemical and mechanical stability [2,3]. In this study, macroporous crosslinked 
copolymer of glycidyl methacrylate and ethylene glycoldimethacrylate (PGME) was 
modified with ethylene diamine (PGME-en), diethylene triamine (PGME-deta) and 
triethylene tetramine (PGME-teta). Amino-functionalized samples were used for 
copper sorption. The experimental data were analysed by the Langmuir model of 
adsorption. 

Experimental 
Macroporous PGME (surface area 36 m2g-1, pore diameter 87 nm, particle size 150-
500 µm) was prepared by suspension copolymerisation [6]. PGME-en was obtained by 
heating the mixture of 4.0 g of PGME, 10.0 g of ethylene diamine and 100 ml of 
toluene at 80 °C for 6 h. PGME-deta was obtained by heating the mixture of 3.6 g of 
PGME, 15.7 g of diethylene triamine and 100 ml of toluene at 80 °C for 6 h. PGME-
teta was obtained by heating the mixture of 5.0 g of PGME, 7.75 g of triethylene 
tetramine and 30 ml of toluene. After the reaction, samples were filtered, washed with 
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Fig. 1. Adsorption isotherms of Cu(II) on PGME-en, 
PGME-deta and PGME-teta at pH 4 and 25 °C. 

ethanol and dried. Sorption of Cu(II) ions was studied by contacting 0.1 g of 
copolymer with 50 ml of metal salt solution. After 3 h, samples were filtered and the 
Cu(II) concentration in filtrate was determined by atomic absorption spectrometry 
(AAS, SpectrAA Varian Instruments). The sorption capacity was calculated from 
expression: 

 

m
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Q
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=
)( 0      (1) 

 

where C0 and C are the concentrations of the metal ions in the initial solution and in 
the aqueous phase after treatment for certain period of time, respectively, V is the 
volume of the aqueous phase and m is the amount of the copolymer beads used for the 
experiment. 

Results and Discussion 
The adsorption isotherms of Cu(II) on amino-functionalized samples are shown in Fig. 
1. The maximum uptake for 
PGME-en, PGME-deta and 
PGME-teta are 1.38, 2.20 and 2.62 
mmolg-1. Obviously, the Cu(II) 
uptake increases with the increase 
of equilibrium concentration until 
reaching the saturation value, after 
which the concentration no longer 
affects the uptake capacity. The 
affinity of the adsorbent towards 
the metal ions may be verified by 
plotting the adsorption data 
according to Langmuir adsorption 
model [5]: 

 
 

 
 

where Ce is the equilibrium concentration of metal ions in solution, qe the adsorbed 
value of metal ions at equilibrium concentration, qs the saturated adsorbing 
capacity and K is the binding constant, related to the energy of adsorption. Plots 
Ce /qe vs. Ce gave a straight line, indicating that the adsorption corresponds to 
Langmuir isotherm.  The values of qs and K for adsorption of Cu(II) on PGME-en, 
PGME-deta and PGME-teta were obtained from the slopes and intercepts of the 
lines in Fig. 2 and reported in Table 1. The value of correlation coefficient (r2) and 
experimental value of saturation capacity, qe, exp, indicate that the Langmuir isotherm 
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Fig. 2. Langmuir isotherms for Cu(II) adsorption on 

PGME-en, PGME-deta and PGME-teta. 

has been best fitted for 
Cu(II) sorption on 
PGME-en.  The lowest 
value of correlation 
coefficient (0.970) 
indicate deviation from 
Langmuir model in the 
case of Cu(II) uptake on 
PGME-deta. 
 
 
 
 
 
 

 
Table 1. Parameters of Langmuir adsorption isotherm for the 
Cu(II) adsorption  on amino-functionalized samples at 25 °C. 

Sample exp,eq , 

mmolg-1 
sq , 

mmolg-1 
K  

dm3mmol-1 r2 

PGME-en 1.38 1.47 0.62 0.999 
PGME-deta 2.20 3.06 0.10 0.970 
PGME-teta 2.62 3.98 0.07 0.994 

Conclusion 
The obtained results show that the equilibrium distibution of Cu(II) between the 
sorbent and solution phases can be described using the Langmuir model of monomole-
cular layer adsorption. The best fit for the Cu(II) adsorption data was observed for 
PGME sample modified with ethylene diamine. 
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