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Abstract 
This work is concerned with the selective removal of copper from waste or 

process streams containing strong anionic complexes (NTA, EDTA). The 
conditions for efficient sorption of copper from NTA (EDTA) complex were 
determined on oligo(ethyleneamine) resins in the free base form. 

The sorption of metals on standard carboxylic or iminodiacetate cation 
exchangers was not effective for removal of metals of NTA or EDTA complexes. 
The sorption was only effective when a suitable oligo(ethyleneamine) ligand was 
added into the treated solution containing anionic complex. The conditions and 
mechanism of this recomplexation process were studied in this work. 

 

1. INTRODUCTION 

The uptake of heavy metals on various cation exchange resins 
proceeds predominantly through electrostatic attractive forces. But on 
carboxylic cation exchanger and on chelating iminodiacetate cation 
exchange resin the coordination of heavy metal cations to N- and/or O- 
atoms of resin’s functional groups also contributes to the uptake of metal 
by ion exchanger. The uptake of heavy metals by oligo(ethyleneamine) 
resins (OEA) is based on the coordination bond of heavy metal cation to N-
atom of resin’s functional group in the free base form [1]. 

The application of OEA resins in the free base form is efficient for 
sorption of copper (breakthrough capacity 0.72 eq.L-1).  

The sorption of copper or nickel from EA ligands on sulfonic, 
carboxylic and iminodiacetate cation exchangers is effective. The break-
through capacities were greater than 1.24 eq.L-1 [1]. Very low breakthrough 
capacities (0.02-0.11 eq.L-1) were determined for the sorption of copper or 
nickel from oligo(ethyleneamine) ligand on oligo(ethyleneamine) resins in 
the free base form. 

The sorbent having OEA group in the free base form is able to remove 
effectively heavy metal-cations from neutral and alkaline solutions 
containing EDTA chelating agent. [2]. 
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Iminodiacetate chelating cation exchanger [3] is used quite commonly 
for the removal of heavy metals from citrate-containing waste water but 
weakly acidic carboxylic cation exchanger is not efficient for uptake of 
metals from citrate solutions [4] or NTA complexes [1]. 

 
2. EXPERIMENTAL 

The following resins were used in the study: 
a) special acrylamide resins having oligo(ethyleneamine) moieties in the 
free base form with functional groups:  

TETA = triethylenatetramine (Lewatit E-2) 
TEPA = tetraethylenepentamine (Lewatit E 1, Purolite S 960, Ionac A-305) 
PEHA = pentaethlylenehexamine (Lewatit 6718 HLH)  

b) iminodiacetate cation exchanger in the Na+ form (Lewatit TP-207) 
c) carboxylic cation exchanger in the Na+ form (Duolite C433) 

All presented results were obtained by dynamic column experiments 
that were carried out using synthetic metal solution containing 1 mmol.L-1 
of metal ions and 2 mmol.L-1 EA and 2 mmol.L-1 NTA (EDTA). pH value 
of loading solutions was 8. The specific flow rate (s) of loading solution 
was 6 BV.h-1. Column inner diameter was 12 mm, bed volume 30 mL and 
bed height 26.5 mm. The sorption run was terminated at metal 
breakthrough concentration 1mg.L-1. The metals were analyzed by AAS.  

The regeneration of carboxylic cation exchanger and on chelating 
iminodiacetate cation exchange resin consisted of two steps. In the first step 
3 BV of 2M HCl and in the second step 5 BV of 1M NaOH were applied at 
a flow rate of 3BV.h-1. The regeneration of resins having oligo(ethylene-
amine) moieties consisted of three steps. In the first step 5 BV of 1M 
Na2SO4 in the second step 5 BV of 1M H2SO4 and in the third step 5 BV of 
1M NaOH were applied at a flow rate of 3 BV.h-1.  
 

3. RESULTS AND DISCUSSION 

The application of carboxylic or iminodiacetate cation exchangers was 
not efficient in the case of NTA and EDTA complexes [5] because of high 
stability (Tab.1.) of these anionic complexes in the treated solution. 

Table 1.  The logarithmic values of stability constants of Cu complex [6] 

 
Ligand 

 

 
Log K 

 
Ligand 

 
Log K 

EDA 
DETA 
TETA 
TEPA 

10.7 
16.1 
20.4 
23.1 

PEHA 
IDA 
NTA 

EDTA 

26.2 
10.3 
12.9 
18.2 
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Experimental results showed that oligo(ethyleneamine) resins in the 
free base form were efficient for sorption of copper from NTA or EDTA 
complex (Tab.2.). 

Table 2. The sorption of copper from NTA or EDTA complex 

An addition of suitable oligo(ethyleneamine) ligand into the treated 
solution containing anionic complex made sorption onto these cation 
exchangers possible. Anionic metal complexes were gradually and 
continuously transformed into cationic complexes by addition of 
oligo(ethyleneamine) ligand until the heavy metals were completely 
removed from the solution by cation exchangers.  

Heavy metals present as cationic ethyleneamine complexes were then 
removed from solution quantitatively and without problems by cation 
exchangers. Carboxylic cation exchanger (Tab.3.) removed copper from 
NTA solution when TEPA ligand was added into loading solution. 
Iminodiacetate cation exchanger took up copper quantitatively when EDA 
ligand was added into loading NTA solution (0.64 eq.L-1). 

 

Table 3. The sorption of copper from NTA and EA complex on carboxylic 
exchanger 

Loading solution 
Breakthrough capacity 

[eq.L-1] 

Cu + NTA + DETA 
Cu + NTA + TETA 
Cu + NTA + TEPA 

0.03 
0.07 
0.14  

The sorption of copper from EDTA complexes on iminodiacetate and 
carboxylic cation exchanger was quantitative after addition of TETA and 
TEPA ligand, respectively (Tab.4.). 

Breakthrough capacity 
[eq.L-1] Ion exchanger 

NTA EDTA 

Lewatit E-1 (50 % TEPA) 
Lewatit E-2 (70 % TETA) 
Purolite S-960 (TEPA) 
Ionac A-305 (TEPA) 
Lewatit 6718 HLH (PEHA) 
Lewatit TP-207 (IDA)  
Duolite C433  

1.02 
0.72 
0.20 
0.78 
1.14 
0.08 
0.00 

0.49 
0.50 
0.11 
0.20 
    - 
0.00 
0.00 
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Table 4. The sorption of copper from EDTA and EA complex on IDA exchanger 

Loading solution 
Breakthrough capacity 

[eq.L-1] 

Cu + EDTA + TETA 
Cu + EDTA + TEPA 

0.10  
0.22  

The effect of recomplexation process was studied also on the sorption 
of copper from solution NTA and EDA ligands on oligo(etylenamine) 
resins. This sorption was not effective because copper with NTA ligand 
forms stronger complex than copper with EDA ligand (Tab.5.). 

Table 5. Sorption of copper from NTA and EDA on oligo(etylenamine) resins 

Oligo(etylenamine) resin 
Breakthrough capacity 

[eq.L-1] 

Lewatit E-1 (50% TEPA) 
Lewatit E-2 (70% TETA) 

0.03 
0.02 

 

4. CONCLUSIONS 

The standard carboxylic or iminodiacetate cation exchangers can be 
efficiently used for removal of copper from NTA or EDTA complexes 
when stronger oligo(etylenamine) ligand is added into the loading solution. 
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