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A B S T R AC T

The binding and retention of single metal ions and mixtures of metal ions with polyethyl-
enimine (PEI) was studied using polymer enhanced ultrafi ltration (PEUF). Using a highly 
branched chain form of PEI (Sigma Aldrich 181979) with an average molecular weight 750,000 
and approximately 60,000, ultrafi ltration experiments were carried out in the stirred dead-end 
ultrafi ltration mode. The results of the binding studies show that the Langmuir isotherm offers 
a good description of the binding process. At pH 5.5, the maximum polymer binding (Qmax) 
and binding affi nity constant (KL) were determined according to Langmuir isotherms. It was 
observed that the maximum amount of metal ions bound to the polymer for Cu2+, Zn2+, Ni2+ and 
Cd2+ decreased substantially in solutions containing mixtures of metal ions when compared 
to the values obtained for single metal ion solutions. For Cr6+ and Co2+ no signifi cant decrease 
was seen. These data indicate that the binding capacity of Cr6+ and Co2+ remain constant in 
competition while Cu2+, Zn2+, Ni2+ and Cd2+ show changes in both binding capacity and equi-
librium constant. The effectiveness of the polymer enhanced ultrafi ltration (PEUF) process was 
shown to be heavily dependent on the concentration of competing metal ions, infl uencing both 
capacity and selectivity of the polymer. These fi ndings suggest that the effectiveness of metal 
binding needs to be determined in the specifi c water to be treated before the PEUF system can 
be designed.
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1. Introduction

Toxic heavy metals appear in low concentrations in 
industrial and wastewater discharges. The potential 
adverse health impact and environmental concerns have 
resulted in more stringent environmental legislation 
regarding effl uent quality standards [1,2]. Conventional
methods which have been successfully used for heavy 
metals removal include the use of liquid–liquid extrac-
tion, ion-exchange, adsorption and precipitation reagents. 

However, these techniques offer signifi cant disadvan-
tages relating to heterogeneity of absorption process 
reactions leading to mass transfer limitations, incom-
plete removal, high energy requirement or chemical con-
sumption and generation of toxic sludge or solid waste 
that also requires expensive disposal [3–5]. On the other 
hand, membrane separations are effi cient and widely 
applied separation processes that are comparable to other 
separation techniques in terms of technical and economi-
cal feasibility [6]. Many commercial separation prob-
lems are being solved by membrane processes, which 
can be successfully used to treat industrial wastes [7]. 




