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Abstract 
The removal of manganese (Mn2+, MnO4

-) and iron (Fe3+, Fe(CN)4
4-) from 

aqueous media by micellar (MEUF) and polyelectrolyte (PEUF) enhanced 
ultrafiltration was investigated. For present study heksadecyltrimethylammonium 
bromide (CTAB) as the surfactant and polyethyleneimine (PEI) as the 
polyelectrolyte were chosen. The membrane was formed from aminated 
polyethersulfone. It was shown that MEUF and PEUF can be valuable alternative 
for the removal of manganese and iron from aqueous media. 
 

1. INTRODUCTION 

The intensive development of agriculture and wide application of 
chemicals led to the contamination of many natural water reservoirs and 
ground waters by heavy metal ions. The traditional treatments of metal-
contaminated waste comprised such processes as: liquid-liquid extraction, 
adsorption, precipitation or ion-exchange. The mentioned above techniques 
posses some disadvantages - they are based on the heterogeneous reactions 
and usually eliminate but not recover the metals. Membrane separation 
processes, consuming less energy and being more ecological than 
conventional separation techniques, are receiving considerable interest in 
technologies important from environmental point of view.  

Ultrafiltration (UF) is efficient in removal large molecular substances 
(polymers, colloids) of size ranging from 2 to 100 nm and molecular 
weight larger than 500 Da. The pore size of any ultrafilter is too large to 
reject small molecules like inorganic ions. In these cases simple 
ultrafiltration can be replaced by such non-conventional processes as 
Micellar Enhanced Ultrafiltration (MEUF) [1] and Polymer Enhanced 
Ultrafiltration (PEUF) [2]. MEUF and PEUF are the combination of two 
phenomena - ultrafiltration with solubilizing of metal ions by surfactant 
micelles (MEUF), or binding to a water soluble polymer (complexation) 
(PEUF). 
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Polyethersulfone, PES, is frequently used as a membrane material due 
to its thermal, biological, and chemical stability. Hydrophobicity, the most 
serious disadvantage of the PES membrane, can be overcome by 
introduction of ionic functional groups to the polymer. The porous ion 
exchange membranes form the new category of filtration media. The 
improvement of solute rejection and decrease of membrane fouling ability 
are the main profits coming from the use of such membranes [3-5]. 

The aim of this work was to test the usefulness of porous ion exchange 
membranes made of aminated polyethersulfone in the non-conventional 
separation processes (MEUF and PEUF) for removal of manganese and 
iron from aqueous media.  

 
2. EXPERIMENTAL 

2.1. POLYMER MODIFICATION 

Polyeterosulfone (PES), Ultrason E2020P (Mw=58kDa, BASF) was 
chloromethylated using a mixture of methyl chloromethyl ether (50 mole 
per mer PES) with SnCl4 (5 mole per mer PES). The reaction was 
conducted for 24 hours at room temperature. The porous membranes were 
formed directly from the chloromethylated derivative. Aminolysis of 
chloromethylated polymer was carried out in 50 vol.-% solution of N,N-
dimethylaminoethanol in 1:1 mixture of water and methanol. The reaction 
was completed within seven days at room temperature.  

2.2. PREPARATION AND PROPERTIES OF MEMBRANES 

Porous asymmetric membranes were formed by the phase inversion 
method from 16%-wt. solution of chloromethylated PES (after amination – 
porous anion exchange membrane), using water was as the coagulation 
medium. The ion exchange capacity was assayed by acid-base titration 
method [6]. Porosity was determined gravimetrically and average pore 
diameter was calculated according to Ferry-Faxen relationship. The 
Amicon 8200 dead-end cell with filtration surface area of 19.6 cm2 was 
used. The transmembrane pressure was equal to 0.1 MPa.  

Mixtures of K4[Fe(CN)6] or KMnO4 (1 mM) with hexadecyl-
trimethylammonium bromide, CTAB, (0.9 and 4.5 mM), and FeCl3 or 
MnCl2 (1mM) with polyethyleneimine, PEI, (4 mM) were filtered through 
APES membrane. The concentration of metals was determined using AAS 
method (AAnalyst 100, Perkin-Elmer). To evaluate the filtration efficiency 
in removal of manganese and iron, the rejection coefficient (R) was 
calculated: 

R = (1 – cp/cf) x 100    (1) 

where cp , cf  are the ion concentrations in permeate and feed, respectively. 
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3. RESULTS 

To reduce tendency of cationic surfactant to deposit on the membrane 
surface, aminated polyetherosulfone membrane was used (Table 1). 

Table 1. Properties of ultrafiltration membrane from APES 

Ion exchange 
capacity 
mmol/g 

Porosity 
% 

Average pore 
diameter 

nm 

Flux of water 
under 0.1 MPa 

dm3 /m2 h 

1.6 79 21 100 

The porous structure of APES membrane is suitable for use in MEUF and 
PEUF processes - rejection of PEI and CTAB reaches values above 80%.  
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Fig. 1. Rejection of manganese and iron as a function of: 
a) concentration of CTAB, b) pH of PEI 

 
Manganese and iron are solubilized on the surface of CTAB micelles 

due to strong ionic interaction between anionic form of investigated metals 
and cationic surfactant. At concentration of CTAB equal to 4.5 mmol/dm3  
(5 cmc) almost 100% of both anions are rejected (Fig. 1a).  

PEI is very effective coupling agent. Iron cations bond to PEI stronger 
than manganese ions. The best results for both cations have been obtained 
at pH = 9 (Fig. 1b). 

During PEUF-MEUF hybrid process higher rejection of Mn(II) is 
obtained (Fig. 2). In this process sodium dodecyl sulfonate (SDS, anionic 
surfactant) and polyethyleneimine compete in Mn(II) cations bounding. 
After addition of PEI to SDS solution the critical micelle concentration is 
lowered [7]. The best result, almost 90% of Mn(II) rejection, was obtained 
for the mixture of 4 mM PEI and 4.05 mM SDS (0.5 cmc for neat SDS in 
distilled water). 
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Fig. 2. Rejection of manganese as a function of kind of enhanced agent: 

A. SDS, c=4.05 mM, B. SDS, c=8.1, C. SDS, c=4.05mM + PEI, c=4 mM 
 

4. CONCLUSIONS 

1. Micellar-enhanced and polymer-enhanced ultrafiltration can be 
valuable alternative for the removal of manganese and iron from 
aqueous medium. 

2. Rejection of manganese and iron anions in MEUF depends on 
concentration of surfactant; almost full retention (100%) can be 
obtained with concentration of CTAB equal to 5 cmc. 

3. Rejection of manganese and iron cations in PEUF depends on pH 
of PEI; the highest rejection can be obtained at pH=9. 

4. The best results can be obtained for removal of manganese cations 
during PEUF-MEUF hybrid process.  
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