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Abstract 

Ultrafiltration membranes are largely applied for macromolecular and heavy metal ion separations from 

aqueous streams. Cellulose acetate and Polycarbonate membrane prepared in the presence of the polymeric additive, 

such as polyethylene glycol of various molecular weights such 200, 400 and 600 were subjected to the rejection of 

macromolecular proteins such as bovine serum albumin, and pepsin. Toxic heavy metal ions such as Ni2+ and   Cd2+ 

were subjected to rejection by the blend membranes by complexing them with a polymeric ligand, polyethyleneimine. 

The effect of additives on the rejection and permeate flux of both proteins and metal ions are discussed. 
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Introduction 

It has become mandatory for the industries 

to treat the wastewater streams because they would 

otherwise adversely affect the aquatic life and also 

contaminate the ground water. At present membrane 

separation process in general and Ultrafiltration (UF)   

in particular has become effective in the separation of 

macromolecular solutions. Membrane processes are 

gaining momentum in view of their wide application 

in various industries such as chemical, food, 

pharmaceutical and metal finishing industries 

(Kuttowy, 1975). Even though membranes are 

normally fabricated from commercial polymers 

(Prabahaker, 1986) the adaptability of membrane 

processes to a wide range of applications stems from 

the development of new polymers or modifications of 

the existing polymers. The performance of cellulose 

acetate (CA) membranes may be improved by 

blending with appropriate polymers because polymer 

blends provide an efficient way to fulfill new 

requirements for material properties. CA-

Polycarbonate     (CA/PC)       blend        ultrafiltration  

membranes with polyethylene glycol (PEG) of various 

molecular weight (200, 400, 600) as additives have 

been prepared and applied to the rejection of proteins, 

including bovine serum albumin (BSA) and  pepsin  

with the achievement of more than 90% rejection 

(Mahendran, 2004). Because of the excellent film-

forming properties of CA, polymer blends based on 

CA were chosen for these investigations.  

Similarly, several chemical, electronic, 

electrocoating, metal-refining, and metal finishing 

industries face severe problems in terms of the 

disposal of their waste streams when highly toxic or 

valuable constituents such as heavy metal ions are 

present. A process for the recovery metal ions, such as 

Ni(II) and Cd (II) from industrial wastewater by their 

complexation with polyethyleneimine was attempted 

(Ingmar, 2000). This study was one in a series of 

investigation on the preparation of CA/PC blend 

ultrafiltration membranes. The main objective of this 

study was to examine the effects of PEG of various 

molecular weight (200, 400 and 600) on CA/PC blend 
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composition for the removal of proteins and metals 

from aqueous streams.          

Materials and methods 

          A  PEI [weight-average molecular weight 

(Mw)=600,000 -1,000,000] 50% aqueous solution was 

procured from Fluka Chemie AG (Steinheim, 

Switzerland) and was used as 1 wt% aqueous solution. 

Anhydrous sodium monobasic phosphate heptahydrate 

were procured from CDH Chemicals, Ltd. (Mumbai, 

India), were used for the preparation of phosphate 

buffer solutions in the protein analysis. 

Proteins 

         Proteins viz, bovine serum albumin (BSA), 

Mw=69kDa, pepsin Mw=35 kDa were purchased from 

SRL Chemicals Ltd, India and used as received. 

Metal salts 

         Nickel (II) sulphate (AR) and Cadmium (II) 

chloride (AR) were procured from Qualiens Fine 

Chemicals, India and used as such. Deionised and 

distilled water was employed for the preparation.       

Rejection studies 

          The UF experiments for solute rejection were 

carried out with CA/PC membrane at composition of 

80/15% and at additive concentration of 5 wt% PEG 

(200, 400, 600).The rejection and flux experiments 

were carried out a room temperature with an UF kit 

with a 450 ml capacity and a holdup volume of 10 ml 

that was supplied by M/s Spectrum, Inc., The effective 

membrane surface area was 3.5 cm2, and the applied 

pressure was 345 kPa. A Constant agitation speed of 

500 rpm was used throughtout the study to reduce 

concentration polarization. 

Rejection of protein solutions 

The proteins BSA, Pepsin were dissolved in 

a 0.1 wt% phosphate buffer (0.5 M, pH 7.2) solution 

and used as standard feed solutions for the analysis of 

the proteins. For all the experiments, the concentration 

of the feed solutions was kept constant at 0.1 % and 

the volume was 10 ml. After the membrane was 

mounted in the UF test kit, the chamber was filled 

with the individual protein solution and pressurized 

under a nitrogen atmosphere at 345 kPa which was 

maintained constant throughout the run, permeate was 

collected over measured time intervals in graduated 

tubes, and the tube contents were analyzed for protein 

content by ultraviolet spectrophotometer (Hitachi, 

model U-2000) at   max=280 nm. The percentage 

solute rejection (%SR) was calculated from the 

concentration of the feed (Cf ) and the concentrate of 

the permeate (Cp )  with the following equation:                                              
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Rejection of metal ion solutions 

Aqueous solutions of Ni (II), and Cd(II) 

were prepared at concentrations of 1000 ppm in a 1 wt 

% solutions of PEI in deionized water. The pH of 

these aqueous solutions were adjusted to 6 ±0.25 by 

the addition of a small amount of either 0.1 M NaOH 

or 0.1M HCl. Solutions containing PEI and individual 

metal ions were thoroughly mixed and left standing 

for  5 days to complete binding (Malaisamy, 2001). 

For the presetting of the membranes and the 

maintenance of a constant flux, each metal-ion- PEI 

complex solution was run in the UF test kit at 345 kPa 

with compressed air. The percentage rejection of the 

metal ions was determined by analysis of the 

concentrations of the feed and permeates with an 

atomic absorption spectrophotometer (PerkinElmer 

2380, California). In the absence of metal ions, the 

concentration of PEI was measured by ultraviolet 

visible spectrophotometry (Hitachi, model U-2000) at 

max=269 nm and % SR was determined with the same 

formula as that for protein rejection.  

Results and discussions 

 The rejection of the proteins BSA, and 

Pepsin were attempted individually with the prepared 

membranes. Initially, a protein of low molecular 

weight, pepsin was used for the UF experiments 

because we expected the use of a   high-molecular 
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weight protein at the beginning would spoil the 

originality of the pores for the separation and 

comparison of low-molecular weight proteins 

(Volchek, 1993; Brinck et al., 2000).  

Protein rejection studies 

 The effects of the molecular weight of PEG 

on the rejections of the blend membranes are shown in 

table 1. The molecular weight was increased from 200 

to 600 in the blend compositions and the percentage 

rejection decreased. For the CA/PC/PEG200 

membrane with BSA rejection was 96% and it 

decreases to 76% with the increase of the molecular 

weight to 600. A similar trend was also observed for 

the other protein, with varying magnitudes. This may 

be due to leaching out of the PEG600 additive from 

the membranes during gelation, which created pores 

proportionately on the membranes. The higher 

percentage rejection of BSA was obviously due to 

their molecular sizes (Juang, 1993; Jorvis, 1995).  

Table 1. Protein rejection studies 

Table 2.  Protein permeate flux studies (l m-2 h-1) (P- 

Pepsin) 

Polymer 

(17.5wt%) 

 Additive(wt%)   

CA PC PEG PEG PEG BSA P 

200 400 600   

85 15 5 - - 44.4 49.7 

85 15 - 5 - 77.6 87.5 

85 15 - - 5 90.5 95.6 

Table 3. Metal rejection studies 

Polymer 

(17.5wt%) 

 Additive(wt%)   

C

A 

PC PEG PEG PEG NI 

(II) 

Cd 

(II) 

200 400 600   

85 15 5 - - 96 92 

85 15 - 5 - 91 79 

85 15 - - 5 82 63 

 

 

Protein flux studies  

The permeate protein flux is the measure of 

product rate of the membrane for the given protein 

solutions. The presence of additive in the casting 

solution had a significant role in morphology and in 

turn on the flux of the resulting membranes. The  

increase of molecular weight of PEG additive from 

200 to 600 increased the protein permeate flux from 

44.41  to 90.5  l m-2h-1 for BSA as shown in table 2. A 

Similar trend was also observed for the other protein. 

This may have been due to the faster rate of leaching 

out of the PE600 additive during gelation. In all the 

membranes regardless of the molecular weight of PEG 

the order of protein flux was pepsin> BSA.  BSA was 

found to have the lowest flux. This trend may be due 

to pepsin having the lower molecular weight than 

BSA. 

Metal ion rejection studies 

The CA/PC blend membranes, were subjected 

to the rejection of metal chelated ions and the results 

are given in table 3.  The additive plays a key role in 

the membrane performance. When the molecular 

weight of additive was increased, from 200 to 600 the 

rejection decreased linearly. For the blend membranes 

CA/PC when the molecular weight of additive was 

increased from 200 to 600 the rejection decreased 

from 96 to 82 % for Ni (II). The decrease in rejection 

with the increase molecular weight of PEG may be 

due to the fact that the higher amount of non-solvent 

additive leads to rapid formation of larger and bigger 

pores during gelation because of the 

thermodynamically instability and to lower the free   

energy of the system. The decrease in rejection in the 

presence of additive may be attributed to the rapid 

leaching out of pore former creating larger pores 

(Solpan, 1998). 

Metal ion permeate flux studies 

The metal ion permeate fluxes are measured 

simultaneously during rejection process.  The  additive  

 

Polymer 

(17.5 wt 

%) 

              Additive 

(wt%) 

 

BSA 

 

PEPSIN 

CA/PC PEG PEG PEG 

(%) 200 400 600   

85/15 5 - - 96 92 

85/15 - 5 - 86 78 

85/15 - - 5 76 67 



Vijayalakshmi et al., 2012 

   

played a major role in the membrane performance and 

the results of metal ions rejections are shown in table 

4. An increase in permeate flux was expected for the 

metal ions solutions upon increase in molecular 

weight of additive. The CA/PC/PEG200 offered a 

lower flux of 30.1l m-2h-1 for Ni (II) and a higher value 

of 43.9l m-2h-1 for Cd(II). When the molecular weight 

was increased to 600 the flux of Ni (II) is increased to 

55.7l m-2h-1. The increase in flux on the increase in 

molecular weight may have been due to the higher 

hydrophilicity of PEG-600 in the blend system. This 

increase in flux due to increase in molecular weight 

additive is, obviously, because of the pore former 

PEG600 which got leached out during gelation, 

creating pores. The order of flux of the metal chelates, 

Cd (II) >Ni (II) was primarily due to the larger metal 

chelate size of Ni(II)-PEI and the smaller size of the  

Cd(II)-PEI complex. 

Table 4. Metal permeate flux studies (l m-2 h-1) 

Polymer 

(17.5wt%) 

 Additive(wt%)   

CA PC PEG PEG PEG Ni(II) Cd 

(II) 

200 400 600   

85 15 5 - - 30.1 55.7 

85 15 - 5 - 35.9 60.8 

85 15 - - 5 43.9 72.8 

Conclusions 

CA/PC blend UF membranes with different 

molecular weight of additive concentrations were used 

for the rejection of the proteins BSA, and Pepsin. The 

maximum percentages of rejection achieved for the 

proteins in the blend system were 95, 92% 

respectively. The toxic heavy metal ions Ni(II) and 

Cd(II) were also rejected by complexation with PEI 

and the maximum percentages were 94, and 90 in the 

CA/PC blend systems. The molecular weight of 

additive had a considerable impact on the rejections 

and permeates flux of the proteins and metal ion 

complexes. The rejection of proteins and metal ions 

were lower and flux higher for blend membranes.  
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