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 In the present work, the effect of additive, polyethylene glycol 35,000 (PEG 35,000) on 

performance of the Polysulfone-based membrane (PSf) prepared in a solvent N-methyl-
2-pyrrolidone (NMP) via phase inversion technique was investigated. The effect of 

additive concentration on the casting solution on the PSf-based membranes 

performance such as morphology, water content, porosity, pure water flux (PWF) and 
rejection were investigated. The membrane morphology in term of cross section 

showed that all images showed the membranes were having asymmetric structure 

consisting of a dense top layer, a porous sublayer, and a small portion of sponge-like 
bottom layer. The top layer of the membrane consists of finger-like structure while at 

bottom layer has macrovoid structure. With increasing the additive, the finger-like 

structure become longer to the bottom and macrovoid become smaller. For top layer of 
the cross section showed that with the increment of PEG in the casting solution tends to 

have dense layer. Equilibrium water content (EWC) increase from PSf 1 (0 % of PEG) 

to PSf 4 (5 % of PEG) and then decrease when the PEG concentration up to 7 % and 9 
% (PSf 5 and PSf 6), respectively. The same trend can be detected on porosity of the 

membranes that is for PSf 1 (0 % of PEG) is 0.43, PSf 2 (1% of PEG) is 0.57, PSf 3 (3 

% of PEG) is 0.67, PSf 4 (5 % of PEG) is 0.86, PSf 5 (7 % of PEG) is 0.76 and PSf 6 (9 
% of PEG) is 0.69. In this experiment, PSf 4 has the high value of EWC and porosity 

compared to other membranes. The addition of the additives into the casting solution 

changed the structure of the resultant membranes, which was believed to be associated 
with the change the permeated of water. The results demonstrated that the value of 

fluxs permeate for all membrane increase with increasing the pressure. PSf 4 showed 

the high value of flux compared to others membranes. In the graph, the PWF is increase 
with increasing the PEG concentration. However, the value of PWF is reduced when 

the PEG concentration up to 7 % and 9 %. It is because high concentration of PEG in 

casting solution is less soluble compared to low concentration of PEG. For rejection 
test on bovine serum albumin (BSA) solution as feed solution, there are no significant 

changes because the differences of the percentage of rejection of all membrane not far 

from one another. As a conclusion, PEG additive can make the membrane performance 
better. However, at certain point PEG also can reduce the performance of membranes. 
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INTRODUCTION 
 

 Recently, synthetic polymeric membranes are widely used in various industrials applications such as 

biotechnology, petroleum, water treatment, pharmaceutical, medical, food, dairy, electronic and many others 

industries. The using membranes in water treatment known with a low cost and more effective compared to the 

conventional treatment. Membrane has been defined as a selective barrier that allowed certain compound to go 

through them (Mulder, 1991). Microfiltration (MF), ultrafiltration (UF), nanofiltration (NF) and reverse osmosis 

(RO) is four of the membrane technologies, which utilize pressure to effect separation of contaminations from 

resources. 
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Fig. 1: Schematic drawing illustrating a membrane separation process. 

 

 Phase inversion process is one of the most important processes for preparing both symmetric and 

asymmetric polymeric membranes (Pouliot et al, 1999; Kosutic et al., 2000). Basically, phase inversion involves 

conversion of a homogenous polymer solution of two or more components into a two-phase system, solid 

polymer rich phase and the liquid polymer poor phase. The solid phase will forms the membrane structure while 

the liquid phase forms the membrane pores. Because of the important of this process, many investigators have 

been attempted to elucidate the membrane-forming mechanism during the phase inversion process. 

Consequently, the membrane formation by phase inversion process could be well understood with the help of 

thermodynamic/precipitation kinetic theories in the polymer solution (Kim and Lee, 1998).  

 Polysulfone (PSf) and polyethersulfone (PES) is a most and important factor in membrane materials due to 

the chemical resistance, mechanical strength, thermal stability and transport properties. There are a number of 

studies of PSf and PES and polymer of membranes. Previous study that used PSf as polymer in membrane is by 

Ahmad et al., (2005) study on effect of different formulations of PSf/NMP/PVP on flux and rejection for 

wastewater treatment. Beside polymer, additives also is one of the major factors and play a role in the formation 

of membrane structure by enlarging or preventing of microvoid formation, enhancing pore formation, improving 

pore interconnectivity, and/ or introducing hydrophilicity (Boom et al., 1992; Mosqueda-Jimenez et al., 2004; 

Jung et al., 2004). There are many types of additive have been used in casting solution. However, the frequently 

used additives are macromolecular such as polyvinylpyrrolidone (PVP), polyethylene glycols (PEG), organic 

compounds such as glycerol, alcohols, inorganic salts such as LiCl and ZnCl2 and water. The additives can be 

single component or a mixture.  

 PEG as additive is less frequently used compared to PVP, but it could play a similar role in the formation 

process, acting as a macrovoid suppressor and giving the membrane a hydrophilic character (Ma et al., 2011). 

Based from previous study by Xu et al., (1999), PEG could play a role as a pore former and microvoid 

suppressor. Saljoughi et al., (2010) also have study about effect of PEG additive and coagulation bath 

temperature on the morphology, permeability and themal/chemical stability of asymmetric CA membranes. In 

the study said that the presence of low molecular weight PEG additive in the cast solution film increases 

porosity/permeability and simultaneously thermal/chemical stability of the prepared membranes. 

 In sight of this, the main objective of this work is to investigate the effect of PEG 35,000 on performance of 

PSf-based membrane in term of the morphology (cross section of the membrane), equilibrium water content 

(EWC), porosity, pure water flux (PWF) and rejection test. In the experiments, effect of various concentration of 

PEG were studied and investigated. The morphology of the membranes has been studied by using Field 

Emission Scanning Electron Microscopy (FESEM) which directly provides the visual information of the cross 

section of the membranes.  

MATERIALS AND METHODS 

Materials:  
 PSf (average molecular weight 30,000 Da) (Udel P-3500, obtained from its manufacture) was used as the 

base polymer in the membrane casting solution. In this study, reagent NMP (99.5% purity) was used as solvent. 

Reagent grade PEG (average molecular weight 35,000 Da) was used as the non-solvent pore forming additives 

in the casting solution. Distilled water was used as the main non-solvent in the coagulation bath. BSA with 

molecular weight of 68,000 Da was used during permeation test in term of solute rejection test. All reagents 

were obtained from Merck.  

 

Membrane preparation:  
 Flat sheet PSf membranes were prepared by phase inversion method. PSf polymer was dissolved in the 

NMP at temperature 60oC. Each solvent and then mixed with different loading (%) of PEG, separately to make 

the casting solution. The membranes were designated as PSf 1, PSf 2, PSf 3, PSf 4, PSf 5 and PSf 6 represented 

membranes with different composition of PEG. The polymer (PSf) concentration kept constant at 16%. Table 1 

show the composition of different membranes.  
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Table 1: Composition of membrane dope. 

Membranes Polymer (wt%) Additives (wt%) Solvent (wt%) 

PSf 1 16 0 84 

PSf 2 16 1 83 

PSf 3 16 3 81 

PSf 4 16 5 79 

PSf 5 16 7 77 

PSf 6 16 9 75 

 

 The polymer solution was stirrer at 60oC using magnetic stirrer for about 4h or until the solution 

homogenous. When the solution (consisting of polymer, solvent, and the additive) became homogenous, it was 

kept at room temperature for 24h to remove bubbles trapped in the solution. The solution then cast uniformly 

onto a glass plate with the help of a casting knife maintaining a clearance of approximately ±0.2mm between 

knife and the plate and immediately immersed into a coagulation bath at room temperature. The casted films 

changed from liquid form to solid form immediately after immersion into the coagulation bath and separates out 

of the glass plate after sometime. The prepared membrane sheets were washed and then immerse at another 24h 

to remove the additional amount of NMP. Finally, the sheets were dried at room temperature before test. The 

main stages of the preparation process required in this work are described in Figure 2. 

 

 
Fig. 2: Main stages of the preparation process.  

 

Membrane characterization:  
 The effect of concentration PEG on flat sheet PSf membrane was investigated in term of morphology, 

equilibrium water content (EWC) and porosity. Meanwhile, membrane performance was investigated in term of 

pure water flux (PWF) and BSA rejection.  

 

Morphological studies:  

 The morphological of the membranes in term of cross section were observed by a Field Emission Scanning 

Electron Microscopy (FESEM) which directly provides the visual information of the cross section of the 

membranes. The membranes were break in the liquid nitrogen to give a consistent and clean break. The 

membranes were then coated with platinum.  

 

Equilibrium water content (EWC) and porosity:  

 EWC is directly related to the porosity of the membrane. EWC at room temperature was calculated as 
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The membrane porosity was determined as 
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where Ww is the weight of membrane in wet state and Wd is the weight of membrane in dry state. ρw is the 

density of water and V is volume of the membrane. Membranes were cut into 1 cm × 1 cm and then immerse 

into distilled water for 24h. At wet state, membranes were weighted using electronic balance after mopping the 

surface water with the clean tissue. The wet membranes were dried into the oven at temperature at 60oC for 24h 

and again they were weighed in dry state.  

 

Pure water flux (PWF) and rejection measurements:  

 The PWF and solute rejection measurements were carried out in a permeation test unit. The membrane was 

cut into circular disks shape according permeation cell. The experimental setup fed with distilled water at 

different pressure (1 bar, 2 bar, 3 bar and 4 bar) after pre-pressurized at 1 bar higher until the water permeate 

became constant. The permeation flux were defined as formula (3) 

Q
PWF

A t



           (3) 

where PWF is the pure water flux (LMH), Q is the permeate volume (L), A is the membrane area (m
2
) and Δt is 

the time (h).  

 For solute rejection experiments, BSA is been chosen by dissolving with distilled water. The membrane 

was fixed in the membrane cell, membrane were initially pressurized at 3 bar until permeate became constant. 

After the permeating flux reached a stable constant value, samples of permeate were collected for subsequent 

spectroscopic analysis by using UV-Vis spectroscopy (Genesys 10S UV-Vis Spectrophotometer, Thermo 

Scientific) at 280 nm. The experimentally rejection were calculated by the following equation 

(%) 1 100
p

f
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R
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         (4) 

 

where Cp and Cf are the concentration in permeate and the feed respectively. 

 

RESULTS AND DISCUSSION 

 

Morphological studies of the prepared membranes:  
 FESEM images were taken to determine the effect of the PEG concentration of the PSf-based membrane. 

Figure 3 depict cross section images of the membranes with different percentage of PEG as an additive. All 

prepared membrane shows asymmetric structure. General structure was very similar for all the membranes 

consisting of a top dense skin layer and porous sub-layer.the porous sub-layer consists of finger-like structure. 

Similar observation was also found by Sinha and Purkait (2013) for increase in hydrophilicity of PSf membrane 

using PEGME. Other study that show similar results by Chakrabarty et al., (2008) in the study on effect of 

molecular weight of PEG on membrane morphology and transport properties. The image captured show that by 

adding PEG as additive the formed finger-like structures at top layer of the membrane and pore becomes bigger 

in size and longer to the bottom of the membrane. Due to high mutual affinity of NMP for water were results 

instantaneous demixing, leading to the formation of finger-like cavities in the sublayer of prepared membranes 

(Mulder, 1991). The addition of PEG into the casting solution clearly shows a significant effect on membrane 

morphology formation.  

 The top layer of cross section area becomes denser with increasing the concentration of PEG additive. The 

higher the percentage (%) of PEG makes the membrane solution concentrated and reliable to more viscous. Low 

percentage (%) of PEG can be washed out together with the solvent from the membrane film in the coagulation 

bath because low percentage (%) of PEG is more soluble than high percentage of PEG. Therefore, the higher 

percentage (%) of PEG take more time to reach the surface and this will give a sufficient time for polymer 

aggregates on the top layer to form a thicker layer (Jung et al., 2004). In fact, by increasing the additive PEG 

content, the finger-like structure become longer and irregular sponge macrovoids become less in sizes at the 

bottom layer. This straight or long finger-like structure formed at the bottom give better permeation compared to 

short finger-like structure. 

 

Membrane characterization by the determination of equilibrium water content (EWC) and porosity:  
 EWC is an important parameter for membrane characterization as it is closely related to PWF. Table 2 

shows the EWC of different membrane. It may be found that increase of concentration of PEG increases the 

EWC of membranes. However, it slightly decreases when the concentration increase to 7% and 9%. These may 

be attributed to the higher or lower porosities in the respective membranes. It is observed that the EWC for 

membrane with 0 % of PEG is 55.83 %, for 1 % of PEG is 67.17 %, for 3 % of PEG is 77.78 % and for 5 % of 

PEG is 90.75%. At 7 % of PEG the EWC is reduced to 75.99% and for 9 % of PEG is 73.36%. According 

Sivakumar et al., the pore on the surface as well as cavities in the sublayer are responsible for accommodating 
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water molecules in the membranes. The EWC value of the membranes also coincides with PWF of membranes, 

as both the value increases with increase the percentage (%) of PEG. However, when the percentage (%) of PEG 

is increase at certain point the PEG become less soluble results dense top layer and reduced PWF value (Jung et 

al., 2004).  

 

 

 
Fig. 3: Morphology of PSf-based membrane. 
 
Table 2: Values of some characterization parameters of all membranes. 

Membranes PSf 1 PSf 2 PSf 3 PSf 4 PSf 5 PSf 6 

Equilibrium 

Water Content 
(EWC) (%) 

55.83 67.17 77.78 90.75 75.99 73.36 

Porosity 0.43 0.57 0.67 0.86 0.76 0.69 

 

 In general, membrane porosity can be defined as weight of pure water trapped in 1 m3 of membrane 

structure (Yunos et al., 2012). It is important parameter in membrane separation that affects the performance of 

membranes. The effect of PEG on membrane porosity been shown in Table 2. It is observed a significant 

increase in porosity when concentration of PEG increases from 0 % to 5 % and then decrease when the PEG 

concentration up to 7 % and 9 %. The porosity value for 0 % of PEG is 0.43, for 1% of PEG is 0.57, for 3 % of 

PEG is 0.67 and 5 % of PEG is 0.86. The variation of porosity may be explained on the basis of thermodynamic 

and kinetic consideration. Firstly, the thermodynamic enhancement of the phase separation can cause reduction 

the miscibility of the casting solution with non-solvent and makes instantaneous demixing of the casting 

solution (Chakrabarty et al., 2008). Secondly, it causes kinetic hindrance against phase separation by increasing 

the viscosity of the solution, this results in delayed demixing (Strathmann et al., 1975). Increase in viscosity 

increases the ratio of non-solvent inflow to solvent outflow results in a more porous membrane (Young and 

Chen, 1991).  

 

Pure water flux and rejection experiments:  
 Membranes that have been prepared with NMP as solvent are tester to see the effect of addition of PEG at 

different concentration on their permeation behavior. The membranes are characterized in terms of PWF and 

rejection. From the figure 4, membranes fluxs increased as the feed pressure were gradually increased. PSf 1 
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(0% of PEG additive) has lowest PWF value. Meanwhile, PSf 4 (5% of PEG additive) has the highest PWF 

value. The addition of PEG to the casting solution increased the water permeation because PEG was used as 

pore forming agent to improve the permeability of membranes. Similar observation has been reported by other 

researcher for blend membrane with PEG as an additive (Arthanareeswaran et al., 2010; Liu et al., 2003). 

 

 
 

Fig. 4: PWF (LMH) for all membranes against pressure (bar). 

 

 Figure 5 illustrates the rejection perfomance different membrane to BSA rejection performnce (%R). From 

the figure, rejection of BSA is decrease from PSf 1 (0 % of PEG) to PSf 4 (5 % of PEG). It is because the 

addition of PEG makes the pore bigger and incease the PWF and theorically will reduce percentage (%) of BSA 

rejection. For PSf 5 and PSf 6 (7 % of PEG and 9 % of PEG), the percentage (%) rejection of BSA is incease 

because of the structure top layer of the membrane is becomes dense when PEG is added at certain point (Figure 

3) and prevent the BSA passing membranes and other explaination had been disscused before. However, there is 

no significant changes on rejection for all membranes because the differences not far for one another. 

 

 
 

Fig. 5: Effect of percentage (%) of PEG on BSA rejection. 

 

Conclusion:  
 In this study, flat sheet PSf-based membrane were successfully using phase inversion process containing 0, 

1, 3, 5, 7 and 9 % PEG as additives with NMP as a solvent. The addition of PEG with different concentration 

chould change the PSf membrane sturcture and properties. With additional of PEG in casting solution make the 

pore size of PSf membrane is becomes bigger, longer to the bottom of the membranes and less microvoid. Due 

to that, the PWF value increase and enhance the performance of the PSf membrane. However, at high 

percentage (%) of PEG in casting solution, the value of PWF is reduced due to pore blocking by PEG. Overall, 

the addition of PEG as additive in casting solution make the membranes performance better; therefore it should 

be considered as additive in practical applications.  
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