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Abstract 

 

PSf flat sheet membrane was prepared via phase inversion technique with N-methyl-2-pyrroidone (NMP) 
as solvent. In this study polyethylene glycol (PEG) and polyvinylpyrollidone (PVP) were compared as 

additives at different composition (0.5 wt%, 1 wt%, 3 wt% and 5 wt%). The structure and morphology of 

the resulting membranes were observed by scanning electron microscope (SEM) and the membranes 
permeation were evaluated in terms of pure water flux (PWF) and solute rejection. Solution of bovine 

serum albumin (BSA) was used to study the performance of prepared membrane. 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 at the same 

additive content, PSf/PVP membranes had higher PWF at 0.5 wt% and and 5 wt% of additive while 

PSf/PEG at 1 wt% and 3 wt% of additive. The BSA rejection show no significant changes for PSf/PEG 
while PSf/PVP, BSA rejection decrease with increase the increasing the PVP. For PEG, additive from 0% 

to 5%, the PWF increased from 14.73 at to 101.85 LMH. While for PVP, the PWF increased from 21.13 

to 177.61 LMH. The membrane morphology 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 consist 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. The study found that PEG gives the optimum performance based on the 

result of rejection and flux permeation. 
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1.0  INTRODUCTION 

 

In the recent years, use of membrane in various applications 

such as water treatment, desalination, food processing, 

biotechnology and many other separations is increased and 

become as the important process among all. A membrane must 

exhibit at least the following characteristics : high flux, high 

selectivity (rejection), mechanical stability, tolerance to all feed 

stream components (fouling resistance), tolerance to 

temperature variations, and low manufacturing cost.1 In many 

cases, membrane processes are faster, more efficient and 

economical than conventional separation techniques. Membrane 

separations process can be classified as microfiltration (MF), 

ultrafiltration (UF), nanofiltration (NF), and reverse osmosis 

(RO). Membranes are generally categorized by pore size, 

structure and separation mechanism. There are various polymers 

in preparing the commercial membranes such as polysulfone 

(PSf), polyethersulfone (PES), polypropylene (PP), cellulose 

acetate (CA), polyacrylonitrile (PAN) polyvinylidene fluoride 

(PVDF) and polyethylene (PE).2  

  In this experiment PSf is chosen as a polymeric material 

due to its low cost, superior film ability, good mechanical and 

anti-compaction properties and strong chemical and thermal 

stabilities. However due it hydrophobic nature, PSf membranes 

is susceptible to cause membrane fouling by the adsoption of 

proteins and other biomolecules in the feed stream. 3 When 

fouling occurs in separation process, the performance of the 

membrane may affect in terms of flux permeation, water 

permeability and rejection.4 To overcome the fouling problem 

on PSf membrane, it is believed that the addition of additive in 

the membrane solution may somehow prevent the fouling from 

occuring. The common used additives in membrane formation 

such as polyethylene glycol (PEG), polyvinylpyrollidone (PVP), 

lithium chloride (LiCl), silver nitrate (AgNO3), titanium dioxide 

(TiO2) and others.5-9 The addition of additives in membrane 

formation may add-value to the membrane properties by 

forming more porous sturcture, larger pore sizes, increase 
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hydrophilicity or hydrophobicity, increase antibacterial 

properties and enhance the membrane performance. 5, 10-11 

Previous study stated that PEG can improve the membrane 

hydrophilic nature and pore distribution.12 Study of Yeo et al., 13 

that used PVP in the casting solution produced membrane with 

enlarge macrovoid structure rather than the suppression of the 

structure.  

  The porosity and flux can be enhanced for the addition of 

high molecular weight (Mw) additives such as PEG and PVP. 14-

15 The variation of the type and concentration of polymer, 

solvents and additives were produced different viscosity of the 

membrane solution. Due the high number of Mw of additive, 

membrane solution tends to be more viscous. The changes of the 

solution viscosity were change the phase separation rate which 

high Mw additive is less soluble than low Mw. 

  In this work, N-methyl-2-pyrrolidone (NMP) were used as 

a solvent to prepare PSf membrane. Two different types of high 

Mw additive, PEG 35,000 Da and PVP 360,000 Da were used as 

an additive separately. The effects of additives molecular weight 

Mw on permeation characteristics and morphology of the 

prepared membrane were investigated. Membrane performance 

was analyzed in terms of water permeation and protein rejection 

behavior. The membranes morphology were analyzed using 

scanning electron microscopy (SEM). 

 

 

2.0  EXPERIMENTAL 

 

2.1  Membrane Preparation 

 

Flat sheet PSf membranes were prepared via phase inversion 

method using different molecular weight of additives (PEG 

35,000 Da or PVP 360,000 Da) and NMP as solvent. The PSf 

concentration was kept constant at 16 wt% for all cases. Table 1 

shows the composition of all the membrane prepared in the 

study. 

 
Table 1  Composition of the casting solution  

 

Membrane Additives (wt%) Solvent 

(wt%) 

NMP 
PEG 

35,000 

PVP 

360,000 

PSf/PEG (a) 0.5 - 83.5 

PSf/PEG (b) 1 - 83 

PSf/PEG (c) 3 - 81 

PSf/PEG (d) 5 - 79 

PSf/PVP (a) - 0.5 83.5 

PSf/PVP (b) - 1 83 

PSf/PVP (c) - 3 81 

PSf/PVP (d) - 5 79 

PSf constant 16% 

 

 

  For dope preparation, the solution was stirred with the aid 

of magnetic stirrer for more than 4 h at temperature 60 oC. The 

solution was further agitated for another 24 h in order to form a 

homogeneous solution. The solution was then cast on a clean 

glass plate with a casting knife maintaining at 0.1 ± 0.02 mm at 

room temperature. The glass plate was then immediately 

immersed in the water bath and the cast films  immediately 

changed to white colour. Finally, the washed composites were 

air-dried at room temperature for 1 day. 

 

2.2  Membrane Characterization 

 

2.2.1  Pure Water Flux and Rejection Test 

 

The membrane was cut into desired shape and fitted in flat sheet 

membrane separation unit. The distilled water was fed into the 

flat sheet membrane separation unit from the pressure reservoir 

and the initial water flux was taken after flux become constant. 

The PWF was calculated using the equation:  

                                                                              (1) 

 

where Jw is the water flux (LMH). Δt is the sampling time (h) 

and A is the membrane area (m2). The solute rejection 

membranes were evaluated using BSA as solute. The 

absorbance was measured by using the spectrophotometer 

(Shimadzu UV-160) at wavelength of 280 nm against a reagent 

blank. The solute rejection (%R) is defined as 

                                              (2) 

where Cp and Cf are the BSA concentration in the permeate and 

in the feed, respectively.  

 

2.2.2  Morphological Studies 

 

The cross sectional morphology of the membranes was studied 

using scanning electron microscopy (SEM) model JEOL JSM-

6380LA. All the samples were immersed into liquid nitrogen, 

fractured and then coated with platinum sputtered on sample 

holders to provide electrical conductivity to the very thin layers 

of polymeric membranes. 

 

 

3.0  RESULTS AND DISCUSSION 

 

3.1  Effect of PEG and PVP Additives on Membrane 

Permeability 

 

The effect of PEG and PVP additives on the PWF performance 

is illustrated in Figure 1. From the figure, the PWF for both 

PEG and PVP is increasing with the increment the additive 

content. Based on the experimental results, the PWF of PSf/PEG 

was increased from 14.73 at 0.5 wt% PEG to 101.85 LMH at 5 

wt% composition of PEG. On the other hand, the PWF of 

PSf/PVP was increased from 21.13 at 0.5 wt% PVP to 177.61 

LMH at 5 wt% composition of PVP. The addition of PEG and 

PVP to the casting solution increased the water permeation. In 

the casting solution, PEG was used as pore forming agent to 

improve the permeability of membrane.12,16 While, the addition 

of PVP to the casting solution will effect on the pore formation 

mechanism and thus directly influence the membrane porosity.17 

Both additives somehow led to better flux in membrane 

performance. 
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Figure 1  Effect of additives concentration (%) on the PWF 

 

 

3.2  Effect of PEG and PVP Additives on BSA Rejection 

 

Figure 2 illustrates the effect of different loading of additives to 

BSA rejection performance (%R). Based on the plot, PEG 

shows no significant changes in term of BSA rejection 

compared to PVP. The PSf/PEG shows no obvious changes in 

BSA rejection when PEG content is increased. Similar results 

were obtained by Yuxin Ma et al,.6 The PSf/PVP at 0.5 wt% of 

additive recorded the highest BSA rejection at 92.21%  rejection 

and reduced to 27.41% at 5 wt% of PVP. The BSA rejection is 

decreased with increasing the additive composition due to the 

pore size of skin layer becomes larger. The presence of PVP in 

the casting solution has contributed to the enlargement of 

microvoid in membrane structure.13 Chakrabarty et al.,7 had 

stated that membrane prepared with PVP can be considered 

better than those prepared with PEG in term of BSA rejection. 

However in this study the situation is vice versa. High molecular 

weight of additive can be trapped in the membrane because of 

their lower mobility after immersion in the coagulation bath 

wich results in the formation of larger pores in the skin layer.6 

 

 
 

Figure 2  Effect of additives concentration (%) on the BSA rejection 

 

 

3.2.1  Morphological Study 

 

The cross sectional morphologies of PSf membrane prepared 

using PEG and PVP as additive for various concentrations were 

shown in Figure 3 and 4, respectively. 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 skin layer acts as a separation 

layer and the support layer provides the mechanical strength. 

The sub layer seems to have finger like cavities beneath the top 

surface layer as well as macrovoids structure. The observations 

were similar by Chakrabarty et al. where PSf was used as a 

polymer, NMP and DMAC as solvent, and PEG and PVP as an 

additive. 7,12  The formation of finger-like structure in the 

sublayer is attributed to the instantaneous demixing which is due 

to high mutual affinity of solvent and coagulant.2,18 

Figure 3 shows the variation in the morphologies of the 

membrane with different concentration of PEG. 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. The same effect on membrane morphology was 

observed for Figure 4. It is clear from these images that the 

finger-like structures are suppressed by the addition of PEG and 

PVP. However, the differences between membranes 

(PSf/NMP/PVP) in Figure 4 were significant at top layer. In 

Figure 4 (d), the top layer is thicker compared to other 

membranes and more porous. This is due to the molecular 

weight (Mw) of PVP that is higher than Mw of PEG. The higher 

the Mw of additive makes the membrane solution concentrated 

and realiable to more viscous which then confirmed the 

importance of solution viscosity to the phase separation 

process.19 The increament in solution viscosity enhances the 
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kinetic hindrance to phase separation, resulting in the 

suppression of macrovoid formation in the membranes. Besides 

that, a high Mw additive is less soluble than low Mw. Low Mw 

additives can be washed out together with the solvent from the 

membrane film in the coagulation bath. Therefore, the higher 

molecular weight 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.20 

  In fact, by increasing the additive (PEG/PVP) 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. 21 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3  Cross section SEM image of PSf/PEG at different PEG concentration (a) 0.5 wt%, (b) 1 wt%, (c) 3 wt% and (d) 5 wt% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 
Figure 4  Cross section SEM image of PSf/PVP at different PVP concentration (a) 0.5 wt%, (b) 1 wt%, (c) 3 wt% and (d) 5 wt%
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4.0  CONCLUSION 

 

In this study, flat sheet PSf membrane were successfully 

prepared using phase inversion process containing 0.5, 1, 3 and 

5 wt% Peg and PVP as additives with NMP as a solvent. By 

increasing the percentage of PEG and PVP additives, membrane 

permeability seem to increase and in reverse decreased the 

rejection of BSA solution. However, no significant changes of 

BSA rejection was observed for PSf/PEG. For both PEG and 

PVP at 5 wt%, the highest PWF were recorded. Another 

interesting finding is PSf/PEG can reject BSA solution 

effectively compared to PSf/PVP. As a conclusion, PEG 35,000 

Da gives the best possible performance based on the result of 

rejection and flux permeation. 
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