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Abstract. The performance of membrane filtrations are mostly determined by pore structure of the 
fabricated membrane. Selection of polymer and solvent in membrane preparation are influence the 
morphology of fabricated membrane. The present work discusses the morphology of PES membrane 
fabricated from different polymer system with constant preparation condition. Polymer system consists of 
15 wt% of polyethersulfone (PES) and 85 wt% of solvents. The homogeneous solution includes of PES-
dimethyl sulfoxide (DMSO), PES-dimethylformamide (DMF), and PES-N-methylpyrrolidone (NMP). The 
purpose of this research is to investigate the effect of the types of solvent on the formed membrane 
morphology. Phase inversion technique is used to solidify the flat sheet membrane in deionized water as a 
coagulation bath. The scanning electron microscopy (SEM) was used to observe the morphology of 
membrane. A dead-end ultrafiltration module was carried out to observe the filtration performance of the 
fabricated membrane.  It is proved that the different membrane solution affect the membrane structure in 
term of skin layer, macrovoid, and support layer. Furthermore, the changing of the membrane structure 
affected the pure water permeability (PWP).  It is found that the highest PWP was reached up to 4.52 
L/m2.hr.atm using PES-DMSO system. 

1 Introduction  
Polyethersulfone (PES) is one of the polymer 
membranes often used in water purification process. The 
advantages of PES membrane are having good 
mechanical property, able to conduct in high temperature 
(up to 200°C), and outstanding resistance with chlorine 
and risk chemicals, as well as its malleability into 
various module configurations [1–3]. The harder 
benzene ring and softer ether bond in the structure lead 
PES with crystalline structure. In membrane fabrication, 
an asymmetric structure plays very important role in 
membrane filtration performance. Several factors 
affecting the result of fabricated membrane are polymer 
composition, solvent concentration, and gelation nature 
[4]. 

This article discusses the morphology of PES 
membrane prepared using three different solvents, those 
are N-methylpyrrolidone (NMP), dimethyl sulfoxide 
(DMSO), and dimethylformamide (DMF). The exchange 
of solvent from membrane solution to nonsolvent in 
coagulation bath lead a formation of polymer rich phases 
resulted in a porous membrane [5]. Therefore, the 
exchange rate and interaction between solvents and non-
solvent result different structure of PES membrane. 
Arthanareeswaran and Starov [5] investigate the impact 
of different solvents on PES membrane fabrication. The 
result showed the PES-DMSO system has thinner top 
layer and big macrovoid structures. Hasbullah et al. [6] 

prepared PES membrane using three different solvents, 
NMP, DMAc, and DMF. The fabricated membrane 
showed PES-NMP system has the smallest pore size and 
highest rejection. In this study, the types of solvent 
investigated the result of the membrane are NMP, 
DMSO, and DMF. 

2 Materials and method  

Main materials used were Polyethersulfone membrane 
(PES) from Ultrason E6020P. N-methylpyrrolidone 
(NMP), dimethyl sulfoxide (DMSO), and 
dimethylformamide (DMF) as selected solvents. Vial 
bottles as a membrane casting solution media, applicator 
used to cast the solution in flat sheet, membrane 
ultrafiltration module for permeation test, and other 
laboratory instruments for membrane morphology and 
water permeability analysis. 

2.1 Fabrication of membrane  

The first step of membrane manufacturing is the 
preparation of polymer solution. Compositions of the 
solution are consist of 15 wt% of polyethersulfone (PES) 
and 85 wt% of solvent. The PES was dissolved into three 
types of solvents namely NMP, DMSO, DMF. The 
membranes were manufactured via non-solvent induced 
phase separation (NIPS) by immersion precipitation 
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technique. When the homogenous solution was reached, 
the dope was then cast using an applicator onto the 
support media such as glass plate. The membrane film 
was dipped into a non-solvent solution bath that consists 
of water. 

2.2 Membrane characterization and filtration 
performance  

The characteristics of fabricated membranes were 
analyzed in term of membrane morphology and 
hydrophilicity properties. The filtration performance of 
membrane was investigated by using a dead-end 
filtration module with single flat sheet membrane. 
Scanning electron microscopy (SEM) was used to 
observe the structure of the membrane. Pure water 
permeability was measured to investigate the membrane 
performance. Membrane permeability was calculated 
using Eq. (1) 
 

        (1) 
Where; 
Lp = Permeability (L/m2.h.bar) 
V = volume of permeat (L) 
A  = surface area of membrane (m2) 
Δp = pressure as driving force (bar) 
T = time of filtration (h) 

3 Results and discussion 

3.1 Membrane morphology 

The morphology of membranes affects the performance 
of membranes application especially for filtration 
process [7, 8]. Many researchers are more attracted to 
investigate the modification of membrane morphology in 
various techniques. The prominent purpose of the 
modification is to enhance the filtration performance and 
to keep the membrane life time by controlling the 
fouling problem. In this work, the pore structure of 
membrane was modified by changing the type of 
solvent. The morphology changes of the membrane with 
different of solvents are presented in Figure 1, Figure 2, 
and Figure 3 respectively. 

Figure 1 indicates the SEM image on the top surface 
of membrane structure fabricated from different polymer 
composition.  A dense structure found in PES-NMP and 
PES-DMF systems, while the surface of PES-DMSO 
system has more of porous. When the membrane film 
was immersed into the coagulation bath, the NMP and 
DMF solvent in the membrane has a lower affinity 
towards the water as a non solvent than DMSO. The low 
diffusion rate between solvent and nonsolvent leads the 
increasing of polymer concentration in the surface and 
caused delay demixing in coagulation bath. Therefore 
the surface of PES-NMP and PES-DMF membrane has a 
denser pore structure. 
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Fig. 1. SEM images of top surface membranes: PES-NMP (a); 
PES-DMF (b); PES-DMSO(c). 

Figure 2 shows the SEM images of finger-like 
structure support layer taken on cross-section area of 
membranes prepared from PES/NMP, PES/DMF, and 
PES/DMSO. The all membrane modification systems 
produced the asymmetric structures consist of top layer 
and bottom as support layer. It is one of the membrane 
characteristics made via non-solvent induced phase 
separation technique. The thickest top layer found in 
PES/NMP system due to delay demixing when phase 
separation, while thin top layer produced in another 
system that has good affinity to nonsolvent. Based on 
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morphology analysis, it can be concluded that the good 
interaction of solvent and nonsolvent in this study can be 
written as DMSO>DMF>NMP. Furthermore, the 
morphology of membranes inside macrovoid was also 
evaluated. 
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Fig. 2. SEM images of top surface membranes: PES-NMP (a); 
PES-DMF (b); PES-DMSO(c). 
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Fig. 3. SEM images of sponge structure: PES-NMP (a); PES-
DMF (b); PES-DMSO(c). 

Figure 3 is the SEM image of the exclusive 
observation of membrane pores in the wall of macrovoid 
for all polymer system. Each fabricated membrane has 
pore structure like honey comb distributed in all 
membrane area.  The figure shows that the pore sizes of 
PES/DMSO membrane was the largest than other 
systems. Comparing three polymer system with different 
solvent, the PES DMSO membrane showed more porous 
It is showed that the PES/DMSO membranes has the 
highest pore density than others. In sum, the pore 
structure of membrane was greatly affected by the kind 
of solvents. 
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3.2 Filtration performance 

It is already known that the membrane pore structures 
has great impact on the water permeation during 
filtration process [9, 10]. So, a dead-end filtration 
module was used to observe the pure water permeability 
(PWP) of the formed membrane. The effect of 
membrane structure on the filtration performance 
process are given in Figure 4. Overall, PES/DMSO 
membrane showed the highest water permeability. The 
same result is reported by Arthanareeswaran and Starov 
[4] that PES-DMSO system has highest permeation flux 
that PES-NMP and PES-DMF systems. Hasbullah et al. 
[5] also has the same result that PES-DMF system has 
higher water permeability than PES-NMP system.  

 
Fig. 4. Filtration performance of various membrane systems. 

4 Conclusions 
PES membrane with different polymer solution have 
been successfully prepared via induced phased 
separation method. The PES-DMSO membrane has 
more macrovoid structure. The changing of membrane 
structure determines the pure water permeability (PWP) 
of fabricated membrane. PES-DMSO membrane has the 
highest water permeability than other systems. 
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