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Abstract 

Membrane processes for industrial wastewater treatment are used for large types of pollutants in the 

pharmaceutical industry, textile industry, food industry, agronomy, but it also has the disadvantage of 

fouling which has an influence on the water flow. To minimize these problems, it is necessary to 

obtain membranes with a reduced roughness, so we will also obtain an increase in water flow. By 

increasing the polymer concentration, the membrane has lower porosity and the water flow decreases. 

The roughness increases at a lower concentration of polymer because the pours are connected with the 

surface and the top layer disappears. Research in the field has shown the improvement of membrane 

properties by adding additives, but these represent additional costs of the process. In this paper, results 

of the properties of membranes obtained at different concentrations and thicknesses of the polymer are 

presented. 1-Methyl-2-pirrolidinone (NMP) solvent and polyethersulfone (PES) polymer were used to 

make the membranes. Polyethersulfone membranes were fabricated using phase inversion. The results 

show that the polymer concentration has an important influence on the water flux. In this study, there 

are presented four types of membranes with concentrations ranging from 15 wt.% – 30 wt.% and two 

different types of thicknesses, 200 μm and 300 μm. The thickness has a negative impact on the water 

flux. After the preparation of the membranes at different concentrations and thicknesses of the 

polymer, the flow of the membranes was determined, and after its establishment, the permeability of 

the membranes was determined. It has been observed that the permeability decreases when high 

concentrations of the pouring solution are used. 
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1 INTRODUCTION  

The extensive field of use of membranes, including water treatment and wastewater treatment 

has led over time to an improvement of the whole process, from the use of different types of 

polymers to the improvement of their properties.  

Membrane technology is a complex process starting from the manufacture of membranes, to 

the process of filtration through membranes in order to obtain a high flow of permeate with 

considerable retention [1].  

There are many studies in the field regarding the membranes properties by using additives 

like nanoparticles in the membranes structures or on the surface [2], [3], [4], [5], [6]. The 

advantages of the additives are the reducing of the surface roughness and increase of the 

porosity but the cost is increasing. 

Polyethersulfone has been used in a wide range of applications in the preparation of 

membranes such as the medical field [7], liquid separation processes (liquid-gas separations; 

wastewater treatment) [8], with good thermal properties, chemical stability, mechanical 

properties [7]. 
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Barth et al. [9] investigated the effects of pouring solution, substrate and membrane thickness 

on the structural and permeability properties of PES membranes. 

Wood et al. [10] examined the effect of polyethersulfone concentration (PES) on the 

performance of membranes and showed that their performance was influenced by the 

concentration of PES.  

To have an economic process, more studies are necessary to determine the optimal 

concentration of polymer to obtain membranes for every type of wastewater treatment 

process. 

2 MATERIALS AND METHODS 

2.1 MATERIALS 

In this experimental study, to obtain membranes for water filtration, the solvent 1-Methyl-2-

pyrrolidinone and the polymer polyethersulfone (PES) were used, purchased from Sigma-

Aldrich. The support layer was NOVATEXX 2471 received from Freudenberg, Germany.  

2.2 METHODS 

We obtained different concentrations of the polymer solution (with 4 concentrations and two 

different thicknesses of the polymer) by mixing PES with NMP. The membranes were 

fabricated by the phase inversion method, and subsequently, the formed membranes were 

tested to obtain values of flow through the membrane and their permeability. 

3 RESULTS AND DISCUSSION 

In this paper, we studied membrane flow and permeability of PES membranes. The materials 

for the manufacture of membranes were used in the form received from the manufacturers. 

The polymer solution was prepared by mixing the NMP solvent with the PES polymer for at 

least 24 hours for each concentration.  

The latter was poured onto the backing layer and spread on it using a thin film applicator and 

a pouring knife. The formed film was immersed in distilled water for 15 minutes. The 

membranes were cut and tested. 

Polymer concentrations and their thickness (Table 1) have an influence on flow and 

permeability. 

Table 1 Polymer concentration and thickness in the manufacture of composite polymeric 

membranes. 

Membrane Type of polymer Concentration of 

polymer [wt.%] 

Thickness 

[µm] 

1 

Polyethersulfone 

(PES) 

15 wt.% 

200 µm and 300 µm 
2 20 wt.% 

3 25 wt.% 

4 30 wt.% 
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3.1 Membrane flow parameters and membrane permeability  

We used mixtures with different concentrations of PES polymer (15 wt.%; 20 wt.%; 25 wt.%; 

30 wt.%), as well as its different thicknesses (200μm; 300μm). 

3.1.1 Flow 

Pure water flow was measured for every type of membrane to study compaction time and the 

pure water flux. In Fig. 1, it is shown the water flux for membranes at 15, 20, 25 and 30 wt.% 

polymer at two different membranes thickness, 200 and 300 micrometers.  

 

 

 

 

 

Figure 1. Pure water flux. 
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The results show that the polymer concentration has an important effect on the water flux. 

Increasing the polymer concentration, the flux is decreasing. The same effect can be observed 

if the membrane thickness is increasing. 

3.1.2 Permeability 

Permeability was measured for every type of membrane to study compaction time and the 

pure water flux. In Fig. 2, it is shown the permeability for membranes at 15, 20, 25 and 30 

wt.% polymer at two different membranes thickness, 200 and 300 micrometers.  
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Figure 2. Pure water permeability. 

 

The results show that the increasing of polymer concentration and thickness have a negative 

impact on the water permeability because the porosity is decreasing. 

3.1.3 Membrane flow at different concentrations and thicknesses of the polymer 

In Fig. 3, a comparison of water flux between membranes with different thickness can be 

observed.  

 

Figure 3. Influence of the membrane thickness on the water flux. 
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The results shows that the membranes with a small thickness can be used only for 

microfiltration process because of the pore size which is larger than membranes with a big 

thickness. 

4. CONCLUSIONS 

These filtration and permeability tests of PES membranes at different concentrations and 

thicknesses of the polymer, which are initial, were done to allow me to determine the optimal 

membrane type in terms of these parameters and then to choose a concentration, with the best 

results on the tests performed, which can be improved by adding nanoparticles. 

It can be seen how the increase of the polymer concentration leads to the decrease of the 

porosity of the membranes and implicitly to the decrease of their permeability. 

The membrane with a concentration of 20 wt.% and a thickness of PES 200 μm shows a good 

flow and permeability. 

To have good conclusions is necessary to continue this study with a SEM analysis to see the 

distribution and size of the pores.  

For advanced filtration processes, membranes with a high polymer concentration, more than 

25 wt.% are necessary. 
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