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Abstract:- In this work, PES (polyethersulfone) /PVP (Polyvinylpyrrolidone) blend membranes and PES 

(Polyethersulfone) /ZnO (Zinc Oxide) mixed-matrix membranes (MMMs) were fabricated by a phase-inversion 

method. The membranes were characterized by several techniques including FTIR-ATR, porosity, water 

permeability and membrane performance in lysozyme solution (0.35 g/L). It was revealed that the casting speed 

influences the permeability of these membranes with variation rate of 67% for casting speed 20 and 30 mm/s. 

The porosity increases with the addition of PVP and ZnO nanopartticles (NPs). The porosity of PES/PVP 

membranes and PES/ZnO MMMs increased by 246% and 31% with respect to that of the PES membrane by 

adding PVP and ZnO NPs, respectively. Water flux of PES/ZnO hybrid membranes (with 0.5% of added ZnO 

NPs) significantly improved after the addition of ZnO NPs of 170%. The lysozyme rejection performance at 3 

bar was found similar for the PES and PES/PVP membranes (85% and 86%, respectively) and slightly lower 

(75%) for the PES/ZnO hybrid membranes. The optimal permeability of 17.7 L.h-1.m-2.bar-1 was achieved with 

solvent and ZnO NPs percentages of 70% and 0.5%, respestively, and a casting speed of 20 mm/s.  

 

  

Key-words : - polyethersulfone membrane, polyvinylpyrrolidone, ZnO nanoparticles, phase inversion, mixed-

matrix membranes, optimal permeability 

 

1 Introduction 
 Polyethersulfone (PES) is a kind of polymer with 

good performance and widely used for 

microfiltration (MF), ultrafiltration (UF), 

nanofiltration (NF) and gas separation application [1-

4]. It has lots of merits like high temperature and 

good chemical resistance, wide pH tolerance, easy to 

be fabricated into membranes with a broad range of 

pore sizes and different configurations. Phase 

inversion process is the most common used method 

for the preparation of PES membranes. In this 

process, a homogeneous solution is first formed, then 

immersed in a non-solvent bath to form the 

membrane [5, 6]. 
 However, the PES membranes performance in 

aqueous phase is limited as a result of their relative 

high hydrophobicity. Moreover, when solutions 

containing proteins or other hydrophobic substances 

are filtered, fouling phenomenon occurs and the flux 

permeation of membrane highly decreases [2, 7, 8]. 

A useful technique to overcome this limitation is to 

enhance the membrane hydrophilicity by blending 

PES with hydrophilic additives. The blending of a 

hydrophilic polymer as an additive in the PES 

membrane offers new properties to the membrane [9, 

10]. Among the commonly hydrophilic additive used 

to improve its performance, is polyvinylpyrrolidone 

(PVP) which makes the membrane also more porous 

[4].  
 One of the major locks of membrane processes is 

fouling. In order to optimize the performance of the 

membranes and to inhibit the proliferation of 

microorganisms, cycles of cleaning and disinfection 

with chemicals are therefore regularly performed. 

Sodium hypochlorite (NaOCl) is promising 

disinfectant because of its performance and cost 

effectiveness. However, it can cause premature aging 

of membrane materials and in particular significant 

oxidation of PVP [11, 12]. 

 Therefore, substantial efforts have been made to 

prepare membrane with proper morphology and 

characteristics to mitigate membrane fouling and 
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aging. In order to mitigate PES membrane fouling, 

several appoaches such as blending with hydrophilic 

polymer [7, 13] , grafting with hydrophilic monomers 

[14, 15], grafting with short-chain molecules [16], 

embedding hydrophilic nanoparticles, etc. have been 

suggested [8].  

 Blending polymers with inorganic nanoparticles 

has attracted incerased attention because of 

convenient and mild synthesis conditions required for 

the preparation of membrane. Beneficial effects of 

nanoparticles on membrane characteristics have been 

reported such as the amelioration of surface 

hydrophilicity and enhancement of antifouling 

property [8]. In addition, many types of nanoparticles 

have been studied to improve the membrane 

properties, such as silica (SiO2), silver (Ag), zirconia 

(ZrO2), gold (Au), zerovalent iron (Fe0), palladium 

(Pd) and ZnO [17]. 

 Zinc oxide, as one of the low cost and 

multifunctional inorganic nanoparticles, has drawn 

increasing attention due to the prominent physical 

and chemical properties, such as high catalytic 

activity, and effective antibacterial and bactericide 

capabilities [18, 19]. In addition, high hydrophilicity 

of ZnO nanoparticles has made them as one of most 

suitable materials for improvement of the 

hydrophilicity of composite membranes. As a result 

of high surface area, ZnO nanoparticles can easily 

absorb hydrophylic hydroxyl groups (-OH) to 

become hydrophilic [20]. Moreover, ZnO 

nanoparticles can be suitably embedded in a 

membrane to develop a stable operating system with 

simultaneously improved physical and chemical 

properties. Thus, the incorporation of ZnO 

nanoparticles in the membrane matrix is a promising 

approach that might solve the fouling problem of 

membrane.  

 Several studies have tried to improve the 

properties of PES membranes [21]. Recently, 

attention has been focused on amelioration of some 

key factors for the casting solution system. moreover, 

addition of ZnO resulted in an improvement in 

hydrophilicity , compaction resistance, thermal 

stability and antifouling property of membrane. A 

few studies have been done on the permeation, 

influence of the casting speed, reproduction of 

membrane, porosity and membrane filtration. The 

main objective of this study is to develop high 

performance PES-based membranes and to assess the 

main factors influencing the membrane performance 

by central composite an experimental design.   
 

 

2 Experimental 

2.1 Materials 
 Polyethersulfone (PES Veradel 3000 MP) in 

powder form. NMP (1-methyl-2-pyrrolidone) from 

Fluka analytical and PVP (polyvinylpyrrolidone, 

MW = 40.000g/mol) from Riedel-de Haen were used 

in the casting solution as solvent and pore former, 

respectively. ZnO nanoparticles were purchased from 

Riedel-de Haen. Deionized water was used for 

coagulation bath. The support layer (Viledon 

FO2471) used for the PES membrane manufacturing 

was obtained from Freudenberg (Weinheim, 

Germany). The property and chemical structure of 

polyethersulfone (PES), polyvinylpyrrolidone 

(PVP), 1-methyl-2-pyrrolydone (NMP) and 

lysozyme are illustrated in Table 1 and Fig. 1 

respectively.

                          

                               
                

Fig. 1. Chemical structure of (a) polyethersulfone (PES), (b) polyvinylpyrrolidone (PVP), (c) 1-methyl-2-

pyrrolydone (NMP) and (d) Lysozyme 

Nathalie Kobbe Dama et al
International Journal of Chemistry and Chemical Engineering Systems 

http://www.iaras.org/iaras/journals/ijcces

ISSN: 2367-9042 6 Volume 4, 2019



Reagents Manufactures Molecular weight 

(g.mol-1) 

Purity 

(%) 

Polyethersufone (PES) (PES VERADEL 3000 MP) / 35 000 / 

1-methyl-2-pyrrolidone (NMP) (C5H9NO) Riedel-de Haen 99.13 99 

Polyvinylpyrrolidone (PVP)  Fluka analytical 40 000 / 

Zinc Oxyde (ZnO) Riedel-de Haen 81.41 / 

Sodium Metabisulfite (Na2S2O5) Acros Organics 190.1 97 

Lysozyme Acros Organics 14 300 / 

Table 1. Characteristic of the products used 

 

2.2 Membrane preparation method 
 All membranes were prepared using the phase-

inversion method [8]. 
Different amounts of PVP or ZnO NPs were added 

into NMP (solvent) and the solutions were 

subsequently stirred for 1h at 250 rpm and room 

temperature to obtain a homogenous mixture. Then, 

PES (25 wt%) was added and the solutions were 

strirred for 24h at 250 rpm and room temperature. 

The collodion were further casted on a glass plate 

using an automatic film applicator (Elcometer 

K4340) with a 200 μm casting knife. Then, the casted 

solution was immediately immersed into a non-

solvent bath (deionized (DI) water) at room 

temperature for precipitation. The so-obtained 

membranes stored in DI water for 24h to ensure total 

solvent removal. Finally, the membranes were stored 

in a sodium metabisulphite (Na2S2O5) solution (5g/L) 

until use. The composition of the various casting 

solutions is given in Table 2. 

 

 

Table 2. The compositions of casting solutions 

2.3 Filtration experiments  
2.3.1 Filtration setup 

 The membrane performance was analyzed by 

dead-end filtration using a cell of volume V = 300 

mL.  
 The effective membrane surface area was 45.4 

cm2. The transmembrane pressure was applied by 

means of a nitrogen gas source. The permeate was 

collected in a beaker and weighed in order to 

determine the permeation flux of the membrane. The 

membranes were initially compacted at a 

transmembrane pressure of 5 bar for 1 h. 

Permeability measurements were conducted at room 

temperature and the pressure was varied from 1 to 5 

bar. 

 

 

2.3.2 Water flux and rejection measurement 

 The water flux was measured after 2 min of 

water filtration. Water flux (Jw) was calculated 

according to Eq. (1). 

𝐽𝑤 =
𝑄

𝐴×∆𝑡
                                                               (1)  

Where Q is the mass of water collected in the 

permeate compartment. A is the effective surface 

area of the membrane, and ∆𝑡 is the time of the 

measurement. [20]. 

Fouling experiment were carried out with a 

lysozyme solution (0.35 g/L) in order to assess the 

(anti)fouling properties of PES. The permeate flux 

decline with filtration time was measured at 3 bar for 

60 min operation. After 15 min of filtration, the 

lysozyme concentration in the feed solution and 

permeation solution were measured, respectively. 

The rejection was calculated according to Eq. (2).  

𝑅(%) = (1 −
𝐶𝑝

𝐶𝑓
) × 100                                        (2) 

Where 𝐶𝑝 is the lysozyme concentration (g/L) of the 

permeation solution and 𝐶𝑓 is the lysozyme 

concentration (g/L) of the feed solution. The 

lysozyme concentration was measured with UV-VIS 

spectroscopy at 𝜆𝑚𝑎𝑥 = 280 𝑛𝑚 [22]. 

 

2.4 FTIR spectroscopy 
After careful dynamical vacuum drying (two 

days) the top surface of membrane samples was 

characterized using a FT/IR-4100 Fourier Transform 

Infrared Spectrometer (Jasco) equipped with a ZnSe 

crystal ATR element (single reflection; incidence 

angle: 45°). Spectra were collected from 600 to 3700 

cm-1 at 2 cm-1 resolution and each spectrum was 

averaged from 128 scans after background recording 

performed at ambient air.  

Membranes  PES 

(wt%) 

NMP 

(wt%) 

PVP 

(wt%) 

PES 25 75 0 

PES/PVP 25 72 3 

PES/ZnO 25 74.5 0.5 
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2.5 Porosity measurements 
The porosity (𝜀) was determined by gravimetric 

method, difined as: 

ε =
Ww−Wd

ρw.A.l
                                                            (3) 

Where 𝑊𝑤 is the weight of the wet membrane;𝑊𝑑  is 

the weight of the dry membrane; 𝜌𝑤 is the wáter 

density (998 kg.m-3); 𝐴 is the effective area of the 

membrane (3 cm2); 𝑙 is the membrane thickness (m). 

[23]. 

 

2.6 Experimental Design: Central 

Composite Designs 
It has been reported in the literature that 

numerous factors can influence permeability [9, 10, 

24, 25]. To assess key parameters for better 

permeability efficiency, Central Composite Designs 

was used [26, 27]. A 3-factor, two levels plus center 

points central composite an experimental design 

matrix was used to investigate the effects of selected 

parameters are listed in Table 3.  

 

Natural 

levels of the 

design 

factors 

Coded levels of the design 

factors 

(-1) 0 (+1) 

X1: NMP (%) 70 75 80 

X2: ZnO (%) 0.5 1 1.5 

X3: Casting 

speed (mm/s)  
20 30 40 

Table 3. Natural and coded levels of the design 

factors 
 

The response function was the permeability. The 

postulated quadratic polynomial model to Eq. 4 

generally enables the description of several studied 

responses in a reasonable experimental domain. 

𝑌𝑃𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 = 𝑎0 + ∑ 𝑎𝑖𝑋𝑖 + ∑ 𝑎𝑖𝑗𝑋𝑖𝑋𝑗 +

∑ 𝑎𝑖𝑗𝑘𝑋𝑖 𝑋𝑗𝑋𝑘                                                        (4) 

Where Ypermeability = permeability water, a0 = 

estimation of average responses, ai = estimation of 

main effects of variables I, ai = estimation of 

quadratic effects of variables i, aij = estimation of 

interactions between variables i and j, aijk = 

estimation of interactions between variables i, j and 

k. 

Calculation of the different coefficients ai, aij, 

aijk, was done according to the least squares method 

using Eq. (5). 

𝑎𝑖 = (𝑋′𝑋)−1. 𝑋′. 𝑌                                                 (5)   

where X = matrix of model, X' =  transposed matrix 

of X, (X' X) =  matrix of information,  

(X' X)-1 = matrix of scattering, Y =  vector of 

experiment responses.  

Microsoft Excel 2015 and Minitab plus software 

were used to analyse the obtained data. 

Estimating the weight of different factors and 

their interactions on the response. 

To estimate the weight of the different variables 

and their interactions on the response, Pareto analysis 

[28]. Method which expresses the effect of Xi 

parameter by relation was used.  

𝐹𝑖 = 100(𝑎𝑖
2 ∑ 𝑎𝑗

2⁄ )                                             (6) 

Where 𝐹𝑖 = percentage of the effect of parameter i on 

the response, 𝑎𝑖
2 = quadratic estimation of 

coefficient of variable i, ∑ 𝑎𝑗
2= sum of quadratic 

estimations of all coefficients 

 

3 Results and discussion 
3.1 Influence of casting speed 
Influence of the casting speed (20-50mm/s) on 

membrane properties was studied.  

 
Fig. 2. Pure water permeability of (pure) PES 

membrane as a function of the casting speed 

Fig. 2 shows a point cloud of membrane 

permeability in pure PES versus velocity. The 
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permeability tests were carried out at a constant 

pressure of 3 bar. The lower permeability, 1,5 L.h-

1.m-2.bar-1, was obtained for a casting speed of 40 

mm/s whereas the highest permeability, 17.8 L.h-1.m-
2.bar-1 was obtained at 20 mm/s. 

It was revealed that the casting speed influences 

the permeability of membranes. For speeds lower 

than 20 mm/s, the exchanges between the ambient air 

and the collodion are important. To avoid the 

evaporation of the solvent and the absorption of water 

from ambient air, the polymer films were 

immediately immersed into the non-solvent bath. The 

casting speed also affects the membrane morphology, 

porosity and pore size by which is attributed to the 

alternation of molecular orientation caused by 

induced shear rate [24]. 

 

 

3.2 Membrane characterization 
In order to study the chemical structure and 

composition of the membrane. FT-IR spectrum of 

different compositions of PES-PVP membrane were 

also evaluated and results presented in Fig. 3. As 

already reported in literature, FT-IR spectrum of PES 

demonstrated absorption bands at 3470, 2800-2900, 

1750, 1380, 1233, 1047 and 886 cm-1 which 

correspond to O-H, C-H, C=O and C-O stretching 

vibration [29].  

The band at 1674 cm-1 is assigned with the PVP 

[25, 29].  

 

 

 
Fig. 3. FTIR spectra of PES ; PES/ZnO and PES/PVP membranes 

 
On the spectrum, we can also observe the 

presence of an absorption band at 1050 cm-1 which 

corresponds to the C - 0 - C backbone of the PES. 

This last band proves that the PES is not degraded 

during the formation of PES/ZnO. 

The porosity of each membrane was obtained by 

volume fraction of the membrane. 

In Fig.4, the porosities of PES/PVP and 

ZnO/PES hybrid membranes are higher than that of 

the PES membrane. The porosity increases with 

increasing weight of added PVP and nano-ZnO. It is 

known that high porosity is favorable to water flux.  

It is generally accepted as a common rule that the 

enhanced exchange rate between water and solvent 

can make more porous membranes and vice versa 

[21, 23]. The reasons for the porosity variable can be 

explained below. The presence of nano-ZnO 

generates two effects: hydrophilicity effect and 

viscosity effect. Hydrophilic nano-ZnO easily draws 

water into the casting suspension in the phase 
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inversion process. The hydrophilicity effect can 

increase the exchange rate between water and 

solvent. When the weight of added PVP and nano-

ZnO, the viscosity of the casting suspension is high 

that the hydrophilicity effet is dominant [8, 22, 30]. 

 

 

Fig. 4. Porosity of the various membrane 

 
Shen et al [20] believed, the higher the nano-

ZnO addition weight leads to higher viscosity. When 

the weight of nano-ZnO added is high (more than 

0.5%), the viscosity of the casting slurry is so high 

that the viscosity effect dominates the hydrophilic 

effect. The reduced exchange rate results in 

decreased porosity. The porosity variable is affected 

by these two effects. 

 

3.3 Flux and rejection 
The cross-flow system was used to measure the 

filtration properties of membranes at 25 °C. After 

studying the influence of the spreading speed, we 

was decided to work with a casting speed in the 

middle of this range, whether 30 mm/s. Filtration 

properties of all the prepared membranes are shown 

in Fig. 5. The water permeabilities of the PES/PVP 

and PES/ZnO hybrid membranes are higher than of 

the PES membrane and reach 8.1 and 15.2 L.h-1.m-2. 

bar-1, respectively. The low addition weight of nano-

ZnO leads to a small viscosity. The increased 

exchange rate results in raise permeability [20]. This 

flux represents an improvement of 170% over that 

of the PES membrane.  

 

 
Fig. 5. Water permeability and lysozyme rejection 

of PES, PES/PVP and PES/ZnO 

 

In order to estimate the rejection performance of the 

PES, PES/PVP and PES/ZnO membranes, lysozyme 

(0.3 g/L) were used. Fig. 5 shows a typical tendency 

for the rejection of lysozyme by membrane. The 

results of the rejection performance showed that our 

membranes have a retention rate of lysozyme of 

85% for PES, 75% for PES/ZnO and 86% for 

PES/PVP. These result suggest that the addition of 

ZnO NPs did not lead to substantial modification of 

the membrane pore size. 

 

 

3.4 Dominants Factors 
Table 4 presents the three factor of central composite 

design with corresponding experimental responses 

and predicted values of permeability. Equation (4) 

has been used to observe the effects of experimental 

factors on permeability. Experimental values are 

measured for a particular run, and the predicted 

values are evaluated from the quadratic polynomial 

model and are generated by using the approximating 

functions. These results are analyzed by the linear 

regression method as recommended by the method 

used. Estimations of quadratic model coefficients 

are presented in table 5. Pareto analysis is presented 

in Fig. 6. 
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Run 
Factors (coded values) Permeability (L.h-1.m-2. bar-1) 

X1 X2 X3 Experimental Predicated Residue 

1 70 0.5 20 17.72 18.3 0.58 

2 80 0.5 20 3.24 2.6 -0.64 

3 70 1.5 20 11.85 10.5 -1.35 

4 80 1.5 20 14.12 13.8 -0.32 

5 70 0.5 40 17.23 18.2 0.97 

6 80 0.5 40 4.32 5.1 0.78 

7 70 1.5 40 11.58 10.3 -1.28 

8 80 1.5 40 4.97 5.2 0.23 

9 75 1 30 2.78 2.6 -0.18 

10 75 1 30 2.53 2.6 0.07 

11 75 1 30 2.67 2.6 -0.07 

12 75 1 30 2.49 2.6 0.11 

 
Table 4. Design matrix and results of the central composite design 

 

regression method as recommended by the method 

used. Estimations of quadratic model coefficients 

are presented in table 5. Pareto analysis is presented 

in Fig. 6. 

 

 Factors and 

interactions 
Coefficients ai 

Pareto 

analysis %ai 

X1 -3.96 34.48 

X2 0.01 0.10 

X3 -1.11 9.71 

X1 X2 2.89 25.20 

X1 X3 -0.92 8.05 

X2 X3 -1.26 10.99 

X1 X2 X3 -1.32 11.47 

a0=10.64 

Table 5. Coefficients ai of the models and Pareto 

analysis 

 
The coefficients for the linear, quadratic and 

interactive terms were evaluated using Minitab17 as 

follows: - 3.96, 0.01, - 1.10, + 2.88, - 0.91, - 1.25 and 

-1.31 for X1, X2, X3, X1X2, X1X3, X2X3 and X1X2X3 

respectively. 

The plot of pareto analysis [32] (Fig. 6) 

indicates that the coefficients for linear effect of 

ZnO NPs (X2), casting speed (X3), interaction 

between ZnO NPs and casting speed (X1X3) were 

found to be insignificant (percentage of influence < 

10%) indicating that these parameters do not 

affected the permeability. But the coefficients of the 

solvent (X1), interaction between solvent and ZnO 

NPs (X1X2), interaction between ZnO NPs and 

casting speed (X2X3), interaction between solvent, 

ZnO NPs and casting speed (X1X2X3) were found to 

be the most significant with percentage of influence 

on the response of 34.48%, 25.20%, 10.99% and 

11.47% respectively.  

It is the factor X1, the solvent, which is the most 

influential. X2 and X3 are not directly influential, but 

they are through their interactions. The solvent has a 

major impact on the permeability. The porosity of 

the membrane increases with the concentration of 

solvent (finger-like structure) and decreases with the 

decrease of the solvent concentration (sponge-like 

structure): the increase in the mass concentration of 

polymer causes a drop in the flow of permeability of 

membranes [33-34]. The interaction between the 

solvent and ZnO NPs showed that there was an 

influence on the structure of the membranes. That 

would correspond to the increase of the viscosity of 

the collodions and a good dispersion of the ZnO NPs 

in the membrane matrix [34].  

Thus attention must be paid not only on main 

effects but also on interaction parameters. Multiple 

regression analysis equation obtained is as follows: 

YPermeability = 10.64 – 3.96X1 + 0.01X2 – 1.11X3 + 

2.89X1X2 – 0.92X1X3 – 1.26X2X3 – 1.26X1X2X3                              

(7)     
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Fig. 6. Pareto analysis of the weights of the models terms 

 
The plot of pareto analysis [32] (Fig. 6) 

indicates the two positive effect of the parameters 

X2, X1X2 on the permeability and fine negative 

effects of the parameters X1, X3, X1X3, X2X3, 

X1X2X3 on the permeability of the membrane. The 

coefficient b2 of the model is positive, coefficients 

b1 and b3 are negative indicating respectively that 

increasing the value of X2 increases the permeability 

and increasing the value of X1 or X3 decreases the 

permeability. Interaction coefficient b12 is positive 

and b13, b23 are negative; the interaction of X1X2 

increases the permeability of membrane whereas the 

interaction of X1X3 or X2X3 reduces the permeability 

of membrane. 

A simple method to validate the above equation 

of the model is to compare the experimental 

responses the calculated responses (Fig. 7). The 

coefficient (0.99) of this regression curve indicates 

that there is not significant different between the 

experimental response and the calculated responses 

and thus the model is validated. 
The response surfaces in Fig. 8 (a, b, c) indicate 

that the solvant (X1) affects the permeability, the 

ZnO NPs (X2) also affects the permeability but in a 

lesser degree than solvant dose whereas the casting 

speed (X3) slightly affects this response.  

 

 
Fig. 7. Experimental vs. Predicted 

permeabilities 

 
The optimal zones correspond to the red zones 

on the coloured isoreponse lines show in Fig. 9. We 

can clearely see the evolution of the response 

(permeability). 
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Fig. 8 (a, b, c). Reponse surfaces (X1: Solvent, X2: Nano-ZnO, X3: Casting speed)  

 

 

Fig. 9. Coloured contour plot : (a) Solvent and ZnO, (b) Solvent and Casting speed, (c) Solvent and Casting 

speed 

 

For both solvent dose and ZnO NPs, solvent 

dose and casting speed, ZnO NPs and casting 

speed, a local maxima of permeability of 16 L.h-

1.m-2.bar-1, 14 L.h-1.m-2.bar-1, 12 L.h-1.m-2.bar-1 

are found at the coded point X1X2 (-1, -1) ; X1X3 

(-1, -1) & (-1, +1) ; X2X3 (+1, -1).  

These results show that, the permeability 

decreases with increasing ZnO NPs. This is due 

to an increase in the viscosity of the collodion 

which slows the growth of the porous structures, 

generating the obtaining of smaller pores than 

with a lower concentration (0.5% by mass) [8, 

22]. Because of the fact that the coefficient of 

the X1X2X3 of the model equation cannot be 

neglected, the best response range can be 

obtained by analyzing the response surface 

plots. A maximum permeability (17.7 L.h-1.m-

2.bar-1) was observed at fixed solvent (70%), 

ZnO NPs (0.5%) and casting speed (20mm/s). 

 

 

4 Conclusion 
A serie of membranes was prepared by a phase-

inversion method. The preparation and 

characterization of PES membrane have been 

investigated in the presence of PVP as porogen. 

The PVP and ZnO NPs strongly affect the 

membrane properties. The porosity of 

 

   

(a) (b) (c) 

(a) (b) (c) 
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membrane is improved by adding PVP and ZnO 

NPs. Synthesis process parameters namely 

solvent, nanoparticles and casting speed were 

considered to optimize the permeability. The 

multiple correlation coefficient of 

determination R2 was 99.97%, showing that the 

actual data fitted well with the predicted data. 

We have shown that it is possible to include 

nanoparticles in matrix of polyethersulfone 

membrane to modify its properties, giving 

membranes more permeable to water than a 

pure PES membrane without compromising the 

rejection performance significantly. 
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