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ABSTRACT 

A series of zinc chloride blended polyethersulfone ultrafildddtration (UF) membranes was prepared using phase inversion 

method in the blend compositions of 0/100, 2/98, 4/96, 6/94, 8/92 and 10/90 % respectively. Prepared membranes were subjected to 

morphological and UF characterization studies. Morphological studies using SEM and AFM revealed the increased pore size and surface 

roughness in the blend membranes due to zinc chloride addition, thereby indicating the chances of enhanced fluxes for blend membranes 

than the pure polymer membrane. UF characterization studies on the prepared membranes clearly indicated the improved hydrophilicity, 

water uptake and pure water flux with increase in the zinc chloride concentration in the membranes. Inorganic salt rejection studies 

conducted on these blend membranes showed that rejection percentage was slightly reduced with increase in the zinc chloride 

composition in the blend membranes. All the obtained results clearly indicated that the zinc chloride blended polyethersulfone UF 

membranes are promising candidates for potential applications which require higher permeate fluxes with an agreeable solute rejection 

percentage. 
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INTRODUCTION 

 Ultrafiltration (UF) is one of the most widely used technologies for macromolecules separation from solutions especially for 

industrial effluent treatment. The basic principles of ultrafiltration along with its salient features have been extensively reported in 

literature (Cheryan, 1998; Crull, 1990). Polyethersulfone (PES) is one of the best polymers for UF membrane synthesis especially for 

wastewater treatment (Cheryan, 1998; Crull, 1990). However, pure PES membranes suffer from the limitation of lower fluxes and 

fouling. To overcome this limitation, the PES polymer is blended with several modifiers to produce membranes with enhanced 

ultrafiltration properties (Susanto, 2009). Zinc chloride (ZnCl2) has been successfully blended with other polymer based membranes 

resulting in the enhanced features of the respective base membrane (Panda, 2014). In this current study, a series of UF membranes with 

PES as base polymer and ZnCl2` as modifier have been synthesized in varying compositions. The prepared membranes were subjected 

to morphological and UF characterization analysis. Subsequently, the performance of the prepared membranes was studied through 

inorganic salts rejection tests and the results are discussed. 

EXPERIMENTAL PROCEDURE: 

 PES based asymmetric UF membranes are predominately prepared by phaseinversion method. Standard procedure of phase 

inversion method for membrane preparation as described in literature (Cheryan, 1998), was adopted for the membrane synthesis. The 

cast solution composition for the various membrane blend preparation is shown in Table 1. Scanning electron microscopy (SEM) (Supra 

55-Carl Zeiss, Germany) was used to analyze the morphology of the blend membranes through standard morphology study procedure. 

Contact angle measurements were done using Goniometer (DGX Digidrop). Pure water flux, measured at three different pressures, was 

determined using the equation, Jw = [Q / (A ΔT)] where, Jw is permeate flux (lit m-2 h-1), Q is quantity of permeate (lit); A is membrane 

area (m2), ΔT is sampling time (h). The hydraulic resistance for a given blend membrane was evaluated from the inverse of the slope 

for the plot between pure water flux (Jw) and transmembrane pressure difference (ΔP). Water uptake capacity of membrane samples 

was observed to calculate the porosity of membranes. Inorganic salt ion rejection test was carried out at an operating pressure of 345 

kPa and the solute rejection percentage was calculated using the equation, %SR = [1-(Cp/Cf)]*100 where, Cp and Cf are metal ion 

concentrations of permeate stream and feed stream, respectively. 

RESULTS & DISCUSSIONS 

 SEM studies on PES – ZnCl2 blend membranes revealed the modified pore characteristics of the blend membranes in comparison 

to pure PES membrane. As shown in figure 1, it could be seen that the number of pores as well as the pore size got increased with the 

ZnCl2 addition to the blend membranes, ensuring the chances of better flux for the blend membranes. 

Figure 1: SEM images of pure and blend membranes 

a) PES (100%)   b) PES – ZnCl2 (96 / 4%)   c) PES – ZnCl2 (92 / 8%) 
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UF characterization results for the prepared UF membranes are presented in Table 1. Surface hydrophilicity of the membrane was 

measured in terms of contact angle. It was observed that the water contact angle on the membrane sample was decreasing with increase 

in ZnCl2 concentration, revealing the enhanced hydrophilicity due to modifier addition. Porosity measurements through the water uptake 

test clearly showed the enhanced porosity in the composite membrane with the raise in ZnCl2 concentration. This was in accordance 

with the results obtained through SEM analysis. Pure water flux measurements clearly exhibited the superiority of the blend membranes. 

The flux was increased to a maximum of six times in the blend membrane with increase in ZnCl2 concentration in the blend membranes. 

The hydraulic resistance of the blend membranes recorded a decreasing trend with the increasing modifier concentration. From above 

characterization results, it was very clear that addition of ZnCl2 modifier to PES membrane has boosted the UF characteristics of the 

blend membrane as compared to the pure PES membrane. 

Table.1.UF characterization results for the pure and blended membranes 

The synthesized membranes were subjected to inorganic salts rejection test to analyze their performance. Results of the inorganic 

salts rejection studies (Sodium sulphate and Magnesium sulphate) on the pure and the blend membranes are shown in figure 2 and 3. 

Results of performance tests showed that the blend membranes had an increased flux with a slight decrease in the metal ion rejection 

percentage as compared to that of the performance of pure PES membrane. The reason for this behavior could be attributed to the 

increased pore size as well as the increased number of pores in the blend membrane due to the ZnCl2 addition.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure.2.Salt flux vs ZnCl2   Figure.3.Salt rejection vs ZnCl2 

A close analysis on the characterization results and performance tests of the blend membranes showed that the hydrophilicity and 

flux had a sharp increase upto 4 wt% ZnCl2 membrane after which the values almost flattened. Also, the salt rejection percentage had 

a considerable reduction for the blend membranes with ZnCl2 concentration greater than 4 wt%. 

CONCLUSIONS 

 A novel series of zinc chloride (ZnCl2) blended polyethersulfone (PES) ultrafiltration membrane was synthesized in varying 

compositions and subjected to morphology analysis, ultrafiltration characterization and performance tests. The characterization studies 

on the prepared membranes showed the enhanced pores statistics, water permeability and hydrophilicity with the addition of ZnCl2 

modifier to the polymer membrane. Salt rejection tests were conducted on the pure PES as well as blend membranes. Results clearly 

indicated that the blend membranes recorded an increased flux (with increase in ZnCl2 concentration) with a slight decrease in the 

rejection percentage of the inorganic salts as compared to that of the pure PES membrane. It was also observed that the 94% PES – 4% 

ZnCl2 membrane was possessing better membrane characteristics among the other prepared membranes. Studies clearly indicate that 

the ZnCl2 blended PES membranes are promising candidates for potential membrane applications which require higher permeate fluxes 

with an agreeable rejection percentage. 
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Membrane Composition 

(Solute – wt%) 

Pure Water flux 

(lit m-2 h-1) 

Contact 

Angle 

(deg) 

Membrane Hydraulic 

Resistance 

(kPa m2 h lit-1) 

Porosity 

PES (%) ZnCl2 (%) 207 kPa 276 kPa 345 kPa 

100 0 3.4 3.9 5.2 62.3 76.92 0.587 

98 2 6.5 10.4 11.4 60.4 28.17 0.637 

96 4 9.3 16.2 18.7 57.7 14.68 0.681 

94 6 14.9 20.3 26.3 52.1 12.11 0.719 

92 8 15.8 21.7 27.9 51.2 11.4 0.725 

90 10 17.1 23.5 28.8 50.6 11.79 0.73 
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