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Abstract: This project was conducted to identify the reaction of additive material due 

to lack of performances of Polysulfone (PSF) and to improve the Polysulfone 

membrane and the reason used of this non-solvent addictive because the low cost and 

dilute insolvent. This project aims to improve the Polysulfone membrane by using an 

addictive’s material and this study aims to investigate the effect of non-solvent 

addictive on Polysulfone membrane and to characterize the mechanical behaviour, 

physical, and also membrane performance of prepared material. In this study, the 

experiments work to determine the Polysulfone membrane by using Zinc Chloride, 

Zinc Acetate, and Zinc Nitrate. The concentration will be varied from 0-5% and the 

result showed the mechanical properties will be enhance due to increases of zinc salt. 

The results for physical of the Polysulfone membrane showed decreases in contact 

angle and rose in porosity. This results for the performance of the membrane by its 

permeability and rejection also increases, and fouling will be minimize. 
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1. Introduction 

Polluted water-carrying oil produced from factories also wastes crude oil and water sources in 

addition to polluting the atmosphere. Furthermore, it is difficult to treat emulsified and soluble oil in 

wastewater using conventional methods. Membrane technology has been widely used in water 

treatment, especially for the treatment of oil-containing wastewater. This is because membrane 

separation technology was among the most successful operation units of chemical engineering, for it 

and have a lot of benefits such as simple operation, low price, no phase transfer, high performance, and 

capability of reducing pollutants [1]. 

A membrane is defined as a thin sheet, film, or layer, which works as a selective barrier between 

two phases that can be liquid, gas, or vapor. In other words, a membrane is an interface between two 

adjacent phases acting as a selective barrier, regulating the transport of species between the two 

compartments [2]. 

The mechanism of membrane separation is a procedure in which a membrane is used to isolate the 

elements in a solution by rejecting undesirable compounds and allowing others to move through the 

membrane [2]. In existing pressure-driven membrane processes such as MF, UF, NF, and RO, solvent 

and various solutes are permeated through the membrane, whereas other components are rejected only 

depending on the membrane structure and pore size [3]. 
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2. Materials and Methods 

Polysulfone that been provided from University Tun Hussein Onn Malaysia (UTHM), N-methyl-2-

pyrrolidone (NMP) supplied from University Tun Hussein Onn Malaysia (UTHM), Zinc chloride 

(𝑍𝑛𝐶𝑙2), Zinc nitrate ((𝑁𝑂3)2, Zinc acetate is a salt with the formula (𝐶𝐻3𝐶𝑂2)2, were also supplied 

by University Tun Hussein Onn Malaysia (UTHM). 

2.1 Methods 

For the preparation of PSF/zinc salt composite membrane casting solutions, PSF (17 g) was 

completely dissolved in solvent (NMP) (82.75g, 82.50g, 82.0g) at 60°C and non-solvent Zinc Chloride 

(0.25, 0.50, and 1.0g) will be added to the PSF solution then the solution was stirred for 4 h 60 °C 

(solution 1). Next, the same step from solution1 that using Zinc Nitrate (0.25, 0.50, and 1.0 g) will be 

added to the PSF solution then the solution was stirred for 4 h 60°C (solution 2). The last solution, Zinc 

Acetate (0.25, 0.50, and 1.0g) will be added to the PSF solution then the solution was stirred for 4h, 

60°C (solution 3). The phase inversion technique will be used for the preparation of membranes, as 

mentioned in our previous study. Casting solution compositions are given in the table below. 

2.2 Experiment process 

For the preparation of PSF/NMP/Zinc Salt membrane casting solutions, PSF completely 

dissolved in solvent (NMP) and zinc chloride concentration vary from 0-5% added to the PSF solution 

then the solution stirred (solution 1). PSF and zinc nitrate concentration 0-5% was dissolved in certain 

amounts of NMP (solution 2). Next PSF and zinc acetate concentration 0-5% was dissolved in certain 

amounts of NMP (solution 3). The phase inversion technique used for the preparation of membranes. 

 

 

 

 

 

 

 

The first phase is the combination of Polysulfone (PSF), N-Methyl-2-Pyrrolidone (NMP) with 

zinc salt which is Zinc Acetate. All of the material will combine in a beaker then make a mixture to 

form a membrane by its solution. The second step is the combination of Polysulfone (PSF), N-

Methyl-2-Pyrrolidone (NMP) with zinc salt which is Zinc Nitrate. All of the material will combine in 

a beaker then make a mixture to form a membrane by its solution, and the third step is the 

combination of Polysulfone (PSF), N-Methyl-2-Pyrrolidone (NMP) with zinc salt which is Zinc 

Chloride. All of the material will combine in a beaker then make a mixture to form a membrane by its 

solution. 

 

Membrane 
Casting solution (wt %) 

PSF NMP Zinc salt 

M1 17 82.75 0.25 

M2 17 82.50 0.50 

M3 17 82.0 1.0 

Table 2: Casting solution for Zinc Chloride, zinc nitrate and zinc acetate 
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After that each solution is mixed and heated using a magnetic stirrer for 4 hours. The finished 

solution is poured on a smooth surface or glass to be leveled to obtain a piece of membrane, the 

membrane that has been poured on glass will be soaked in a container filled with water. 

 

 

 

 

 

 

 

 

 

2.3 Equation  

The permeability tests were performed the pure water permeability (L/m2 ∙ h ∙ bar) was calculated 

using the following expression: 

 

Figure 2.1: the solution of PSF/NMP/Zinc Acetate 

Figure 2.2: Process the mixture will pour on the pieces 

of glass 

Figure 2.3: Water bath process 
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Pure Water Permeability = 
Pure Water Flux

∆P
                                   (3.1) 

Equation: pure water permeability  

The porosity of a membrane has a very important role in permeability and retention. The porosity 

of the membrane is determined by the equation: 

 

Porosity=
WW-WD

ΡW × V
                                                                                (3.2) 

 

 

3. Result and Discussion 

Results, discussion Calculation, and measurement of the mechanical testing which is the results 

and determination of tensile strength, this experiment also involved measurement of physical test which 

is included contact angle and porosity. The performance of the membrane was also be testing which is 

included permeability, rejection, and fouling 

3.1 Contact angle results 

The contact angle results were obtained from previous studies and were analysed with several other 

studies and the results of the analysis found that the contact angle tend to decreases when the addition 

of zinc salt occur. The contact angle result get from droplet on the membrane and the angle value 

verified the result either the membrane were hydrophilic or hydrophobic properties. For this experiment 

results we can see the three zinc salt which is zinc chloride, zinc nitrate and zinc acetate cause the 

membrane became more hydrophilic state, but to many concentration of the zinc salt the membrane 

structure can be change due to the porosity. 

 

 

 

 

 

 

 

 

The results of contact angle for 

zinc acetate show on figure below the decreases of contact angle value when we added high 

concentration of zinc compound, the results also compared with three different type of experiment but 

still using the same zinc acetate as an additives material. The trend showed the similarity.   

Figure 3.1: the value of contact angle for 

ultrafiltration and PEG membrane. [17] [18] 

Equation: porosity 
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Figure 3.2: The value of contact angle for ZnO modified and the PES membrane. [20] [21] 

The results of contact angle for zinc nitrate also show the same trend that decreases of contact angle 

value when we added high concentration of zinc compound, the results also compared with two different 

type of experiment but still using the same zinc salt as an additives material. The trend showed the also 

drop for contact angle value. 

 

 

 

 

 

 

 

 

 

The morphology of the membrane tend to be more hydrophilicity after adding the amount of 

zinc solution, this is because the reaction of zinc and the membrane showed the membrane be more 

porous and the pure water flux will be increases due to the srtructure. 

3.2 Porosity results 

Based on the observation of the analysis of the study found that the porosity will increase as soon 

as the concentration of zinc salt is added to the mixture, this proves the presence of zinc will cause the 

membrane structure to change. An increase in zinc concentration will change the membrane to be more 

porous and more finger-like macro void. 

 

 

Figure 3.3: the graph of contact angle for PA-TFC 

membrane and ZnO membrane [23] [24] 
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By increasing the weight percentage of ZnO in the ZnO modified GO nanocomposite, the 

porosity of the membrane is increased. This behavior is often observed in the construction of mixed 

matrix membranes, where an increase in the concentration of zinc acetate injected into the membrane 

matrix leads to an increase in membrane porosity and pore size. 

 

 

 

 

 

 

 

 

Graph below showed the porosity result for zinc nitrate and the porosity on the membrane 

became largest as we added the amount of zinc material, so from data aboved we can conclude all this 

three zinc salt give the similar result which is porosity increases when the concentration zinc salt 

increases. 

 

 

 

 

 

 

 

 

 

Figure 3.4: the graph of porosity results for 

zinc chloride [17] [18] 

Figure 3.5: the graph of porosity results for ZnO/Go 

and composite membrane [20] [25] 

Figure 3.6: the graph of porosity results for nano composite 

and PDVF membrane. [24] [22] 



Ghafar A. A. et al., Research Progress in Mechanical and Manufacturing Engineering Vol. 3 No. 1 (2022) p. 647-659 

653 

 

Increases in zinc salt concentration also improved membrane permeability, and high zinc salt 

concentrations influenced the size of pores. We may deduce that when pore size increases, permeability 

increases as well, and the two have a very strong connection. 

3.3 Permeability results 

Membrane made with concentration of zinc salt has the largest porosity, resulting in the highest 

permeability. The permeability of the PSF membrane without any additives is less than the permeability 

value with additives material, in this result we can see the permeability for various membrane with the 

same zinc salt that used. But in some membrane the permeability show the instead of result due to 

different kind of mixture and also technique but overall we can conclude the the highest concentration 

of zinc salt tend the membrane became more permeability. 

 

 

 

 

 

 

 

 

 

The graph below showed the permeability result increased which related to the membrane contact 

angle result The polar ZnO nanoparticles and functional groups on the surface of GO nanosheets have 

a strong attraction to water molecules, which can attract more water molecules through the membrane, 

as explained by the porosity and average pore radius of the membrane. Compared with clean PSF 

membranes, the increased permeability of MMM membranes is due to increased porosity and larger 

average pore size 

 

 

 

 

 

 

 

 

In this experiment the permeation of propylene and its separation performance from the binary 

gas mixture using the three membranes ZAc (zinc acetate) membrane produced the highest propylene 

permeation value followed by ZNi (zinc nitrate) membrane and then and ZCl (zinc chloride) membrane 

Figure 3.7: Permeability result for zinc chloride for MPEG and PSF 

membrane [18] [22] 

Figure 3.8: the value permeance for zinc nitrate, zinc 

chloride and zinc acetate membrane [19] 
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As a result, greater 

porosity will result in the largest growth of pores. When the permeability is improved, the pure 

water flux results improve as well. 

3.4 Rejection results 

The addition of zinc salt increases the water permeation and increased the rejection rate of the 

membrane, in some experiment, the permeability showed different value or results that obtain when the 

increases of concentration of zinc salt, as we can see on the figure below when the increases of 

concentration the value of rejection will drop. The membrane permeance of PVP, has been has said the 

different kind of permeance material will comeout with different result but in other experiment showed 

the rejection result can be improve or enhance due to high concentration in zinc salt. 

 

 

 

 

 

 

 

 

A mixed membrane is 

better than a pure water flow measurement. With the increase of the content of (ZnCl2) in the mixed 

membrane, the flux is increased to six times at most. When the concentration of the modifier increases, 

the hydraulic resistance of the mixed membrane decreases 

 

 

 

 

 

Figure 3.9: the graph of membrane permeability for 

modified on ZnO nanoparticle [20] 

Figure 3.10: the rejection graph for the concentration of 

zinc chloride [22] 
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ZnCl2 lead to denser membranes, so the 

solute rejection properties of these two membranes 

were measured with lower molecular weight 

solutes (glucose, PEG 200, 400, and 600), as shown in figure below. For the 2 wt. % (MPEGZ-2) 

membrane, all solutes have achieved a rejection rate of 100%. 

 

 

 

 

 

 

 

 

 

 

Graph below show the rejection for zinc acetate membrane and permeance with the two 

material which is arsenic and lead and the result showed as below, the trend of the graph show when 

the pressure increases and due to the excessive amount of nanoparticles, the retention efficiency is 

reduced, resulting in an increase in porosity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.11: Rejection Result for Zinc 

Chloride [17] 

Figure 3.12: The rejection graph for 

NF membrane [18] 

Figure 3.13: Arsenic Rejection. [24] 

Figure 3.14: Lead Rejection. [24] 
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3.5 Fouling effect 

The membrane fouling is the biggest obstacle to the application of membrane, research on the 

membrane fouling is of vital importance to this technology, used of additive and material can lead to 

control or can manage the membrane fouling. To determined solution for improvement of direct 

membrane filtration performances is to develop new membrane with increased anti-fouling properties. 

In view, the membrane fouling control technologies of the membrane filtration process, when the 

controlling the fouling effect so the energy consumption can be minimize, less chemical usage and 

easier the operation. Once membrane fouling occur, it will reduce permeate flux, increases system 

downtime, increases membrane maintenance and operation cost due to maintenance cleaning and 

decreases of membrane lifetime. 

 So from the result we can see the permeability, porosity and also rejection has improve. So the 

anti-fouling effect can be maximize and produce the quality of membrane. Beside the mechanical tensile 

strength also improved due to higher concentration of zinc salt on the membrane. 

 

4. Conclusion 

By the end of the results, the objectives of the study were achieved. The effect of zinc salt on the 

performance of polysulfone material was evaluated by using different types of zinc salts which are zinc 

chloride, zinc nitrate, and zinc acetate respectively. The membrane characterization has been 

determined according to its mechanical tensile strength, contact angle, porosity, permeability, rejection, 

and also fouling effect. Although the results were taken into the experiment based on previous 

experimental observations the results identically or close to the actual results because the material that 

been used was also the same. 

From the results, we can conclude that when increases happen in zinc salts so hydrophilicity of 

the membrane also increases, it can be proved because the value of contact angle drops or decreased 

when can know the hydrophilicity and the contact angle have a very close relation. The value of the 

contact angle also will determine the hydrophilic or hydrophobic for the membrane. The increases in 

zinc salt also will enhance the permeability of the membrane, the high concentration of the zinc salts 

affected the development of pores size. We can conclude that when pore size rose and the permeability 

also will be enhanced. Therefore the greatest development of pores will come out with an increase in 

porosity. When the permeability was increased it also will enhance the pure water flux results. 

The increase of zinc salts concentration also will give a big impact on mechanical tensile 

strength, when the high concentration of zinc salt the tensile strength results were also be improved. 

But too many concentration it cans started to reduce the tensile strength because viscosity effect, what 

can be said is still increased in tensile strength. Last but not least, the fouling effect also decreased due 

to its high rejection through the membrane. This can be related to enhanced permeability, porosity, pure 

water flux, hydrophilicity so the rejection also can be maximized and the fouling effect can be 

minimized. All the previous data showed the same trends for the results, so we can predict the actual 

results for the experiments 
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