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1. Introduction
Water pollution in Indonesia is of increasing concern, with

many industries discharging waste without the treatment

process regulated by the Regulation of the Minister of

Environment of the Republic of Indonesia Number 5 of 2014

concerning Wastewater Quality Standards [1] . Experts in the

modern chemical industry have developed various

technologies to address the decline in water quality. One

technology that is widely developed is membrane-based. The

main advantage of this membrane technology is that it can

prevent material damage caused by high temperatures and low

process temperatures, and it requires a fairly low amount of
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energy. A membrane is a semipermeable barrier that can pass

certain parts but retain other parts in controlling the permeation

of certain components [2] . Based on research [3] membranes

can be used in waste treatment because they exhibit effective

activities in supporting the degradation of phenol-contaminated

waste. Membranes are divided into two types based on

morphology: asymmetric and symmetric. Asymmetric

membranes consist of a thin, tight layer with a 0.1− 0.5 μm

thickness and a large porous support layer with a 50−150 μm

thickness. Meanwhile, symmetric membranes have pores with a

10−200 μm thickness and a homogeneous pore structure

throughout the membrane [4].

PSf is a thermoplastic polymer commonly used as a membrane

base material for various industrial applications, especially in

ultrafiltration processes [5] . The structure of PSf having

repeating units [OC6H4OC6H4SO2C6H4]n exhibits excellent

properties, such as high thermal stability (150−170°C),

consistent chemical stability across the pH range, mechanical

strength that includes fracture toughness, flexibility, and torsion,

and optimal processability [6] . However, the hydrophobicity of

PSf can reduce the membrane's performance as a filter.

Therefore, blending with materials such as PEG is necessary to

improve the stability of membrane performance, which in turn

can improve the hydrophilic nature of the membrane as well as

its water flux value [7] . Polymer membranes with high water

permeability are often combined with additives, such as

polyvinyl pyrrolidone (PVP) and PEG. PEG has hydrophilic

properties that improve membrane performance and the

potential to increase the porosity and water permeability of the

membrane [8].

In this study, a composite of PSf with PEG will be prepared to

form a membrane (PSf/PEG) that is expected to have optimal

performance. The characteristics of the PSf/PEG membrane will

be tested using various physical parameters, including the

degree of swelling, to determine the ability of the membrane to

absorb certain liquids or materials, as well as to understand the

changes in membrane volume and structure that occur as a

result of the absorption process [9] . Other tests include

membrane thickness characterization to determine the

permeation rate, tensile strength tests performed to obtain data

related to deformation (strain) and applied force (stress) over a

range of minimum to maximum conditions to evaluate

mechanical properties, and SEM image to observe the surface

and transverse structure of the membrane. Our previous

research has focused on the preparation of polymer-based

membrane and immobilization systems of polyphenol oxidase

enzymes, as well as their application in industrial waste

treatment [10-12].

2. Mater ials and methods
2.1. Mater ial

All chemicals used were selected with high analytical quality

and obtained from Sigma-Aldrich, including Polysulfon

[OC6H4OC6H4SO2C6H4]n 1700 NT LCD from Solvay, N-

Dimethylformamide (C3H7NO), Polyethylene Glycol (H(O-

CH2CH2)nOH), distilled water (H2O) and acetone (C3H6O).

2.2. Laboratory Equipment and Instrumentation

The equipment used includes laboratory glassware. membrane

printer: membrane printing apparatus and digital millimeter,

instrumentation equipment: scanning electron microscopy

(SEM) series JEOL JSM-6510LA and tensile strength brand

Shimadzu AGx 690, FTIR brand Shimadzu.

2.3. Preparation of Polysulfone/ Polyethylene Glycol

Solution

Preparation of Solution A: PSf without PEG

Solution A was prepared by dissolving polysulfone (PSf)

in 30 mL of dimethylformamide (DMF) at 60°C. The

mixture was stirred using a magnetic stirrer for

approximately 2 hours until a homogeneous solution was

achieved. The resulting solution was a clear, thick paste.

Preparation of Solution B: PSf with PEG

Solution B, a mixture of 91% PSf and 9% polyethylene glycol

(PEG), was prepared by first dissolving the PSf in 30 mL of

DMF. Subsequently, 3 mL of PEG was added to the mixture.

The homogenization process was carried out using a magnetic

stirrer for approximately 2 hours until a clear yellow thick

solution (paste) was formed.
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Table 1. Composition of the PSf/PEG solutions.

The membrane
codes

PSf and PEG PSf (%) PEG (%)

M-A membrane PSf without PEG 100 0

M-B membrane PSf with PEG 91 9

M-C membrane PSf with PEG 86 14

Figure 1. The membrane synthesis stages: preparation of PSf/PEG solutions in Dimethylformamide (DMF), formation of paste,

and PSf/PEG membrane.

Preparation of Solution C: PSf with PEG

Solution C, a mixture of 86% PSf and 14% PEG, was prepared

by first dissolving the PSf in 30 mL of DMF. Subsequently, 5

mL of PEG was added to the mixture. The homogenization

process was carried out using a magnetic stirrer for

approximately 2 hours until a clear yellow thick solution (paste)

similar to Solution B was formed.

2.4. Preparation of Polysulfone/ Polyethylene Glycol

Solution

Solutions A, B, and C were cast by slowly pouring them onto a

glass plate using a membrane printer. The glass plate was

positioned to ensure the solution spread evenly in a thin layer

across its surface. Care was taken during casting to achieve the

desired layer thickness. Subsequently, the mold was immersed
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in room temperature distilled water for 15 minutes to separate

the membrane layer. The formed membrane was then dried in

an oven at 30˚C for 10 minutes until fully dry.

2.5. Membrane Character ization

Swelling Degree

The membrane was dried for 5 hours at 40 ˚C in an oven then

weighed dry weight (Wo). Then the membrane was soaked in

distilled water for 24 hours and weighed to determine the wet

weight (W1) [8] (Equation=1):

Degree of Swelling = (�1−�0)
�0 × 100%

(Equation=1)

Membrane thickness measurement

The membrane was measured using a digital millimeter on four

different sides, then the measurement results were summed up,

and the average was taken as the result of the membrane

thickness [4].

Membrane Mass Measurement

The mass scale was first measured without the membrane, and

then the membrane was placed on the analytical scale

ASTM D-638-02 standard tensile strength test

The indicator on the tensile strength testing machine is made

zero first, then the membrane is attached to the tool by

clamping it right on the test specimen holder then the program

on the computer is set to run the tensile test tool.

SEM (Scanning Electron Microscopy) test

To determine the thickness and pores of the membrane The

membrane samples were dried and then immersed in liquid

nitrogen for four hours. Using tweezers, the samples were

removed and broken at both ends. Subsequently, membrane

pieces measuring 0.5×0.5 cm were coated with pure gold. The

cross-sectional surface of the membrane was used for

morphology observation at a voltage of 15 kV. SEM analysis

was performed at various magnifications, including 150×,

500×, 1,000×, and up to 10,000×, to examine the surface and

cross-sectional morphology of each membrane. The SEM

conditions were set with a working distance and an

accelerating voltage of 5 kV to produce high-quality images.

Additionally, membrane thickness was measured using a

digital micrometer to compare the SEM observations with

actual thickness measurements.

The FTIR (Fourier Transform Infrared) analysis of

the PSf/PEG composite

The FTIR analysis of the PSf/PEG composite begins with

preparing the membrane by cutting it into small, thin pieces to

ensure optimal infrared light transmission. The spectrum is

then recorded over a wavenumber range of 4000 cm⁻¹ to 400

cm⁻¹, averaging multiple scans to improve signal quality. Key

absorption peaks corresponding to the functional groups of

polysulfone (PSf) and polyethylene glycol (PEG) are identified.

These peaks confirm the successful integration of PEG into the

polysulfone matrix, verifying the formation of the composite.

Finally, the obtained spectra are analyzed and compared with

reference data, and a detailed report is generated, highlighting

the characteristic peaks and functional groups present in the

membrane[7].

2.6. Membrane Performance Test

The dried PSf membrane, shaped into a flat sheet, was

positioned within a tubular membrane housing. The membrane

had a surface area of 0.0298 m² and a thickness of 68 µm. Its

performance was assessed using a continuous cross-flow

filtration system with 12 liters of synthetic wastewater.

Permeate was collected after each liter, and testing was

conducted over 10 cycles to evaluate the membrane's

performance in terms of flow rate, flux, and permeability.

The flow rate (Q) was calculated using the following

equation 2):

� = �
� (Equation=2)

where (Q) represents the flow rate (L/h), V is the

permeate volume (L), and t is the time (h) [4].

Flux (J) was determined by the equation 3 :

� = �
�.� (Equation=3)

where J is the flux (L/h·m²), V is the permeate volume

(L), t is the time (h), and A is the membrane surface

area (m²) [4].
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The membrane permeability was calculated using the

equation 4):

Permeabili�� = Flu�
∆P (Equation=4)

where permeability is derived from the measured flux

and the transmembrane pressure [4] . Phenol rejection

was also evaluated to determine the efficiency of the PSf

membrane in removing phenol. The percentage rejection

(%R) was defined by the equation 5:

%� = 1−
퐶�
퐶�

× 100% (Equation = 5)

where Cp refers to the permeate concentration (ppm) and CF is

the feed concentration (ppm) [4].

3. Results and discussion

3.1. Preparation of Polyethylene Glycol modified

Polysulfone Membrane

Preparation of PSf membranes involved modifying them with

additives, specifically PEG. In this study, membranes included

PSf without PEG (M-A), PSf with 9% PEG (M-B), and PSf

with 14% PEG (M-C). Figure 2 shows there is no visible

difference among the three PEG concentration variations to the

naked eye. However, differences in concentration indicate that

higher levels of PEG result in thinner membranes. Table 2

outlines the physical characteristics of these variations.

The addition of PEG aims to increase pore size and membrane

permeability, as well as enhance thermal and hydrophilic

properties, thus reducing fouling on hydrophilic membranes

[13] . The membrane casting process utilized a membrane

printer consisting of a glass plate and an iron rod. Membranes

were cast at a molding speed of 100 rpm to ensure uniformity.

Subsequently, membranes were immersed in a coagulation

bath containing nonsolvent compounds during the phase

inversion process [14].

3.2. Membrane characterization

Membrane density

The addition of PEG can enhance the density of PSf

membranes by acting as a matrix filler, filling the spaces

between polymer molecules and thereby increasing membrane

density. Higher concentrations of PEG can lead to membranes

with smaller and more uniform pores, potentially impacting

membrane density [15] . Research findings show that M-C

demonstrates superior mechanical strength compared to other

membranes, as shown in Table 2. Table 2 show that

membranes without PEG modifications are lighter than those

with PEG additions, with higher concentrations of PEG

correlating to greater membrane weights. Thus, the sequence

of membrane weight comparison is as follows: M-A < M-B <

M-C.

Membrane thickness

The membrane thickness is determined using a digital

micrometer at five different points: top, bottom, right, left, and

center, detailed in Table 2. The thickness is influenced by the

PSf polymer concentration; higher concentrations result in

thicker membranes. The casting process also affects thickness,

especially if the dope solution is unevenly applied on the glass

plate [16].

(a) (b) (c)
Figure 2. The physical appearance of membranes with 3 composition variations: (a). Membrane-A (M-A): PSf 100% without PEG,

(b). Membrane-B (M-B): PSf 91% with 9% PEG, (c). Membrane-C (M-C): PSf 86% with 14% PEG.
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Table 2. Characterization of membranes, including measurements of density, mass, thickness, and swelling

The membrane
codes

Mass
(g)

Thickness
(µm)

Density
(g/cm3)

Swelling
(%)

Membrane-A (M-A) 0.7730 ± 0.067 144 ± 0.075 0.355 ± 0.196 126.18

Membrane-B (M-B) 1.5770 ± 0.303 113 ± 0.066 0.948 ± 0.642 216.92

Membrane-C (M-C) 1.9249 ± 0.303 102 ± 0.072 1.325 ± 0.660 220.12

The measurements of the three membranes are: M-A at 144 ±

0.075 µm, M-B at 113 ± 0.066 µm, and M-C at 102 ± 0.072

µm. According to [4] , ultrafiltration membranes are typically

classified with a maximum thickness of about 150 µm, placing

all three membranes within this category, as confirmed by this

study's results.

Degree of membrane swelling

Testing the swelling degree of the membrane helps predict

how much a specific solvent or substance can diffuse into it.

Swelling can also indicate the presence of voids between

polymer bonds, which can impact mechanical properties;

smaller voids generally imply better mechanical strength [17].

The swelling test results correlate with the concentration of

added PEG: higher concentrations lead to increased swelling.

This is because higher PEG concentrations create more space

between molecules and larger pores in the membrane,

facilitating easier water diffusion and greater expansion

capability [18] . In this study, the resulting swelling can be

observed in Table 2. Swelling degree is determined by the

gravimetric method by calculating the difference between dry

mass and wet mass. Membranes whose water absorption

degree is more than 50% can be used for filtration [19] . The

literature confirms the findings presented in Table 2. The

swelling degrees are 126.18%, 216.92%, and 220.12%,

indicating that the PSf/PEG membranes are suitable for use as

filtration membranes.

(a) (b)

Figure 3. SEM images of M-A membrane made from PSf 100% without PEG, showing (a) cross-sectional morphology and (b)

surface morphology.
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(a) (b)

Figure 4. shows SEM images of M-B membrane, PSf 91% with 9% PEG, depicting (a) cross-sectional and (b) surface

morphology.

(a) (b)

Figure 5. SEM images of M-C membrane, PSf 86% with 14% PEG, showing (a) cross-sectional and (b) surface morphology.

3.3. SEM images of PSf membranes without and with

PEG

The SEM images in Figures 3, 4, and 5 offer valuable insights

into the structural and morphological properties of membranes

M-A, M-B, and M-C. SEM imaging parameters included a

working distance and an accelerating voltage of 5 kV. At 150x

magnification (Figure 3a), M-A membrane (without PEG)

exhibits a thickness of 144 μm, consistent with the digital

micrometer measurement (144 ± 0.075 μm) in Table 2. In

Figure 3b, at 5000x magnification, M-A membrane

morphology shows a surface with small pores ranging from

0.204 to 0.369 μm, spaced apart significantly, indicating low

pore density. This SEM analysis confirms that M-A membrane

(PSf without PEG) qualifies as an ultrafiltration membrane,

meeting criteria typically set for ultrafiltration membranes with

thicknesses around 150 μm and pore sizes ranging from 0.001

to 2.00 μm. In Figure 4, SEM analysis of the M-B membrane

at 500× for cross-sectional profiles and 10,000× for

morphological profiles revealed the presence of surface

cavities or pores.

This is in stark contrast to the M-A membrane (PSf without

PEG), illustrating that the addition of 9% PEG effectively

induces pore formation as a porogen additive. The

incorporation of PEG results in a thinner M-B membrane. PEG

serves as a pore-forming agent, promoting nucleation when the

printed membrane is immersed in the coagulation bath [20] .

However, the observed pores are small due to the low

file:///D:/Unjani%20raran/SMT%208/TA%202/JKSA%20Study%20on%20Optimization%20of%20Polysulfone%20Membranes%20Modified%20with%20Polyethylene%20Glycol%20for%20Effective%20Water%20Pollution%20Mitigation%20in%20Indonesian%20Industries_RANTI_AM_2024.docx
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concentration of PEG used. Despite its reduced thickness of

68.00 μm compared to Table-2's 113 ± 0.066 μm, it still

classifies as an ultrafiltration membrane according to Mulder's

classification.

SEM images of M-C membrane, composed of 86% PSf and

14% PEG, depict (Figure 5a at 500× magnification) cross-

sectional and (Figure 5b at 1,000× magnification) surface

morphology. Figure 5a shows the SEM analysis of the M-C

membrane, revealing clearly visible pores in both cross-

sectional and surface views, highlighting the effectiveness of

PEG as a porogen additive. The formation mechanism of the

fingerlike pore structure in the membrane is governed by

kinetic factors associated with mass transfer during immersion

in the coagulation bath, involving interactions between the

solvent (DMF) and non-solvent (water). Rapid liquid-liquid

demixing occurs upon direct contact of PSf with water,

triggering immediate pore formation [21].

The hydrophilic properties of PEG expedite the exchange of

solvent and non-solvent, thereby promoting an increase in

cavities within the membrane's structural layer. However, the

influence of PEG on pore size can be variable, as observed in

previous research [13] , where its application in sulfonated

polyphenylene sulfone (sPPSU) membranes led to a reduction

in pore size. Consequently, the effect of PEG on membrane

properties is contingent upon the specific characteristics of the

polymers comprising the membrane.

3.4 Physical properties characterization of Polysulfone

membranes with and without Polyethylene Glycol

To determine the mechanical properties of the membrane,

tensile strength and percentage elongation tests were

conducted. The tensile strength value indicates the strength of

the membrane when given a certain tensile strength, and the

percentage of elongation indicates the elasticity of the

membrane when stretched to its maximum [22].

The results of this test are shown in Table 3. To assess the

impact of PSf and PEG concentrations on membrane strength,

the mechanical properties of PSf/PEG membranes were

evaluated using tensile strength and elongation tests. The

results in Table 3 reveal that increasing PEG concentration

decreases membrane tensile strength. This decline is attributed

to the reduced PSf concentration, as higher polymer

concentrations typically enhance tensile strength. Specifically,

the M-A membrane exhibits the

highest tensile strength at 5.68 N/mm2 followed by membrane

B at 3.74 N/mm2, and membrane C at 2.57 N/mm2

In contrast, elongation results in Table 3 show variations

compared to tensile strength. Membrane B demonstrates

increased elongation, contrary to the tensile strength trend.

This phenomenon is influenced by PEG, a highly hydrophilic

polymer capable of interacting with other membrane

components to enhance elongation properties. Elongation

shows how long the membrane can be stretched before

breaking [23] . It occurs in membrane B, but PEG can also

reduce elongation if the concentration of PEG is too high due

to the interaction of water with the membrane becomes

stronger due to the increasing number of hydrophilic groups

per unit surface area of the membrane so that the resulting

mechanical strength is reduced [24].

Table 3. The tensile strength and elongation properties of

PSf membranes without and with PEG

The findings of this study, particularly regarding the increase

in porosity and permeability with higher PEG concentrations in

PSf/PEG membranes, are consistent with previous research on

membrane modification.

Membrane

composition

The

membrane

codes

Tensile

Strength

(N/mm2)

Elongation

(%)

PSf membranes

without PEG

M-A

membrane

5.68 56.67

PSf membranes

with PEG

M-B

membrane

3.74 80.00

PSf membranes

with PEG

M-C

membrane

2.57 35.00

file:///D:/Unjani%20raran/SMT%208/TA%202/JKSA%20Study%20on%20Optimization%20of%20Polysulfone%20Membranes%20Modified%20with%20Polyethylene%20Glycol%20for%20Effective%20Water%20Pollution%20Mitigation%20in%20Indonesian%20Industries_RANTI_AM_2024.docx
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Figure 6: FTIR spectrum of PSf/PEG membrane, showing characteristic absorption peaks corresponding to the Polysulfone

(PSf) and Polyethylene glycol (PEG) components.

Similar studies, such as those conducted by [25] have

demonstrated that the incorporation of hydrophilic additives

like PEG significantly enhances water absorption capacity and

reduces membrane fouling by improving the hydrophilicity of

the membrane.

Figure 7. Chemical structure of Polysulfone (PSf), illustrating

the repeating aryl-sulfone units that contribute to its thermal

stability, mechanical strength, and chemical resistance.

However, our study offers a more comprehensive analysis of

the balance between permeability and mechanical strength. We

found that although higher PEG concentrations increase

porosity and water flux, they also result in a decrease in tensile

strength. This finding contrasts with studies that primarily

focus on permeability improvements without addressing the

mechanical trade-offs. Thus, our results provide a more

nuanced understanding of the effects of PEG concentration on

both the structural and functional performance of PSf-based

membranes.

The structure of PSf/PEG copolymers is influenced by the ratio

of PSf and PEG segments, their sequence arrangement, and the

chain length of each segment. A higher proportion of PEG
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segments imparts flexibility, while a higher proportion of PSf

segments confers rigidity due to their aromatic structure.

Figure 8. Chemical structure of Polyethylene Glycol

(PEG), showing the repeating ethylene oxide units that

provide hydrophilicity and flexibility to the polymer

chain.

The arrangement of segments, whether random, alternating, or

in blocks, significantly affects properties like phase behavior

and mechanical characteristics. Moreover, longer chains of

both PSf and PEG can lead to increased viscosity and altered

phase transitions.

Figure 9. Chemical structure of Dimethylformamide

(DMF), a polar aprotic solvent commonly used in

polymer synthesis and membrane fabrication processes.

3.5 FTIR Analysis for Confirmation of Polysulfone

/Polyethylene Glycol Composite Formation

FTIR analysis confirms the successful integration of PEG into

the PSf matrix by identifying characteristic absorption peaks

corresponding to the functional groups of both components.

The presence of the hydroxyl (OH) group from PEG is evident

at around 3448.72 cm－1, indicating its hydrophilic nature and

ability to interact with water. Additionally, the C-H stretching

vibrations of the aromatic rings in PSf are detected at 3064 cm
－1, highlighting the aromatic structure of PSf. The conjugated

C=C bond from the aromatic rings shows absorption in the

range of 1583-1498 cm－1, further confirming the presence of

aromatic components in the composite.

Furthermore, the aliphatic C-H stretching vibrations, mainly

from the methylene groups, appear below 3000 cm－1, with a

peak around 2873 cm－ 1. This suggests the incorporation of

PEG or PSf into the composite. The sulfonic O=S=O group

characteristic of PSf is identified by strong absorption between

1294-1323 cm － 1 for asymmetric stretching, with bending

vibrations detected at 1149 cm－1 (asymmetric) and 1105 cm－1

(symmetric). These spectral features confirm the coexistence

of PSf/PEG within the composite, verifying the successful

formation of the PSf/PEG membrane. The presence of a strong

hydrogen bonding interaction between the hydroxyl (OH)

groups of PEG and the sulfonyl (SO₂) groups of PSf was

evident by the significant shift of the OH stretching vibration

to a lower wavenumber, approximately 3448.72 cm⁻¹. This

shift indicates the formation of hydrogen bonds, enhancing the

hydrophilicity of the composite. Additionally, van der Waals

interactions and the heterogeneous chemical environment

contributed to the overall properties of the composite. These

interactions had a profound impact on the composite's

properties, including improved hydrophilicity, mechanical

strength, and compatibility between the two polymers.

Consequently, the PSf/PEG composite exhibits promising

potential for applications in membrane filtration and

biomedical devices [26].

While the primary focus of this study was on improving the

physical and mechanical properties of the PSf/PEG

membranes, such as permeability, porosity, and mechanical

strength, toxicity assessment was not conducted. However,

previous studies have highlighted the importance of evaluating

membrane toxicity, particularly for applications in water

filtration. For instance, [27] demonstrated that the

incorporation of hydrophilic additives like PEG and chitosan

into PSf membranes can improve hydrophilicity and

permeability, potentially reducing the membrane’s toxicity.
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Future studies should include comprehensive toxicity

assessments, such as leaching tests to evaluate the release of

chemical components, and cytotoxicity and ecotoxicity tests to

assess environmental and human health impacts. These

evaluations are crucial to ensure that the developed

membranes are both effective and environmentally safe for

long-term use

3.6 Membrane Performance Test

Based on the results obtained from the application of the PSf

membrane for phenol removal using a cross-flow filtration

system at a pressure of 2 bar, the membrane performance was

evaluated in terms of flow rate, flux, and permeability as

presented in table 4. :

Table 4. Results of Flow Rate, Flux, and Permeability

Tests of Polysulfone-PEG Membrane.

Filtration of Artificial Wastewater Using Polysulfone-PEG
Membrane (M-C)

t t V Flow Rate Flux Permeability

(s) (h) (L) (L/h) (L/h·m²) (L/h·m²·bar)
53 0,0147 1 67,92 2279,35 1139,67
61 0,0169 1 59,02 1980,42 990,21
65 0,0181 1 55,38 1858,54 929,27
64 0,0178 1 56,25 1887,58 943,79
63 0,0175 1 57,14 1917,55 958,77
66 0,0183 1 54,55 1830,38 915,19
63 0,0175 1 57,14 1917,55 958,77
62 0,0172 1 58,06 1948,47 974,24
63 0,0175 1 57,14 1917,55 958,77
67 0,0186 1 53,73 1803,07 901,53

Rata-rata 57,63 1934,05 967,02

The flow rate is one of the key factors influencing flux, as a

higher flow rate increases the volume of water passing through

the membrane, thereby enhancing flux, this occurs because

more particles on the membrane surface can be moved by the

feed stream [28] . Flux measurement is a critical parameter

used to evaluate membrane performance in processing feed

volumes. The flux results were unstable due to variations in

flow rate. However, a significant decline in flux was observed

after the 10th cycle, attributed to fouling or clogging during

filtration, which is a common challenge in membrane

technology.

Membrane permeability is determined by factors such as pore

size, porosity, thickness, and membrane structure. The average

permeability of the membrane was 967.02 L/h·m²·bar, which,

according to [29] falls within the typical range for

ultrafiltration membranes (±1000 L/m²·h·bar). Thus, the

obtained permeability values classify the membrane as an

ultrafiltration membrane.

4. Conclusion

The findings of this study demonstrate that the addition of

polyethylene glycol (PEG) to polysulfone (PSf)-based

membranes significantly affects their physical and mechanical

properties. The membrane without PEG (M-A) exhibited

lower thickness, tensile strength, and swelling degree

compared to membranes containing PEG. As PEG

concentration increased, the membrane's porosity and water

absorption capacity also increased, as indicated by the higher

swelling degree in M-B (9% PEG) and M-C (14% PEG)

membranes. However, tensile strength decreased with higher

PEG content. M-C showed the highest porosity but the lowest

tensile strength. SEM analysis confirmed that increased PEG

concentration led to larger pores and a more asymmetric

membrane structure. Overall, PSf/PEG membranes

demonstrate promising potential for filtration applications,

particularly in processes requiring hydrophobic membranes

with high porosity.
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