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Cellulose acetate (CA)/polyethylene glycol (PEG) composite membranes are promising 

advanced materials for the removal of polycyclic aromatic hydrocarbons (PAHs) from 

wastewater. Therefore, this study aimed at synthesizing CA/PEG composite membranes 

using the phase inversion method with CA/PEG composition ratios (w/w) of 12:6, 13:5, 

14:4, and 15:3. The synthesis process began with the acetylation of cellulose to produce 

CA, and the obtained products were characterized using ATR-FTIR, SEM, and TGA. 

The water contact angle (WCA) and swelling index (SI) were evaluated to determine the 

hydrophobicity. The results showed that the CA/PEG (15:3) membrane had the highest 

water contact angle and the lowest swelling index, indicating its superior hydrophobic 

characteristics. FTIR analysis confirmed the successful synthesis by identifying 

characteristic peaks of CA and PEG, particularly at 3300 cm⁻¹ (associated with -OH 

groups), 1049 cm-1, and 617 cm⁻¹ (corresponding to C-O and -OH torsional vibrations). 

In addition, SEM images revealed a less porous surface with non-uniform pore sizes 

across the products. TGA analysis indicated that the CA/PEG (14:4) membrane had the 

best thermal stability, evidenced by the lowest weight loss percentage of 70.64%. The 

evaluation of water flux indicated the CA/PEG (12:6) membrane achieved the highest 

flux value of 54.081 L/m²·h. Conversely, the CA/PEG (14:4) membrane exhibited 

superior anti-fouling performance, with the highest FRR value of 84.62, demonstrating 

its consistency. Furthermore, the CA/PEG (14:4) membrane testing on real samples of 

marine sediment extract confirmed the maximum rejection rate of pyrene compound of 

87.67%. These results demonstrate the high effectiveness and efficiency of cellulose 

acetate-based membranes in removing PAHs from wastewater. Moreover, this membrane 

is renewable and environmentally friendly. 
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1. INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHs) are persistent 

organic pollutants that are resistant to degradation and consist 

of two or more fused benzene rings [1, 2]. PAHs are frequently 

detected in marine environments, originating from multiple 

sources such as incomplete combustion or pyrolysis of carbon- 

and hydrogen-rich materials, including coal, petroleum, wood, 

and their derivatives. Numerous studies have indicated that 

pollution from these substances enters marine ecosystems 

through various industrial wastewater discharges, such as 

effluents from the oil and gas sector, pharmaceutical 

production, and coking facilities, along with leachates from 

municipal landfills [3]. PAHs have significant impacts on 

human health and the environment [4, 5]. Therefore, it is 

imperative to reduce their levels in wastewater from WWTP 

effluent before it is discharged into the ocean. Various PAHs 

reduction methods have been investigated, including 

adsorption, chemical degradation, biodegradation, and 

membrane filtration [6]. However, completely removing these 

materials using traditional methods, such as chemical, 

biological, and physical treatment, is often difficult and can 

produce toxic by-products [7]. In line with these findings, 

filtration with membranes, particularly nanofiltration (NF) 

technology, has attracted attention due to its unique separation 

capabilities and low energy consumption. Polyethersulfone 

(PES) membranes are one of the most widely used due to their 

high oxidative stability, thermal stability, and mechanical 

properties [8]. However, the poor hydrophilic nature is 

responsible for their susceptibility to fouling by organic 

contaminants, leading to high energy requirements and short 

lifetime. From an economic aspect, PES-based membranes are 

fairly expensive because the raw materials are sourced from 

synthetic chemicals [5]. This suggests that the membranes 

developed in this study are expected to exhibit superior 

performance in PAH separation and be environmentally 

friendly, in alignment with the Sustainable Development 

Goals (SDGs).  

Cellulose acetate (CA)-based membranes are one of the 

materials being explored in the current study due to their wide 
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application for seawater desalination, separation of organic 

and inorganic materials, microorganisms, BSA, and others [9]. 

However, studies on PAHs separation using biopolymer-based 

membranes have not been conducted. Cellulose acetate is 

synthesized through the cellulose acetylation process, which 

can be obtained from various types of wood-based 

lignocellulosic materials or fibers that are abundant, such as 

oil palm, Nipah fronds, seaweed, and others. Cellulose acetate 

offers several advantages as a membrane material, including 

low processing costs, high selectivity in the absorption process, 

solubility in various solvents, excellent hydrophilicity, and its 

origin from renewable natural resources [9]. Various efforts to 

improve membrane performance, particularly in overcoming 

fouling issues in water purification, are continuously pursued. 

For example, Chen et al. [10] modified PES-based membranes 

with ZrO2 nanoparticle coating material with the aim of 

increasing the value of water flux and PAHs rejection. The 

results showed that coating with ZrO2 increased the PAHs 

rejection value 4 times higher to reach 90%. 

Abedini et al. [11] also reported an increase in 

hydrophilicity and humic acid rejection rate of 97% in the 

modification of PES membranes by coating with nanozirconia 

particles, where the optimum coating was achieved at 5% 

nanoparticle incorporation. Previous studies have shown that 

polyethylene glycol (PEG) is one of the polymeric materials 

with high hydrophilicity properties and can play a role in 

increasing water flux and antifouling properties. Fathy et al. 

[12] synthesized CA/polystyrene membranes that were grafted 

with PEG to increase the rejection value of kaolin to 99%. 

Bhattacharjee and Datta [13] identified the effect of PEG 

molecular weight on CA membranes for dialysis applications 

and found that PEG 200 could improve the cleaning 

performance and permeability to urea. In addition, increasing 

the amount of PEG above 10% did not improve the 

membranes' performance. In this study, CA membranes were 

modified through the addition of PEG at various composition 

ratios of CA and PEG to form composite membranes. 

Although cellulose acetate-PEG composite membranes have 

been developed, their application to the filtration of PAHs 

pollutant compounds has not been explored, especially in 

antifouling studies. Therefore, this study aims to improve PAH 

removal performance by optimizing the composition of the 

CA/PEG composite membrane, as well as to evaluate its anti-

fouling properties and thermal stability. 

 

 

2. MATERIAL AND METHODS 

 

2.1 Materials 

 

The materials used in this study were cellulose from sigma-

Aldrich, glacial acetate acid (Merck brand), anhydride acetate 

(Merck brand), Sulphuric Acid (H2SO4) purify: 95-97% 

Merck brand), NaOH powder, polyethylene glycol (PEG 600, 

Merck brand), dimethylformamide (DMF, Merck brand), 

deionized water, aqua dest, and PAHs solution (pyrene, 

benzo(a)anthracene, perylene). 

 

2.2 Acetylation of cellulose 

 

A total of 50 g of cellulose was dissolved in 500 mL of 

glacial acetic acid in a reaction flask and stirred for 3 hours. 

Subsequently, 30 mL of acetic anhydride and 6 drops of H2SO4 

were added, and the reaction mixture was stirred at 70℃ for 

2.5 hours. The selection of a temperature of 70℃ and a 

reaction time of 2.5 h was based on the optimization results 

showing that these conditions provided maximum efficiency 

in replacing cellulose hydroxyl groups with acetyl groups 

without causing degradation of the cellulose polymer structure, 

as reported in a previous study [14]. Then, 5 mL of deionised 

water and 10 mL of glacial acetic acid were added to stop the 

reaction, followed by stirring for 30 minutes. Then, 5 g of 

sodium acetate was incorporated to neutralize excess acid, 

stirred for 5 minutes, thoroughly washed with distilled water, 

soaked in methanol for 10 minutes to remove residual reagents 

and acetic acid by-products, and dried in an oven at 45℃ for 

18 hours. The CA powder was analyzed for acetyl content and 

functional group identification with an FTIR spectrometer [15].  

 

2.3 Analysis of acetyl content 

 

1 g of CA and 40 mL of 70% ethanol were placed inside the 

Erlenmeyer, and the mixture was heated to 55℃ in a bath for 

30 minutes. A total of 40 mL of 0.5 N NaOH was added to the 

mixture and heated in a water bath for 15 minutes at 55℃. 

Then, it was covered with foil and allowed to sit for a full day. 

After adding 2 drops of pp indicator, the mixture was covered 

again and let to stand for 24 hours. At that point, 0.5 N HCl 

was added, and the volume needed for the titration was noted 

after adding the pp indicator titrate using 0.5 N NaOH, which 

ascertained the acetyl groups (AG) based on Eq. (1) [9].  
 

AG (%) = 
[(Vbi−Vbt )μb−Va]43

Mca
 ×  100% (1) 

 

where, % AG was a percentage of acetylated groups, and Vbi 

was the volume of NaOH added to the system and lost in the 

titration. In addition, μb was the NaOH concentration, Va was 

the volume of HCl added to the system, 43 was the molecular 

mass of the acetyl groups, and Mca was the weight of the CA 

sample. 

 

2.4 Fabrication of cellulose acetate/PEG membrane 

 

Cellulose acetate/PEG membranes were fabricated through 

the phase inversion method. The casting solution was prepared 

by dissolving cellulose acetate and PEG in various weight 

ratios (12:6, 13:5, 14:4, 15:3) in 10 mL of dimethylformamide 

(DMF). This mixture was stirred continuously at 60℃ for 6 

hours to ensure complete homogenization. Following this, the 

solution was sonicated using an ultrasonic cleaner to remove 

any entrapped air bubbles. After resting overnight, the solution 

was cast onto a smooth glass plate, held at room temperature 

for 30 seconds, and then immersed in a water coagulation bath. 

The resulting membrane was stored in deionized water until 

further analysis [16].  

 

2.5 Physicochemical properties of the membrane 

 

The physicochemical properties of the membrane identified 

were the swelling index and water-contact angle (WHC). This 

was identified by following the procedure [17], in which a 

cellulose sample (2×2 cm2) was dispersed in deionized water. 

The swelling index was calculated using Eq. (2). 
 

SI (%) = 
𝑀1−𝑀𝑜

𝑀𝑜
× 100% (2) 

 

where, SI was denoted by the swelling index, and M1 and M0 
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denoted the weights of the swollen and the dry sample. The 

water contact angle (WCA) was measured using a previously 

reported method [18].  

The dried flat membrane samples were cut into pieces 

measuring 10 mm × 5 mm and positioned on a glass slide. 

Deionized water droplets were carefully applied to the 

membrane surface, and images of these droplets were captured. 

The contact angle was then measured using ImageJ software. 

To ensure precision, the water contact angle (WCA) test was 

conducted three times for each membrane, and the average 

value was calculated. 

 

2.6 FTIR analysis 

 

Membrane samples were characterized for functional 

groups using ATR-FTIR in the solid state. The infrared spectra 

were recorded in the 4000 to 650 cm-1 range with an ATR-

FTIR spectrophotometer (Bruker IFS 113v) [19]. 

 

2.7 Morphological properties 

 

The morphology of membrane samples was identified using 

SEM (JEOL) at accelerating voltage 15.0 kV and 

magnification from 50 to 2000x for the membrane surface and 

100 to 3000x for the cross-section (thickness). Before SEM 

analysis, the specimens were dried in a vacuum oven at 40℃ 

for 2 days to remove residual solvent or water from the 

membrane and prevent structural deformation. The CA/PEG 

membranes were cryogenically fractured in liquid nitrogen to 

prepare cross-sectional samples. Subsequently, the specimens 

were mounted on aluminum stubs with double-sided 

conductive tape and sputter-coated (Techincs EMS, Inc, VA) 

with a thin layer of gold for 30 minutes. The ratio of sample 

and gold palladium was 60:40 [16]. 

 

2.8 TGA analysis 

 

Thermogravimetric analysis (TGA) was performed to 

assess the decomposition temperature and thermal stability 

using a Linseis STA PT-1000 instrument. The decomposition 

behavior was examined over a temperature range of 28℃ to 

700℃ at a heating rate of 10℃/min under an air atmosphere. 

Additionally, differential scanning calorimetry (DSC) 

thermograms were obtained by heating the sample from room 

temperature to 700℃. 

 

2.9 Application in PAHs removals 

 

2.9.1 Water flux 

Water flux was determined by following the procedure [20]. 

A membrane with a diameter of 5 cm was placed on the 

membrane holding the vacuum filtration device and then 

clamped tightly. A total of 100 mL of PAHs (pyrene, 

benzo(a)anthracene, perylene) in an aqueous solution was put 

into the feed container. The solution was flowed through the 

membrane with a pump pressure of 1 bar for 1/8 hour. The 

solution that passed through this was collected in the permeate 

container, and the flux value was calculated using Eq. (3): 
 

J =
V

A t
 (3) 

 

where, J was water flux (L/m2h), A was membrane surface 

area (m2), V was permeate volume (L), and t was time (hours). 

2.9.2 Antifouling test 

The antifouling properties were determined based on the 

Flux Recovery Ratio (FRR) value calculated using Eq. (4). 

 

FRR (%) =
Jwc

Jwo

 ×  100 % (4) 

 

where, FRR was the Flux Recovery Ratio, Jwo was the initial 

flux, and Jwc was the flux after the membrane washing process 

[19]. 

 

2.9.3 Rejection of PAHs 

The rejection of CA/PEG membranes to PAHs pollutants 

was determined using GC-MS. Firstly, 3 samples of marine 

sediment extracts (MSE) obtained from the waters of the 

Makassar strait at 3 regions denoted TG1, TG2, and TG3 were 

analyzed using GC-MS to determine initial PAHs 

concentration (Cf). This was carried out using 7 standard 

PAHs compounds (naphthalene, acenaphthene, fluoranthene, 

pyrene, benzo(a)anthracene, phenanthrene, and perylene) [21, 

22]. Secondly, 4 sample MSEs were filtered using a vacuum 

filtration device equipped with CA/PEG membranes. This 

process was carried out for 30 minutes at room temperature 

with a pressure of 1 bar. The permeate solution was analyzed 

using GS-MS to determine the detected PAHs concentration 

(Cp). Then, the membrane rejection of PAHs compounds was 

calculated using the Eq. (5). 

 

R (%) = 
𝐶𝑓−𝐶𝑝

𝐶𝑓
 ×  100% (5) 

 

where, R was membrane rejection to PAHs, Cf was PAHs 

concentration before filtration, and Cp was detected PAHs 

concentration after filtration with membrane. 
 
 

3. RESULT AND DISCUSSION 

 

3.1 Acetylation of cellulose 

 

The result of cellulose acetylation at 70℃ had produced a 

white-colored CA powder (see Figure 1) of 24.83 g with a 

yield of 49.66%, respectively. These results showed that the 

acetylation process went well. The CA produced had a degree 

of acetylation of 43.03%. 

 

 
 

Figure 1. Cellulose acetate powder 

 

The formation of CA from the cellulose acetylation process 

was confirmed by the results of the FTIR analysis between 

cellulose and cellulose acetate in Figure 2. 
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Figure 2. FTIR spectrum of cellulose and cellulose acetate 

 

The appearance of the fingerprint area absorption peaked at 

1735 cm-1 indicating the presence of a C=O group originating 

from the acetyl group as evidence of the formation of CA. In 

addition, a decrease in the intensity of the -OH group 

stretching absorption in the 3400 cm-1 area indicated that an 

acetyl group had replaced the OH group [23]. This was 

supported by a previous study by Liu [24], who synthesized 

CA from commercial cellulose and reported that the 

appearance of absorption in the 1730 cm-1 area indicated that 

CA was successfully synthesized. 

 

3.2 CA/PEG membrane fabrication 

 

CA-based membranes were successfully synthesized with 

various composition variations of CA as a polymer matrix, 

PEG as a stabilizer and pore former agent, and DMF as a 

solvent. Figure 3 visualized the membrane and the 

composition variations used were presented in detail in Table 

1. 

 
 

Figure 3. Cellulose acetate-based membrane (a) CA/PEG 

(15:3), (b) CA/PEG (14:4), (c) CA/PEG (13:5), (d) CA/PEG 

(12:6) 

 

Figure 3 illustrated a white CA/PEG membrane with a 

thickness ranging from 0.1 to 0.2 mm. The membrane with a 

CA ratio of 15:3 exhibited the highest thickness, a rougher 

surface texture, and was prone to breakage. This could be 

attributed to the high CA polymer content, which was not 

sufficiently balanced by PEG, a component that served to 

stabilize the surface [25, 26]. From the results obtained, the 

best composition based on visualization and membrane 

elasticity was a ratio of 13:5. This formulation produced a 

membrane with minimal thickness while exhibiting enhanced 

elasticity. Moreover, these findings highlighted the crucial role 

of PEG as a stabilizer and plasticizer, underscoring the 

importance of achieving an appropriate balance in the 

composition. 

 

Table 1. Variations in the composition of CA/PEG, thickness, and membrane visualization 
 

CA (%) PEG (%) DMF (%) Vol. of solution (mL) Thickness (mm) Membrane Condition 

12 6 82 10 0.14 More elastic and transparent 

13 5 82 10 0.17 More elastic and transparent 

14 4 82 10 0.21 Less elastic, not transparent 

15 3 82 10 0.24 Easy to break, rough surface, and not transparent 

 

3.3 Physicochemical properties of the membrane 

 

3.3.1 Water contact angle 
 

Figure 4 shows a photo capture of the measurement of the 

water contact angle on the membrane using the ImageJ 

program.  
 

Table 2. The water contact angle of the membrane CA/PEG 

 

Type of Membrane WCA 

CA/PEG (12:6) 59.621° 

CA/PEG (13:5) 64.587° 

CA/PEG (14:4) 75.011° 

CA/PEG (15:3) 75.467° 

 

The water contact angle on various CA/PEG membranes 

was summarized in Table 2, where it could be seen that the 

CA/PEG (12:6) membrane had a much smaller contact angle 

than the other membranes. This indicated that the membrane 

absorbed water more quickly because it had a higher wetting 

or water distribution pattern. Increasing the PEG content in 

cellulose acetate (CA)-based membranes significantly 

enhances the hydrophilic properties of the membrane by 

altering its structure and promoting intermolecular 

interactions. The ether group (-C-O-C-) in PEG facilitates the 

formation of hydrogen bonds with water molecules, thereby 

improving the membrane's water absorption capacity [27]. 

Moreover, a higher PEG concentration generates micro water 

channels within the membrane matrix, which enhance water 

molecule transport and lower flow resistance. Conversely, a 

reduced PEG content results in a denser membrane structure, 

which restricts water penetration and diminishes the overall 

hydrophilicity of the membrane. The hydrophilic nature of 

PEG made it easier for the CA/PEG (12:6) membrane to attract 

water [16]. These results followed the membrane swelling 

value, where the CA/PEG (12:6) membrane had the highest 
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swelling value, which correlated with the high hydrophilicity 

of the membrane. Figure 4 also showed that increasing the CA 

content and decreasing the PEG content caused an increase in 

the water contact angle, which indicated a decrease in the 

hydrophilicity of the membrane [26]. However, the water 

contact angle of all membranes was still below 90°, which 

meant that it was hydrophilic.  
 

 
 

Figure 4. The water contact angle of each membrane 

CA/PEG 

 

3.3.2 Swelling index 

Table 3 indicated the results of the swelling test of the 

CA/PEG membrane, which showed that the most swelling was 

obtained in the CA/PEG membrane (12:6). The overall test 

results showed that the higher the CA content and the lower 

the PEG content, the lower the swelling. This was because CA 

was more hydrophobic (does not like water), and PEG was 

more hydrophilic, and when the CA was more, the diffusion 

of water through the membrane was lower [25]. 

 
Table 3. Swelling index of each CA/PEG membrane 

 

Membrane 
Initial 

Weight (g) 

Final 

Weight (g) 

Swelling 

Index (%) 

CA/PEG 

(12:6) 
0.16 0.29 81.25 

CA/PEG 

(13:5) 
0.14 0.23 64.28 

CA/PEG 

(14:4) 
0.22 0.31 40.91 

CA/PEG 

(15:3) 
0.27 0.38 40.74 

 

3.4 FTIR analysis 

 

Figure 5 shows the difference in FTIR spectra results of CA, 

PEG, and CA/PEG membranes at various composition ratios. 

As previously explained, in the cellulose acetate spectrum, 

there are absorption peaks at 3400 cm-1 from the hydroxyl 

group and 1735 cm-1 from the acetyl group of CA. After 

membrane formation, the absorption band width of the -OH 

group increases in intensity and shifts to the 3300-3100 cm-1 

region due to the penetration of the -OH group from PEG to 

the O atom which has a free electron in the acetyl group of CA. 

Likewise, the acetyl group shifts to the 1730 cm-1 region due 

to some of the acetyl groups being substituted by the OH group 

from PEG, and its intensity increases with increasing PEG 

concentration (the reaction mechanism for the formation of the 

CA/PEG membrane) can be seen in Figure 6). The successful 

formation of membranes from cellulose acetate (CA) and 

polyethylene glycol (PEG) was confirmed by the absorption 

peak associated with the presence of C-O vibrations in the 

1049 cm-1 region, which confirmed the formation of new 

bonds between CA and PEG [18]. This is supported by the 

research of Fathy et al. [12] which confirmed the formation of 

new C-O bonds after the fabrication of PES/CA/PEG 

membranes in the area around 1050-1100 cm-1. In addition, a 

torsional O-H group peak also appeared in the 617-619 cm-1 

region throughout the membrane spectrum, although with low 

intensity. Furthermore, the characteristic peaks of CA were 

still observed in the membrane, including the bending 

vibration of the C-H group at 1320 cm-1 [28, 29].  

 

 
 

Figure 5. FTIR spectra of CA, PEG, and each CA/PEG 

membrane 

 

 
Cellulose acetate            PEG                CA/PEG membrane 

 

 

 
                                                CA/PEG membrane 

 

Figure 6. Reaction mechanism of CA/PEG membrane 

formation 
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3.5 SEM analysis 

 

Figure 7 presents SEM analysis of the CA/PEG (14:4) 

membrane, revealing the top surface layer at 50x 

magnification with pores of diverse and irregular sizes. These 

were not well distributed and smooth, with some pores quite 

far apart, implying that the membrane surface was classified 

as slightly porous. The analysis showed that one of the pores 

was sized 20 m, indicating that the membrane pores were still 

in the microporous category.  

The ratio of CA and PEG composition, as well as the 

compatibility of solvents and pore-forming agents, were all 

critical factors in pore formation. The phase inversion 

procedure that changed the dope polymer from a liquid to a 

solid must be controlled with various parameters [30-32]. 

Controlling this was essential to maintaining selectivity during 

membrane fabrication. Therefore, it was essential to formulate 

the membrane with the right amount of pore-forming agent. In 

the cross-section of the membrane thickness, it could be seen 

that the membrane was 2-layered, with several fractures 

between the layers and on the top. 

 

 
 

Figure 7. a) Morphology of surface CA/PEG (14:4) at 50x 

magnification, b) CA/PEG (14:4) at 200x magnification, c) 

morphology and analysis of pore diameter in CA/PE (14:4) at 

3000x magnification, d) morphology of cross-section of 

CA/PEG (14:4) at 500x magnification, e) cross-section of 

CA/PEG (14:4) 1000x magnification, and f) fracture analysis 

in cross-section of CA/PEG (14:4) at 2000x magnification 

 

3.6 TGA analysis 

 

As illustrated in Figure 8, all membranes underwent three 

stages of thermal decomposition. The first stage, occurring 

between 40-90℃, corresponded to water evaporation, while 

the second stage, between 197-227℃, involved the 

degradation of the bonds between CA and PEG. At 241-

300℃, the final stage was the decomposition of the remaining 

organic groups originating from CA compounds and the 

degradation of cellulose and PEG chains. Based on the 

percentage of weight loss from the 3 membranes, the 

membrane with the composition of CA/PEG 14:4 had the 

lowest weight loss percentage at 70.64%, indicating that the 

membrane with this composition had the best thermal 

properties, while the CA/PEG membrane (12:6) and CA/PEG 

membrane (15:3) had a weight loss percentage of 73.52% and 

71.48%, respectively. 

 

 
 

Figure 8. Thermograms of CA/PEG membranes (a) ratio 

12:6, (b) 14:4, (c) 15:3 (wt) 

 

The thermal stability of CA/PEG membranes is 

significantly influenced by the ratio of CA to PEG due to the 

chemical interactions between these components. Cellulose 

acetate exhibits strong intramolecular bonds and stable 

polymeric structure at elevated temperatures. On the other 

hand, the incorporation of PEG introduces ether groups (-C-

O-C) that facilitate the formation of C-O bonds with the 

hydroxyl and acetyl groups of CA. This interaction enhances 

structural cohesion within the membrane, thereby mitigating 

thermal degradation [18]. However, an excessive PEG content 

can increase the amorphous nature of the membrane, 

diminishing its thermal stability. In the CA/PEG (12:6) 

membrane, the higher PEG content contributes to a more 

amorphous structure, reducing the density of intermolecular 

interactions and making the membrane more susceptible to 

thermal degradation. In contrast, the CA/PEG (15:3) 

membrane demonstrates better thermal stability due to a 

reduced PEG ratio, which maintains structural integrity. 

However, the lower PEG content limits the extent of C-O bond 

formation necessary for further enhancing thermal resistance 

[27]. 

 

3.7 Application of membrane in PAHs removal 

 

3.7.1 Water flux 

Table 4 indicates the results of membrane performance tests 

in the form of water flux. The results showed that the CA/PEG 

membrane had a reasonably high water flux value in the 43 - 

54 L/m2.hour with a feed volume of 100 mL for 7.5 minutes. 

This also showed that the membrane with the highest PEG 

content had the highest flux value of 54.081 L/m2.hour. In 

addition, this aligns with the results of the swelling and water 

contact angle tests, where the membrane also had the highest 

value. This was because the hydrophilic nature of PEG made 

it easy for water to diffuse through the membrane [30].  

Adding PEG to the more hydrophobic CA membrane matrix 

could increase the number of hydrophilic groups (-OH) on the 

membrane surface. These groups easily interact with water, 
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causing water to spread more evenly on the surface and 

reducing the water contact angle, ultimately increasing water 

flux. The higher the PEG content in the membrane matrix, the 

higher the water flux. Conversely, water flux decreased when 

the CA content was increased. This is undoubtedly due to the 

hydrophobic nature of CA, which had acetyl groups (-COOH) 

that made it more challenging to attract water [18, 26]. 

 

Table 4. Water flux of each CA/PEG membrane 

 

Membrane 
Surface Area 

(m2) 

Vol. Permeate 

(L) 

Flux 

(L/m2.h) 

CA/PEG 

(12:6) 
78.5×10-4 53×10-3 54.081 

CA/PEG 

(13:5) 
78.5×10-4 46×10-3 46.938 

CA/PEG 

(14:4) 
78.5×10-4 47×10-3 47.959 

CA/PEG 

(15:3) 
78.5×10-4 43×10-3 43.877 

 

3.7.2 Antifouling properties 

The antifouling properties of CA/PEG membranes at 

various composition ratio variations were indicated by the 

magnitude of the FRR value, as seen in Table 5.  

 

Table 5. The FRR value of CA/PEG membrane 
 

Membrane Jwo (LMH) Jwc (LMH) FRR (%) 

CA/PEG (12:6) 54.081 36.852 68.142 

CA/PEG (13:5) 46.938 35.716 76.091 

CA/PEG (14:4) 47.959 40.583 84.620 

CA/PEG (15:3) 43.877 33.972 77,425 

 

The results showed that the highest FRR value was obtained 

on the CA/PEG (14:4) membrane of 84.620%. This meant that 

the membrane had good antifouling properties. The higher the 

FRR value, the better the antifouling properties. Although it 

played a role in increasing water flux, as previously explained, 

the presence of PEG, which was hydrophilic in the membrane 

and acted as a stabilizing agent, could reduce the antifouling 

properties of the membrane [10]. The test results showed that 

the membrane with the highest PEG composition produced the 

lowest FRR percentage, which meant that its antifouling 

properties were lower. This was supported by Loske et al. [28], 

who modified the polysulfone RO membrane with the addition 

of PEG, which also resulted in a decrease in antifouling 

properties in high salinity conditions of the feed solution. 

 

3.7.3 PAHs rejection 

Table 6 indicated that Marine Sediment Extract (MSE) from 

the Makassar Strait contained 3 types of PAHs compounds 

including benzo(a)anthracene, pyrene, and perylene. The 

benzo(a)anthracene compound had the highest concentration 

of 2,162 ppm at TG1 and TG2, followed by perylene at 1,639 

ppm at all stations and pyrene at 0.003 ppm at all stations. In 

addition, out of the 3 compounds detected, benzo(a)anthracene 

and perylene compounds were above the threshold of PAHs 

compounds in seawater [33], while the pyrene compound was 

still within safe limits [31].  

Based on Table 7, the rejection of CA/PEG membranes 

against real MSE samples containing PAHs compounds 

(pyrene, benzo(a)anthracene, perylene) was shown. The 

results of the analysis showed that all types of CA/PEG 

membranes had very good rejection properties against PAHs 

compounds. Based on GC-MS analysis, of the 3 PAHs 

compounds contained in the sediment extract, only pyrene was 

detected at a fairly low concentration after the filtration 

process with the CA/PEG membrane. Benzo(a)anthracene and 

perylene were not detected, indicating that both compounds 

were retained on the membrane. This was supported by the 

results of the FTIR analysis of the membrane after the 

filtration process, which showed different peaks from the 

membrane before filtration (see Figure 9). Typical peaks of the 

CA/PEG membrane such as the OH group in the 3300-3400 

cm-1 region, the C=O group of CA in the 2900 cm-1 region, and 

the torsional OH group in the 600-617 cm-1 region were 

significantly not observed and shifted after the membrane was 

treated in the filtration process. 

 

Table 6. The concentration of PAHs in marine sediment 

extract from 3 stations in Makassar Strait, Indonesia 

 

PAHs Standard 
TG1 

(ppm) 

TG2 

(ppm) 

TG3 

(ppm) 

Naphthalene - - - 

Acenaphthene - - - 

Phenanthrene - - - 

Fluoranthene - - - 

Pyrene 0.003 0.003 0.003 

Benzo(a)anthracene 2.162 2.162 2.161 

Perylene 1.639 1.639 1.639 

 

Table 7. The PAHs content in EMS after filtration 

 

Membrane 

EMS Content 

Benzo(a) 

antrachene 
Pyrene Perylene 

Cf Cp Cf Cp Cf Cp 

CA/PEG (12:6) 2.162 nd 0.003 0.0016 1.639 nd 

CA/PEG (13:5) 2.162 nd 0.003 0.0024 1.639 nd 

CA/PEG (14:4) 2.162 nd 0.003 0.0012 1.639 nd 

CA/PEG (15:3) 2.162 nd 0.003 0.0027 1.639 nd 
*nd (not detected), EMS (extract of marine sediment), Cf (PAHs 

concentration in EMS before filtration), Cp (PAHs concentration after 

filtration). 

 

Table 8. The rejection of membrane to pyrene 

 
Membrane Cf (ppm) Cp (ppm) R (%) 

CA/PEG (12:6) 0.003 0.0009 70.00 

CA/PEG (13:5) 0.003 0.00054 82.00 

CA/PEG (14:4) 0.003 0.00037 87.67 

CA/PEG (15:3) 0.003 0.00038 87.33 

 

Table 8 exhibited the rejection percentage of various 

CA/PEG membranes towards pyrene. This rejection value 

indicated the ability of the membrane to filter PAHs 

compounds during the filtration process. The higher the 

rejection percentage, the more effective the membrane was in 

preventing pyrene from passing through the membrane. The 

CA/PEG (12:6) membrane showed a lower rejection 

percentage of 70.00%, while the CA/PEG (13:5), (14:4), and 

(15:3) membranes showed much higher rejections of 82.00%, 

87.67%, and 87.33%, respectively. The increase in the 

rejection percentage with changes in the CA: PEG ratio 

indicated that the membrane composition played an important 

role in its efficiency in rejecting PAHs compounds. 

Membranes with higher CA content had stronger hydrophobic 

interactions, which could increase the membrane's ability to 

reject hydrophobic compounds such as pyrene. This was 

because hydrophobic molecules tended to interact less with 

more hydrophilic membranes and were, therefore, more easily 
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retained [17, 21]. This also occurred in benzo(a)anthracene 

and perylene compounds which had stronger hydrophobic 

properties than pyrene [17].  

 

 

 
 

Figure 9. FTIR spectra of CA/PEG membrane 14:4 before 

and after filtration treatment 

 

 

4. CONCLUSION 

 

CA-based composite membranes were successfully 

synthesized by adding PEG as a stabilizer and pore-forming 

agent in various composition ratio variations. Based on the 

results of SEM analysis, the membranes showed less porous 

surface characteristics. The performance test results showed 

that the CA/PEG membrane had high efficiency in rejecting 

PAH, with the rejection percentage reaching 70-87% for 

pyrene compounds, while for benzo(a)anthracene and 

perylene compounds it reached 100%. In addition, the 

membrane with a CA/PEG ratio of 14:4 (w/w) had the best 

antifouling properties with an FRR value of 84.62% which 

showed the potential of the membrane to support a 

hydrodynamically efficient filtration process, thereby 

reducing the energy required during the separation process. On 

the other hand, the source of cellulose acetate as the main 

material in the formation of the membrane has a high 

abundance and environmentally friendly, so that the 

membrane can be used sustainably. 
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