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Abstract 

Polypropylene (PP) membranes exhibit advantageous characteristics for filtration processes, 

including chemical resistance, thermal stability, hydrophobicity, low cost, and mechanical 

durability, making them well-suited for long-term applications in water treatment, particularly 

for removing organic compounds. This study aims to evaluate the performance of hollow fiber 

PP membranes in the ultrafiltration of humic acid solutions, serving as a model organic 

contaminant. The experimental setup involved filtering a 15 mg/L humic acid solution in 

demineralized water at 1 bar for 120 minutes. Performance evaluation focused on three 

parameters: pure water flux, humic acid permeate flux, and rejection efficiency. The initial 

pure water flux reached 72 L/m²·h, decreasing to approximately 57 L/m²·h within the first 20 

minutes, indicating membrane compaction. The humic acid permeate flux declined from 42 to 

33 L/m²·h, attributed to fouling caused by physical and chemical interactions between humic 

acid and the PP membrane surface. Rejection efficiency dropped from an initial 90% to 75% 

by the end of the process. The observed performance degradation was linked to adsorption, 

pore blocking, and concentration polarization. Despite their structural advantages, PP 

membranes are prone to organic fouling; therefore, surface modification and feedwater 

pretreatment are recommended to optimize long-term performance. 

Kata kunci: Flux, Fouling, Humic Acid, Polypropylene, Rejection 
 

 
Abstrak  

Membran polipropilena (PP) memiliki potensi besar dalam aplikasi filtrasi karena sifat 

ketahanannya terhadap bahan kimia, stabilitas termal, dan karakteristik hidrofobik. Kombinasi 

sifat ini menjadikan membran PP sangat cocok untuk memisahkan senyawa organik, seperti 

asam humat, dalam proses pengolahan air. Selain itu, biaya produksi yang rendah serta 

ketahanan mekanis yang tinggi membuatnya ideal untuk penggunaan jangka panjang. 

Penelitian ini bertujuan untuk mengevaluasi kinerja membran PP tipe hollow fiber dalam 

proses ultrafiltrasi larutan asam humat sebagai representasi kontaminan organik. Proses filtrasi 

dilakukan menggunakan larutan asam humat 15 mg/L dalam air demineralisasi pada tekanan 

operasi 1 bar selama 120 menit. Evaluasi dilakukan terhadap tiga parameter utama, yaitu fluks 

air murni, fluks permeat asam humat, dan efisiensi rejeksi. Hasil menunjukkan fluks awal air 

murni sebesar 72 L/m²·h menurun menjadi sekitar 57 L/m²·h dalam 20 menit pertama akibat 

kompaksi membran. Fluks asam humat menurun dari 42 menjadi 33 L/m²·h, menunjukkan 

terjadinya fouling. Rejeksi awal sebesar 90% menurun menjadi 75%. Penurunan ini disebabkan 

oleh adsorpsi, penyumbatan pori, dan pembentukan lapisan polarisasi konsentrasi. Oleh karena 

itu, diperlukan strategi modifikasi permukaan dan pretreatment air umpan untuk meningkatkan 

performa jangka panjang.  

 

Kata kunci: Asam Humat,  Fluks, Fouling, Polipropilena, Rejeksi 

 

1. INTRODUCTION 

Water is a vital natural resource for 

human life and the environment. However, 

increased industrial, agricultural, and 

urbanization activities have led to water 

pollution becoming a serious environmental 

problem worldwide. One of the primary 

contaminants in surface water and groundwater 

is natural organic matter (NOM), especially 

humic acid (HA). This compound is a 

significant component of dissolved organic 

matter from microbial and plant decomposition. 

Due to its chemical stability and complex 

molecular structure, it is challenging to remove 

through conventional water treatment 

processes. 

Humic acids are aromatic, containing 

functional groups such as carboxylate (-COOH) 
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and hydroxyl (-OH), and play an important role 

in forming complex compounds with heavy 

metals, increasing water color, and even 

becoming precursors for the formation of 

harmful organic compounds such as 

trihalomethanes during chlorine disinfection 

processes (Shao, Hou and Song, 2011a). 

Therefore, efficiency and effectiveness in 

removing humic acid from water are crucial to 

ensure clean water quality and public health.  

Membrane technology, particularly 

ultrafiltration (UF), has rapidly evolved as a 

promising method for water treatment due to its 

ability to separate medium-sized organic 

molecules without additional chemicals. This 

process works through size-exclusion and 

surface-interaction mechanisms between the 

membrane and contaminants. Ultrafiltration 

offers low energy consumption, high efficiency, 

and relatively simple operation. (Li, Jiang and 

Li, 2018; Mundarti, 2019; Wan Osman et al., 

2021). 

UF membranes made from various 

polymer materials, such as polyethersulfone 

(Ahmad et al., 2019; Ambarita et al., 2021), 

cellulose acetate, polyacrylonitrile, and 

polysulfone (Mozia, Tomaszewska and 

Morawski, 2005) have been used for filtering 

organic compounds, especially humic acid. 

Filtration results show that the permeate flux 

and rejection are quite high. However, research 

on polypropylene (PP) membranes for filtering 

organic compounds remains limited. However, 

this membrane has many advantages due to its 

strong mechanical properties, thermal stability, 

chemical resistance, low cost, and easy 

availability (Ariono and Wardani, 2017; Yang 

et al., 2024). Despite its potential, limited 

research has been conducted on the use of PP 

membranes for HA removal via ultrafiltration, 

which this study seeks to address.  

Therefore, research was conducted to 

evaluate the performance of PP hollow fiber 

membranes in the ultrafiltration process of 

humic acid solutions. The evaluated 

performance included measurements of pure 

water flux, humic acid permeate flux, and 

humic acid rejection during filtration. This data 

is important for understanding the dynamics of 

fouling and the effectiveness of humic acid 

removal by PP membranes. It also provides 

input for developing fouling mitigation 

strategies, such as modifying the membrane 

surface to be more hydrophilic or negatively 

charged. 

2. METHODS 

2.1 Materials 

The PP hollow fiber membrane used was 

obtained from GDP Filter, Indonesia, with the 

following technical specifications: outer 

diameter of 0.4 mm, inner diameter of 0.3 mm, 

and an average pore size of 50 nm. The model 

solution was prepared by dissolving 15 mg/L of 

humic acid (HA, Sigma-Aldrich, purity ≥ 98%) 

in demineralized water. 

 

2.2 Filtration Process 

The pure water flux was determined by 

supplying demineralized water to the hollow 

fiber membrane operated in a dead-end 

configuration. Measurements were performed at 

1 bar pressure at room temperature (Figure 1). 

Subsequently, membrane performance was 

evaluated by filtering a 15 mg/L humic acid 

solution for 120 minutes.  

 
Figure 1. Experimental setup of flux 

measurement 

The performance of the membrane 

system was evaluated based on two key 

parameters: permeate flux and rejection rate. 

    (1) 

  (2) 

 

Here, permeate flux (Jp) is defined as the 

permeate volume (v) per membrane area (A) 

over time (t) (Equation 1). Meanwhile, the 

rejection percentage was determined using 

Equation (2), where Cp represents the solute 

concentration in the permeate, and Cf represents 

the solute concentration in the feed. 

 

2.3 Characterisation 
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Humic acid concentrations before and 

after filtration were analyzed using a UV-Vis 

spectrophotometer (Spectronic 20D, Thermo 

Fisher Scientific, USA). Spectrophotometric 

analysis was performed over the wavelength 

range of 200–800 nm, covering both UV and 

visible regions 

 

3. RESULTS AND DISCUSSION 

3.1 Performance of Polypropylene 

Membrane on Pure Water Flux 

The pure water flux was analyzed to 

evaluate the membrane's basic permeability 

properties before use under actual operating 

conditions, namely, the filtration of humic acid 

compounds. This parameter reflects the 

efficiency of water transport through the 

membrane, free of contaminant obstruction, and 

provides an initial overview of the membrane’s 

performance. Figure 2 shows a pure water flux 

of approximately 72 L/m² · h at minute 0. At 

minute 20, the pure water flux decreased to ±57 

L/m² · h. After that, the flux stabilized at 53–58 

L/m².h, with small fluctuations, until minute 

120. 

 
Figure 2. Pure Water Flux of PP Membrane 

Although the graph shows testing using 

demineralized water (free from contaminants 

and dissolved particles), the pure water flux still 

experiences an initial decline. This phenomenon 

can be explained by internal physical 

phenomena of the membrane, not by fouling 

from external particles.  

High initial flux is often caused by 

greater surface tension at the beginning of the 

test. However, water causes a reorganization of 

the membrane's polymer structure over time, 

especially in polymer-based membranes such as 

polysulfone, which can undergo mechanical 

compression or “membrane compaction” under 

constant operating pressure (Ou et al., 2017). 

In addition, water adsorption on the 

membrane’s pore walls can change the internal 

surface tension and reduce the membrane’s 

effective porosity, even in the absence of 

solutes (Abdoli et al., 2018). 

 

3.2 Performance of Polypropylene 

Membrane on Permeation 

The permeate flux was evaluated by 

filtering a humic acid solution through a 

polypropylene (PP) membrane at room 

temperature under 1 bar pressure for 120 

minutes. As shown in Figure 3, the flux 

declined from approximately 42 L/m²·h to 33 

L/m²·h over the duration, a typical trend in 

ultrafiltration due to membrane fouling by 

organic matter. 

 

 

Figure 3 Permeate Flux of Humic Acid 

The initial sharp decrease in flux is 

attributed to rapid surface fouling, where humic 

acid particles accumulate and clog membrane 

pores. This phase is followed by a semi-stable 

period, where a fouling layer establishes 

constant resistance, slowing further blockage 

(Abdoli et al., 2018; Tataru et al., 2018). 

Minor fluctuations after 40 minutes may 

result from pressure variations or temporary 

fouling redistribution. Studies also note that 

increased membrane pore size and 

hydrophilicity enhance initial flux but do not 

prevent overall fouling (Ou et al., 2017). 

Humic acid, a complex organic molecule 

with aromatic rings and functional groups like 

carboxyl (-COOH) and phenol (-OH), interacts 

physically and chemically with membranes 

(Figure 4). In PP membranes, which are 

hydrophobic and neutrally charged, non-polar 

segments of humic acid are attracted via Van 

der Waals forces and hydrophobic interactions, 

leading to adsorption and formation of a dense 

fouling layer (Yuan and Zydney, 2000; Koh, 
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Clark and Ishida, 2006; Shao, Hou and Song, 

2011a). 

 
Figure 4. Interaction between PP Membrane and 

Humic Acid 

Additionally, fouling occurs through pore 

blocking, where small humic molecules (0.5–5 

nm) penetrate membrane pores, causing 

standard, complete, or intermediate blocking 

(Saha and an Das, 2015). Concentration 

polarization further exacerbates flux decline by 

forming a high-concentration boundary layer 

near the membrane, increasing osmotic 

pressure, and reducing the effective filtration 

gradient (Liu et al., 2022). 

Chemically, humic acid’s functional 

groups can engage in hydrogen bonding or 

weak electrostatic interactions, particularly 

under neutral to basic pH, where the molecules 

carry a negative charge. These interactions are 

more likely if the membrane surface contains 

reactive groups, either from manufacturing 

impurities or mild oxidation (Saha and an Das, 

2015). 

 

3.3 Performance of Polypropylene 

Membrane on Humic Acid Rejection 

Although the PP membrane does not 

significantly affect permeate flux, it 

substantially rejects humic acid. At the 

beginning of filtration shown in Figure 5, 

humic acid rejection reached 90%, then 

gradually decreased to around 75% after 120 

minutes of operation. 

 

 
Figure 5. Humic Acid Rejection of PP Membrane 

The rejection of humic acid by 

ultrafiltration membranes is determined by two 

main factors: the pore size and distribution of 

the membrane and the surface interaction 

between the membrane and humic acid 

molecules.  

Humic acid is a complex organic 

molecule with varying molecular sizes between 

0.5 and 5 nm and a negative charge. Rejection 

at the beginning of filtration is high due to the 

size exclusion effect, where larger particles 

cannot pass through the membrane pores. New 

or clean membranes also show optimal 

separation efficiency  (Shao, Hou and Song, 

2011b). 

The decrease in humic acid rejection 

shown in the graph indicates fouling and 

changes in membrane surface dynamics. 

Organic fouling by humic acid can lead to 

several effects: (1) Pore deformation or channel 

expansion due to long-term pressure (Zhu et al., 

2018), (2) Adsorption of humic acid that 

changes the surface charge and hydrophobicity 

of the membrane, (3) accumulation of a fouling 

layer (cake layer) that interferes with selective 

flow and creates leakage paths (Combe et al., 

1999; Samreen et al., 2025). 

PP membranes are neutral and 

hydrophobic, theoretically less than ideal for 

handling polar organic contaminants such as 

humic acid. Hydrophobic interactions tend to 

increase the adsorption of humic acid to the 

membrane surface, damaging its selective 

structure. In addition, PP membranes do not 

have a negative electrostatic charge that could 

promote rejection based on charge repulsion, as 

do membranes made of polyacrylate or 

oxidized cellulose (Prorok et al., 2023). 

 

4. CONCLUSION 

This study shows that hollow fiber 

polypropylene (PP) membranes have a 

relatively good initial performance in the 
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ultrafiltration process of humic acid solutions. 

Pure water flux initially reached 72 L/m²·h but 

decreased due to membrane compaction 

phenomena. Humic acid permeate flux also 

showed a significant decrease from 42 to 33 

L/m²·h over 120 minutes, which was indicated 

as a result of fouling due to physical and 

chemical interactions between humic acid and 

the membrane surface. The initial rejection of 

humic acid at 90% decreased to 75%, indicating 

a degradation of separation performance due to 

pore clogging and concentration layer 

formation. 

The hydrophobic and electrically neutral 

characteristics of polypropylene (PP) 

membranes are significant contributors to 

membrane fouling by polar organic compounds 

such as humic acid. Key mechanisms 

responsible for flux decline include surface 

adsorption, pore blocking, and concentration 

polarization. While PP membranes are 

advantageous due to their mechanical 

robustness, chemical resistance, and low 

production cost, their inherent hydrophobicity 

necessitates surface modification to enhance 

hydrophilicity and mitigate fouling. These 

findings contribute to developing more efficient 

and durable membrane-based water treatment 

systems for removing dissolved organic 

contaminants like humic substances. 
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