
1*corresponding author: zuhriahmumtazah@unej.ac.id 

 

JOURNAL OF BIOBASED CHEMICALS 
Vol. 3 Issue. 1, 2023, pp. 39 – 52 

Journal homepage: https://journal.unej.ac.id/JOBC 

Preparation of a Hollow Fiber Membrane Made of Antifouling 

PVDF/Zeolite using the Dip-Coating Technique 

Adinda Yufriza1, Husna Wardati1, Zuhriah Mumtazah1*, Ditta Kharisma Yolanda 

Putri1, Meta Fitri Rizkiana1,2, Reva Edra Nugraha3 

1Department of Chemical Engineering, University of Jember, Indonesia 68121 
2Research Center for Biobased Chemical Product, University of Jember, Indonesia 
3Department of Chemical Engineering, Faculty of Engineering, Universitas Pembangunan 

Nasional “Veteran” Jawa Timur, Surabaya, East Java, 60294, Indonesia 

(Submitted: 17 March 2023; Revised: 28 March 2023; Accepted: 24 May 2023) 

Abstract. The practical technique for membrane modification is dip coating. This study coats 
a PVDF hollow fiber membrane-based composite with a zeolite coating. The composite is made 
of a polyvinylidene fluoride (PVDF) membrane. The separation capabilities and propensities 
of composite membranes for organic impurities were examined during water filtering. Fourier-
transform infrared spectroscopy analysis of the findings demonstrated that the Zeolite coating 
was successfully deposited on the PVDF membrane. The flux recovery ratio increases from 
69% to 80% while the relative flux drop decreases from 63% to 50%. A composite PVDF 
membrane dip-coating of Zeolite with a GA and H2SO4 ratio of 1:2 is needed to remove about 
75% of humic compounds from effluent. This study's results show that adding Zeolite with a 
GA and H2SO4 layer can significantly improve the PVDF hollow fiber membrane's 
hydrophilicity, selectivity, and anti-organic fouling. 
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1. Introduction 

The industry has grown exponentially due to rising population growth, creating 

environmental issues, and driving up demand for clean water [1], [2]. Water supply and waste 

management shortages are the biggest obstacles to sustainable growth in the 21st century. 

According to projections, the world's water consumption will rise from 4600 km3/year to 6000 

km3/year by 2050, likely generating more wastewater [3]. The membrane bioreactor is a 

substitute for conventional wastewater purification technology. (MBR). Microfiltration (MF) 

and ultrafiltration (UF) are two common membrane filtration techniques used in MBR [2][4][5]. 
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MBR eliminates pathogens, organic matter, and suspended solids, and removal of COD (up to 

90%) and TOC (more than 80%) while producing effluent with high effluent and biomass 

concentration, a minor environmental impact, less reactor volume, and less sludge production 

[6][7].  

Due to its excellent thermal stability, chemical resilience, and membrane-forming 

capacity, PVDF is a widely used material [8][9][10]. In microfiltration and ultrafiltration, 

PVDF membranes are frequently employed [11]. On the other hand, the semi-crystalline 

polymer PVDF has repetitive units of -CH2-CF2, which can produce hydrophobic structures 

that make the membrane more prone to fouling [8][11]. Hydrophobic species in fluids cause 

blockage, which lowers membrane permeability. A buildup of activated sludge can also shorten 

the lifespan of the membrane and increase running costs [8][12]. Blockages may be both 

reversible and permanent [5][13]. Reversible fouling is caused by contaminants that adhere to 

the membrane's surface, but persistent fouling is brought on by pollutants that securely attach 

to the membrane's pores [14]. Therefore, more effective antifouling membranes for MBR 

applications must be developed, and changes must be made with the addition of hydrophilic 

component enhancements [11][12]. 

The membrane modification method aims to engineer the membrane's surface to make 

it more hydrophilic, increasing the hydrophilicity, antibacterial properties, and performance of 

the membrane and producing more effective wastewater treatment results [15][16]. A few 

modification techniques include coating, grafting, covalent coupling, irradiation, plasma 

treatment, coating adsorption, and coating [16]. The coating approach, which has a 

straightforward procedure and is less expensive, is the most adaptable method [15]. The 

substrate surface is coated with a coating solution (liquid phase) using the dip-coating 

technique, which is then applied to another surface and dried [17]. The dip-coating method 

allowed the PVDF surface to have a maximum permeate flow and hydrophilic qualities. The 

dip-coating method is easy to use, has high efficiency for industrial applications, and does not 

require special conditions (high pressure and temperature) [15][18]. In some earlier studies, 

coating techniques employing polydopamine (PDA), titanium dioxide and silver nanoparticles 

(TiO2-NP and Ag-NP), thin-film nanofibrous composite-cellulose nanofiber (TFNC-CNF), and 

other materials were also employed [8][16][19]. One of the most well-liked and effective 

methods is the inclusion of inorganic nano- and micro-particles, such as Al2O3, SiO2, and 

several compounds with polar groups [15][9][20][21]. 
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Aluminum (Al), silica (Si), and oxygen are the molecular constituents of zeolite, an 

inorganic crystal. (O). It enhances the surface area for the development of biofilms and has high 

adsorption and ion exchange capacities, as well as the capacity to filter molecules and recycle 

waste [26][27]. Zeolites have many commercial applications, including separating linear from 

non-linear hydrocarbons, decreasing excess ammonium, gas adsorption, removing heavy 

metals, and softening water [28]. The material of choice for membranes with superior 

properties. The oleophobicity and heavy metal ion adsorption capabilities of natural zeolite, a 

porous aluminosilicate mineral with exceptional ion exchange capabilities [21]. The FRR, RIrr, 

and RRev flows were produced in the PSf matrix at rates of 8.4 L/m2h, 40%, 84%, and 2 L/m2h, 

41%, 78%, and 19.5%, respectively [29]. Vatanpour et al. (2016) found that adding SAPO-34 

to the PVDF membrane resulted in fluxes known as RRev (47 kg/m2h, 66.4%, 24.98%, and 7) 

and fluxes known as FRR, RIrr, and RRev (63.5 kg/m2h, 89.4%, 7%, and 19%) [30]. 

The surface of the PVDF hollow fiber membrane will be altered using a dip-coating of 

Zeolite in this research. In addition, analyses of the membrane's performance (flux and 

antifouling) and tests on the quality of the treated water were performed. The modified 

membrane is then applied to industrial and municipal wastewater treatment systems. 

2. Materials and Methods  

2.1 Materials 

Materials used in this research included distilled water, 70% alcohol, glutaraldehyde 

(GA), 98% H2SO4, hollow fiber membrane (PVDF), poly (vinyl alcohol) (PVA), and zeolite. 

The tools used in this research included stir bars, glass funnels, beaker glasses, measuring cups, 

glassware, volumetric flasks, digital balances, ovens, glass plates, tongs, tweezers, pipettes, 

spatulas, and ultrasonicators ROHS-CSBJZQFS-150N0001V2. 

2.2 Solvent Preparation for Coatings 

One hundred milliliters of distilled water were prepared with 0.15 g of PVA. When 

homogeneous, the components were combined and stirred with a hot plate stirrer at 200 to 300 

rpm [31][32]. The mixture was then stirred for 30 minutes using a hot plate stirrer before Zeolite 

was added to it in four amounts (0.1, 0.2, 0.3, and 0.4 g). Then the solution was ultrasonicated 

for 30 minutes to produce a consistent Zeolite dispersion [8]. The membranes were immersed 

in the dope solution for 5 hours and then desiccated at room temperature. 
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2.3 Crosslinking Solutions Creation 

Use 0.5 g of GA, 100 ml of distilled water, and 5% prepared H2SO4 for each component. 

Once homogeneous, the mixture is stirred and mixed once more. To catalyze the reaction, 

H2SO4 is introduced in the f[33]. The cross-linking solution was made by mixing GA and H2SO4 

according to the proportions. (1:1; 1:2; and 2:1). The desiccated membrane was immersed in 

the crosslinking solution for two minutes. The membrane was placed on a glass plate and dried 

in a 45 °C oven for two hours. Crosslinking solutions aim to maintain PVA's stability in the 

aqueous phase by incorporating elements that may reduce PVA's solubility in water (like GA) 

and increase the tensile strength of thin film composites [34]. 

2.4 Performance of Membranes 

Flux Recovery Ratio (FRR) analysis: 

 

𝐹𝑅𝑅 = 	
𝐽𝑟
𝐽𝑤 	× 	100% 

 

Where (Jr) is water flux following a fouling test and (Jw) is pure water flux [25]. The FRR 

calculation aims to determine the membrane's antifouling capacity [29]. 

Analysis of Fouling Resistance: 

 

𝑅!"# =	
(𝐽𝑝 − 𝐽𝑟)

𝐽𝑤 	× 100% 

Fouling resistance analysis was done by computing the total R, RRev, and RIrr. The 

reversible blockage fraction (RRev) is obtained from the following equation [30][32]. The 

irreversible blockage fraction (RIrr), however, employs the following formula: 

𝑅!"" =	
(𝐽𝑤 − 𝐽𝑟)

𝐽𝑤 	× 100% 

 

The level of total flow loss due to obstruction (RTtotal) can be computed using the following 

equation: 

 

𝑅$ =	
(𝐽𝑤 − 𝐽𝑝)

𝐽𝑤 	× 100% 
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3. Result and Discussion  

3.1.  FTIR analysis 

Analysis of chemical properties and identification of functional groups was carried out 

by the FTIR test shown in Figure 1. The composite membrane showed several additional peaks 

compared to the PVDF membrane. In the range of 2000-3000 cm-1, asymmetric C=O and CH2 

functional groups were formed, indicating the presence of Zeolite attached to the surface of the 

membrane. The range of 1100-1200 cm-1 indicates the presence of sulfonate groups in the 

composite membrane, while the peak of 1280 cm-1 indicates the presence of PVDF material. 

The IR spectrum of the composite membrane showed that zeolites were successfully coated on 

the surface of the PVDF membrane. In addition, the results also show that through the dip-

coating method, a composite UF membrane can be produced [8]. 

 

Figure 1. FTIR spectrum of composite PVDF membrane 

3.2. Membrane performance 

Composite membranes are applied in industrial wastewater filtration to assess 

separation characteristics and the presence of organic impurities. Figure 3 shows that the 

decrease in humic compound amounts is associated with reduced absorbance value. Composite 

membranes can achieve a lower absorbance of up to ~75%. Based on this, it can be stated that 

the composite membrane can remove around ~ 75% of humic compounds contained in 

wastewater. The ability of the composite membrane to purify wastewater can also be seen in. 

The removal of humic compounds increased dramatically in composite membranes with a ratio 

of GA and H2SO4 (1:2) compared to membranes without modification. Likewise, the composite 
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membrane with a GA and H2SO4 (2:1) ratio can remove almost the same humic compounds as 

in Figure 3. These findings indicate that the combination of Zeolite can produce better 

permeability and selectivity. 

 

Figure 3. Performance of Composite Membranes for Wastewater Filtration at a Wavelength of 254 nm, 

Wastewater Absorption, and Permeate Ultrafiltration 

Figure 4 shows the blocking parameters of the PVDF membrane that has been coated 

with Zeolite with crosslinker ratios in the form of GA and H2SO4 of 1:1, 1:2, and 2:1. PVDF 

membrane that has been coated with Zeolite with a ratio of 1:2 has a higher FRR value 

compared to 1:1 and 2:1. However, membranes with a 1:2 ratio have lower clogging parameters 

(RFR, Rir, Rr, and Rt) than 1:1 and 2:1. Foulant on the surface of the PVDF membrane with 

1:2 ratio of GA and H2SO4 is easier to remove because the adhesion of organic matter is lower 

than that of 1:1 and 2:1 ratios. The hydrophilic membrane surface allows interaction between 

the membrane surface and less foulant. Therefore, adding hydrophilic Zeolite can increase the 

anti-organic fouling on PVDF membranes that have been modified using the dip-coating 

method with a 1:2 ratio of GA and H2SO4. 

 

Figure 4. Blockage Parameters 
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4. Conclusions  

Based on the research that has been done, the tendency of clogging by organic 

substances on the surface of the composite PVDF membrane is reduced. FTIR analysis results 

prove that the dip-coating method was successfully used to coat the surface of the PVDF 

membrane with Zeolite. In addition, the modified membrane using the Zeolite dip-coating 

method with a 1:2 ratio of GA and H2SO4 was able to remove humic compounds in wastewater 

by about 75%. 

 

ACKNOWLEDGEMENTS 

The Chemical Engineering Department at the University of Jember provided money for 

the study, which the authors gratefully acknowledge.  The authors also gratefully acknowledged 

the biopolymer facility of the Department of Chemical Engineering at the University of Jember. 

 

REFERENCES 

[1] A. Nqombolo et al., “Sustainable Wastewater Treatment Using Membrane Technology,” 

Mater. Horizons From Nat. to Nanomater., pp. 23–53, 2023, doi: 10.1007/978-981-19-

9176-9_2. 

[2] S. Al-Asheh, M. Bagheri, and A. Aidan, “Membrane Bioreactor for Wastewater 

Treatment: A Review,” Case Stud. Chem. Environ. Eng., vol. 4, no. May, 2021, doi: 

10.1016/j.cscee.2021.100109. 

[3] D. Saidulu, A. Majumder, and A. K. Gupta, “A Systematic Review of Moving Bed 

Biofilm Reactor, Membrane Bioreactor, and Moving Bed Membrane Bioreactor for 

Wastewater Treatment: Comparison of Research Trends, Removal Mechanisms, and 

Performance,” J. Environ. Chem. Eng., vol. 9, no. 5, p. 106112, 2021, doi: 

10.1016/j.jece.2021.106112. 

[4] H. Hamedi, M. Ehteshami, S. A. Mirbagheri, S. A. Rasouli, and S. Zendehboudi, 

“Current Status and Future Prospects of Membrane Bioreactors (MBRs) and Fouling 

Phenomena: A Systematic Review,” Can. J. Chem. Eng., vol. 97, no. 1, pp. 32–58, 2019, 

doi: 10.1002/cjce.23345. 

[5] R. Martínez, M. O. Ruiz, C. Ramos, J. M. Cámara, and V. Diez, “Fouling Control of 

Submerged and Side-stream Membrane Bioreactors Based on the Statistical Analysis of 

Mid-term Assays,” J. Clean. Prod., vol. 326, no. October, 2021, doi: 



Yufriza, et al. Journal of Biobased Chemicals (2023) 3:39 – 49            Page 46 

 10.19184/jobc.v3i1.279 

 

10.1016/j.jclepro.2021.129336. 

[6] P. Krzeminski, L. Leverette, S. Malamis, and E. Katsou, “Membrane Bioreactors – A 

Review on Recent Developments in Energy Reduction, Fouling Control, Novel 

Configurations, LCA and Market Prospects,” J. Memb. Sci., vol. 527, pp. 207–227, 2017, 

doi: 10.1016/j.memsci.2016.12.010. 

[7] M. N. Pervez et al., “A Critical Review on Nanomaterials Membrane Bioreactor (NMS-

MBR) for Wastewater Treatment,” npj Clean Water, vol. 3, no. 1, 2020, doi: 

10.1038/s41545-020-00090-2. 

[8] K. Samree et al., “Enhancing the Antibacterial Properties of PVDF Membrane by 

Hydrophilic Surface Modification Using Titanium Dioxide and Silver Nanoparticles,” 

Membranes (Basel)., vol. 10, no. 10, pp. 1–18, 2020, doi: 10.3390/membranes10100289. 

[9] L. Penboon, A. Khrueakham, and S. Sairiam, “TiO2 Coated on PVDF Membrane for 

Dye Wastewater Treatment by a Photocatalytic Membrane,” Water Sci. Technol., vol. 

79, no. 5, pp. 958–966, 2019, doi: 10.2166/wst.2019.023. 

[10] D. Rahmadi et al., “Modifikasi Membran Ultrafiltrasi PVDF dengan Penambahan Aditif 

DOPA/PEI untuk Aplikasi Penyisihan Asam Humus dalam Air,” J. Ris. Teknol. Ind., 

vol. 15, no. 2, pp. 157–167, 2021. 

[11] R. S. Silitonga et al., “The Modification of PVDF Membrane Via Crosslinking with 

Chitosan and Glutaraldehyde as the Crosslinking Agent,” Indones. J. Chem., vol. 18, no. 

1, pp. 1–6, 2018, doi: 10.22146/ijc.25127. 

[12] M. Fathizadeha et al., “Antifouling UV-treated GO/PES Hollow Fiber Membrane in 

Membrane Bioreactor (MBR),” Environ. Sci. Water Res. Technol., 2019. 

[13] K. Poojamnong, K. Tungsudjawong, W. Khongnakorn, and P. Jutaporn, 

“Characterization of reversible and irreversible foulants in membrane bioreactor (MBR) 

for eucalyptus pulp and paper mill wastewater treatment using fluorescence regional 

integration,” J. Environ. Chem. Eng., vol. 8, no. 5, p. 104231, 2020, doi: 

10.1016/j.jece.2020.104231. 

[14] P. Sittisom, O. Gotore, R. Ramaraj, G. T. Van, Y. Unpaprom, and T. Itayama1, 

“Membrane Fouling Issues in Anaerobic Membrane Bioreactors (AnMBRs) for Biogas 

Production,” Maejo Int. J. Energy Environ. Commun., pp. 1–3, 2019. 

[15] H. B. Madalosso, R. Machado, D. Hotza, and C. Marangoni, “Membrane Surface 

Modification by Electrospinning, Coating, and Plasma for Membrane Distillation 



Yufriza, et al. Journal of Biobased Chemicals (2023) 3:39 – 49            Page 47 

 10.19184/jobc.v3i1.279 

 

Applications: A State-of-the-Art Review,” Adv. Eng. Mater., vol. 23, no. 6, 2021, doi: 

10.1002/adem.202001456. 

[16] S. Lotfikatouli et al., “Enhanced Anti-fouling Performance in Membrane Bioreactors 

Using a Novel Cellulose Nanofiber-coated Membrane,” Sep. Purif. Technol., vol. 275, 

pp. 1–38, 2021, doi: 10.1016/j.seppur.2021.119145. 

[17] X. Tang and X. Yan, “Dip-coating for Fibrous Materials: Mechanism, Methods and 

Applications,” J. Sol-Gel Sci. Technol., vol. 81, no. 2, pp. 378–404, 2017, doi: 

10.1007/s10971-016-4197-7. 

[18] X. Wu et al., “Preparation of Superamphiphobic Polymer-based Coatings Via Spray- and 

Dip-coating Strategies,” Prog. Org. Coatings, vol. 90, no. August, pp. 463–471, 2016, 

doi: 10.1016/j.porgcoat.2015.08.008. 

[19] J. H. Zuo, P. Cheng, X. F. Chen, X. Yan, Y. J. Guo, and W. Z. Lang, “Ultrahigh Flux of 

Polydopamine-coated PVDF Membranes Quenched in Air Via Thermally Induced Phase 

Separation for Oil/Water Emulsion Separation,” Sep. Purif. Technol., vol. 192, no. 

August 2017, pp. 348–359, 2018, doi: 10.1016/j.seppur.2017.10.027. 

[20] K. Monsef, M. Homayoonfal, and F. Davar, “Coating Carboxylic and Sulfate Functional 

Groups on ZrO2 Nanoparticles: Antifouling Enhancement of Nanocomposite 

Membranes During Water Treatment,” React. Funct. Polym., vol. 131, no. August, pp. 

299–314, 2018, doi: 10.1016/j.reactfunctpolym.2018.08.003. 

[21] C. Wang, H. Guo, J. Yu, K. Feng, and J. Huang, “Micro/Nanostructural Silica/Alkali-

treated Natural Zeolite Coated Fabrics for Oil-water Separation and Heavy Metal Ions 

Removal,” Microporous Mesoporous Mater., vol. 327, no. May, p. 111430, 2021, doi: 

10.1016/j.micromeso.2021.111430. 

[22] C. Evangeline et al., “Iron Oxide Modified Polyethersulfone/Cellulose Acetate Blend 

Membrane for Enhanced Defluoridation Application,” Desalin. Water Treat., vol. 156, 

no. April 2018, pp. 177–188, 2019, doi: 10.5004/dwt.2018.23174. 

[23] N. Said et al., “Enhanced Hydrophilic Polysulfone Hollow Fiber Membranes with 

Addition of Iron Oxide Nanoparticles,” Polym. Int., vol. 66, no. 11, pp. 1424–1429, 2017, 

doi: 10.1002/pi.5401. 

[24] N. H. Ismail et al., “PVDF/Fe2O3 Mixed Matrix Membrane for Oily Wastewater 

Treatment,” Malaysian J. Fundam. Appl. Sci., vol. 15, no. 5, pp. 703–707, 2019, doi: 

10.11113/mjfas.v15n5.1468. 



Yufriza, et al. Journal of Biobased Chemicals (2023) 3:39 – 49            Page 48 

 10.19184/jobc.v3i1.279 

 

[25] B. Elif Demirela, B. Zhanga, M. Papakyriakouc, S. Xiac, and Y. Chena, “Fe2O3 

Nanocomposite PVC Membrane with Enhanced Properties and Separation 

Performance,” Elsevier, pp. 1–36, 2016. 

[26] X. L. Zhuang, M. C. Shin, B. J. Jeong, S. H. Lee, and J. H. Park, “Fabrication of K-PHI 

Zeolite Coated Alumina Hollow Fiber Membrane and Study on Removal Characteristics 

of Metal Ions in Lignin Wastewater,” Korean Chem. Eng. Res., vol. 59, no. 2, pp. 174–

179, 2021, doi: 10.9713/kcer.2021.59.2.174. 

[27] A. L. Huff Chester, K. Eum, M. Tsapatsis, M. A. Hillmyer, and P. J. Novak, “Enhanced 

Nitrogen Removal and Anammox Bacteria Retention with Zeolite-Coated Membrane in 

Simulated Mainstream Wastewater,” Environ. Sci. Technol. Lett., vol. 8, no. 6, pp. 468–

473, 2021, doi: 10.1021/acs.estlett.1c00154. 

[28] C. Algieri and E. Drioli, “Zeolite Membranes: Synthesis and Applications,” Sep. Purif. 

Technol., vol. 278, p. 119295, 2022, doi: 10.1016/j.seppur.2021.119295. 

[29] T. Anjum, R. Tamime, and A. L. Khan, “Mixed-matrix Membranes Comprising of 

Polysulfone and Porous Uio-66, Zeolite 4a, and Their Combination: Preparation, 

Removal of Humic Acid, and Antifouling Properties,” Membranes (Basel)., vol. 10, no. 

12, pp. 1–21, 2020, doi: 10.3390/membranes10120393. 

[30] V. Vatanpour, M. E. Yekavalangi, and M. Safarpour, “Preparation and Characterization 

of Nanocomposite PVDF Ultrafiltration Membrane Embedded with Nanoporous SAPO-

34 to Improve Permeability and Antifouling Performance,” Elsevier, pp. 1–47, 2016. 

[31] I. G. Wenten, K. Khoiruddin, A. K. Wardani, P. T. P. Aryanti, D. I. Astuti, and A. A. I. 

A. S. Komaladewi, “Preparation of Antifouling Polypropylene/ZnO Composite Hollow 

Fiber Membrane by Dip-coating Method for Peat Water Treatment,” J. Water Process 

Eng., vol. 34, no. February, 2020, doi: 10.1016/j.jwpe.2020.101158. 

[32] I. Jesswein, T. Hirth, and T. Schiestel, “Continuous Dip Coating of PVDF Hollow Fiber 

Membranes with PVA for Humidification,” J. Memb. Sci., vol. 541, no. July, pp. 281–

290, 2017, doi: 10.1016/j.memsci.2017.07.010. 

[33] H. Kaur, V. K. Bulasara, and R. K. Gupta, “Influence of pH and Temperature of Dip-

coating Solution on the Properties of Cellulose Acetate-Ceramic Composite Membrane 

for Ultrafiltration,” Carbohydr. Polym., vol. 195, pp. 613–621, 2018, doi: 

10.1016/j.carbpol.2018.04.121. 

[34] B. Piluharto, A. Sjaifullah, I. Rahmawati, and E. Nurharianto, “Membran Blend 



Yufriza, et al. Journal of Biobased Chemicals (2023) 3:39 – 49            Page 49 

 10.19184/jobc.v3i1.279 

 

Kitosan/Poli Vinil Alkohol (PVA): Pengaruh Komposisi Material Blend, pH, dan 

Konsentrasi Bahan Pengikat Silang,” J. Kim. Ris., vol. 2, no. 2, pp. 77–85, 2017. 

 

 


