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PREFACE 

 

It is a great honor for us to invite you to the International Scientific Symposium MEMTEK 2025, the 

8th International Symposium on Membrane Technologies and Applications to be held from November 

12 to 14, 2025, in Ķzmir, T¿rkiye. 

The MEMTEK International Membrane Symposia were initiated by MEMTEK (National Research 

Center on Membrane Technologies, Istanbul Technical University, T¿rkiye). MEMTEK has become 

the only symposium in T¿rkiye dedicated to membrane preparation and production, evaluation of 

their separation properties, utilization of membranes for various applications, and the introduction of 

new technological procedures for environmental protection. 

MEMTEK 2025 will bring together experts from various research and application fields, offering 

numerous opportunities to exchange experiences and generate new ideas. Moreover, the symposium 

will strengthen the connection between industry and academia, establishing a platform where industry 

meets science. MEMTEK 2025 will also provide opportunities for the exhibition and presentation of 

industrial and innovative companies in the field of membrane processes. 

Our vision is to provide ample space for the presentation of research conducted by students and young 

researchers. 

 

Ķsmail Koyuncu B¿lent Keskinler Nalan Kabay 
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Raquel Ib§¶ez is Full professor in chemical engineering at the University of Cantabria (Spain) since 

2017. She has been Head of the Chemical Engineering and Inorganic Chemistry Department (2004-

2008) and Vice-Dean of the ETSIIyT (2008-2024). Her research activity covers different positions 

(pre and postdoctoral). Along them she has been involved in different research lines, being most of 

them oriented towards R&D of new processes aimed at the treatment and valorisation of waste and 

waste streams. As associate professor in the UC, teaching and postdoctoral research activities were 

conducted in the Advanced Separation Processes (ASP) research group, headed by prof. Inmaculada 

Ortiz. In this period a research stay was completed at the Membrane Technology Group (Twente 

University, The Netherlands. Since 2013 she has been heading the research group Sustainable 

Processes Engineering (IPS) of the University of Cantabria. Her research interest has been focused 

on the developments and application of, advanced membrane processes for the material and energy 

valorisation of waste streams. Working in these R&D topics, she has been IP in more than 20 

competitive projects and has participated in a high number as researcher. The internationalization of 

her research activities has increased in the last years, as researcher in projects obtained in SUDOE, 

LIFE or INDIGO calls. She has coauthored 4 Patents and a Utility Model. She has supervised 12 

Doctoral Thesis in the framework of the Doctorate in chemical engineering, energy, and processes of 

the University of Cantabria. In 2006 she was co-founded of a Technological Spin-off, APRIA 

SYSTEMS. Currently she is member of the Spanish Network MEMBRANET (Research Network in 

Membrane Science and Technology for Water Treatment). She has been collaborator in the thematic 

area of Science and Chemical Technologies - subarea of Chemical Technology-, General Directorate 

of Research and Management of the National R&D Plan. (2012-2018). She is evaluator for different 

agencies, national (ANEP, DEVA, AEI) and international (EU, Akademy of Finnland, CYTED; 

FCT). In 2023 she received the award for the research career of the specialized group of chemical 

engineering of the Spanish Society of Chemistry.  
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Pervaporation and Membrane Distillation in the Processing of Biofuels 

 

Wojciech Kujawski is a Professor in the Department of Physical Chemistry and Polymer Physical 

Chemistry at Nicolaus Copernicus University in Torun, Poland. His research activities focus on the 

characteristics of polymeric and ceramic membranes, as well as the modification of these membranes 

to generate materials with innovative or enhanced properties. His research concentrated on various 

membrane processes, including pervaporation, gas separation, membrane distillation, nanofiltration, 

ultrafiltration, and forward osmosis, utilized for organic solvent dehydration and the treatment of 

water and wastewater. 
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Yamaguchi University, Yamaguchi, Japan 

 

Charged Mosaic Membrane with High Salt Permselectivity and High  

Mechanical Strength 

 

Mitsuru Higa is a Professor at the Graduate School of Science and Engineering in Yamaguchi 

University. His research focuses on high-performance membranes derived from block copolymers 

and graft copolymers, and innovative chemical engineering systems that utilize these membranes for 

water treatment and energy production. He is mainly engaged in polymer electrolyte membranes for 

direct methanol fuel cells, ion-exchange membranes for electrodialysis and reverse electrodialysis, 

ion-barrier membranes for forward osmosis and pressure-retarded osmosis processes, charge mosaic 

membranes with high salt permselectivity, and externally stimuli-responsive charged membranes for 

smart sensors and intelligent drug delivery systems. 
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Electromembrane Processes for Selective Recovery of Lithium Battery  

Components  

 

Marek Bryjak is a professor at the Department of Polymer and Carbon Materials in Wroclaw 

University of Science and Technology, Wrocğaw, Poland. His research essentially includes functional 

polymeric materials, plasma activated modifications, separation processes, polymer modification, 

surface characterization, novel membrane materials and processess, removing hazardous compounds 

from water and desalination of water. 
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Institute on Membrane Technology- National Research Council of Italy, Rende, Italy 

 

A More Sustainable Approach in Membrane Fabrication 

 

Alberto Figoli has been the Director of the Institute on Membrane Technology of the National 

Research Council of Italy, ITM-CNR, since March 2019. His primary research focus includes the 

fabrication of polymeric membranes utilizing less toxic and environmentally friendly solvents, the 

development of bio-polymeric membranes, phase inversion techniques for membrane fabrication, 

membrane characterization, capsule production via membrane emulsification techniques, mixed 

matrix membranes, ionic liquid membranes, and the preparation and application of pervaporation 

(PV) membranes. 
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Effect of ammonium cations on the performance of electrodialysis of  

phosphate-containing solutions 

 

Natalia Pismenskaya is a professor at the Department of Physical Chemistry and Head of the 

Laboratory of Electromembrane Phenomena at the Institute of Membranes, Kuban State University 

(Russia). Her research interests are mainly focused on the fundamental aspects of mass transfer in 

systems with ion-exchange membranes. These activities concern the development of experimental 

methods for investigation the phenomena of concentration polarization, the study of the transfer of 

substances capable of participating in protonation-deprotonation reactions; revealing the mechanisms 

of fouling during electrodialysis purification and concentration of various solutions, including the 

processing of liquid media in the food industry. She leads and participates in many national and 

international scientific projects as well as teaching postgraduate and undergraduate students in this 

field.  
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Gangasalam Arthanareeswaran 

National Institute of Technology, Tiruchirappalli, India 

 

Progressive Future of Membrane Materials for Sustainable Gas and  

Liquid Separation 

 

Gangasalam Arthanareeswaran is a Professor in the Department of Chemical Engineering at the 

National Institute of Technology, Tiruchirappalli, India. His current research encompasses 

wastewater treatment utilizing self-cleaning membrane technology and the regeneration of 

membranes through natural sources to restore aquatic ecosystems; the creation of biofouling-resistant 

membranes for wastewater treatment; the development and application of inorganic membranes for 

wastewater treatment; and the implementation of multibore hollow fiber ultrafiltration and 

nanofiltration membranes enhanced by nanostructured materials for environmental applications. 
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Yamaguchi University, Yamaguchi,Japan 

 

Synergetic Influence of Fermentation and Membrane Integration in Bioethanol 

Production 

 

She is a professor at Yamaguchi University. Prof. Kumakiri is working on the research field of the 

separation technology by using zeolite and carbon membranes. She aims at the developments of the 

unique and innovative technology by the combination use of the chemical reaction and the film 

separation methodology. She has been involved in various national and international projects related 

to hydrogen carrier systems, artificial photosynthesis systems, biowaste upgrading systems and 

others, by applying nanoporous inorganic membranes. 
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ķ. Birg¿l Tantekin-Ersolmaz 

Istanbul Technical University, Istanbul, T¿rkiye 

 

Designing Nanocomposite Membranes for Advanced Gas and Liquid 

Separations: Challenges and Promises 

 

ķ. Birg¿l Tantekin-Ersolmaz is a Professor of Chemical Engineering at Istanbul Technical University 

(ITU), where she leads the Membrane Materials and Separations (MeMaSep) research group. She is 

also the head of the Membrane Separations Laboratory at the Center for Synthetic Fuels and 

Chemicals (ITU-SENTEK). Her research interest lies in the cross-sections of molecular separations, 

advanced materials, and membranes for applications in energy, water, and the environment. 

Specifically, her work involves the synthesis of novel, high-performance polymers, the fabrication of 

polymer-based composite and nanocomposite membranes for gas and liquid separations, and the 

development of structure/property relationships to guide these investigations. 
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Mehmet Kiti ĸ 

Suleyman Demirel University, Isparta, T¿rkiye 

 

Problems and Obstacles Encountered in Industrial Cleaner Production Projects 

Employing Membrane Processes 

 

Mehmet Kitis is professor in Dept. of Environmental Engineering in Suleyman Demirel University, 

T¿rkiye. He has a Ph.D. degree in Environmental Engineering and Science from Clemson University, 

USA. He worked as a process engineer in CH2MHILL Inc., CA USA. His main research areas include 

water/wastewater treatment and reuse, membrane processes, industrial cleaner production 

applications, industrial water efficiency. He has been making research and consulting for more than 

25 years in these areas. Prof. Kitis has published 123 peer-reviewed papers and books/book chapters 

(web of science h-index: 39) and presented more than 200 conference papers. He worked in 76 

research and engineering projects including those of USA AWWARF, USEPA, EU IPA, T¦BĶTAK, 

NATO, MEDRC, Turkish Ministry of Agriculture and Forestry, Turkish Ministry of Environment, 

Urbanization and Climate Change, Kingdom of Saudi Arabia National Science, Technology and 

Innovation Plan, and others. He received 26 national/international scientific/engineering awards. He 

has advised a total of 29 M.Sc. and Ph.D. thesis. He has involved in a total of 47 

technical/academic/administrative positions including department chair, vice rector, consultant to 

ministries, international companies and various industries, research institute director (T¦BĶTAK 

MAM), editorial board member, chamber of commerce advisor, and others. 
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Andrea Iris Schªfer 

Karlsruhe Institute of Technology, Karlsruhe, Germany 

 

Decentralized Water Supply Membrane Systems for Surface and Brackish 

Water 

 

Andrea Schªfer is Professor of Water Process Engineering, Faculty of Chemical and Process 

Engineering and (founding) Director of the Institute for Advanced Membrane Technology (IAMT) 

at the Karlsruhe Institute of Technology (KIT). Previously she was Professor at the Nelson Mandela 

African Institute of Science and Technology in Tanzania, East Africa. 2006 to 2013 she was the Chair 

of Environmental Engineering at the University of Edinburgh, Scotland, UK following 3 years as a 

senior lecturer at the University of Wollongong, Australia and 3 years as postdoc & lecturer at the 

University of New South Wales, Sydney Australia. She holds four engineering degrees from three 

countries (Germany, France (2) & Australia) including a PhD from the UNESCO Center for 

Membrane Science and Technology at the University of New South Wales in Chemical engineering 

and has worked in many countries. Passionate about membrane process engineering she has 

experience with several membrane processes encompassing predominantly water treatment, 

desalination, water recycling, remote water supplies and international development. Her work spans 

from fundamental research, nanomembrane materials through to commercialisation projects, from 

water chemistry and engineering to socio-economic issues relevant to water. Prof Schªfer has 

published extensively in high impact journals and authored or edited several books, including 

óNanofiltration: Principles, Applications and New Materialsô. She collaborates extensively with 

colleagues in many leading academic institutions worldwide and works towards her long-term vision 

óI have a dream: safe water for all childrenô. 
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Lund University, Lund, Sweden 

 

The Challenges and Opportunities of Membrane Processes in the Protein Shift 

 

Prof. Dr. Frank Lipnizki Frank Lipnizki has been a Professor of Chemical Engineering in the 

Department of Chemical Engineering at Lund University, Sweden, since 2017. He leads the 

Membrane Group and manages MemLab, the universityôs Industrial Membrane Process Research 

and Development Centre. Before joining Lund University, he spent 16 years at Alfa Laval ï Business 

Centre Membranes in Denmark. The Membrane Group at Lund University is the largest in Sweden, 

focusing on the water-energy-food security nexus in alignment with the United Nations Sustainable 

Development Goals. His main research interests include the integration and optimization of 

membrane-based separation processes in the food, biotech, pulp and paper industries, as well as in 

water and wastewater treatment. He also specializes in membrane fouling and cleaning strategies. 

Currently, he serves as the President of the European Membrane Society.  
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Selmiye Alkan G¿rsel 

Sabancē University, Istanbul, T¿rkiye 

 

Powering the Future: Challenges and Future Perspectives in High Performance 

Polymer Electrolyte Membranes for Fuel Cells and Water Electrolysis 

 

Prof. Dr. Selmiye Alkan G¿rsel received her Bachelor's, Master's, and Ph.D. degrees from the 

Department of Chemistry at Middle East Technical University (METU). During her doctoral studies, 

she conducted research on electrochromic polymers at the University of Florida (USA). 

Subsequently, from 2003 to 2007, she pursued postdoctoral research in hydrogen and fuel cells at the 

General Energy Department of the Paul Scherrer Institute (PSI) in Switzerland. Since 2008, Dr. 

G¿rsel has served as a faculty member in the Materials Science and Nano Engineering Program at 

Sabanci University and as a researcher at the Sabanci University Nanotechnology Research and 

Application Center (SUNUM). Additionally, she held the position of Vice Dean for Research at the 

Faculty of Engineering and Natural Sciences at Sabanci University from 2020 to 2024. Prof. Dr. 

G¿rsel leads numerous national and international projects about hydrogen technologies, fuel cells, 

polymer membranes, graphene and lithium-ion batteries. Under the European Commission's 7th 

Framework Programme and Horizon 2020, she represented T¿rkiye as a project leader and national 

contact point in the Graphene Flagship Project, one of the FET Flagship Projects and widely regarded 

as the ñproject of the centuryò in Information and Communication Technologies. Currently, she 

contributes as Sabanci University's project coordinator for South Marmara Hydrogen Shore Project, 

T¿rkiye's first hydrogen valley initiative. Her achievements have been recognized with several 

prestigious awards, including the L'Or®al T¿rkiye Young Women in Science Award supported by the 

Turkish Academy of Sciences (2010), the METU Prof. Dr. Mustafa N. Parlar Education and Research 

Foundation Research Incentive Award (2012), the Science Academy Young Scientists Award 

Program (BAGEP) Scholarship (2013), and the Women Energizing T¿rkiye - Academy Award 

presented by the Ministry of Energy and Natural Resources (2018). Prof. Dr. G¿rsel currently serves 

as a member of the SHURA Energy Transition Center Advisory Council and as an Executive 

Committee Member of the Asian Polymer Association (APA). 
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Polycyclic Aromatic Polymer Films With Near-Infrared Selective Transmittance 

 

Makoto Takafuji, PhD is a Professor and a PI of the Supramolecular Chemistry Group at the Faculty 

of Advanced Science and Technology, Kumamoto University, Japan. He has been working in the 

field of materials chemistry and polymer chemistry. His research interests include organic-inorganic 

hybrid materials and supramolecular assemblies. 
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2D Materials for Next-Generation Membranes from Design to Applications 

 

Prof. Dr. Mustafa Ersºz is academic staff at Chemistry Department of Sel­uk University, Konya-

T¿rkiye since 1986. He received his PhD from Glasgow University in 1994 with a PhD thesis entitled 

"The Role of Ion Exchange in the Movement of Chemicals through Periderm and Cuticular 

Membranes". He works on nanostuctured membranes in water treatment; liquid membranes; 

nanofibers; composite materials etc. 
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Fabrication of a Smart Self-Cleaning PES Membrane Using PMMA-Co-PVP 

Responsive Zwitterionic Copolymer with Biocidal Properties 

 

Vahid Vatanpour is a Professor of Environmental Engineering at Istanbul Technical University (ITU), 

and Kharazmi University (Iran). He completed his Ph.D (2012) in Applied Chemistry from Razi 

University, Iran. The main research area of him is the fabrication and modification of membranes for 

improving permeability, selectivity and antifouling properties for removal of environmental 

pollutants. He is located in the list of 1% Chemistry Scientist of Web of Science from 2019. Also, he 

selected as Highly Cited Researchers in 2023 from WOS. 
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Solvent Transport in Dense Polymer Membranes: Separating Facts from   

Fiction 

 

Menachem Elimelech1 

 
1
Department of Civil & Environmental Engineering Department of Chemical & Biomolecular Engineering Rice 

University, Houston, TX 77005 USA 

E-mail: menachem.elimelech@rice.edu 

 

Abstract 

For over half a century, the solution-diffusion model has served as the primary framework for 

describing water transport in reverse osmosis (RO) membranes. It was later extended to solvent 

transport in organic solvent nanofiltration (OSN) and pervaporation. This model posits that 

membranes are nonporous, with water or solvent molecules dissolving into a homogeneous polymer 

phase and diffusing across the membrane down a concentration gradient. However, our recent 

experimental and theoretical findingsðincluding solvent permeation experiments and 

nonequilibrium molecular dynamics (NEMD) simulationsðcritically challenge these foundational 

assumptions. We have demonstrated that the solution-diffusion model is inadequate for accurately 

describing water and solvent transport in RO and OSN membranes. Instead, a pore-flow model offers 

a more accurate representation, wherein a pressure gradient drives viscous water flow through 

interconnected pores or free volumes, with molecules traveling as clusters. This presentation will also 

highlight permeation experiments using various solvents and membrane types, showing that solvent 

permeance correlates with membrane pore size, solvent molecular diameter, and viscosity. These 

observations are inconsistent with the solution-diffusion model but align well with pressure-driven 

viscous transport. We further emphasize the importance of characterizing membrane pore 

structuresðsuch as size, distribution, and connectivityðto enhance our understanding of membrane 

transport mechanisms. Lastly, this presentation underscores the critical need for continued research 

into the frictional interactions between water, salt, and the membrane. A thorough grasp of these 

phenomena is essential for designing the next generation of high-performance membranes. 
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Abstract 

Functional membranes are playing an increasingly important role in addressing global challenges, 

particularly those related to environmental and energy application. The remarkable adaptability and 

high performances of functional membrane enable them to address many long-existing issues 

associated to conventional membrane-based processes. The emergence of functional materials also 

offers opportunities to integrate membrane processes with more sustainable and circular solutions. 

This plenary talk aims to provide a comprehensive overview of the recent advances of in membrane 

functionalization strategies. A variety of functionalization approaches, including surface grafting, 

nanoparticle incorporation, surface coating has been introduced to enhance the properties of 

membranes in terms of their selectivity, permeability, fouling resistance and long term stability. A 

broad range of functional materials such as metal organic framework, carbon-based nanomaterials, 

zwitterionic and bio-inspired polymers have been extensively investigated for these purposes. The 

selection of the right strategy is guided by the application-specific needs. This talk justifies the 

material selections and highlights the potential of these functional materials and strategies in meeting 

the demands in the environmental and energy applications. The applications such as selective removal 

of emerging contaminant and acid gas removal will be covered. Special attention will also be given 

to the synergistic effects between multiple functional materials as well as the interplay between 

membrane chemical and separation engineering. The challenges that limit the adoption and 

performances of functional materials will be discussed.  

Keywords: Functional materials; membrane technology; environment; energy 
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Abstract 

The practical utilization of MOFs and COFs in membranes needs improvements in fabrication and 

scale up, since much current work is confined to less practical small-area membranes on inorganic 

supports. Commercial gas separation membranes are typically supplied in modules and use either 

spiral-wound flat-sheet membranes of hollow fibers. We explored various fabrication strategies for 

flexible-substrate-supported ultrathin selective MOF membranes for applications such as CO2/gas 

and olefin/paraffin separations. For high permeance supported membranes, the support membrane 

may impede permeability. Thus, sulf-supported MOF membranes were also investigated.  

Keywords: MOF membranes; membrane gas separation; polymer-supported MOF; olefin/paraffin 

separation; carbon dioxide; gas channels 

1. Introduction 

While MOF membranes have been extensively studied, they are often prepared in small area that is 

less suitable for practical adoption or they may be too expensive if coated on ceramic or metallic 

supports. Another concern is the presence of defects, which for gas separations, would severely 

reduce the selectivity of any separation. our aim was to investigate different approaches to present 

MOF membranes with larger areas on flexible polymeric membrane supports, enabling them to be 

used in modules. 

2. Material and Methods 

For polymer membrane-supported MOF membranes, commercial ultrafiltration polysulfone 

membranes were pretreated or óprimedô by various polymer systems to allow growth of ultrathin 

defect-free MOF selective layers. For example, Figure 1 shows a self-repair strategy based on metal 

ions in a PVA metal-ion layer being slowly released into the defect region, to effect defect repair. 

For self-supported MOF membranes, amorphous ZIF-62 was mixed with amine-containing low 

molecular weight (MW) polymer and heated to melting. Degradation of the low MW polymer created 

a high permeance amorphous foam membrane having narrow channels that enabled the effective 

separation of methane from nitrogen. 

 

3. Results and Discussion  

A step-nucleation in situ self-repair process was used to prepare rollable larger-area ultrathin MOF 

membranes, from which 4800 cm2 spiral-wound modules could be prepared (Yu et al., 2023). Using 

flat-sheet membranes, very high gas permeances of >6000 GPU were obtained for ethylene and 

propylene, with selectivities of >30 for C2H4/C2H6 and >24 for C3H6/C3H8, with slightly lower values 

obtained for the modules. 

 

mailto:michael.guiver@outlook.com


 

6 

 

 

 

In previous work using a different MOF growth protocol, we achieved propylene permeance 2000ï

3000 GPU with very high propylene/propane selectivity of 90ï120 (Qiao et al., 2020). Large-area 

ultrathin ZIF membranes fabricated on flexible polymer supports were also prepared by other 

methods using bipolymer-directed fabrication (Liang et al., 2024). C3H6 permeance of ~4000 GPU 

and C3H6/C3H8 selectivity >40 and CO2 permeance ~12,000 and CO2/N2 selectivity of 36 were 

achieved. Polymer-supported microporous polymer framework (MPF) membranes were also made 

by a hybrid polymer MOF system (Qiao et al., 2019) and MPFs with amine-rich channels were 

fabricated as mixed-matrix membranes, which were also effective for CO2 separations, due to 

interaction of CO2 with amine groups in the framework (Yuan et al., 2021). Other MOF glass foam 

self-supported membranes were explored for high permeance methane-selective CH4/N2 separations 

(Yang et al. 2023). 

4. Conclusions 

The significance and implications of the work here is to enable practical utilization of MOF 

membranes having high gas permeance and good selectivity. 
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Figure 1. A step-nucleation in situ self-repair process for MOF membrane (Yu et al., 2023). 
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Abstract 

Growing applications of membrane processes in water and energy pose new and interesting demands 

on both membranes and its process design. At Imperial, our research spans from new membrane 

development to its applications in separation and reaction. We have developed new fabrication 

techniques for polymeric, ceramic and metallic membranes, especially in hollow fibre/micro-tubular 

geometry with diameter between 0.5 and 2 mm. These membranes have unique purposely designed 

wall structures to suit different applications, including filtration, gas separation, emission control and 

fuel cells.  

The designed membranes with the unique wall structures can be further functionalised with advanced 

nanomaterials or catalysts, and multiple functions can be integrated into one single-step. The 

functional nanomaterials currently being investigated include graphene, graphene oxide, metal-

organic frameworks (MOFs), and they can be in the form of thin films deposited on the surface of the 

membrane support or granules packed in the unique wall structures of the membrane.  For example, 

we have developed micro-tubular graphene oxide thin films to extract water from organic solvents, 

and a novel adsorption/filtration column containing MOF nanoparticles to get rid of bacteria and 

heavy metal ions from contaminated water. The micro-tubular or micro-monolithic membranes can 

also be incorporated with catalysts to construct micro-reactors or fuel cells. Our research on these 

micro-reactors has been regarded as one of the most important progresses in the field. This 

presentation will focus on the new membrane fabrication techniques and applications of these 

purposely designed membranes in separation and reaction. 
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Membranes play a critical role in the transition to a low-carbon future by enabling cleaner industrial 

processes, improving energy efficiency, supporting renewable energy systems, and reducing 

greenhouse gas emissions across multiple sectors. Below are some highlights of the main 

achievements to date. 

 

1. Sustainable water treatment and reuse 

Since the first application of reverse osmosis (RO) to water desalination in the 1960s, mem- brane 

technology has undergone rapid expansion in both seawater desalination and wastewater treatment. 

Today, with a global desalination capacity exceeding 100 million cubic meters per day, 

approximately 85% of this capacity relies on RO systems. Reverse osmosis offers a signi- ficantly 

lower carbon footprint (1.2-3.6 kg CO /mį for electric plants) compared to thermal methods such as 

multi-stage flash (MSF) (3-25 kg CO /mį) and multi-effect distillation (MED) (1.5-15 kg CO /mį) 

ðparticularly when powered by renewable electricity. 

 

2. Renewable energy systems 

Membranes are essential to the development of the hydrogen economy. The production of green 

hydrogen through water electrolysis powered by renewable electricityðalthough currently a small 

but growing share of total hydrogen productionðrelies heavily on membrane technology (Maestre et 

al, 2021; Norman et al, 2024). Functionalized membranes have demonstrated exce- llent performance 

in recovering hydrogen from industrial waste gas streams, offering a new source of hydrogen and 

promoting the circular economy (Moral eta al 2025a, 2025b). Further- more, the electrochemical 

conversion of hydrogen into electricity using fuel cells relies on pro- ton exchange membranes 

(PEMs), which enable high-efficiency operation and zero direct emis- sions (D²az et al, 2014) 

Membranes also play a crucial role in energy storage systems, particularly in flow batteries such as 

vanadium redox flow batteries, where ion-selective membranes are used to enable the storage of 

renewable energy over extended periods. 

An application that has attracted great interest in recent years is the recovery of blue energy, 

specifically the conversion of salinity gradient energy into electricity (Trist§n et al, 2020). Since the 

1950s, when Pattle first introduced this concept, several decades passed with little advancement. 

However, in recent years, the use of electromembranesðparticularly through reverse electrodialysis 

(RED)ðhas led to promising developments. Demonstration pilots have been installed and operated 

in wastewater treatment plants (MARE, 2025), contributing to the energy sustainability in the 

WWTP, and in seawater desalination facilities (ACCIONA AGUA, 2025), where they support hybrid 

systems and improve overall energy efficiency 

 

mailto:ortizi@unican.es


 

9 

 

3. Low energy separations and industrial decarbonization 

Membranes have the ability to separate gases, liquids, or solutes without requiring phase changes, 

which are typically energy-intensive in conventional separation processes such as distillation or 

absorption. As a result, energy savings of up to 90% are possible in certain applications. In particular, 

functionalized plymeric membranes have been successfully applied to the separation of light olefins 

from their mixtures with paraffins, paving the way for the development of more sustainable and 

energy-efficient industrial processes (Zarca et al, 2018). 

Emerging directions in membrane technology are playing a pivotal role in advancing a low-carbon 

transition by enabling cleaner, more energy-efficient processes across multiple sectors. In carbon 

capture, novel CO-selective membranesðsuch as mixed- matrix and nanoporous materialsðare 

being developed for industrial flue gas treatment, reducing greenhouse gas emissions. In the hydrogen 

economy, next-generation proton and anion exchange membranes are enhancing the efficiency and 

affordability of green hydrogen production through water electrolysis. Membranes are also central to 

energy storage technologies like redox flow batteries, where they improve ion selectivity and battery 

lifespan, supporting renewable energy integration. In water treatment, advanced nanofiltration and 

forward osmosis membranes reduce the energy demands of desalination and wastewater reuse. 

Furthermore, membrane systems are increasingly used for the selective recovery of critical materials 

such as lithium and rare earth elements, enabling circular economy practices. The integration of smart 

sensing, AI, and sustainable, bio-based materials further positions membrane technology as a versatile 

and low-impact solution for decarbonizing energy, industry, and water systems. 
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Abstract 

Carbon neutrality must be achieved before 2050, and we should envision the world we will face at 

that time. For example, according to the OECD Environmental Outlook to 2050, the global population 

will exceed 9 billion, energy demand will rise by 80%, 70% of people will live in urban areas, and 

40% of the population will experience water stress, while healthcare costs will increase sharply 1). 

Thus, energy, healthcare, and water challenges must be addressed simultaneously, with membrane 

technologies playing a central role in these solutions. Renewable energy should be introduced as much 

as possible. The renewable energy should be converted into hydrogen or hydrogen carriers by water 

electrolysis, stored and transported, and used as electricity by fuel cells or hydrogen turbines at the 

required time and place.  

For polymer electrolyte fuel cells, high performance at high-temperature, low-humidity conditions, 

and high durability are essential. This requires membranes not only with high proton conduction but 

also with suppressed hydrogen/oxygen crossover and controlled water transport through the 

membrane. Pore-filling membranes, in which a porous substrate is impregnated with electrolyte, offer 

a promising pathway to high-performance fuel cells. The design strategy and the high-performance 

PEFC will be demonstrated with the designed pore-filling membrane 2). 

Anion-exchange membrane (AEM) water electrolysis enables the use of base-metal catalysts under 

alkaline conditions and short electrode spacing for efficient hydrogen production. However, current 

AEMs lack sufficient durability. We have elucidated their degradation mechanisms and achieved 

enhanced stability by adopting a polyphenylene backbone. Although polyphenyleneôs poor solubility 

due to ˊḯ  stacking remains a challenge, we will present our progress in developing a new highly 

durable AEM 3), and demonstrate its application in efficient water electrolysis 4). 

In response to an aging society, we are also developing diagnostic membranes that enable rapid and 

accurate disease detection at home, thereby reducing healthcare costs. Using porous membranes for 

antigenïantibody reactions with signal amplification, we have achieved high sensitivity and speed in 

diagnosis 5). 

Finally, antifouling membranes and surface designs are crucial for maintenance-free water 

purification. We will introduce advanced antifouling strategies, including ionic polymer grafting for 

precise surface control 6), and informatics-driven design approaches 7). 

Membrane technologies are important technologies in various fields, and contribute to a sustainable 

society in 2050. 

Keywords: Fuel cells; Water electrolysis; Anion-exchange membrane; Pore-filling membrane; 

Diagnose disease membrane; Anti-fouling membrane 
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Abstract 

Membrane technologies represent a wide range of solutions for separations required in municipal 

water treatment. Their small footprint, ability to automate, and ability to remove materials from salts 

to microbes, make them attractive for both conventional water treatment as well as reuse. As of 2020, 

the total capacity of large-scale drinking water treatment plants using UF membranes alone 

worldwide was approximately 10 million mį/day . Assuming that microfiltration capacity is at least 

as great as UF capacity, this comes to a total of at least 8.3 million m2 of installed capacity of low-

pressure micro-and ultra-filtration membrane area for water treatment. The combined MF and UF 

markets are projected to be around $ 16 billion/yr in 2029. At an average cost of about $ 8/m2, this 

corresponds to a projected production of some 125 million m2 of membrane area. These figures imply 

a non-negligible quantity of polymeric materials being fabricated per year that are ultimately disposed 

of, restored, or re/upcycled. Assuming an average life of 5 years for membranes, the membrane 

material alone (excluding housing, spacers, etc.)  potentially presents 250 to nearly 4,000 m3 of 

membrane materials that must be managed per year, or approximately 0.4 to 6 million kg/yr. By 

comparison, there were approximately 12 billion kg of plastic bottles produced in 2023. Thus, even 

at the upper end of projected membrane production, one may anticipate that membranes will comprise 

a small amount of the total plastic generated globally that must be managed. This presentation will 

address issues surrounding membrane production, use, and end-of-life from the perspective of a life 

cycle analysis, and place the waste generated from this industry in the context of current concerns 

surrounding plastic waste generation and management. 

Keywords: membrane filtration, life cycle analysis, plastic waste, water treatment 
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Abstract 

Over the past decade, research on a new class of porous materials known as metalïorganic 

frameworks (MOFs) has grown rapidly. MOFs possess exceptional physical properties, including low 

density, high porosity, and large surface areas, making them highly promising for a wide range of 

applications. They have been explored for gas storage, separation, sensing, catalysis, and drug 

delivery, with particularly strong potential as membranes and mixed matrix membranes (MMMs). 

The vast diversity in MOF topologies and chemical functionalities offers a rich pool of candidate 

materials capable of outperforming traditional membrane technologies. However, the sheer number 

of MOFs makes it impractical to synthesize and experimentally evaluate each one for membrane-

based applications. To address this, our research group employs molecular simulations and machine 

learning techniques to conduct large-scale screenings of MOF membranes and MOF/polymer MMMs 

for various gas separations, aiming to identify the most effective materials for specific applications. 

In this talk, I will present our recent findings on leveraging molecular modeling and machine learning 

to unlock the potential of MOF membranes for gas separations. I will also discuss key structureï

property relationships that can guide the rational design and development of next-generation MOF 

membranes with superior performance. 
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Abstract 

The Directive (EU) 2024/3019 enhances wastewater treatment standards and energy neutrality in 

wastewater facilities. This work presents a pilot-scale demonstration combining Reverse 

Electrodialysis, RED, with tertiary membrane treatments (UF) to achieve an energy-neutral, circular 

water management approach in a coastal installation. Peak power densities up to 0.9 W/mĮ were 

obtained, demonstrating significant energy recovery potential. Stable long-term operation procedure 

confirmed the robustness of the RED stacks against biofouling and chemical fouling. The effluent 

quality was maintained within regulatory reuse standards. This study underlines the contribution of 

membrane-based electrochemical processes in enhancing energy sustainability of water reclamation 

strategies. 

Keywords: sustainable wastewater reclamation; electromembrane processes, technology readiness 

level 6, blue energy. 

1. Introduction  

Currently, a significant portion of the energy used by wastewater treatment plants (WWTPs) in the 

EU is derived from fossil fuels. In response, Directive (EU) 2024/3019 on urban wastewater treatment 

introduces an innovative regulatory framework for achieving energy neutrality in urban WWTPs. In 

this context, Salinity Gradient Energy (SGE) emerged as an innovative renewable energy alternative, 

able to capitalize on the chemical potential difference arising naturally or through engineered 

interfaces between two water bodies of distinct salinities. Reverse electrodialysis, RED, has 

demostrated as a promising alternative for harnessing SGE, particularly in engineered water treatment 

infrastructures such as WWTPs. When coupled with tertiary wastewater treatment, RED also 

contributes to water reclamation. Nevertheless RED still demands further research to overcome 

technical and economic challenges. This Pilot plant demostration, implemented at the Comillas 

wastewater treatment plant (Cantabria, Spain), represents a practical application of RED technology 

within advanced water reclamation systems. The study aims to reclaim 1 m3/h of treated wastewater 

for municipal purposes and  simultanoeusly capitalize on the salinity gradient between reclaimed 

wastewater and seawater to generate renewable SGE. 

2. Material and Methods 

The pilot system, installed at the coastal WWTP of Comillas (Cantabria, Spain), comprises two 

commercial RED stacks (Fumatech GmbH, ED-1750-2-115) with 115 cell pairs each, total membrane 

area of 40.25 mĮ. The RED stacks incorporate commercial ion-exchange membranes, fumasepÈ FAS-

PET-75 AEM  and fumasepÈ FKS-PET-75 CEM. Both membrane types are PET-reinforced, 

ensuring high mechanical stability, chemical robustness, and suitable performance in neutral and 

slightly acidic environments. Low conductivity (LC) Stream was pretreated according to a membrane 

tertiary treatment (UF, 0.05 Õm cut-off) followed by UV disinfection. High conductivity (HC) stream  

was preteated by UF (1.0 Õm cut-off). Characterization of both pretreated streams is presented in 

Table 1. 
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Table 1. Physicochemical and microbiological characterization of seawater and treated effluents 

feeding the pilot-scale RED system. 

 
 

3. Results and Discussion  

As depicted in Figure 1, under real operational conditions, peak power densities up to 0.9 W/mĮ were 

obtained, demonstrating significant energy recovery potential. Stable long-term operation (>100 

hours continuous) confirmed the robustness of the RED membrane stacks against biofouling and 

chemical fouling, attributed to effective pretreatment. 

 

Figure 1. Recording of the operational variables, Power densiy, 

current density and turbidity of RED LC effluent, during continu-

ous experimentation using seawater and reclaimed water. 

The effluent quality, maintained 

within regulatory reuse standards 

(conductivity <3 mS/cm, turbidity 

<1 NTU, and TSS <5 mg/L), al-

lowed direct non-potable urban 

reuse such as street cleaning and 

landscaping irrigation. RED sys-

tem exhibited notable energy effi-

ciency, achieving up to 61.2 

Wh/mį of reclaimed water at 

14ÁC, covering approximately 

14% of the tertiary treatment en-

ergy demand. Mathematical mod-

eling predicts that at 25ÁC, this 

contribution can reach up to 21% 

(Ortiz-Mart²nez et al., 2020). 

4. Conclusions 

This contribution has presented a comprehensive assessment of the long-term operational 

performance of a pilot-scale reverse electrodialysis system integrated within a wastewater treatment 

facility. The analysis focused on evaluating the systemôs technical viability and energy recovery 

efficiency under real environmental conditions. The RED RED Pilot system exhibited notable energy 

efficiency and the effluent quality was maintained within regulatory reuse standards. This study 

underlines the contribution of membrane-based electrochemical processes in enhancing energy 

sustainability of water reclamation strategies. 
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Abstract 

Renewable biofuels should replace fossil fuels to partially mitigate climate change. Currently, 

oxygen-containing biofuels (such as butanol and ethanol) are added to gasoline (up to 10%). 

Presentation will discuss the main results of hydrophobic pervaporation, thermopervaporation, and 

membrane distillation for the recovery of organic solvents from fermented broth (ethanol and/or 

butanol), as well as the results of hydrophilic pervaporation with polymeric and ceramic membranes 

for the dehydration of ABE (aceton-butanol-ethanol) rich mixture. 

Eventually, the combination of membrane separation processes is suggested for the recovery and 

dehydration of volatile organic solvents (ABE mixture or ethanol). 

Keywords: Biofuels; Aceton-Butanol-Ethanol (ABE); Pervaporation; Thermopervaporation; 

Membrane distillation;  

 

1. Introduction 

Biofuels have become a promising alternative to gasoline considering energy security and 

environment protection. Biofuels such as bioethanol, biobutanol, biomethanol, biodiesel, syngas, 

biohydrogen, and biomethane are the renewable energy products from biomass. Nowadays, biofuels 

are produced from the non-edible feedstock mitigating the competition with food production. 

Recently, butanol has been considered to be the highly developed and promising renewable liquid 

transportation biofuel. 

The aim of this work was to evaluate the efficiency of the hydrophobic pervaporation process for the 

recovery of acetone, butanol, and ethanol (ABE) from diluted aqueous mixtures mimicking the 

fermentation broth. Moreover, hydrophilic pervaporation was applied for the final dewatering of the 

ABE mixture. 

 

2. Materials and Methods 

The poly(dimethylsiloxane) (PervapÊ4060) and poly(vinyl alcohol) (PervapÊ4100) based 

commercial flat sheet membranes were purchased from DeltaMem AG (Switzerland). Hydrophobic 

PEBAX and POMS membranes, as well as modified silica hydrophilic ceramic membrane, were 

purchased from Pervatech (the Netherlands). Hydrophobic porous commercial PTFE membranes 

(Sartorius) with pore size of 0.45 mm were used for membrane distillation. 

Pervaporation experiments were performed in contact with a model aqueous mixtures using a 

standard laboratory set-up described at 40o and 60o C. Thermopervaporation and membrane 

distillation experiments were executed in the air-gap mode, using the temperature between feed and 

permeate side up to 60Á C . 
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3. Results and Discussion  

The comparison between air-gap thermopervaporation (AGTPV) and air-gap membrane distillation 

(AGMD) clearly shown that permeate fluxes were higher in AGMD but separation efficiency was 

more favorable in the case of AGTPV. Moreover, at higher organics concentrations, porous 

hydrophobic membranes were easily wetted. AGMD could be however used for the efficient recovery 

of ethanol from the ferementation broth. 

Hydrophobic pervaporation shown the advantages of the VOCs recovery from water. The organic 

rich phase contained over 50 wt.% of butanol and around 40 wt.% of water. This mixture was 

subsequently dehydrated using hydrophilic pervaporation (with polymeric or ceramic membranes). 

The scheme of the overall process is presented in Figure 1. 

 

Figure 1. The layout of the hybrid process of the recovery and dehydration of ABE mixture. 

 

4. Conclusions 

The ABE recovery and dehydration process should be viewed as a part of the modern biorefinery.  

Pervaporation and membrane distillation showed the applicability for the recovery, concentration and 

dehydration of biofuels.  

It must be however remembered that there are also undesirable phenomena (e.g. fouling or 

concentration polarization) which should be taken into account during the application of these 

processes. Therefore, modifications of membranes toward their better separation efficiency and 

limited fouling must be investigated.  
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Abstract 

In this study, a polyvinyl alcohol (PVA)-based charged mosaic membranes (CMMs) from PVA-

modified block copolymers was fabricated. The membrane structure of the stained CMMs showed 

mosaic like charged structures of negatively (N)- and positively (P)-charged layers. A diffusion 

dialysis test indicated that the CMMs had an electrolyte permselectivity compared to sucrose. A piezo 

dialysis test indicated that the CM membrane was desalinated with up to 1500 ppm of NaCl at a 

pressure of 0.3 MPa, confirming that the membrane can desalt salty water via piezo dialysis. 

Keywords: Charged mosaic membrane; Salt permselectivity; Negative osmosis; Piezo dialysis 

 

1. Introduction 

A charged-mosaic  membrane (CMM) is made up of 

parallel arrays of negatively-charged (N) domains and 

positively-charged (P) domains passing through the 

membrane. The CMM has high permselectivity for 

electrolytes as shown in Fig. 1.1) Hence, the membrane  

has potential applications to desalination of water, and 

purification of biochemical materials and food 

additives. There have been many reports on CMMs 

prepared by micro-phase separation, 2) epitaxial phase 

growth, 3) lamination method, 4) and polymer blend5) 

etc. However, there have been no reports on 

preparation of CMMs having enough mechanical 

strength for piezodialysis. In this study, CMMs with 

high electrolyte permselectivity were prepared by 

various methods: fabric6) and polymer coating7).  

 

 2. Material and Methods 

In the fabric method, a woven cloth was prepared 

from  of P and N fibers made from poly (vinyl 

alcohol-b-sodium styrene sulfonic acid) (PVA-SSS) 

and poly(vinyl alcohol-b-vinyl benzil trimethyl 

ammonium chloride) (PVA-VBTAC), respectively. 

Fabric type CMMs were prepared by hot pressing the 

woven cloth.  

Figure 1. Structure and transport properties of a CMM. 

Figure 2. Procedure of preparing a fabric structured CMM. 

(a) Anionic fiber, (b) cationic fiber, (c) fabric sheet prepared 

by table-model loom from the two fibers, (d) heat pressed 

film prepared by heat-pressing the fabric sheet.  A fabric 

structured CMM was obtained by chemical cross-linking the 

film with glutaraldehyde after annealing it.  
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In the polymer coating method, the CMMsCMM with a stripe-shaped 

charged structure from PVA-SSS and PVA-VBTAC were fabricated on 

a non-fabric support using a screen-printed method. 

The charge structure of the fabricated CM membranes was observed 

using an optical microscope  after dyeing P charaged fibers with methyl 

orange and  N charged fibers with methyl violet. 

A diffusion dialysis test was performed using KCl and sucrose. A membrane 

was set between the two chambers of the cell; 100 mL of deionized water and 

400 mL of 0.1 M KCl or sucrose solution were added to chambers I and II, 

respectively, and concentration change of chambers II was measured. 

Piezodialysis tests were performed using an acrylic plastic cell 

consisting of two chambers separated by a sample membrane. 

Initially, Chambers I and II were filled with the same concentration 

of the KCl solution. During the test, chamber I was pressured by N2 

gas, and the conductivity of the solution in chamber II was measured 

at predetermined time periods at 25 ÁC for measuring the change in 

NaCl concentration over time. 

3. Results and Discussion  

Photographs of the surface and cross-section of the dyed-fabric-structured 

CM membrane are shown in Figures 3 (a) and 3 (b), respectively. The 

average sizes of N and P domains were approximately 500 and 550 Õm, 

respectively. 

Figures 4 indicated that the CMM had a striped-shape structure in which 

the P and N layers. In addition, the average width of the N layers was 

approximately 172 ‘m, and that of the P layers was approximately 203 

‘m, and the thickness of the ion exchange layer was approximately 20 ‘m. 

The electrolyte permselectivity compared to sucrose was approximately 25 

times higher than that of CMMs fabricated by the micro-phase separation2). 

The CM membrane made from the fabric exhibited sufficient mechanical 

strength for performing a piezodialysis experiment under a pressure of 0.3 

MPa. The piezodialysis experiments indicated that the salt flux increased, 

whereas the water flux remained constant with an increasing initial NaCl 

concentration. Therefore, the salt-to-water flux ratio increased with 

increasing NaCl concentration. The CM membrane was desalinated with 

up to 1500 ppm of NaCl at a pressure of 0.3 MPa.  

4. Conclusions 

CMMs fabricated from PVA-modified block copolymers demonstrated 

the potential for desalinating low-salinity solutions. 
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Abstract 

The presented work aimed to check if electro-membrane processes were useful for recovering Li and 

Co from aqueous solutions. In the case of Li selective electrodes and membranes, the CDI system 

showed an adsorption capacity of 45 mg/gAC. In the case of cobalt, the ED system gave Co/Li and 

Co/Ni separation factors as high as 5.6 and 16.1, with a 91% recovery of cobalt. 

Keywords: CDI, hybrid system,  lithium, cobalt,  ion-selective membranes and electrodes, 

geothermal water, LiB leachate  

 

1. Introduction  

 The industrial demand for lithium grows exponentially due to its use in ceramics, medicine, 

polymer manufacturing, and mostly in producing energy storage devices. Lithium is called ówhite 

gold' in the 21st century.     The second critical material used in manufacturing lithium-ion batteries 

is cobalt. Considering the limited resources of cobalt, the European Commission predicts a deficiency 

of this commodity after 2025. Thus, it is a great challenge to establish efficient recovery methods for 

these two elements from poor resources, such as aqueous solutions and the use of batteries' leachates. 

Electromembrane processes offer such an opportunity. 

The presentation compares the efficiency of two methods in the recovery of lithium and cobalt 

from aqueous solutions: capacitive deionization and electrodialysis. In the case of lithium, a spinel 

electrode prepared from manganese and titanium oxides was applied in the CDI system. Additionally, 

a selective lithium smart membrane was used. It contained crown ethers that participated in lithium 

transport.  In the case of cobalt, the ED membrane contained hydroxychinoline that selectively trans-

ported cobalt.     

 

2. Materials and Methods 

Our papers describe the materials and methods in detail. Here, we briefly present a few of them.      

2.1. Materials for CDI system 

2.1.1. Electrode 

Syntheses and properties of lithium selective electrodes from sintered Mn/Ti spinel powder immersed 

in poly(vinyl chloride) matrix were described by  Siekierka & Bryjak (2021), and Siekierka et al 

(2018a). 
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2.1.2. Membrane 

Lithium selective membranes were prepared by inter-polymerization of methacrylic acid and crown 

ether modified glycidyl methacrylate in pores of Celgard membranes: Bryjak & Smolinska (2012), 

Smolinska et al (2014),   

 

 

2.2. Materials for the ED system 

Siekierka & Yalcinkaya (2022) and Siekierka et al. (2023) described the preparation and prop-

erties of Co-selective membranes.    
 

2.3. Feed  

In the CDI system, Carpathian geothermal water, with lithium contents of 15 ppm, served as a feeding 

solution (Siekierka et al., 2018b). In the case of spent LiB leachate, a model solution mimicking the 

average content of metals in black mass (Co 35%, Ni 10 %, Li 5%) was used.    

 

3. Results and Discussion  

3.1. Li case 

In the case of lithium separation, using a hybrid CDI system equipped with an Mn/Ti spinel electrode 

offers a stable separation process.  Adsorption of 45 mg/gAC did not change within a 50-times repeated 

sorption/desorption procedure.  Additionally,  it was possible to recover 75% of lithium from the 

solution. The use of lithium-selective smart membranes appeared complicated as the procedure of 

inter-polymerization of monomers in plasma-activated porous membrane was poorly reproducible.  

  

3.2. Co case. 

In the case of cobalt separation, the application of Co-selective membranes in electrodialysis process 

offers an efficient method.  The recovery ratio, as high as 91% and nice separation factors, make ED 

attractive. However, optimization of membrane manufacturing protocol is greatly recommended   

 

4. Conclusions 

The presented studies show great potential of electro-membrane processes for separation of valuable 

elements from geothermal water and from spent LiB leachate.      
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Abstract 

The growing attention toward climate change, industrial safety, and environmental pollution has 

revealed the urgent need for more sustainable and safer practices in membrane fabrication. 

Conventional membrane preparations are still largely dependent on hazardous organic solvents such 

as N,N-dimethylformamide (DMF), N,N-dimethylacetamide (DMAc), and N-methyl-2-pyrrolidone 

(NMP), widely adopted for their polymer dissolution efficiency but classified as substances of very 

high concern due to their reprotoxic and environmentally harmful profiles. Recent research has 

focused on the replacement of traditional solvents with green alternatives in accordance with the 12 

Principles of Green Chemistry, particularly the number 5 principle, which encourages the use of safer 

solvents and auxiliaries [1,2]. Among various promising candidates, ɔ-valerolactone (GVL), a bio-

based and biodegradable solvent derived from lignocellulosic biomass, will be evaluated and 

compared, as an alternative to conventional toxic solvents in the preparation of poly(vinylidene 

fluoride) (PVDF) membranes through phase inversion techniques such as Non-Solvent Induced Phase 

Separation (NIPS) and Vapor Induced Phase Separation (VIPS) [3]. The study evaluated the effects 

of different coagulation baths (ethanol and isopropanol) on membrane morphology, pore size 

distribution, and overall performance in Membrane Distillation (MD) applications. The results 

demonstrated that GVL enables the production of membranes with controlled porosity (84-86%) and 

thickness (90-120 ɛm), comparable to those obtained with conventional solvents. Additionally, the 

membranes exhibited a sponge-like morphology, with well-defined pores suitable for MD processes. 

This study, conducted within the framework of the MEASURED project [4], confirmed that GVL 

represents a valid greener solvent for sustainable membrane preparation.  

Keywords: Membrane fabrication; green solvents; sustainable polymeric membrane; phase inversion 

techniques 
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Abstract 

 

The performance of electrodialysis recovery of phosphates increases if ammonium cations are present in the 

feed solution. A mechanism has been proposed to explain this phenomenon. A series of experiments and 

calculations using a new mathematical model confirmed the correctness of the hypothesis and determined the 

optimal current modes for electrodialysis of phosphate- and ammonium-containing solutions. 

 

 

Keywords: electrodialysis; current efficiency; energy consumption; phosphates; ammonium; experiment and 

modelling 

 

 

1.Introduction  

 

The recent years have been characterized by a rapidly growing researchersô interest in the development of 

various electromembrane processes, including electrodialysis (ED), for processing phosphate- and/or 

ammonium-containing solutions. This interest is driven by the need to create closed technological cycles for 

phosphates and ammonium nitrogen in order to prevent eutrophication of natural waters. The combination of 

LLMMC and traditional ED and/or EDBM is a trend in recent years for the selective recovery and 

concentration of ammonium nitrogen and phosphate in wastewater treatment. These new processes have many 

pitfalls. Understanding the mechanisms of ammonium and phosphate transfer may help to enhance the 

performance of LLMC-ED processes. 

 

 2. Material and Methods 

 

Five hollow fiber or flat hydrophobic membranes made of PSF, PEI, and PVTMS were tested in the LLMC 

laboratory module. The electrochemical characteristics of five bipolar membranes from Japanese and Chinese 

manufacturers were studied. The two best ones were used for reagent-free maintenance of the pH in the LLMC 

feed solution stream. The properties of commercial anion exchange membranes (AEMs) with aromatic (ASE, 

MA-41P), polyimide (Fujifilm AEM Type 2 and Type 10) or fluoropolymer (CJMA-4) ion exchange matrices 

were studied. A batch conventional ED was performed with fixed (5.4) pH  values in the desalination stream 

and different (2.0, 3.0 and 5.4) pH values in the concentration stream. All studies used solutions of KCl, NH4Cl, 

KH2PO4, NH4H2PO4 or their mixtures.  

1D model based on the Nernst-Planck-Poisson equations was developed to calculate the concentration profiles 

of  OHī, H+, NH4
+ and NH3  species in an AEM system with adjacent boundary diffusion layers under 

conditions similar to conventional ED experiments.  
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3.Results and Discussion  

 

It was found that membrane contactors does indeed allow selective recovery of ammonia nitrogen from multi-

component mixtures and obtaining a pure ammonium solt solutions. Russian membranes (PSF2, PVTMS) can 

compete with commercial samples from other countries.  The chemical nature and the nanostructure of 

membranes play a significant role in the performance of the LLMC process. 

Bipolar membranes Neosepta BP-1 (Japan) and TWEDBPM (China) are capable of providing reagent-free 

maintenance of p9 in the LLMC feeding stream.  

"Facilitated diffusion" of ammonia through AEMs is the cause of low current efficiency (ED) and 

contamination of solutions (EDBM). This NH3 ñfacilitated diffusionò occurs even in the absence of ammonia 

in the processed solutions (Fig.1a). Figure 1b illustrates the mechanism of ammonia formation in AEM. 

Ammonium diffuses not only through the pores filled with solution, but also through the polymer. The affinity 

of polymers to NH3 increases in the sequence: PVDF<PS+DVB<PA+Acrylates. In phosphate solutions, the 

facilitated diffusion of ammonium nitrogen through the membrane is reduced compared to chloride solutions. 

Calculations using the model confirmed our hypothesis about the alkalization of the AEM volume, the 

accumulation and transport of uncharged hydrated forms of ammonia through it, the enhancement of facilitated 

diffusion with an increase in current density and a decrease with acidification of the solution in the ED 

concentration stream. 

  

Figure 1. ὖ ὖϳ  ratio vs NH4Cl and KCl solution concentration (a) and schematic diagram of the 

facilitated transport of nitrogen-containing species in an anion-exchange membrane (b). P is the integral 

diffusion permeability coefficient, C is concentration of the electrolyte in concentration stream. The dotted 

lines are guides for the eye.  

 

4. Conclusions 

 

Research into gas separation membranes helped to explain the phenomenon in systems with anion-exchange 

membranes. The application of the acquired knowledge improved the performance of electrodialysis of 

ammonium containing solutions.  

 

Acknowledgements 

This research was funded by Russian Science Foundation, grant number 24-19-00451 



 

26 

 

 

Waste-Derived Membranes: A Low-Cost Alternative for Sustainable Gas and 

Liquid Separation 

Gangasalam Arthanareeswaran1 

1National Institute of Technology, Department of Chemical Engineering, Tiruchirappalli, India 

 

E-mail: arthanaree10@yahoo.com 

Abstract 

The high cost of commercial membrane materials and the alarming accumulation of plastic waste 

have become critical global challenges. In response, the concept of "waste to wealth" is gaining 

momentum, wherein post-consumer plastics such as polyethylene terephthalate (PET) and 

polystyrene (PS) are repurposed into value-added membrane materials. This study demonstrates the 

fabrication of functional membranes from waste PET and PS for gas and liquid separation 

applications. The developed membranes exhibit promising permeability, selectivity, and stability, 

while significantly lowering material costs. This approach not only enhances membrane affordability 

but also contributes to environmental sustainability and circular economy practices. 

Keywords: Plastic waste recycling; Low-cost membranes; Separation efficiency; Environmental 

remediation 

 

1. Introduction 

The innovative approaches have focused on developing membranes from recycled plastic 

waste, such as polyethylene terephthalate (PET) derived from discarded PET bottles, to reduce 

production costs and enhance sustainability (Muringayil Joseph et al. 2024). This approach not only 

lowers material expenses but also aligns with circular economy principles by valorizing plastic waste 

into functional, high-value membranes. PET plastic constitutes over 18% of the global plastics 

industry, with production increasing annually by about 5%, and global PET production reaching 

roughly 360 million tons in 2025, according to the European plastics producersô association(Chen et 

al. 2023). Recent studies demonstrated PET membranes derived from plastic bottle waste exhibiting 

superior performance  and it enhances the wastewater treatment and rejection rates reaching 99% for 

various residual contaminants(Rawindran et al. 2024). Landýll gas (LFG) is produced from the 

anaerobic bacterial decomposition of organic material contained in local solid waste(Chandra and 

Ganguly 2023). The design of these three are way more complex, than membrane separation for CO2 

separation. Plastic polymers like polystyrene (PS) have gained much attention as attractive materials 

for gas-separation membranes(Zhuang, Tseng, and Wey 2016). The multi-level modification 

approach presents an effective strategy for developing high-performance membranes for CO /CH  

separation 

2. Material and Methods 

Polystyrene as a membrane material, waste Styrofoam is first subjected to degassing process and 

removed all the  impurities. Membrane fabrication was carried out using phase inversion as follows. 
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Figure 1. Fabrication of Polystyrene membran       Figure 2. Surface morphology of modified waste PET membranes 

 

3. Results and Discussion  

The cross-sectional images further reveal a compact structure with negligible porosity. The surface 

morphology is slightly rougher due to the dispersion of modifiers within the polymeric matrix, which 

alters the phase inversion behaviour during membrane fabrication. Cross-sectional imaging reveals a 

significantly more porous, sponge-like structure with finger-like voids formed due to clay-induced 

phase inversion modifications. Overall, the modified membranes demonstrate superior structural 

modifications for flux enhancement. 

Figure 3.  Mechanism of gas transport in Pebax-coated waste polystyrene membrane 

 

The Pebax layer, the CO2-philic poly (ethylene oxide) segment, exhibits a selective affinity for the 

CO2 molecules due to strong dipoleīquadrupole interactions. The Pebax polyether domains create 

large free volume and polar interactions that strongly solubilize CO , leading to enhanced CO  

permeability. 2-MeIm introduces nitrogen-rich active sites that elevate CO  sorption based on 

Henryôs law behavior.  
 

4. Conclusions 

The successful transformation of waste Styrofoam into functional polystyrene membranes 

demonstrates a sustainable approach to membrane fabrication. Incorporation of modifiers enhances 

membrane morphology, improving porosity and gas transport characteristics. The Pebax-coated 

system significantly boosts CO  permeability due to its strong CO-philic interactions and tailored 

microstructure. 
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Abstract 

Converting food waste into energy would contribute to a sustainable resource management. In this 

study, thermotolerant fermentation and membrane separation were integrated for bioethanol 

production and their synergetic influence in removing ethanol in situ from a fermenter was observed. 

The energy consumption and the ethanol recovery rates were also compared for a few process 

configurations using different membrane types. 

Keywords: Bioethanol; High-temperature fermentation; Membrane separation;  Food waste 

 

1. Introduction  

Food processing waste from factories is almost unavoidable and often requires costly treatment 

as industrial waste. However, it can be a valuable raw material for biorefineries due to its consistent 

composition. For example, a sake brewery polishes rice in water before saccharification and fermen-

tation to remove its oxidized surface and to improve the quality of sake. Sake production also gener-

ates fermentation residue after the filtration used to remove solid materials from the product. The 

composition of these biowastes is highly controlled and consistent compared to food waste originat-

ing from households or restaurants.  

The waste from food processing industry contains a significant amount of water. For example, 

the filter cake contains about 50% water. Although large-scale biomass conversion has advantages, 

transportation of water-rich residues is energy consuming and reduces the overall efficiency. To ad-

dress this, we propose onsite biomass conversion at the factory by combining fermentation and mem-

brane separation to improve the utilization of resources. 

High-temperature fermentation examined in this study operates around 40 ЈC, which is about 

10 to 20 ЈC higher than conventional fermentation. The elevated temperature offers advantages of 

reducing contamination risks, improving kinetics and eliminating the need of cooling water, thereby 

simplifying the process configuration. On the contrary, since fermentation produces dilute ethanol, a 

downstream concentration process is necessary to achieve fuel-grade ethanol levels. 

In this study, the downstream process configurations were simulated and compared. In addition, 

various types of membranes were applied to concentrate ethanol to examine their performance in 

bioethanol solution containing various contaminants. Based on the results, a small scale biorefinery 

process will be proposed. 
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2. Material and Methods 

2.1. Material  

The yeast strain, K. marxianus DMKU 3-1042 was grown in a medium containing yeast extract 1%, 

peptone 2% glucose 8% at 40 ЈC (Pattanakittivorakul et al. 2024). Commercial polymeric membranes 

and hydrothermally prepared hydrophobic zeolite (sliclicalite) membranes and hydrophilic zeolite 

(MOR) membranes were used. Synthesis conditions of these membranes can be found elsewhere 

(Kumakiri et al. 2021). 

2.2. Integration of fermentation and membrane separation 

Concentration of glucose, ethanol, acids and other chemicals in the fermentation liquid and in the 

membrane permeate were measured by LC-MS. The number of cells were analyzed by UV-vis spec-

troscopy at 600nm wavelength. Distillation was used as a comparison to membrane separation. The 

energy consumption and ethanol recovery rate were calculated using a cape-open to cape-open 

(COCO) program. Different downstream configurations were compared.  

3. Results and Discussion  

Different configurations can be employed to concentrate dilute ethanol produced by fermentation. 

One example is shown in Figure 1. Silicalite membranes showed ethanol-selective permeation and 

concentrated a few percent of ethanol to over 70% in one separation. However, the flux through the 

membrane significantly reduced during the separation, probably due to the plugging of membrane 

pores with solid materials in the solution and with salts and sugar precipitation. Furthermore, the 

energy required to condense ethanol vapor is significant. Reducing the load of condenser reduces the 

ethanol recovery. Water-selective membranes need to transport significant amount water to concen-

trate ethanol, which requires a large membrane area or extended separation time. However, fermen-

tation is a slow conversion process, typically over several days, thereby providing water-selective 

membranes sufficient time for operation. MOR membrane successfully concentrated the bioethanol 

to 90%, showing its rigidness. The permeate side was almost water resulting the ethanol recovery rate 

99.7 %. 

 

 

 

 

 

4. Conclusions 

A process combining high temperature fermentation and membrane separation was proposed to 

convert food industry waste into energy. The potential advantages of hydrophilic membranes were 

analyzed. MOR membranes proved to be as one option suitable for such integrated process. 
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Figure 1. Example of membrane process at the downstream of fermentation 
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Abstract 

Membrane based processes offer sustainable alternatives to traditional energy-intensive separation 

methods such as distillation, absorption, and solvent extraction. However, current polymeric 

membranes often exhibit permeability-selectivity trade-off, have limited chemical/thermal stability, 

and are susceptible to fouling, plasticization and aging. The incorporation of nanomaterials into 

membrane structures is a powerful strategy to address these long-standing limitations. The distinct 

advantages of nanomaterials are their small size and large surface area, and tunable chemical, 

physical, and mechanical properties. Consequently, nanocomposite membranes have opened up new 

directions in membrane development by combining unique benefits of polymers and nanomaterials 

for next-generation membranes. This presentation explores how a wide range of nanomaterials, 

including two-dimensional nanosheets, one-dimensional nanostructures, crystalline porous 

frameworks, and inorganic nanoparticles, can be utilized to enhance membrane performance for both 

liquid and gas separations. Mechanistic insights into how nanoscale morphology, controlled pore size 

distribution, tailored surface chemistry, and interfacial compatibility within mixed-matrix or thin-film 

nanocomposite membranes influence transport behavior and separation performance will be 

discussed. Case studies will be presented on flux, solute rejection and selectivity improvement and 

stability for applications such as seawater desalination, organic solvent nanofiltration, and gas 

separations. The talk will also address critical challenges impeding large-scale implementation, such 

as reproducibility, dispersion, scalability, and cost. Lastly, future directions for nanomaterial enabled 

membranes will be explored to achieve efficient and low-energy separations that align with circular 

economy and carbon capture goals. 

Keywords: nanomaterials, membranes, mixed-matrix, thin-film nanocomposite, water treatment, 

solvent recovery, gas separation, CO  capture, sustainability 
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Abstract 

Due to water scarcity, many industries globally implement cleaner production techniques or 

technologies in their production processes. One of these implementations is the treatment of industrial 

segregated or composite wastewaters and further reuse, especially by membrane processes. In this 

invited speech, full-scale industrial cleaner production studies and implementations along with 

problems encountered in membrane processes will be discussed. In addition, water control measures 

planned or already implemented in Turkish industries will be presented including case studies and 

success stories from various industrial sectors with different NACE codes.  

Keywords: Best available techniques; cleaner production; membrane processes; wastewater reuse; 

water efficiency 

 

1. Introduction 

In parallel with the increasing population and industrialization, available water resources on a 

global scale are decreasing rapidly. While the industrial water use in less developed countries has a 

share of 10-30% in total water use, this rate varies between 50 and 80% in industrialized countries. 

Developing strategies for the sustainable use of water sources in industries is necessary and compul-

sory. Integrated approaches such as cleaner production and water control measures can provide ef-

fective results in reducing water consumption in industries. In addition to water use, wastewater 

amount and wastewater pollution loads can also be reduced with water efficiency practices. With 

such practices, not only water consumption and wastewater generation can be reduced in industrial 

facilities, but also energy consumption, chemical use, environmental discharge and emissions, and 

production costs can be diminished. Efficiency studies should be carried out not only for water but 

also for other inputs such as chemicals, energy, and raw materials in the industrial facilities. In this 

way, higher level of technical, economic and environmental benefits can be achieved in reducing 

resource use and improving environmental performance in industrial facilities. Water Efficiency Fea-

sibility Study for a specific industrial facility may basically include following sections: characteriza-

tion of the facility, current water use and pricing, process-based and other water use points, examina-

tion of relevant sectoral best available techniques (BAT) reference (BREF) documents and reports of 

similar facilities related to water use, potential reductions in water use and wastewater production, 

identification of the current status, determination of the sectoral BATs to improve water efficiency, 

and cost-benefit analysis. One of the industrial water efficiency and control measures is the applica-

tion of membrane processes for wastewater treatment and reuse. The main objective of this work is 

to discuss the problems experienced in membrane processes employed in industries.  

 

2. Material and Methods 

In the last 13 years, the authors worked in almost 200 Turkish industries for various cleaner 

production studies, thesis or application/research projects. Such industries were from about 90 

different industrial sectors such as textile, pulp and paper, leather, iron-steel, food-beverage, mining, 

mailto:mehmetkitis@sdu.edu.tr
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etc. The majority of these work was related with evaluating water footprint, water use mass balances, 

determination of specific water consumption performance, water use efficiency/optimization, 

suggestion of BATs as water control measures, and application of membrane processes. Using this 

13 years of field experience and full-scale industry results, the discussions in this paper are prepared. 

 

3. Results and Discussion  

Various steps for assessing water efficiency in industries are summarized as following: preparation 

of data collection and onsite survey forms, analyzing related sectoral BREF documents, field studies 

and data collection, water efficiency and water balance calculations, current status analysis, 

comparison of the specific water consumption values of the facility with those reported in BREF 

documents, determination of potential savings/reductions, determination of final BAT list to be 

implemented, evaluation of the savings/benefits to be achieved by the implementation of the final 

BAT list, economic/financial assessments, and lastly implementation. Within the scope of current 

status analysis; water use and wastewater generation points should be determined, specific water 

consumptions (water consumption (for example L/kg product) per unit product mass/volume/piece 

etc.), specific wastewater amounts (wastewater generation (L/kg product) per unit product) and 

specific pollutant loads (pollution load (e.g., gr/kg product) per unit product) should be calculated. 

Furthermore, such specific consumption values calculated for the facility should be compared with 

reference values reported in BREF documents and inefficiencies in water use should be identified. 

The points requiring water efficiency practices should be determined and appropriate water efficiency 

measures (BATs) should be specified. Also, a cost-benefit analysis should be conducted considering 

potential savings/reductions and capital and O&M costs. 

 

Industries require process water to be used in main production and auxiliary processes or for steam 

generation, cooling water, etc. They prepare process water from raw water sources such as ground-

water or municipal water employing membrane processes. Depending on the industry type and water 

quality requirement of each production process, the processes employed in the ñwater preparation 

unitsò vary. For many Turkish industries using relatively hard groundwaters, filtration, softening 

(generally by ion exchange resin column process or nanofiltration (NF)) and/or brackish water RO 

(BWRO) processes are typically employed. However, the RO concentrates produced in these units 

are generally not considered as a potential reuse source in Turkish industries, mainly due to zero cost 

of raw groundwater, low water preparation unit costs, unawareness, and operational blindness. Other 

issues observed associated with membrane processes are mainly improper design (such as use of 

design criteria from similar projects rather than designing specifically for the project of concern using 

lab- or pilot-scale treatability results), allocating limited budget to design phase, use of improper 

equipment, variations in wastewater characteristics, lack of know-how, knowledge and experience in 

operations, management and disposal issues of concentrates, optimization issues in operations, inad-

equate fouling control, and other industry specific problems. 

 

4. Conclusions 

While dealing with membrane concentrate disposal and other operational problems, the main 

outcomes of membrane process investments including very high product water quality to be reused, 

the preservation of fresh water sources by wastewater reuse and reduced volumes of pollutant 

discharges to water bodies compared to conventional treatment are sometimes overlooked. The design 

and operational problems of membrane process in different Turkish industries seem to be diminished 

in few years by the accumulation of know-how and experience.  
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Abstract 

The purpose of this long-term project that commenced in Australia in 2001, is to provide autonomous, 

renewable energy powered membrane systems that can remove dissolved contaminants from diverse 

water sources. The applications are remote areas and/or developing countries where lacking water 

and electricity infrastructure make the provision of water and electricity prohibitively expensive and 

the lack up unsafe water results in high child mortality due to microbial contamination and/or 

disability through poisoning by contaminants such as arsenic, fluoride, uranium, etc.  

Keywords: physico-chemical water treatment; autonomous water supply; desalination; 

ultrafiltration; nanofiltration; photovoltaics 

1. Introduction  

Water contamination leads to a very high child mortality with the main reason being diarrhea caused 

by inadequate sanitation. Open defecation that washes into surface waters or pit latrines that connect 

to ground water are common issues.  

Dissolved contaminants such as arsenic, fluoride, uranium, nitrate and many other contaminants result 

in longer term health effect such as skin symptoms, fluorosis, kidney failure or cancers. In a 

development context, chronic health effects may cause disability and ultimately death. 

Decentralized water treatment technologies can address such challenges in remote areas in that the 

lacking infrastructure is not required. Technology is available, the implementation remains a 

challenge. 

2. Material and Methods 

Over several decades of research several prototypes have been developed in collaboration with the 

Richards team, through direct coupling of renewable energies with a dual barrier membrane system. 

This system has been developed to be mobile, for reasons of research in different field locations, and 

evolved through many stages of prototypes. The 

purpose of this research has been multi-faceted 

including i) students and researcher training, ii) 

transdisciplinary research that investigates many 

aspects from transport mechanisms of ions through 

membrane through to public acceptance of engineered 

systems, and iii) transfer and impact generation. 

The current mobile laboratory platform is a trailer that 

offers various energy supply, buffering and storage 

options and that can be equipped with different 

technologies, namely the original ultra-and 

nanofiltration hybrid system and the second technology 

which is a single pass electrodialysis system (see Figure 

1). 

 

 

Figure 1. Current mobile lab platform 

developed and built at KIT by the Richards 

and Schªfer team. 
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3. Results and Discussion  

Various prototypes (Schªfer et al., 2007) have been investigated in depth for the removal of i) fluoride 

in the African Rift Valley (Tanzania) (Shen and Schªfer, 2015) and ii) uranium in the Australian 

Outback and a German surface water (Rossiter et al., 2010). Seeing the technology of a hybrid of 

ultra- and nanofiltration, microbial contaminants are removed with a double barrier, which the 

discontinuous operation die to energy fluctuations that stem from the direct coupling may pose 

challenges to dissolved contaminants. 

The research strategies have spanned from investigating water quality as a function of energy 

fluctuation that translates into variation of feed flowrate and transmembrane pressure (Boussouga et 

al., 2021), determination of safe operating windows (Richards et al., 2014) for later implementation 

of operation and control strategies as well as the variability of treatment with common foulants and 

scalants such as organic matter or calcium carbonates (Cai and Schªfer, 2019; Malkoske et al., 2025). 

A summary of key finding will be presented selected from many publications that have resulted from 

this research initiative. 

 

4. Conclusions 

The research examples provided show that first class research is possible in challenging field 

scenarios, which enables outstanding training opportunities for young researchers (Schªfer and 

Richards, 2007). Such projects offer a tremendous opportunity for engineers to engage in societal 

change and bringing advanced and sustainable technologies to where they are most needed (Schªfer 

et al., 2014). 
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Abstract 

Membrane technology has revolutionized protein recovery in the food industry, beginning with whey 

protein extraction via ultrafiltration. This success led to its application in concentrating animal 

proteins like blood plasma, fish proteins, and albumen. As the protein shift towards plant-based 

sources grows, membrane processes now enable the industrial recovery of wheat, sunflower, and 

rapeseed proteins. Our research focuses on optimizing rapeseed protein recovery in South Sweden, 

using microfiltration for particle removal and ultrafiltration for concentration. Fouling and cleaning 

were analyzed with X-ray microtomography. This presentation explores membrane technologyôs role 

in sustainable protein production from both animal and plant sources. 

Keywords: Food applications; Membrane processes; Animal proteins; Plant-based proteins; 

 

1. Introduction 

Proteins are vital to human health and a key part of modern food systems. With growing concerns 

about the environmental impact of meat and dairy, the food industry is shifting toward more sustain-

able protein sources. This ñprotein transitionò is stimulated by consumer demand, regulations, and 

the availability of high-quality plant-based options. Although animal proteins still dominate, plant-

based protein consumption is rising, due to their lower carbon and water footprints. The global protein 

market, currently worth over USD 30.7 billion, is projected to reach USD 47.4 billion by 2032, largely 

driven by alternative sources (Shahbandeh, 2025) 

 

Protein production often begins with dilute streams that must be concentrated to be economically 

viable. Concentration reduces downstream volume, energy use, and improves efficiency. Traditional 

methods like evaporation and spray drying are energy-intensive and can degrade heat-sensitive pro-

teins. Membrane separation, especially ultrafiltration (UF), offers a low-energy, gentle alternative 

that maintains protein integrity. Membranes also provide modularity, scalability, and continuous op-

eration, making them ideal for evolving protein processes. 

 

2. Membrane applications for animal proteins 

The dairy industry pioneered membrane use in the 1960sï70s, especially for valorising whey from 

cheese production. Membranes enabled the separation of whey into protein-rich concentrates (WPCs) 

and isolates (WPIs). Today, dairy processors use microfiltration (MF), UF, nanofiltration (NF), and 

reverse osmosis (RO) in tailored combinations: MF removes bacteria and fat, UF retains proteins, NF 

demineralizes, and RO removes water. This success laid the groundwork for membranes in other 

animal protein applications. 

 

Egg whites are another example. Their heat-sensitive properties require gentle processing. Membrane 

methods, particularly RO and UF, allow low-temperature water removal while preserving function-

ality. RO reduces water content first, followed by UF for protein concentration. These steps are often 
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performed in staged, batch or semi-continuous systems. Alternating alkaline and acid cleaning cycles 

help control fouling and maintain performance, supporting both quality and efficiency. 

 

3. Membrane applications for plant-based proteins 

Though still emerging, membrane use in plant-based proteins is promising. Similar to dairy, MF re-

moves solids, UF concentrates proteins, and NF recycles salts and water. However, plant streams are 

often more complex and prone to fouling. Protein extraction may involve pH shifts or salts. UF can 

recover proteins, recycle water, and reduce chemical needs. For instance, globulins can be precipi-

tated, while albumins in the supernatant are recovered via UF. NF may follow to recover solutes and 

purify streams. 

 

One studied plant source at Lund University is rapeseed protein. While mainly grown for oil, rape-

seedôs press cake contains proteins limited by taste and anti-nutrients. Membrane filtration is being 

explored to overcome these issues. In a recent study, Swedish rapeseed press cake was milled and 

water-extracted, then filtered. MF (0.1ï0.2 Õm) showed high retention but low flux, while 15 kDa 

UF membranes concentrated proteins to 80 g/L with 55% purity. However, fouling was significantð

microtomography revealed dense cake layers. Alkaline cleaning helped restore flux, though some 

fouling persisted. This underscores both potential and challenges in non-dairy applications. 

 

4. Outlook and conclusions 

Despite success, membrane systems face hurdles like fouling, cleaning, and feed variability. Each 

protein stream demands tailored membrane selection and process design. Longevity, cleaning fre-

quency, and product quality all affect cost and feasibility. Innovations in membrane materials, mod-

ules, and hybrid processes are addressing these issues. Pairing with electrodialysis, forward osmosis, 

or membrane distillation can boost performance and water recovery. Pre-treatments like enzymatic 

or pH adjustments also help minimize fouling and enhance yields. 

 

From their dairy origins to emerging plant applications, membranes are pivotal in sustainable protein 

processing. As the industry expands to sources like hemp, quinoa, algae, fungi, and precision fermen-

tation, membrane systems will continue to evolve. Their ability to concentrate and purify under mild 

conditions ensures they remain vital to the global protein transition. The future of food depends not 

just on new proteinsðbut on the technologies that make them viable. 
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Hydrogen technologies are critical enablers of a sustainable energy future, with polymer electrolyte 

membrane fuel cells (PEMFCs) serving as essential energy converters for transportation and 

stationary applications. PEMFCs offer high power density, rapid start-up, and low-temperature 

operation but face persistent challenges in performance, durability, and cost ï largely centered on the 

membrane electrolyte. Similarly, polymer electrolyte membrane water electrolyzers (PEMWEs) for 

green hydrogen production. Commercial perfluorosulfonic acid membranes like NafionÈ remain the 

benchmark for PEMFCs due to their proton conductivity and stability under fully hydrated conditions. 

However, their high cost, significant performance decay at low humidity, limited operational 

temperature range, and susceptibility to chemical degradation under fuel cell operating conditions 

impede widespread adoption. Anion-Exchange Membrane Fuel Cell (AEMFC) is an emerging fuel 

cell technology with the potential to replace PEMFCs in the future. They enable the use of cost-

effective, precious metal-free materials to convert chemical energy into green electricity. However, 

the advancement of AEMFCs is significantly hindered by the decomposition of the anion exchange 

membrane during cell operation. These limitations necessitate next-generation membranes with 

enhanced conductivity, mechanical robustness, chemical stability, and reduced cost. 

Our research addresses these challenges through innovative membrane design and fabrication. We 

focus on synthesizing alternative polymer electrolyte membranes using two advanced techniques: 

radiation-induced grafting and electrospinning. Radiation-induced grafting offers modification of 

inexpensive base polymers by grafting functional monomers, enabling precise control over ion 

exchange capacity, water uptake, and conductivity. Moreover, method allows the preparation of 

uniform and mechanically stable membranes in the film form ideal for PEMFCs without solution-

casting (Alkan G¿rsel et al., 2008; Iĸēkel ķanlē et al., 2014; Nasef et al., 2016; Sadeghi et al., 2018; 

Mojarrad et al., 2020). Our membrane innovation strategy leverages the radiation-induced grafting 

technique to fabricate asymmetric membranes with a controlled gradient in critical properties, such 

as water uptake, conductivity, and hydrophilic/hydrophobic balance across their thickness. This 

deliberate asymmetry is fundamental to achieving superior directional water management within the 

membrane during electrochemical device operation. By promoting the preferential movement of 

water towards the anode in fuel cells or mitigating flooding/crossover in electrolyzers, this design 

ensures more uniform hydration profiles, minimizes mechanical stresses from swelling/deswelling 

cycles, and consequently enhances overall ionic conductivity and chemical stability under demanding 

operational conditions. 

Concurrently, we employ electrospinning to fabricate nanofiber-based composite and hybrid 

membranes. By integrating organic polymers with inorganic nanoparticles, we achieve long-range 

nanoscale organization of hydrophilic/hydrophobic domains. This architecture enhances proton 

conduction pathways, improves dimensional stability under hydration/dehydration cycles in 
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PEMFCs, and boosts mechanical strength (Mojarrad et al., 2021; Kērlēoĵlu et al., 2023 Furthermore, 

we are integrating hydrogen recombination catalysts directly into the membrane matrix to address 

efficiency challenges in PEMWEs, particularly when utilizing thin membranes to reduce ohmic 

losses. This embedded approach eliminates the need for separate, external recombination layers, 

simplifies membrane-electrode assembly design, reduces interfacial resistance, and crucially 

mitigates the risks associated with hydrogen crossover by catalytically converting permeated 

hydrogen and oxygen into water within the membrane itself.  

In this presentation, we contextualize these membrane innovations and significant progress in 

synthesizing next-generation membranes via radiation grafting and electrospinning. These methods 

provide versatile pathways to overcome cost and performance barriers in hydrogen technologies 

Keywords: Polymer electrolyte membrane; Fuel cell; Electrolyzer, Radiation-induced grafting; 

Electrospinning 
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Abstract 

In this study, we report on polycyclic aromatic polymer films exhibiting near-infrared selective 

transmittance obtained by polymerization of dihydroxynaphthalene (DHN) and TMTA. The 

transmittance (absorption) of the polymer film varied significantly depending on the polymerization 

conditions, such as the position of the phenol groups on the naphthalene ring, reaction temperature, 

reaction time, and solvent. By blending the obtained polymer with a thermoplastic polymer, we 

succeeded in fabricating flexible and self-supporting wavelength-selective polymer films. 

Keywords: Polymer Composite, Naphthoxazine, Thermo-setting polymer, Precipitation 

polymerization, NIR selective transmittance 

 

1. Introduction 

We have reported that the polycyclic aromatic polymer particles (A. Murakami, et al.), which could 

be prepared with precipitation polymerization of dihydroxy naphthalene (DHN) and 1,3,5-trimethyl-

1,3,5-triazinane (TMTA) (Figure 1(a)). The resulting particles were from 0.1 to several micrometers 

in diameter and showed selective reflection of near-infrared light (N. Hano, et al.). In this study, 

polycyclic aromatic polymer films were prepared using positional isomers of DHN, and their 

wavelength-selective transmittance was investigated. Optical materials having selective absorption, 

reflection and transmittance are useful in a wide range of applications such as thermo-camera and 

shading film. Such polymer films are usually made by mixing organic dyes or inorganic pigments 

into the polymer matrix. The films presented in this study have advantages such as high stability and 

no phase separation, as the polymer backbone exhibits wavelength-selective transmittance. 

 

2. Results and Discussion  

DHN (120 mM) and TMTA (120 mM) were dissolved in DMF solution, and the solution was stirred at 50 ÁC 

for a given time. The color of the polymer solution darkened with incubation, but differed for each isomer of 

DHN: a tendency towards a darker color was observed for DHN with a hydroxy (OH) group at Ŭ-position. The 

polymer films were prepared by casting the incubated solution onto a glass plate and drying it under vacuum 

(Figure 1(b)). Figure 1(c) shows typical UV-vis-NIR spectra of the polymer films. The color of the resulting 

film reflects the color of the solution, so the DHN isomer and the incubating conditions determine the 

selectivity of the light transmittance of the polymer film. 

To observe changes in transmittance in solution state in more detail, observations were made over time at a 

reaction temperature of 50 ÁC. As a result, it was confirmed that the absorption around 280 nm originating 

from the naphthalene ring gradually shifts to longer wavelengths as the reaction time increased, while a new 

absorption appears around 640 nm after a certain time. The longer wavelength shift is probably due to the 

introduction of substituent groups to the naphthalene ring and the extension of the p-conjugation structure. On 

the other hand, new absorption around 640 nm is presumed to the formation of charge-transfer (CT) complexes 
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between the naphthalene ring and the quinone group (oxidized phenol group) on the naphthalene ring. The 

formation of CT complexes depends on the isomer of DHN, so the transmittance selectivity of polymer films 

differs significantly depending on the isomer used. The resulting polymer film was, however, stiff and brittle. 

The polymer was therefore blended with a thermoplastic polymers such as polyvinyl alcohol and polystyrene 

in the solution, and the solution was casted in the same way to produce a flexible polymer film, which showed 

similar UV-vis-NIR spectra with wavelength selective transmittance.  

 

3. Conclusions 

Polycyclic aromatic polymer films could be facilely obtained by casting the reaction mixture of x,y-

DHN and TMTA on a glass plate after aging at appropriate condition. The obtained films showed 

exhibit near-infrared light selective transmittance, and the selectivity was strongly depend on the 

chemical structure of DHN isomer. Such polymer films with wavelength selective transmittance is 

useful for the sensing technologies such as thermo-camera, IR sensor system and light detection and 

ranging (LiDAR) system. Polymer films with similar functions can be obtained by dissolving organic 

dyes, but the dyes often needs to be complex chemical structures. Films can also be obtained by 

dispersing inorganic pigments, but the agglomeration of the pigments must be reduced. The method 

is simple and versatile and is very interesting  because the transmittance (absorption) selectivity is 

derived from the polymer backbone. 
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Figure 1. (a) Reaction scheme for polycyclic aromatic polymer, (b) typical image of mixed solutions 

of x,y-DHN (x,y = 1,2; 1,5; 1,6; 2,3; 2,6) and TMTA after aging at 50 ÁC for 6 days in THF, and 

cast films from the solutions, and (c) UV-vis-NIR spectra of the obtained films. 
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The global membranes market, estimated at USD 8.27 billion in 2024, is projected to reach USD 

14.21 billion by 2032, reflecting a compound annual growth rate (CAGR) of 7.0% (Fortune Business 

Insights, 2024). This growth trajectory is underpinned by intensifying global challenges, including 

climate change, environmental degradation, industrial expansion, and population growth. These chal-

lenges are intensifying the demand for sustainable separation and purification technologies. Mem-

brane systems, with their low energy requirements, modularity, and compatibility with hybrid pro-

cesses, have become strategic enablers for many applications. However, conventional polymeric 

membranes, while widely adopted, face persistent drawbacks, including fouling, limited selectivity, 

scalability issues, and insufficient thermal, mechanical, and chemical stability. Addressing these lim-

itations demands the rational design of advanced membrane architectures, particularly with precise 

control over pore size, distribution, and surface chemistry. 

2D nanomaterials, such as graphene, graphene oxide (GO), reduced GO, MXenes, h-BN and MOFs 

have emerged as transformative building blocks in this field. With atomic-scale, high aspect ratios, 

tunable surface chemistries, and exceptional physicochemical properties, these materials offer precise 

molecular sieving, accelerated mass transport, and enhanced fouling resistance. Critically, the mate-

rial design with machine learning (ML) and computational modelling is revolutionizing membrane 

development and optimisation. ML algorithms can predict key structure, function relationships, guide 

the selection of optimal materialïprocess combinations, and accelerate the discovery cycle by nar-

rowing experimental variables. This data-driven approach bridges the gap between theory and prac-

tice, enabling predictive tuning of membrane performance and facilitating the scale-up of 2D mate-

rial-enabled systems. 

This presentation will provide an integrated perspective on fabrication strategies, performance 

optimisation, and industrial scalability, while addressing challenges in durability, cost, and 

environmental impact. Together, these advancements point toward a new generation of intelligent, 

high-performance membranes, engineered through 2D material innovations and ML-driven design, 

to meet the demands of modern separation science and contribute to a circular, sustainable economy. 
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Abstract 

Self-cleaning membranes that integrate mechanisms to resist fouling and adsorb fouling agents, 

combined with low pressure and energy requirements, are considered promising water purification 

solutions. In this study PMMA-co-PVP responsive zwitterionic copolymer (RZC)  was synthesized 

through the free radical copolymerization process and incorporated into a polyethersulfone (PES) 

membrane matrix. Membranes modified with RZC exhibited greater resistance to biological fouling 

during the dynamic filtration process (water permeability and rejection of bovine serum albumin, 

reactive dyes, heavy metals, Escherichia coli, and Staphylococcus aureus) compared to pure PES 

membranes. The investigation into the response behavior of membranes revealed the development of 

a smart gate feature, characterized by responsive high flux and reduced fouling performance.  

Keywords: Responsive zwitterionic copolymer; Self-cleaning membrane; Water treatment 

 

1. Introduction  

According to the complex structures of fouling agents and the interactions and adhesion of biological 

agents, one of the most interesting techniques is the use of self-cleaning surfaces to address the 

challenges posed by membrane fouling [1]. One key strategy for creating self-cleaning membranes is 

the use of smart materials that respond to stimuli [2]. Response to stimuli such as temperature [3], pH 

[4], light [5], electric/magnetic fields [6] and ionic strength [7] are among the mechanisms that cause 

self-cleaning properties. In general, there are three main approaches to creating self-cleaning and 

antifouling membranes: making amphiphilic surfaces, developing hydrophilic antifouling surfaces, 

and designing nonpolar hydrophobic self-cleaning surfaces [1]. 

In this work, a polymethyl methacrylate-co-polyvinyl pyrrolidone (PMMA-co-PVP) responsive 

zwitterionic copolymer (RZC) comprising hydrophilic and hydrophobic units was used to fabricate a 

self-cleaning mixed matrix membrane. After confirming the synthesis and characterization of 

membranes, their self-cleaning performance and responsiveness were evaluated using a dead-end 

filtration system. Subsequently, the removal efficiency of the modified membranes was investigated 

for heavy metals and azo dyes removal. 

 

2. Material and Methods 

(PMMA-co-PVP) RZC was synthesized using the free radical copolymerization (FRP) method [8]. 

PES/(PMMA-co-PVP) RZC membranes were prepared from transparent casting solutions with a 

solid content of 20 wt% through non-solvent-induced phase separation. Briefly, different weight 

percentages of (PMMA-co-PVP) RZC were disolved in DMAc and cast with a Dr. Blade with a 

thickness of 170 Õm on a glass plate, and distilled water was employed as a non-solvent to form a 
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polymer film. The performance of bare and modified membranes was evaluated in terms of water 

permeability, as well as the rejection of heavy metals and dyes. For this goal, a system consisting of 

three standard dead-end cells with an effective surface area of 28.26 cmĮ was used. Self-cleaning 

properties of the fabricated membranes were tested by filtration of protein solution and measuring of 

flux recovery ratio. 
 

3. Results and Discussion  

Figure 1a,b show the water flux results of different membranes at the tested pH and temperatures. All 

modified membranes showed higher permeate flux compared to the bare membrane. This is attributed 

to the higher hydrophilicity, porosity, and pore density of these membranes compared to the bare 

membrane. In the acidic pH range, increasing the (PMMA-co-PVP) RZC up to 2 wt% increased the 

permeate flux, and at higher amounts (5 wt%), it decreased.  

 
Figure 1. (a&b) Water fluxes and (c&d) rejection for BSA solution (500 ppm) of bare PES membrane 

and PES/(PMMA-co-PVP) RZC membranes under different pH values and temperatures. 

 

BSA rejection was also investigated as a fouling model (Fig. 1c,d). Better hydrophilicity and larger 

pore sizes indicate lower rejection. Accordingly, at acidic pH, rejection increased due to lower 

porosity and mean pore radius. 
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4. Conclusions 

This study provides important insights into the response mechanisms and their impact on the self-

assembled structures of copolymers in solution. Integrating the (PMMA-co-PVP) RZC into the 

membrane matrix significantly enhanced its permeability, dye separation, and heavy metal removal 

capabilities. The zwitterionic characteristics of the copolymer contributed to the development of self-

cleaning properties, a feature further validated by theoretical calculations of the membrane's surface 

energy parameters. 
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Abstract 

Membranes have been initially discarded for carbon capture applications but, thanks to joined efforts 

in high performance materials design and process engineering, they are considered today as a 

promising second generation technology. A critical analysis of the state of the art in membrane 

processes for carbon capture application, with an emphasis on post-combustion is proposed. 

Keywords: Carbon capture, membrane, gas, energy efficiency, process design 

 

1. Introduct ion  

Membrane processes are considered nowadays, together with cryogeny, absorption and adsorption, 

as a key technology for gas separation applications. The development of thin skin polymeric mem-

brane materials initiated in the 80ôs, is expressed today into important industrial markets such as 

nitrogen enriched air (NEA), hydrogen purification, natural gas and biogas upgrading or VOC recov-

ery. Nevertheless, for carbon capture, membranes were initially discarded because of a too low energy 

efficiency and limited process selectivity. The situation is very different today, membranes being one 

of the most promising second generation technology for carbon capture applications. The current state 

of the art is analyzed hereafter and perspectives for future research are discussed. 

 

2. Results & discussion 

Process design analysis is a relevant and liable tool for membrane gas separation evaluation. Several 

simulations softwares enable to identify the impact of materials performances,  such as CO2/N2 se-

lectivity and permeance on the energy requirement and required membrane surface area for a target 

CO2 purity and recovery. This approach is the necessary starting point of the analysis and is illustrated 

for a single stage on Figure 1 

In a second step, the possibility to achieve target selectivity, CO2 recovery and energy requirement 

with two membrane stages will be detailed and discussed for different carbon capture applications, 

including post-combustion and direct air capture (DAC). The key role of combining materials 

performances and process design methodology will be illustrated. More specifically, the impact of 

high selectivity (up to 900 with some materials) and high performance (up to 50 000 GPU) will be 

analyzed, based on tailor process synthesis and optimization tools (MEMSIC and MIND). 

Finally, the recent developments at pilot or demonstrator scale with real post-combustion flue gases, 

based on existing commercially available membranes and modules will be shown and discussed. The 

interest of hybrid processes and the key future research perspectives will finally be more specifically 

analyzed. 
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Figure 1. Synopsis of a process engineering study for carbon capture with a single stage membrane process. The overall 

energy requirement E is evaluated for different inlet CO2 volume fractions (xIN), membrane separation selectivity (a) and 

final CO2 purity (y). A recovery ratio of 90% is applied for all the simulation set. The target energy requirement in order 

to compete with CO2 absorption in chemical solvents is around 2 GJ thermal basis per ton 

3. Conclusions 

The impressive developments in high performance materials offer promising perspectives for 

membranes to become one of the key technologies for carbon capture applications. 
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Abstract 

This study used the layer-by-layer technique to investigate the effect of polyelectrolyte concentrations 

(0.01, 0.1, 1 wt%) on HYDRACoRe membranes. The 0.01 wt% (PDADMAC/PSS)5.5 showed 

optimal performance at pressure of 12, increasing MgĮ  rejection from 73% to 88% and CaĮ  from 

74% to 87%. Selectivity for MgĮ  relative to Na  rose by 94% and to K  by 173%, while CaĮ  

selectivity increased by 74% and 133% for Na+ and K+, respectively. Higher concentrations led to 

open structure, reducing rejection. Membranes were characterized using FE-SEM, FTIR, zeta 

potential, and contact angle to assess modification. 

Keywords: Layer-by-layer deposition; Polyelectrolyte level; cation selectivity; Modification 

stability; Membrane performance optimization. 

 

1. Introduction  

Nanofiltration (NF) membranes separate solutes by size and charge, making them ideal for water 

softening and micropollutant removal (Yu et al., 2024). However, challenges like fouling and limited 

separation efficiency necessitate stability and surface properties improvements. The layer-by-layer 

(LbL) technique enhances NF membrane performance by precisely controlling surface charge and 

thickness through sequential polyelectrolyte deposition (Liu et al., 2025). Among polyelectrolytes, 

PDADMAC/PSS (polydiallyldimethylammonium chloride/poly(sodium-4-styrene sulfonate)) 

coatings offer a balance of high permeability and selectivity with strong chemical stability (Scheepers 

et al., 2024). This study explored the impact of polyelectrolyte concentration (0.01, 0.1, 1.0 wt%) on 

HYDRACoRe membranes selectivity performance, assessing surface properties and modification 

durability under extreme pH conditions using advanced characterization techniques. 

 

2. Material and Methods 

HYDRACoRe70pHT sulfonated polyethersulfone nanofiltration membranes were modified using the 

PDADMAC/PSS polyelectrolyte pair, applying 5.5 bilayers at concentrations of 0.01, 0.1, and 1 wt% 

in 0.2 M NaCl. The virgin and modified membranes were characterized by FTIR, contact angle 

measurements, FE-SEM, and zeta potential analysis. Membrane performance was evaluated using a 

synthetic surface water solution mimicking the Llobregat River composition, containing various salts 

(NaCl, NaHCO, CaSO, KCl, MgSO, and KNO) with a pH of 8-9. Membrane testing was 

performed using a cross-flow flat-sheet cell (GE SEPAÊ CF II) with a membrane area of 140 cmĮ. 

The membranes were tested for species rejection from osmotic pressure (~2 bar) to 20 bar. Membrane 

permeability and permeate flux were calculated during the testing by measuring the volume of 

permeate collected over a specific period. The permeate samples were then analyzed for anion 

concentrations using ionic chromatography and cation concentrations with ICP-MS 
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3. Results and Discussion  

The modification mainly affected the active surface charge. Zeta potential measurements revealed a 

shift in the virgin membraneôs negative charge (average -40 mV) after modification. The 0.01 wt% 

membrane had a charge of +15 mV, the 0.1 wt% membrane reached +35 mV, and the 1 wt% 

membrane exhibited a charge of +40 mV. SEM images revealed a morphological transition from a 

smooth surface to a bulkier structure with visible polymer chains when the modification was done to 

the commercial membrane. 

Testing with the river synthetic solution showed the virgin membrane had a water permeability of 3.9 

Ñ 0.3 L/(mĮĿhĿbar), while the 0.01 wt% modified membrane had similar permeability (4 Ñ 0.03 

L/(mĮĿhĿbar)). Higher polyelectrolyte concentrations reduced permeability to 2.02 Ñ 0.02 

L/(mĮĿhĿbar) and 2.83 Ñ 0.08 L/(mĮĿhĿbar) for 0.1 wt% and 1 wt%, respectively. Flux at 20 bar was 

highest for the virgin and 0.01 wt% membranes (68.3 and 62.3 L/(mĮĿh)), while 0.1 wt% and 1 wt% 

membranes showed lower flux (45.1 and 58.2 L/(mĮĿh)). For selectivity, at 12 bar, the 0.01 wt% 

modified membrane showed the best MgĮ  and CaĮ  rejection compared to unmodified and higher-

concentration membranes. MgĮ  rejection improved from 73% to 88%, and CaĮ  rejection from 74% 

to 87%. Na  selectivity for MgĮ  increased from 1.8 to 3.5 and for K  from 1.1 to 3.0. Similarly, 

CaĮ /Na  selectivity increased from 1.9 to 3.3 and K  from 1.2 to 2.8. This pressure of 12 bar was 

selected to balance energy efficiency and operational feasibility while aligning with previous studies 

on Fortilife membranes. 

4. Conclusions 

This study aimed to improve the performance of the commercial HYDRACoRe membrane, made of 

sulfonated polyether sulfone with a negative active surface (-40 mV), by modifying it to enhance 

selective separation of mono- and multivalent cations in a synthetic brackish water solution from the 

Llobregat River. This was achieved by applying 5.5 bilayers of oppositely charged polyelectrolytes 

(PDADMAC/PSS) at concentrations of 0.01, 0.1, and 1 wt% to optimize membrane performance in 

permeability, separation, and selectivity. The modification successfully altered the membraneôs ac-

tive surface, including zeta potential, contact angle, and morphology. Increasing the polyelectrolyte 

concentration resulted in a more porous and thicker membrane, reducing permeability, rejection, and 

selectivity. The membrane modified with 0.01 wt% showed the best performance, with permeability 

remaining nearly unchanged while significantly improving CaĮ  and MgĮ  rejection. At 12 bar, MgĮ  

rejection increased by 15%, Na  selectivity rose by 94%, and K  by 173%. CaĮ  rejection improved 

by 13%, with Na  selectivity rising by 74% and K  by 133%. These results indicate that 

(PDADMAC/PSS)5.5 modification at 0.01 wt% is the optimal configuration for improving selectivity 

and separation in sulfonated nanofiltration membranes, particularly for salinity reduction in surface 

water treatment. 
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Abstract 

The development of cost-effective hydrogen (H ) separation technologies is crucial for the 

purification of H-rich gas mixtures. Conventional membranes, including microporous SiO2, zeolites, 

and carbon-based materials, rely on molecular sieving but suffer from limited selectivity. While Pd-

based membranes offer excellent H2 selectivity, their high cost restricts widespread application.1 

Graphene oxide (GO) membranes have emerged as a promising alternative, offering tunable 

selectivity and high permeability. However, challenges remain, particularly in preventing the 

permeation of helium (He) due to its comparable kinetic diameter to H2.
2  

In this study, we investigate the H2 separation properties of functionalized GO membranes. We 

fabricate dense, micrometer-thick membranes by stacking Ce-doped GO nanosheets and coating them 

with a Pt/C catalyst. These membranes exhibit exclusive H2 permeability at room temperature. The 

separation mechanism is based on mixed conduction, where H  dissociates into protons and electrons 

at the feed side, diffuses through the membrane, and recombines to form H2 at the permeate side. The 

diffusion of other gases, such as helium (He) and carbon dioxide (CO2), is effectively inhibited, 

resulting in superselective H2 separation (Figure 1). Additionally, this approach allows efficient 

separation at lower temperatures (<100 ÁC), overcoming the high-temperature limitations of ceramic-

based mixed conducting membranes.3 The developed membrane holds significant potential for 

applications in H  capture, deuterium gas production from heavy water (D2O), and the deuteration of 

organic molecules. 

Keywords: Graphene oxide; Mixed conductivity; Hydrogen permeation membrane; Hydrogen 

capture; Deuteration;  
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Abstract 

This study investigates the development and application of electrospun nanofiber (ENF)-based 

membranes for various liquid separation procedures, including oily wastewater treatment, seawater 

desalination, and chiral chemical separation. By combining advanced surface modification 

techniques, nanoparticle decoration, and thin-film formation, the membranes demonstrated high flux, 

selectivity, and mechanical stability. Results indicated enhanced performance in microfiltration, 

nanofiltration, and enantioselective separation, depending on membrane design. The study highlights 

the versatility of nanofibrous membranes and provides a foundation for their scalable use in 

multifunctional filtration applications. 

Keywords: nanofiber; microfiltration; desalination; chiral compound 

 

1. Introduction  

ENF membranes have emerged as versatile and high-performance materials for membrane-based 

separation technologies, spanning from microfiltration to nanofiltration and reverse osmosis. This 

work consolidates significant insights from our prior research [1-5] on ENF-based membrane 

creation, surface modification, and functionalization for various separation issues, specifically oily 

wastewater treatment, seawater desalination, and chiral molecule separation. Our work highlights the 

adaptability of nanofibrous structures, demonstrating their potential when modified structurally or 

chemically for specific membrane filtration applications. Materials such as polyamide 6 (PA6), 

polyvinylidene fluoride (PVDF), and polyacrylonitrile (PAN) were electrospun into nanofiber webs 

and reinforced with support layers to address inherent mechanical limitations. Surface 

functionalization, achieved through plasma treatment, alkaline hydrolysis, and nanoparticle 

decoration, significantly enhanced membrane hydrophilicity and oleophobicity, resulting in improved 

water flux and separation efficiency. The extended abstract discusses material design, fabrication 

methods, characterization, and performance under various filtration conditions. 

 

2. Material and Methods 

The ENF used in this study were fabricated using Nanospider (Elmarco, CZ), primarily employing 

PA6, PVDF, and PAN as base polymers. To enhance mechanical strength and structural integrity, 

nanofiber layers were laminated onto various nonwoven support materials using thermal lamination 

and adhesive bonding methods at controlled temperatures. For specific applications such as seawater 

desalination and racemic compound separation, thin-film composite membranes were developed by 

interfacial polymerization on the nanofibrous scaffold using piperazine (PIP) or m-phenylenediamine 

(MPD) as monomers with trimesoyl chloride (TMC) from Sigma-Aldrich. Surface modification tech-

niques were employed to tailor membrane properties: argon plasma treatment followed by alkaline 

hydrolysis (NaOH) was used to enhance hydrophilicity and reduce surface energy, while silver nano-

particles were synthesized and deposited onto PVDF nanofibers via a laser-assisted (Litron Lasers; 

LDY300 PIV Series diode-pumped, dual cavity), eco-friendly reduction process. Membrane mor-

phology and surface structure were characterized using Scanning Electron Microscopy (SEM, Tescan 
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Vega), while chemical composition and functional group changes were monitored through Fourier 

Transform Infrared Spectroscopy (FTIR, FT-IR, NICOLET IZ10). Contact angle measurements 

(Kr¿ss GmbH) were used to evaluate surface wettability, and pore size analysis, tensile strength test-

ing, and delamination resistance were conducted to assess mechanical and filtration properties. Fil-

tration experiments included oily wastewater treatment using real industrial effluents (including 

pitch/tar oils, engine oil emulsions, and kitchen grease), saline water filtration using standard salt 

solutions and real seawater under dead-end conditions, and chiral separation of racemic D,L-trypto-

phan (from Sigma-Aldrich) via sorption and pertraction tests. Membrane performance was evaluated 

in terms of water flux, salt or oil rejection, fouling resistance, and enantioselectivity depending on the 

target application. 

 

3. Results and Discussion  

The summary of the results are given below: 

Wastewater Treatment: PA6-based hybrid membranes exhibited high flux under low pressure, suita-

ble for microfiltration. Surface-modified PVDF/PAN composites demonstrated oil-repellent behavior 

and maintained high water permeability (~25,000 LĿm ĮĿh ĭĿbar ĭ), particularly after plasma and al-

kaline treatment. 

Desalination via Nanofiltration and Reverse Osmosis: Thin-film nanofibrous membranes achieved 

98ï99% rejection of divalent salts (MgSO , Na SO ) and maintained strong mechanical integrity un-

der pressures up to 4.8 bar. The parametric study showed that lamination temperature significantly 

affects nanofiber morphology, thereby influencing water flux and salt rejection. MPD- and PIP-based 

membranes showed distinct flux/selectivity trade-offs depending on monomer chemistry and feed 

solution pH. 

Chiral Separation Performance: Nanofibrous membranes with integrated chiral selectors demon-

strated exceptional enantioselectivity in separating racemic tryptophan, achieving up to 99% prefer-

ential retention of L-enantiomer without compromising D-enantiomer transport. The PA active layer 

and selector distribution were key to sustained selectivity and long-term membrane stability. 

 

4. Conclusions 

 

ENF webs, when supported, surface-modified, and strategically layered, serve as effective filtration 

platforms across microfiltration, nanofiltration, reverse osmosis, and even enantioselective 

separation. Our multidisciplinary approach rom mechanical reinforcement to chemical tuning has 

expanded the performance window of nanofiber membranes beyond laboratory feasibility to potential 

real-world applications in environmental and pharmaceutical sectors. Future research will focus on 

scale-up, antifouling strategies, and the use of green fabrication techniques. These innovations will 

further enhance the environmental sustainability and economic viability of nanofiber-based 

membrane technologies. 
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Abstract 

We present PFAS-free hydrophobic macroporous alumina membranes functionalized with 

alkylphosphonic acids for hydrophobic desalination applications. Both C12 and C18 phosphonic 

acid-modified membranes exhibited high water contact angles (>130Á) and liquid entry pressures 

(>19 bar). Characterization using FTIR, solid-state NMR, and XPS confirmed robust phosphonate 

bonding. Stability tests under desalination conditions for three days (80 ÁC, 3 wt% NaCl) showed 

minimal hydrophobicity loss (~7%), outperforming conventional PFAS-modified membranes. This 

environmentally friendly approach offers a robust, scalable alternative for long-term operation in 

desalination and related separation processes. 

Keywords: PFAS-free membrane; ceramic membrane; alkylphosphonic acid; surface modification; 

desalination; membrane distillation 

1. Introduction  

Freshwater scarcity and the demand for efficient resource recovery have intensified research into 

thermally driven separation processes like membrane distillation (MD) and membrane crystallization 

(MCr). Hydrophobic membranes are essential for MD and MCr, enabling selective vapor transport 

while preventing wetting. Polymeric membranes often degrade or foul over time, whereas ceramic 

membranes offer higher thermal and chemical stability (Kujawa et al., 2017). However, their 

inherently hydrophilic surfaces require modification, which is mostly achieved using PFAS 

compounds composed of alkoxysilane linker that tend to hydrolyze and leach into the system, raising 

serious environmental and health concerns (Dai et al., 2022). 

Alkylphosphonic acids are a promising alternative for their strong covalent bonding with metal oxides 

(up to 3) and excellent hydrolytic stability. In this study, macroporous Ŭ-Al O  membranes were 

grafted with two alkylphosphonic acids having an alkyl chain of 12 or 18 carbons. These 

modifications were evaluated for hydrophobicity, surface bonding, and long-term stability under 

desalination-relevant conditions. To our knowledge, this is the first study to systematically apply 

alkylphosphonic acid grafting on ceramic membranes for desalination, supported by various 

spectroscopic analysis.  

 

Figure 1. Schematic illustration of the research approach presented in this work. 

mailto:%20b.f.altinbas@utwente.nl
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2. Material and Methods 

Macroporous Ŭ-Al O  ceramic membranes (80 nm pore size, 21 mm diameter, 2 mm thickness) were 

cleaned via ultrasonication and dried. Membranes were grafted by immersing them in a solution of 

alkylphosphonic acid (n-dodecylphosphonic acid (C12), or octadecylphosphonic acid (C18) at 60 ÁC 

overnight. After washing and vacuum drying, surfaces were characterized using water contact angle 

(WCA), liquid entry pressure of water (LEPw), and toluene flux measurements. 

WCA was measured using the sessile drop method. LEPw was evaluated with a dead-end permeation 

setup pressurized with N2. Toluene fluxes were determined at 10 barg using the same setup. 

Characterizations of the grafted surfaces were conducted Fourier-transform infrared spectroscopy 

(FTIR), solid-state Nuclear Magnetic Resonance (ssNMR) and X-ray Photoelectron Spectroscopy 

(XPS) analysis. Grafted Ŭ-Al O  powders were prepared similarly for ssNMR measurements. Graft 

stability was tested by exposing the grafted membranes to 3 wt% NaCl at 80 ÁC for 72 h, followed 

by WCA and FTIR reanalysis. 

 

3. Results and Discussion  

Modified membranes showed WCA values of 130 Ñ 2.5Á (C12) and 134 Ñ 1.0Á (C18), with LEPw 

values >19 bar. Toluene flux remained stable before and after surface modification, indicating no 

clogging of the pores. FTIR confirmed the disappearance of P-OH and P=O bands and emergence of 

PïOïAl vibration bands, suggesting covalent phosphonate bonding. 31P solid-state NMR revealed 

mono- and bidentate phosphorus environments, consistent with robust bonding.  

XPS showed uniform phosphorus distribution across the surface. After thermal saline exposure for 

three days, membranes showed only ~7% WCA loss with unchanged FTIR features, demonstrating 

superior stability compared to PFAS-based membranes. 

 

4. Conclusions 

This study demonstrates the successful development of PFAS-free hydrophobic ceramic membranes 

through alkylphosphonic acid grafting. The modified membranes achieved excellent water repellency 

and stability under harsh desalination conditions, outperforming conventional PFAS-based coatings 

done using alkoxysilane linkers in both performance and durability. Importantly, the structural 

integrity and permeability of the membranes were preserved, and no signs of degradation were 

observed after three days of exposure to saline conditions. This work also represents a novel 

integration of advanced surface characterization techniques to confirm robust phosphonate binding 

on ceramic membranes tailored for desalination. These findings highlight a scalable and 

environmentally safe surface modification strategy, offering a sustainable alternative for membrane 

distillation and crystallization processes. 
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Abstract 

This study presents a MOF@porous graphene oxide (PGO) composite membrane, where the confined 

growth of two-dimensional CuBDC within the PGO matrix enhances structural integrity while 

preserving water transport pathways. Coordination between CuĮ  and oxygen-containing groups on 

PGO nanosheets mitigates swelling, ensuring long-term stability. The resultant membrane achieves 

a water flux of 124 kg m Į h ĭ in conventional pervaporation mode and 89 kg m Į h ĭ in energy-

efficient water carrier pervaporation mode, both while maintaining a NaCl rejection rate above 

99.9%. This study offers a promising strategy for stabilizing PGO membranes, paving the way for 

more energy-efficient desalination technologies. 

Keywords: PGO membrane stabilization; Confined growth; Coordination interaction; Laminar 

frameworks; Desalination 

 

1. Introduction 

Stabilizing GO membranes via MOF interactions has shown promise for enhancing structural 

integrity without sacrificing separation performance (Q. F. An et al., 2021). However, the widely used 

co-stacking method relies on weak electrostatic and ˊḯ  interactions due to the chemical stability of 

pre-synthesized MOFs and GO (H. G. Alemayehu et al., 2022). Recently, Moghadam et al. (2024) 

demonstrated a two-step in situ growth of PGO/ZIF-8 membranes, achieving specific coordination 

between ZnĮ  and GO hydroxyl groups. While this improved robustness, embedding 3D MOFs 

disrupted the GOôs laminar structure. To address this, we propose a confined in situ growth of a 2D 

MOF, CuBDC, within PGO membranes fabricated via vacuum coating. CuBDC nanosheets are 

grown by contra-diffusion, with the oxygen-containing groups on PGO providing reactive sites for 

metal coordination. Fragmentation of PGO flakes increases site density, allowing tunable CuBDC 

loading and strong interfacial binding. This targeted coordination significantly improves membrane 

stability while preserving the laminar structure. The resulting MOF@PGO composite membranes 

exhibit excellent desalination performance in both conventional and energy-efficient water-carrier 

pervaporation, demonstrating a robust and water-stable platform for advanced molecular separation. 

 

2. Material and Methods 

2.1 PGO nanosheets preparation  

Big flake PGO nanosheet (bPGO) nanosheets were synthesized as described in our previous work (T. 

Wu et al., 2022). Small flake size PGO nanosheet (sPGO) preparation were synthesized via tip 

sonication of bPGO. The flake size was precisely tuned by optimizing the sonication parameters, 

including duration, pulse mode, and amplitude, which were set at 2 hours, 03/01 (ON/OFF), and 30%, 

respectively. 
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2.2 PGO hollow fibre (HF) membrane preparation  

PGO membranes were fabricated via a vacuum-assisted self-assembly method. The membrane 

thickness was controlled by varying the coating time to 40s, 80s, and 120s.  

 

2.3 CuBDC patchs  

The CuBDC@PGO membrane was synthesized by in-situ growth of CuBDC nanosheets within the 

laminar structure of the PGO membrane via a contra-diffusion method by applying the ligand solution 

(Mr, H2BDC : DMF : Acetonitrile = 1 : 214.7 : 106.0) and the metal solution (Mr, Cu(NO3)2¥5H2O 

: DMF : Acetonitrile = 1 : 312 : 154) to the outer surface and the lumen of PGO HF membrane, 

respectively.  

 

3. Results and Discussion  

 
Figure 1. The desalination performance of the pristine sPGO and CuBDC@sPGO membranes test 

via (a) RO performance, (b) pervaporation system, and c) water carrier pervaporation system. d) 

Stability test of the CuBDC@sPGO40s composite membrane. 

 

The CuBDC@sPGO40s composite membrane demonstrated enhanced performance in RO, with im-

proved permeance and NaCl rejection. In pervaporation, an exceptional flux of 124 kg m ĮĿh ĭ was 

observed, nearly four times greater than that of the pristine sPGO membrane, while 99.9% salt rejec-

tion was maintained. In addition, it showed competitive performance in water carrier pervaporation, 

underscoring its potential for leveraging low-grade energy sources in desalination. 

 

4. Conclusions 

This study not only addresses key challenges in developing high-performance MOF/GO composite 

membranes with a laminar structure but also presents a promising approach for fabricating robust, 

energy-efficient membranes. These findings open new avenues for advanced desalination and water 

purification technologies. 
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Abstract 

Cellulose membranes present excellent solvent-resistance due to the inherent stability of cellulose 

against dissolution in common molecular solvents. In this study, cellulose support membranes 

prepared by phase inversion are coated via layer-by-layer assembly with cationic cellulose 

nanocrystals (CNC+) and poly(acrylic acid) (PAA) to obtain thin, highly permeable selective layers. 

1.8 kDa and 250 kDa PAA demonstrate different membrane structures but similar solvent resistance. 

Membranes with molecular weight cut-off of 1.8 kDa in dimethylformamide and 3.6 kDa in 

dimethylsulfoxide show stable separation performance when tested up to seven days, while specific 

solute-solvent interactions appear to dominate the separation performance of CNC+/PAA membranes 

in methanol. 

Keywords: Organic solvent ultrafiltration, cellulose nanocrystals, layer-by-layer assembly 

 

1. Introduction  

Layer-by-layer (LbL) assembly of polyelectrolytes recently gained interest in polyelectrolyte multi-

layer membrane fabrication, due to the thin selective layers that can be obtained and the multitude of 

tuning parameters for adjusting membrane properties, such as the type of polyelectrolyte, salt con-

centration in polyelectrolyte solution during deposition, number of bilayers and post-treatment after 

multilayer formation. Cellulose nanocrystals have also been used in forming films by LbL assembly, 

mostly for their unique optical properties, in combination with polyelectrolytes or as all-cellulose 

multilayers formed by alternating layers of anionic and cationic cellulose nanocrystals or nanofibers. 

Here, we show the formation of membranes through LbL assembly of cationic cellulose nanocrystals 

with poly(acrylic acid) and their performance in selected polar organic solvents. 

 

2. Material and Methods 

Cellulose support membranes were made by alkaline hydrolysis of cellulose acetate membranes 

prepared via phase inversion. Support surfaces were treated with phthalic anhydride to install 

ionizable groups on the surface and provide better coating. Cellulose nanocrystals were prepared via 

sulfuric acid hydrolysis and cationized with glycidyltrimethylammonium chloride, to install tertiary 

amine groups on the surface. PAA (1.8 kDa and 250 kDa) was used as the polyanion. Molecular 

Weight Cut-Off (MWCO) was determined via stirred dead-end filtration of poly(ethylene glycol) 

(PEG) mixtures (150 Da to 35 kDa). Analysis of feed, retentate and permeate samples were done via 

Gel Permeation Chromatography. Rose Bengal (RB) rejections were measured via stirred dead-end 

filtration and concentrations were determined by UV-Visible Spectrophotometry. 

 

3. Results and Discussion  

During deposition of both CNC+ and PAA layers a monotonous drop in permeance and corresponding 

increase in resistance were observed, which was more pronounced when PAA 250 kDa was used as 
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the polyanion. The dry membrane thicknesses observed in SEM, however, were similar, implying not 

thicker but denser layers when 250 kDa PAA was used. PAA of both molecular weights decreased 

the MWCO of the support membrane (Table 1).  

Table 1. Solvent permeance, MWCO and RB rejection of phthalated cellulose support membranes 

(PRCA) and CNC+/PAA coated membranes  

Membrane 
Permeance (L/m2hbar) MWCO (kDa) RB Rejection 

DMF DMSO Water MeOH DMF DMSO Water Water MeOH 

PRCA 37Ñ1 26Ñ1 69Ñ8 97Ñ1 18.2 8.4 15.5 98% 58% 

CNC+/PAA250 19Ñ1 9Ñ2 28Ñ6 39Ñ1 3.6Ñ0.8 3.7Ñ0.9 6.0Ñ0.5 99% 96% 

CNC+/PAA1.8 11Ñ3 6Ñ1 60Ñ6 87Ñ8 1.8Ñ0.1 4.9Ñ0.2 5.8Ñ0.1 99% 71% 

 

While the PAA molecular weight did not affect the MWCO in DMSO, CNC+/PAA1.8 showed signif-

icantly lower MWCO in DMF. In methanol, the MWCO of CNC+/PAA250 was higher than the support 

membrane, possibly due to PEG ï PAA specific interactions in methanol leading to faster PEG 

transport, which should be investigated further. We hypothesize that the structure of CNC+/PAA250 

membranes consist of a distinct, gel-like polymer layer between CNC+ layers when PAA (250 kDa) 

was used, while PAA 1.8 kDa penetrates more into the CNC+ layers, owing to its small size giving 

rise to less distinct and less resistant layers and more charge compensation. The difference in MWCO 

when the two different solvents are used in the feed may then relate to the different extent of swelling 

of these structures in DMSO and DMF. Rejection of the anionic dye RB was significantly affected 

by charge exclusion, which was weaker in methanol than water (Table 1). The lower rejection of 

CNC+/PAA1.8 supports our hypothesis, also shown in Figure 1. 

 
Figure 1. Hypothesized structure of CNC+/PAA1.8 (left) and CNC+/PAA250 (right) membranes 

 

Comparing the overall separation performance of the membranes considering both permeance and 

MWCO, it can be concluded that CNC+/PAA1.8 membranes are twice as permeable as CNC+/PAA250 

membranes with similar MWCO, and also have higher permeance than typical solvent-resistant 

membranes of similar MWCO made by conventional techniques. 
 

4. Conclusions 

LbL coating of loose cellulose support membranes with CNC+ and PAA yields high flux tight 

ultrafiltration membranes that show stable performance in polar aprotic solvents such as DMF and 

DMSO, which are among the most challenging solvents in Organic Solvent 

Nanofiltration/Ultrafiltration applications.  
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Abstract 

Recently, research into sustainable membranes with low plastic waste has been rapidly growing due 

to environmental concerns regarding the production and disposal of synthetic membranes. In this 

study, chitosan, one of the most abundant biopolymers, was modified to eliminate processing 

limitations due to its insolubility in organic solvents. The resulting chitosan derivative was 

incorporated into poly-L-lactic acid (PLLA) ultrafiltration (UF) membranes at different percentages 

(1-10 wt.%) in dimethyl sulfoxide (DMSO) via the CCD method. The fabricated UF membranes 

exhibited interconnected microchannels at a pore size range of 17-25 nm and high pure water 

permeances (PWPs) ranging from 732 to 824 LMH bar-1.  

Keywords: Biopolymer membranes; CCD method; Chitosan; PLLA; Ultrafiltration 

1. Introduction  

The fabrication of membranes, extensively used in water treatment, energy production, gas separa-

tion, and the food industry, has been dominated by petroleum-based polymers and toxic solvents. 

Even though there are extensive studies on the PWP/separation performance and antifouling capabil-

ity of the membranes, safe disposal and unsustainable accumulations of their waste have been often 

overlooked. As an eco-friendly and sustainable approach, studies on biopolymer-based membranes 

have attracted a great deal of attention in recent years. Liu et al. (2024) reported that subzero coagu-

lating environment leads to chitosan UF membranes with improved PWP/rejection capability. Lim et 

al. (2024) developed UF membranes with higher PWP (179.4 LMH bar-1) than that of the pure PLA 

membrane (103.4 LMH bar-1) by blending acetylated cellulose ether via a phase separation method. 

In this study, chitosan was modified with sodium dodecyl sulphate (SDS) to overcome its insolubility 

in organic solvents that is the main obstacle that makes it difficult to process by traditional phase 

separation methods. The integration of the modified chitosan into PLLA, a promising biobased pol-

yester due to its sustainability, at various percentages by the CCD method yielded UF membranes 

with well-connected microchannels, high PWP/separation performance, and improved hydrophilic-

ity. 

2. Material and Methods 

Chitosan (Mw =190-310 kDa, deacetylation degree: 75-85%) and SDS solutions (3% w/v) were 

prepared in acetic acid solution (5%, v/v) at 80oC under stirring for 24 h and 2 h, respectively. Then, 

the SDS solution was gradually added into the chitosan solution. The precipitated SDS/chitosan 

complex was washed with water and dried at 60oC. Then, PLLA and the modified chitosan were 

blended in DMSO (Ó99.7) solvent at various mass ratios keeping the final concentration constant at 

20% (w/v). Then, the polymer dopes were homogenized in a rotating mill for 48 hours and cast onto 

an aluminum casting plate in 500 Õm layers. Finally, the casting plate was placed on an aluminum 

cooling plate at -30oC and immersed in an ice-water bath.  
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Membrane morphologies were characterized by a LEO Gemini scanning electron microscope (SEM) 

under 5.0 kV. The PWP of the membranes was measured in a dead-end filtration system under 1 bar. 

Liquid-liquid displacement porometry was used to determine the pore characteristics. Water contact 

angles (WCAs) were measured with a Ramôehart goniometer. 

 

3. Results and Discussion  

Pure PLLA and PLLA/SDSChit_10% membranes demonstrate cross-section morphologies with sep-

aration layers of fine pores followed by a supporting layer consisting of microchannels (Fig 1(a,b)). 

The pore sizes on the separation surface and through the separation layer of PLLA/SDSChit_10% 

seem much smaller relatively (Fig 1 (a-d)). Figure 2 (a,b) confirms that observation with the decreas-

ing trend of the pore size with increasing SDS/chitosan content.  

 

 

Figure 1. SEM micrographs of cross sections (a,b) and separation surfaces (c,d) of PLLA and 

PLLA/SDSChit_10% membranes, respectively. 

 

Fig. 2(a,b) reveals that increasing through-pore porosity from 7Ñ0.5% to 23Ñ0.3% compensates for 

the decrease in permeability with increasing SDS/chitosan content (1-10%). WCA decreases to 

55.8Ñ0.21o from 92.6Ñ0.02o at 10 wt.% SDS/Chitosan content, indicating improved hydrophilicity 

which can also be considered as a sign of enhanced fouling resistance performance.  

 

Figure 2. PWPs&mean flow pore sizes (a) and WCAs&through-pore porosity (b) of PLLA/SDSChit 

membranes. 

 

4. Conclusions 

A green strategy has been introduced for the fabrication of biopolymer-based PLLA/SDSChit UF 

membranes as eco-friendly and sustainable alternatives to petroleum-based membranes by the CCD 

method. Chitosan modification yielded a DMSO-soluble SDS/chitosan complex with a compatible 
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interface with PLLA. The anisotropic morphology of PLLA membrane with interconnected 

microchannels was preserved and surface hydrophilicity was enhanced with incorporation of 

SDS/chitosan. The mean flow pore size decreased from 25.7Ñ3 to 19.5Ñ3 at 5 wt.% SDS/Chitosan 

blending while the PWP value remained almost the same at 783 and 785 LMH bar-1, thanks to the 

increase in through-pore porosity from 7Ñ0.5% to 23Ñ0.3%. 
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Abstract 

This study investigates the biofouling behavior of membranes under varying transmembrane 

pressures and foulant concentrations. Using bovine serum albumin (BSA) and sodium alginate as 

model foulants, the combined effects of their concentrations and pressure were studied. Preliminary 

results indicate that pressure and foulant interactions significantly impact fouling behavior, with the 

most severe fouling observed at 7.5 bar. Response Surface Methodology (RSM) was used to model 

flux recovery and irreversible fouling. Hermias models were also fitted to the experimental data and 

a combination of fouling mechanism occur simultaneously during the course of filtration. The RSM 

generated quadratic models that describe the dependence of flux recovery ratio and the irreversible 

fouling on the singular and combined effect of foulant concentrations and pressure.  

Keywords: Biofouling; Membranes; BSA; Alginate; Transmembrane Pressure; RSM, Hermias 

models 

 

1. Introduction   

Biofouling remains one of the most persistent challenges in membrane filtration processes. Its 

severity is influenced by a range of factors, including solution characteristics (e.g., concentration, pH, 

temperature), membrane material properties, and surface interactions between foulants and the 

membrane (AlSawaftah et al., 2021; Koo et al., 2012; La´n® et al., 2003). Moreover, the presence of 

multiple foulants and their mutual interactions can further complicate fouling behavior, particularly 

under varying transmembrane pressures (Akamatsu et al., 2020; Wang et al., 2023)  

 

In this study, bovine serum albumin (BSA) and sodium alginate were used as model foulants to 

investigate the combined and single effects of foulant concentration and operating pressure on 

membrane fouling. An experimental design approach using Minitab was employed to systematically 

assess and optimize these parameters. Response Surface Methodology (RSM) was used to develop 

predictive models correlating flux recovery ratio (FRR) and irreversible fouling percentage with 

foulant concentrations and transmembrane pressure.  Hermias fouling models (Niu et al., 2022) were 

also investigated to understand the fouling behavior in the presence of those two foulants.  

 

2. Material and Methods 

The experiments were performed using a dead-end filtration setup with BSA and sodium alginate 

solutions varying concentrations of each foulants, from 200-500 ppm.  The transmembrane pressures 

were also varied at three values, 5, 7.5, and 10 bar.  An experimental design was developed using 

Minitab software, and the tests were executed accordingly. RSM was employed to construct empirical 

models describing the influence of operating parameters on fouling behavior. Flux recovery ratio and 

irreversible fouling percentage were used as performance indicators. 
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3. Results and Discussion  

Preliminary findings indicate that fouling behavior is strongly influenced by transmembrane pressure 

and the interaction between Bovine Serum Albumin (BSA) and sodium alginate molecules.  

Individual foulant concentrations had less impact compared to their combined effect with the most 

severe fouling occurring at 7.5 bar and mid concentrations of both foulants. This suggests a non-linear 

relationship between pressure and fouling severity. The tuned quadratic relation is show in Eq. 1: 

2

lg lg171.0 0.0650 0.0813 45.12 3.132 0.000162BSA A BSA AFRR C C P P C C= + + - + -   Eq(1) 

 Hermiaôs model analysis suggests that cake formation and standard blocking dominate early stages, 

transitioning later to complete or intermediate blocking mechanisms. 

 

Figure 1. The experimental FRR versus the predicted FRR using the Minitab model in Eq. 1. 

 

  

 

Figure 2. The contour plots of Alginate concentrations in ppm versus Pressure, at the three tested 

BSA concentrations 200, 350 and 500 ppm, and the change in FRR accordingly.  
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4. Conclusions 

This study highlights the complex interplay between pressure and foulant interactions in determining 

membrane fouling behavior. The findings suggest that operating at intermediate pressures and 

concentrations may aggravate fouling as a result of a complex interaction between BSA and alginate. 

The individual analysis of the different Hermias fouling models were essential to better understand 

the dominant fouling mechanism under the studied conditions.  
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Abstract 

In the last two decades, the use of bio-based feedstocks for plastic materials has become of great 

importance due to the rise of concepts such as ñGreen Chemistryò and circular chemistry. Maize, 

which is cultivated throughout the world, is a versatile source for the synthesis of bio-based materials.  

Herein, we isolated fatty acids from maize oil and used them to modify maize starch to prepare 

organosoluble starch. We then prepared plastic films by using the modified starch, glycerol, and 2-

methyltetrahydrofuran (2-MeTHF), which is a bio-based solvent that can also be produced from 

maize.  

Keywords: Maize; Starch; Fatty acid; Polymer; Membrane 

 

1. Introduction 

There is a growing trend towards the use of renewable sources for plastic membrane production. 

Maize is a widely grown plant, and the maize plant has several useful constituents such as maize oils, 

starch, corn stover, etc. Various monomers and molecules can be prepared from starch or starch-

derived glucose. 2-MeTHF, a bio-based solvent, can also be produced from corn-stover (Khoo et al., 

2015, and Peske et al., 2023)  

Previously, organosoluble starch was prepared by using different methods. Moreover, organo-

soluble starch-based films were prepared (Boetje et al., 2023). 

Herein, we prepared fatty acid-modified organosoluble starch by using fatty acids derived from corn 

oil and used 2-MeTHF for the film casting procedures. Therefore, we developed the concept of ñall 

from maizeò and prepared bio-based plastic membranes by using fatty acids, starch, glycerol, and a 

solvent which all are derived from maize. 

 

2. Material and Methods 

Corn oil was obtained from a local market. 2-MeTHF, dimethylsulfoxide (DMSO), carbonyldiimid-

azole (CDI), methanol, NaOH, sulfuric acid, and corn starch were purchased from Sigma Aldrich. 
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2.1. Characterization 

The fatty acids, modified starch, and the synthesized polymers were structurally characterized by 

FTIR-ATR Spectroscopy (Perkin Elmer). The contact angle (Kruss Scientific) test was also con-

ducted.  

2.2. Fatty acid isolation 

50 grams of corn oil was dissolved in 100 ml of ethanol and transferred to a single-necked 500 mL 

flask. 100 mL of 11% NaOH solution was prepared and added to the flask. A reflux condenser was 

attached to the flask. The reaction was boiled at 80ÁC for 24 hours. After the reaction, the cooled 

mixture was distilled, and ethanol was removed under vacuum. Then, 1M H2SO4 solution was slowly 

added to the resulting mixture until pH=1. The formed fatty acids were separated by forming a phase 

in the aqueous solution.  

2.3. Starch modification 

Starch modification was conducted according to the literature (Boetje et al., 2023). B 

2.4. Membrane preparation 

3% modified starch solutions were prepared by dissolving the fatty acid-modified starch in 2-MeTHF. 

10, 20, and 30% glycerol (with respect to the weight of the modified starch) added solutions were 

also prepared. Then, the solutions were cast onto Teflon molds. After evaporation of the solvent, 

membranes were obtained. 
 

3. Results and Discussion  

All materials were characterized by FTIR spectroscopy. All substances exhibited expected spectra. 

The addition of glycerol led to more flexible membranes. The contact angle of the membranes 

decreased with increasing amount of glycerol due to increased hydrophilicity. 

 

4. Conclusions 

In summary, we prepared bio-based plastic membranes by using fatty acids, starch, glycerol, and a 

solvent which all are derived from maize. Thus, we developed the concept of ñall from maizeò. 
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Abstract 

Chemical methods, especially hydrometallurgy, stand out in terms of high recovery rates and process 

control. This study presents the design and application of a metal-organic framework (MOF)-based 

membrane for the selective recovery of rare earth elements (REEs) from a complex leach solution 

originating from crushed smartphone displays. A twofold interpenetrated MOF (NCU-1), synthesized 

using zinc nitrate, trimesic acid (BTC), and a triazole-functionalized biphenyl linker (DTB), was 

employed as a selective adsorbent layer. The leach solution consisted of ethylene glycol, choline 

chloride, and dissolved REE salts. The experimental findings suggest that NCU-1 exhibits 

outstanding performance in REE recovery under acidic and chloride-rich conditions, offering a 

sustainable and efficient alternative to conventional solvent-based extraction processes. 

Keywords: NCU-1; MOF Membrane; Rare Earth Elements; Metal Recovery; Smartphone Screen 

Waste; Leach Solution 

 

1. Introduction 

Rare earth elements (REEs) are key constituents in advanced magnets and electronic applications like 

smartphones. Recovery of REEs from electronic waste is important to the protection of the 

environment as well as resource conservation. Solvent extraction or precipitation-based separation 

processes are time-consuming and generate chemical waste. MOF-based membranes, however, can 

provide single-step, selective recovery with their adjustable pore size as well as functional groups. In 

this work, a reported MOF (NCU-1) is prepared and used as an adsorptive membrane layer for the 

recovery of REEs from an ethylene glycolïcholine chloride-based deep eutectic solvent system with 

REE ions. 

 

2. Material and Methods 

Trimesic acid (BTC), 4,4'-di(1,2,4-triazol-4-yl)-1,1'-biphenyl (DTB), Zn(NO ) Ŀ6H O, ethanol, and 

ultrapure water were used for MOF synthesis. The leach solution was prepared following a previously 
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established protocol, where ground smartphone glass was treated with a deep eutectic solvent 

composed of ethylene glycol and choline chloride.(Svªrd et. al. 2024)  

2.1 Synthesis of NCU-1 

NCU-1 was synthesized via a solvothermal method. In a 20 mL PTFE-lined autoclave, 21.0 mg of 

trimesic acid (BTC, 0.10 mmol), 28.8 mg of 4,4-di(4H-1,2,4-triazol-4-yl)-1,1-biphenyl (DTB, 0.10 

mmol), and 29.5 mg of zinc nitrate hexahydrate (Zn(NO ) Ŀ6H O, 0.10 mmol) were mixed with 2 mL 

of acetonitrile and 8 mL of ultrapure water. The mixture was sealed and heated at 140 ÁC for 72 hours. 

After slow cooling to room temperature at a rate of 5 ÁC/h, the resulting light brown crystals were 

collected by filtration, washed with ethanol and deionized water, and dried in air. (Hu et. al. 2024) 
 

2.2 REE Adsorption Experiments 

The synthesized NCU-1 was tested for its adsorption performance using a synthetic leachate mim-

icking end-of-life smartphone screen dissolution, prepared by treating ground screen material with a 

deep eutectic solvent (ethylene glycolïcholine chloride mixture) followed by filtration. The leachate 

pH was adjusted to 4.5 for optimal REE capture. 10 mg of NCU-1 was added to 10 mL of the leachate 

and stirred for 60 minutes at room temperature. The solid material was separated by filtration (0.22 

Õm membrane), washed, and dried. 

2.3 Desorption and Reusability 

REE-loaded NCU-1 was treated with 0.01 M HNO  (pH å 3) for 1 hour to desorb REE ions. The 

regenerated MOF was washed, dried, and reused in up to four adsorptionïdesorption cycles to assess 

reusability. 

2.4 Characterization and Analysis 

REE concentrations before and after adsorption/desorption were determined by ICP-MS. The struc-

tural stability and morphology of NCU-1 were characterized by XRD and SEM analyses. 
 

3. Results and Discussion  

The synthesized NCU-1 exhibited high crystallinity and well-defined porosity. It demonstrated strong 

selectivity and high adsorption capacity toward light REEs from the leach solution. The structure 

remained stable after four adsorptionïdesorption cycles. 
 

4. Conclusions 

NCU-1 successfully enabled efficient and selective recovery of light REEs from an industrial leach 

solution. Its reusability and affinity for target ions highlight its potential in rare-earth recycling. 

Further work will explore its applicability in continuous systems. 

  

Acknowledgements 

This study is supported by the T¦BĶTAK-1505 (University ï Industry Collaboration Support Program). The project num-

ber is 5230118. 

References 

Hu, Q.-H., Song, A.-M., Gao, X., Shi, Y.-Z., Jiang, W., Liang, R.-P., & Qiu, J.-D. (2024). Rationally designed nanotrap 

structures for efficient separation of rare earth elements over a single step. Nature Communications, 15, 1558. 

https://doi.org/10.1038/s41467-024-45810-1 

Qiu, J.-D., Liang, R.-P., et al. (2021). Zn-BTC/NG composites for enhanced rare-earth element separation. ACS Applied 

Materials & Interfaces, 13(25), 30214ï30223. 

Svªrd, M., Ma, C., Forsberg, K., & Schiavi, P. G. (2024). Addressing the reuse of deep eutectic solvents in Li-ion battery 

recycling: Insights into dissolution mechanism, metal recovery, regeneration, and decomposition. ChemSusChem, 17(20), 

e202400410. https://doi.org/10.1002/cssc.202400410  

https://doi.org/10.1038/s41467-024-45810-1


 

70 

 

Cellulose Acetate Nanofiltration Membranes Ethylene Glycol/Sodium 

Bicarbonate Separation in Aqueous Solution 

 Aytºre Arēkan1 , Pēnar Zeynep, ¢ulfaz Emecen2   

1 Department of Chemical Engineering, Middle East Technical University, Ankara, 06800, T¿rkiye, 

aaytore@metu.edu.tr 
2 Department of Chemical Engineering, Middle East Technical University, Ankara, 06800, T¿rkiye, 

zculfaz@metu.edu.tr 

Abstract 

In this work, cellulose acetate (CA) nanofiltration membranes are used to separate a salt (NaHCO3) 

from a neutral organic molecule (ethylene glycol) in aqueous solution. The membranes are fabricated 

using Nonsolvent Induced Phase Separation (NIPS) with different solvents, evaporation time, and 

annealing procedures. With a focus on the effects of solvent composition, phase inversion kinetics, 

and annealing settings on membrane morphology and performance, the production procedures and 

membrane characteristics are examined. 

Keywords: Nanofiltration; Cellulose Acetate; Nonsolvent Induced Phase Separation (NIPS); Phase 

Inversion; Annealing; Salt Rejection; Organic Separation 

 

1. Introduction  

In ethylene glycol production, aqueous solutions of ethylene glycol containing sodium bicarbonate 

(NaHCO3) are formed and treated via flash distillation to remove salt from the solution. Reverse 

Osmosis (RO) and nanofiltration (NF) are alternatives to this process, as they can separate low mo-

lecular weight species as well as inorganic ions in solution, by virtue of their size and charge. The 

Loeb-Sourirajan method (Strathmann et al., 1971), using a combination of solvent evaporation and 

phase separation, yields anisotropic, high-flux reverse osmosis membranes with a thin selective layer 

on a porous substrate. In this study, cellulose acetate-based nanofiltration membranes were fabricated 

using this method. The effects of solvent and cosolvent selection and its influence on phase separation 

kinetics and annealing conditions on membrane structure and performance are systematically 

investigated.  

2. Material and Methods 

Cellulose acetate was purchased from Eastman CA PP200 (Acetyl content %39.8). Acetone (99.5ī 

99.7%) (AC) and Formamide was purchased from Merck. Sodium bicarbonate and Dimethyl 

sulfoxide (DMSO, 99.9%) were obtained from ISOLAB. Ethylene glycol (EG) was purchased from 

Sigma Aldrich.  TriSep SB50 cellulose acetate blend membrane was purchased from Sterlitech.  

 

Table 1.  Solution Content For CA Nanofiltration Membranes  

 

Chemicals Unit Membrane: CA-DA Membrane: CA-FA 

CA  % wt 25 25 

DMSO  %wt 37.5 - 

Formamide 

AC 

%wt 

%wt 

- 

37.5 

30 

45 
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Table 1 outlines the solution compositions used in producing CA membranes. The homogeneous 

solution is applied to a clean glass surface with a casting thickness of 250 Õm The membranes are 

then immersed in water to start NIPS. Following membrane production, the membranes are immersed 

in hot water at 90ÁC/95ÁC for 1-5 minutes to undergo wet annealing post-treatment. Rejection tests 

are done in stirred dead-end cells at 3.75 bar. Ethylene glycol concentration was measured by Total 

Organic Carbon (TOC) analysis and NaHCO3 concentration was correlated to conductivity. 

3. Results and Discussion  

Wet annealing of CA-FA membranes at 90ÁC for 3 minutes improved NaHCO  rejection from 21% 

to 95% while preserving EG transmission (Figure 1). CA-DA membranes annealed at 95ÁC for 3 

minutes demonstrated comparable performance. SEM imaging and phase inversion observations 

provided information about membrane morphology and phase separation kinetics. Formamide-

containing solutions had the slowest instantaneous phase inversion rates, which correlated with the 

densest membrane structures. In contrast, membranes made from DMSO-containing solutions had 

more asymmetric morphologies and faster phase inversion. CA-DA membranes cast at commercial 

size under similar conditions also achieved comparable high NaHCO  rejection. 

 
 

Figure 1. (A) NaHCO-EG Rejection (%) and Pure Water Permeability (PWP) Of (a.1) CA-FA and 

CA-DA Not-annealed (a.2) CA-FA and CA-DA Membranes, Both Wet-annealed (90 ÁC And 95 ÁC, 

3 min, Respectively) (a.3) SB50-CA and Commercial Size Cast CA-DA (95 ÁC, 3 min Wet An-

nealed) Membranes; (B) Instantaneous Phase Inversion Rates Of The CA-DA and CA-FA; SEM 

Cross-section Of The (C) CA-DA Membrane (95 ÁC, 3 min Wet Annealed);  (D) CA-FA Membrane 

(90 ÁC, 3 min Wet Annealed). 

4. Conclusions 

By modifying solvent composition to vary phase inversion kinetics, and post-coagulation annealing, 

CA-based NF membranes are produced to reach >90% NaHCO3 rejection while allowing almost 

complete ethylene glycol permeation. In comparison, the commercial RO membrane (SB50-CA) re-

jects NaHCO3 by 89% and EG by 31%. The permeance of the CA NF membranes produced, on the 

other hand, are lower than these commercial membranes and current work is undergoing to improve 

the permeance without altering selectivity. 
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Abstract 

Studies on biopolymer-based polymer electrolyte membranes (PEMs) as green alternatives to 

petrochemical-based PEMs have been at the forefront of recent research into PEM fuel cells 

(PEMFCs) to meet the increasing demand for clean energy and the rising standards in environmental 

regulations. In this study, cellulose was extracted from printed waste papers and modified to obtain 

cellulose acetate (CA). Nanocomposite membranes consisting of nanofibers with diameters in the 

range of 157-261 nm, with improved water uptake (WU: 210%) and ion exchange capacities (IECs: 

0.5-2.1 meq/g) were developed by incorporating sulfonated silica (S_SiO2) nanoparticles (NPs) into 

the CA matrix via electrospinning. 

Keywords: Polymer electrolyte membrane; Fuel cell; Nanocomposite; Nanofiber; Nanoparticle 

 

1. Introduction 

PEMFCs have gained significant attention as green energy conversion systems with high power 

density in response to the increasing global energy demand. In addition, non-biodegradable toxic 

waste accumulation and safe disposal challenges of petrochemical-based polymers have prompted 

researchers to explore green alternatives to synthetic PEMs. Cellulose is a promising alternative for 

synthetic PEMs due to its out-standing properties such as, thermal stability, chemical resistance, 

biodegradability, and hydrophilicity. Recent studies on cellulose-based PEMs have focused on the 

ionic modification of cellulose through its functional groups (Aburabie, 2021) and micro/nano-scaled 

ionic additives to improve IEC (Khalifa, 2021). In this study, cellulose was extracted from printed 

waste papers and then acetylated. The integration of S_SiO2 NPs into CA matrix by the 

electrospinning method yielded CA/S_SiO2 membranes. 

 

2. Material and Methods 

10 g of printed waste paper (1x1 cm pieces) were treated with a 250 mL solution of 10% (w/v) 

Na2SiO3, 5% (w/v) NaOH, and 10% (w/v) H2O2 at 60oC for 1.5 h. The resulting cellulose was washed 

with water, dried and then suspended in glacial acetic acid at 5% (w/v) concentration. 0.25 mL of 

H2SO4 ( 97%) was added dropwise and stirred at 38ÁC for 1 h. 75 mL of acetic anhydride was added 

and stirred for 90 min. Finally, CA was precipitated by adding 120 mL of 67% (v/v) acetic acid (aq) 

under stirring at 50oC, washed with water until pH 7 and dried. 

For the sulfonation process, 1 g of SiO2 NPs (10-20 nm) were dispersed in 20 mL of methanol and 

then 15 mL of 0.5 M H2SO4 was added. The suspension was kept under ultrasonication for another 1 

h and then refluxed at 120ÁC for 4 h. The resulting S_SiO2 NPs were washed, dried and dispersed in 

DMF using an ultrasonic probe for 2 h. The suspension was added to CA dope (in DMF) at 1% and 

10% (wt) S_SiO2 percentages. Final CA concentration of pure CA dope and CA/S_SiO2 mixtures 

were fixed at 12% (wt/v). Flow rate, tip-to-collector distance, potential difference, the axial and rota-

tional speeds of the rotating collector were fixed at 1 mL/h, 10 cm, 15 kV, 1 mm/min and 300 rpm, 
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respectively. Fabricated membranes containing 0%, 1%, and 10% S_SiO2 NPs were coded as CA, 

CA/S_SiO21%, and CA, CA/S_SiO210%, respectively. Spectral and morphological analysis were 

conducted using a Perkin Elmer spectrometer and a Zeiss/Supra scanning electron microscope, re-

spectively. WU and IEC values of the membranes were determined by the gravimetric analysis and 

back titration method, respectively. 

 

3. Results and Discussion 

Based on Fig. 1(a-c), the fabricated membranes consist of continuous nanofibers and the average 

nanofiber diameter decreases from 299 to 157 nm with 10% NP content, indicating a promising im-

provement in active surface area/volume ratio required for S_SiO2 NP attachment. The new band 

emerged at 1760 cm-1 (Fig. 2a) is attributed to C=O stretching vibration of acetate groups and con-

firms the successful acetylation of cellulose. The emergence of a new signal at 1174 cm-1, corre-

sponding to SO3H stretching modes verifies the sulfonation of SiO2 NPs. 

 

 

Figure 1. SEM micrographs and diameter histograms of CA (a), CA/S_SiO21% (b), and 

CA/S_SiO210% (c). 

 

As a result of 1% SiO2 NP content, two essential performance criteria for PEMs were improved sig-

nificantly (Fig. 2b): WU increased from 122% to 210% and IEC increased from 0.14 to 0.51 meq/g 

compared to pure CA membrane. Although, IEC increased to 2.1 meq/g as a result of 10% S_SiO2 

NP content, WU data could not be provided due to the gelation of the membrane. 

        

Figure 2. FTIR spectra of neat and modified cellulose and SiO2 nanoparticles (a); water uptake and 

ion exchange capacity results of the membranes (b). 

 

4. Conclusions 

Printed waste papers were recycled as a source of cellulose and a green strategy for PEM production 

has been developed by incorporating S_SiO2 NPs into the CA matrix via electrospinning. As a con-

clusion, 1% S_SiO2 NP incorporation into the CA membranes increases the WU by 72% and IEC by 
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264% compared to pure CA nanofiber membrane. However, 10% S_SiO2 NP content results in di-

mensional instability in water. These results demonstrate the high potential of CA/S_SiO2 nanocom-

posite membranes as cost effective and green PEM candidates, however, further studies for improved 

dimensional stability in water should be conducted. 
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Abstract 

Nanosheet-based membrane design offers promising potential for scalable fabrication. We present a 

simple and effective approach for fabricating ZIF-8 membranes on porous polymer supports using 

surfactant-assisted nanosheet assembly. ZIF-8 membranes were fabricated by directly filtering the as-

synthesized colloidal suspension in the growth solution, without any additional purification steps. 

The resulting membranes were compact, free of pinholes, and exhibited an exceptional H /C H  ideal 

selectivity exceeding 3500 at 25 ÁC. This straightforward approach is anticipated to be applicable to 

a wide range of metal organic frameworks (MOFs) with nanosheet morphology, offering a promising 

route toward scalable ultra-thin MOF membrane fabrication. 

Keywords: MOF; ZIF-8; Nanosheets; Membrane; Gas separation 

 

1. Introduction  

Compared to conventional thermally driven methods like distillation and adsorption, 

membrane-based gas separation has demonstrated superior energy efficiency and cost-effectiveness 

(Koros, 2004; Baker, 2002). Owing to their well-defined porous architectures, metalïorganic 

frameworks (MOFs) have emerged as a prominent class of materials for gas separation, offering the 

ability to differentiate similar-sized molecules while achieving both high permeance and selectivity. 

The recent development of MOF nanosheets (Peng et al., 2014; Rodenas et al., 2015) may 

significantly impact and reshape existing strategies for MOF membrane fabrication, particularly those 

relying on conventional solvothermal synthesis. In particular, ZIF-8 nanosheets have recently been 

synthesized using a surfactant-assisted approach, marking a key step forward in the field (Wan et al., 

2020). 

In this work, we present a rapid membrane synthesis approach employing ZIF-8 nanosheets prepared 

through a bottom-up synthesis method. The membranes were fabricated by directly filtering the 

nanosheets in the growth solution onto a porous polymeric support, without any additional processing. 

Membranes fabricated via this straightforward method exhibited excellent gas separation perfor-

mance, characterized by a high H2 permeance of 6.2 Ĭ 107 mol m Į s ĭ Pa ĭ. The membranes also 

demonstrated remarkable ideal selectivities for H  over CO , N , CH , C H , and C H , with values of 

5.7, 22.2, 18.1, 203, and 3635, respectively (Duan et al, 2023). 

 

2. Material and Methods 

ZIF-8 nanosheets were synthesized via the bottom-up approach described by Wan et al. (2020). To 

obtain large, well-faceted ZIF-8 nanosheets, the crystallization temperature and time were carefully 

optimized. Vacuum filtration was used to fabricate membranes on the PBI-AM polymer support. The 

ZIF-8 nanosheets and membranes were characterized using XRD, SEM, and TEM. Gas permeation 

performance was evaluated through single- and mixed-gas tests using a homemade setup (Duan et al, 

2023). 
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3. Results and Discussion  

The optimal synthesis conditions, 40 ÁC and 3.5 hours, resulted in well-faceted ZIF-8 nanosheets with 

no evidence of dissolution. Upon filtration, an oriented and continuous film approximately 400 nm 

thick was obtained on the polymer support. The membranes showed ideal selectivities for H  over 

CO , N , CH , C H , and C H  of 5.7, 22.2, 18.1, 203, and 3635, respectively, along with a remarkable 

H  permeance. The membrane also demonstrated stable H /CH  separation performance over a 72-

hour stability test (Duan et al, 2023). 

 

4. Conclusions 

We successfully developed an easy and effective method to fabricate gas-sieving ZIF-8 nanosheet 

membranes by assembling ZIF-8 nanosheets onto porous supports through filtration. This fabrication 

approach is expected to be adaptable to a range of MOF structures, facilitating the fabrication of MOF 

nanosheet membranes for diverse molecular separation applications. 
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Abstract 

Electrospun regenerated cellulose (RC) nanofiber membranes were developed for membrane 

chromatography by electrospinning cellulose acetate (CA) with glycerol to improve spinnability, 

followed by alkaline deacetylation. Grafting quaternary ammonium ligands enabled efficient BSA 

adsorption. The optimized membrane showed high static (230.9 mg/mL) and dynamic (112.1 mg/mL) 

binding capacities. 

Keywords: Electrospinning; Regenerated Cellulose; Glycerol; Membrane Chromatography  

 

1. Introduction  

Recently, nanofiber-based membrane adsorbers have shown promise as a column chromatography 

alternative with increased porosity and flow rates. Regenerated cellulose (RC) is better for 

biopharmaceutical filtration than other polymers because to its biocompatibility, chemical stability, 

and reactive hydroxyl groups (Hokkanen, Bhatnagar, and Sillanpªª 2016). Fiber morphology is 

highly dependent on solution viscosity, which is influenced by solvent choice and additives. Binary 

solvent systems like acetone/DMAc or MEK/DMAc, and additives such as glycerol, help achieve 

uniform nanofibers(Majumder et al. 2019). In this study, glycerol was added to CA solutions to 

improve fiber quality. Electrospun CA nanofibers were converted to RC and functionalized with 

MAPTAC, then evaluated for BSA adsorption under static and dynamic conditions. 

 

2. Material and Methods 

2.1 Materials 

All chemicals, including CA (Mn = 30,000 g/mol), MAPTAC, BSA, solvents, and reagents, were 

obtained from Sigma-Aldrich. Solvents and reagents such as acetone, DMAc, HCl, NaCl, NaOH, tris-

HCl, and PEG 400 were obtained from Samchun (South Korea).  

2.2 Method 

Electrospun cellulose acetate (CA) nanofiber membranes were prepared using CA, acetone, DMAc, 

and glycerol. After electrospinning and heat treatment, membranes were deacetylated in 0.05 M 

NaOH at 40 ÁC for 14 h to obtain regenerated cellulose (RC). The RC membranes were grafted with 

MAPTAC using UV-induced polymerization.  

3. Results and Discussion  

CA and glycerol concentrations were tuned for homogenous cellulose nanofiber membranes. Due to 

low solution viscosity, membranes had beads-on-string or uneven fibers (C25G0) without glycerol. 

Adding glycerol to C25G10 decreased bead formation and increased fiber consistency. Glycerol 

increased fiber diameter and pore size at increasing CA concentrations, with C25G10 having the 

greatest values. To increase hydrogen bonding and chain entanglement in CA, glycerol was used to 

vary pore size from 1 to 5 ɛm as indicated in Figure 1(a) and (b). Higher polymer content affects 
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viscosity more than glycerol, making it a better technique to make homogenous nanofibers. (Nusrat 

Sharmin 2021). Figure 1 (c) and (d) indicates Sem morphology of the RC and MAPTAC grafted 

membranes. 

 

Figure 1. SEM images of (a)C25G0, (b) C25G10, (c)C25G10-RC,(d) C25G10-RC-MAPTAC and 

(e) ATR-fTIR 

 

Figure 1 (e) indicates the ATR-FTIR spectra of C25G0 and C25G10 indicate higher OïH and CïH 

stretching peaks owing to hydrogen-bonded glycerol. ATR-FTIR indicates loss of acetyl groups and 

higher ïOH peaks after deacetylation. The FTIR spectrum of C25G10-MAPTAC shows a peak at 

1481 cmī1 for quaternary ammonium, which is absent in the spectra of C25G10 and C25G10-RC. (Li 

et al. 2021). The CA nanofiber membrane shows beaded, irregular fibers without glycerol due to low 

solution viscosity. Adding glycerol improves fiber uniformity by enhancing chain entanglement 

through hydrogen bonding. The C25G10 membrane, with uniform fibers and large pores, was 

deacetylated and grafted with MAPTAC, confirmed by ATR-FTIR, SEM, and EDS. C25G10-MAP-

TAC exhibited high SBCand DBC10%, demonstrating its promise for ion exchange chromatog-

raphy.(Conidi, Parker, and Smith 2019). 

 

4. Conclusions 

The CA nanofiber membrane has beaded, uneven fibers without glycerol owing to low solution vis-

cosity. Glycerol increases chain entanglement by hydrogen bonding, improving fiber homogeneity. 

ATR-FTIR, SEM, and EDS validated MAPTAC deacetylation and grafting of the uniform fiber, 

large-pore C25G10 membrane. C25G10-MAPTAC showed high SBC and DBC10%, promising ion 

exchange chromatography. 
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Abstract 

The thin film composite (TFC) approach, via dip coating as a scalable platform, offers a versatile 

route to integrate selective membrane materials that are otherwise too expensive or cannot form self 

standing structures. For gas separation applications, there are no standard supports or intermediate 

layers available for TFC membranes. This work presents a holistic strategy, starting from application-

driven material selection to optimize each membrane component. Drawing on insights from multiple 

R&D projects, we outline key challenges, design considerations, characterization methods, and 

development strategies for fabricating high-performance TFC hollow fiber membranes tailored to 

specific gas separation applications. 

Keywords: TFC; Thin film composite, Porous support, Gutter layer, Dip coating, Pore penetration 

1.  Introduction to the challenges of TFC fabrication 

A TFC hollow fiber membrane typically comprises a porous support, a selective layer, and an 

intermediate gutter layer (Figure 1). The incorporation of the gutter layer is essential when penetration 

of the coating solution into the porous support or surface incompatibility hinders the formation of a 

uniform, defect-free selective layer. 

 

 
 

Figure 1. Components of a TFC HF membrane 

 

 

The gutter layer serves as a smooth, inert interfacial layer that facilitates selective layer deposition 

and enhances overall membrane integrity. This engineering challenge involves balancing capillary 

effects that govern solution penetration.  Specifically, the capillary pressure, given by the Youngï

Laplace equation, increases with decreasing pore size, leading to stronger suction forces. However, 

the rate and extent of liquid intrusion are described by the LucasïWashburn equation, where smaller 

pores result in slower penetration despite higher driving force. In contrast, larger pores allow faster 

solution flow but exert weaker capillary attraction (see Figure 2a). Therefore, coating dynamics must 

be carefully tuned to the support morphology to prevent pore intrusion while maintaining uniform 

coverage.  
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Figure 2. (a) Effect of pore size on capillary pressure and penetration speed following the Young-

Laplace relation. (b) Coating thickness as a function of withdrawal speed for different solution 

viscosities according to the Landau-Levich model. 

 

Figure 3 shows an SEM cross-section where partial penetration beneath the coating layer is visible. 

This may reflect the influence of capillary pressure (YoungïLaplace) and time-dependent solution 

infiltration behavior (LucasïWashburn), emphasizing the need to carefully balance support 

morphology and coating parameters to achieve uniform films. In addition, surface wettability plays a 

critical role in determining how well the coating solution spreads and adheres to the support, further 

affecting the formation and integrity of the intermediate layer. 

 

Figure 3. Pore penetration of gutter layer in a porous substrate 

2. Conclusions 

This work highlights key considerations in the fabrication of TFC hollow fiber membranes for gas 

separation. Emphasis is placed on hollow fiber spinning via the dry-jet wet quench method, with a 

focus on tuning porosity through process control. Additionally, the importance of optimizing the 

properties of the intermediate (gutter) layerðparticularly solution viscosity, surface compatibility, 

and film-forming behaviorðis discussed in relation to coating quality. Practical guidance is also 

provided on critical process parameters such as withdrawal speed and residence time. Finally, 

appropriate characterization methods for both the support structure and the final membrane are 

outlined to ensure reproducibility and performance consistency throughout development. 

A central conclusion of this study is that the design of the gutter layer must be tailored to the specific 

morphology and surface wettability of the support. Membrane support and gutter layer materials 

should be considered as a coupled system; even a highly permeable gutter material will fail to deliver 

high gas separation performance if applied under mismatched coating conditions. This 

interdependence represents a fundamental challenge in TFC membrane fabrication, and calls for a 

more integrated approach to supportïgutter layer pairing during process design.  
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Abstract 

Ion-solvating membranes are essential components for improving ionic transport, chemical stabilite, 

and mechanical strength in electrochemical devices, particularly alkaline water electrolyzers 

(Kraglund et al. 2019). A hybrid semi-interpenetrating polymer network membrane was developed 

for alkaline water electrolysis using PVA crosslinked with glutaraldehyde, PVP, and silica from 

TEOS. Fabricated via solvent casting and KOH activation, the membrane exhibited enhanced 

mechanical strength (the elastic modulus increased by 1972% and hardness improved by 2117%), 

low porosity (3.98%), and reduced water uptake (89.71%). Optimizing crosslinking balanced 

swelling and reinforcement silica improved dimensional stability without hindering ion transport. The 

membrane demonstrated excellent chemical and oxidative stability (82.35% mass retention in 

Fenton's reagent), retaining structure under harsh alkaline conditions. Undetectable methanol 

permeability confirmed its selectivity. These findings support its potential as a durable, high-

performance alternative to conventional membranes in electrochemical systems. 

Keywords: Ion-solvating membranes, KOH doping, ion conductivity, physico-chemical stability. 

 

1. Introduction  

Ion-solvating membranes contribute a lot to the development of electrochemical devices for 

electrochemical and ionic conduction, chemical durability, and mechanical stability (Aili et al. 2020). 

These properties are particularly relevant for alkaline water electrolyzers since the membrane must 

maintain chemical and physical integrity in addition to selectively provide hydroxide ion conduction. 

Conventional membranes made of aromatic polymers have challenges with respect to cost, 

biodegradability, and long-term stability in strong alkaline conditions (Henkensmeier et al. 2024).  

Recent work has attempted to develop materials that exhibit a combination of low-cost, 

environmentally friendly, and functional performance (Aili et al. 2017). Poly(vinyl alcohol) (PVA) 

is an emerging effective matrix for polymer membranes due to its hydrophilicity/hydrophilicity, film-

forming capabilities, and hydroxyl-rich backbone (OH groups) that aids in ion transport. However, 

PVA membranes have a number of weaknesses including high swelling tendencies and poor chemical 

resistance and therefore, need to be structurally modified in order to be more effective (Mansur et al. 

2008). With respect to PVA membranes, other options like the incorporation of a crosslinker 

(glutaraldehyde, GA), blending with poly(vinylpyrrolidone) (PVP), and providing structural 

reinforcement through inorganic fillers (e.g., silica made from tetraethyl orthosilicate TEOS) would 

convert PVA with any of the aforementioned additives to a hybrid semi-interpenetrating polymer 

networks (semi-IPNs). The membrane was fabricated via solvent casting, followed by controlled 

crosslinking, thermal treatment, and alkaline activation through KOH doping. The methodology was 

optimized to balance the degree of crosslinking with membrane swelling, mechanical strength, and 

ionic conductivity. 
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2. Material and Methods 

The hybrid semi-IPN membrane was prepared via solvent casting. PVA was dissolved in water and 

chemically crosslinked with glutaraldehyde under temperature condition. PVP was physically 

blended into the PVA matrix to form a semi-IPN structure. Tetraethyl orthosilicate (TEOS) was 

hydrolyzed ex situ to generate a silica network, reinforcing the polymer matrix. The membrane 

underwent thermal treatment to enhance crosslinking, followed by alkaline activation through 

immersion in KOH solution. 
 

3. Results and Discussion  

Treatment of the interior structure of the membrane, intermolecular interactions, and functional 

additives inherently impact its water uptake and swelling behavior. In this study, chemical 

crosslinking, polymer blending, and inorganic reinforcement modifications were effective in 

controlling the dimensional stability and water retention. These characteristics are important in 

electrochemical systems that require hydrated membranes and mechanical strength. Of the 

formulations tested, the 0.4GA-PVA:PVP@TEOS membrane performed the most optimally across 

the various properties making it the most suitable for applications like alkaline water electrolysis. 

 

Figure 1. Water Uptake (WU) and Swelling Ratio (SR) of Ion-Solvating Membrane (xGA-PVA: 

PVP@TEOS, where "x" represents the GA content) 

 

4. Conclusions 

This study achieves the successful development of a hybrid semi-IPN membrane made from four 

components: PVA, PVP, glutaraldehyde, and TEOS, which performed better than commercial 

membranes in alkaline water electrolysis. The combined strategies of chemical crosslinking, polymer 

blending, and inorganic reinforcement resulted in an enhanced mechanical strength and dimensional 

stability, improved hydroxide conductivity, while having low water uptake and methanol 

permeability. These results present a case for employing low-cost and environmentally benign 

materials for substituting conventional membranes used in electrochemical processes. The main 

conclusion is that well thought out designs of hybrid structures can provide membranes that balance 

ionic transport and structural performance in severe alkaline media. 
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Abstract 

This study reports, for the first time, the fabrication of a defect-free, plant-based SU-102 membrane 

with excellent hydrothermal stability and sustainability by using a novel capillary-assisted in-situ 

growth strategy. The resulting membrane exhibited regulated water transport channels, ultrahigh 

surface hydrophilicity and negative charged property, enabling a high pure water permeance of 

approximately 10 LMH bar ĭ. It also demonstrated outstanding dye rejection rates (~100% for Rose 

Bengal and Methyl Blue, and ~93% for Allura Red) along with exceptional long-term stability. This 

promising performance highlights the membraneôs potential for the efficient removal of other 

emerging organic contaminants in future water purification applications. 

Keywords: Green plant-based MOF; MOF membrane; SU-102; capillary-assisted in-situ growth; 

water purification; EOCs removal 

1. Introduction  

Emerging organic contaminants (EOCs) have recently been identified and increasingly detected in 

aquatic environments, posing significant environmental and health risks. Among them, per- and 

polyfluoroalkyl substances (PFASs) are of particular concern due to their chemical persistence and 

bioaccumulative nature (Lai et al., 2025). Their strong CïF bonds render conventional treatments 

ineffective, while membrane technologies offer a selective and energy-efficient alternative (Das and 

Ronen, 2022). Metalïorganic frameworks (MOFs) are promising membrane materials due to their 

tunable porosity and chemical functionality (Rojas and Horcajada, 2020). SU-102, a Zr(IV)-based 

MOF synthesized from plant-derived ellagic acid, combines hydrothermal stability with sustainability 

(Svensson Grape et al., 2023). Its negatively charged framework and pore size support PFAS 

separation via electrostatic repulsion and size exclusion. However, fabrication of continuous SU-102 

membrane has yet been reported. Here, we present a capillary-assisted in-situ growth strategy, which 

successfully realized the fabrication of a defect-free SU-102 membrane. The high water permeance 

and excellent dye rejection were also exhibited in the performance test. 

2. Materials and Methods 

2.1 Materials 

Zirconyl chloride octahydrate (ZrOCl Ŀ8H O), ellagic acid, deionized (DI) water, glacial acetic acid, 

and N, N-dimethylformamide (DMF), and Anodic aluminum oxide (AAO).  

2.2 Methods  

 SU-102 membranes were synthesized via in-situ hydrothermal growth.  

 Ellagic acid and ZrOCl Ŀ8H O were dissolved in a mixture of DMF, acetic acid, water to prepare the 

precursor solution. AAO substrates were immersed in the solution and placed in a Teflon-lined auto-

clave at 100 ÁC for 24 h. After synthesis, membranes were washed with methanol and dried at 80 ÁC. 
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Separation performance was evaluated by dead-end filtration using aqueous dye solutions. Rejection 

was tested for dyes with different molecular weights, including Rose Bengal, Methyl Blue, Congo 

Red, Orange G, Allura Red, Methyl Orange, and DHBS. Dye concentrations in feed and permeate 

were measured by UVïVis spectroscopy to calculate rejection rate. 

3. Results and Discussion  

A continuous and defect-free SU-102 membrane was formed on the AAO substrate. Rod-like crystals 

aggregated into clusters during growth, and intergrowth between adjacent clusters produced a 

compact and uniform layer. The membrane showed high water permeance (10 LMH bar ĭ) and 

excellent rejection of negatively charged dyes. For solutes >500 Da, rejection consistently exceeded 

90%. Long-term tests confirmed >90% rejection of Allura Red (~500 Da), indicating strong structural 

integrity and operational stability. 

 

Figure 1. SEM images and separation performance of SU-102@AAO membranes. (a) surface and 

(b) cross-section of SU-102@AAO membranes. (c) short- and (d) long-term rejection of dye mole-

cules. 

4. Conclusions 

In this work, we report the first successful fabrication of SU-102 membranes using a capillary-assisted 

interfacial growth (CAIG) strategy. The resulting membranes exhibit excellent water permeance and 

rejection of model pollutants, demonstrating strong potential for the removal of PFASs from water. 
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Abstract 

This study presents a simple and eco-friendly method to improve the anti-biofouling performance of 

polyaniline-based ultrafiltration membranes using citric acid as a green dopant. The citric acid was 

introduced through low-pressure filtration, enhancing hydrophilicity, reducing surface charge, and 

imparting antibacterial activity. Filtration tests with E. coli and S. aureus showed that most fouling 

on the modified membrane was reversible. SEM analysis confirmed the absence of bacteria after 

rinsing. Long-term storage in 1 M NaCl solution for up to 5 months revealed minimal leaching and 

stable performance. The scalable, one-step doping strategy offers a sustainable alternative for 

antibacterial membrane design. 

Keywords: Citric acid; Polyaniline membrane; Antibacterial property; Antibiofouling; Green doping 

process 

 

1. Introduction   

Biofouling is a critical issue in membrane-based water treatment, leading to reduced flux, higher 

energy use, and early membrane failure. Conventional methods like chemical cleaning or feed pre-

treatment are often ineffective and environmentally damaging (Zhang et al., 2017). As a result, mem-

branes with built-in anti-biofouling properties have gained increasing attention. In this study, we in-

troduce a simple and green method to fabricate polyaniline (PANI)-based ultrafiltration membranes 

doped with citric acid, which is naturally derived, low-cost, and known for its antibacterial activity 

(Smith and Wayman, 1986). The doping was achieved via a single-step filtration that protonates imine 

groups on PANI, generating positively charged sites. This modification imparts zwitterionic-like 

characteristics to the membrane, enabling both anti-adhesive and antibacterial effects. Compared to 

conventional surface modifications and nanoparticle use, this approach avoids harsh chemicals, en-

ergy-intensive steps, and expensive components. Moreover, the method is compatible with current 

large-scale membrane production techniques. By combining hydrophilicity, charge neutrality, and 

antibacterial activity, this scalable strategy offers a sustainable solution for mitigating biofouling in 

ultrafiltration applications. 
 

2. Material and Methods 

Emeraldine base (EB) form of polyaniline was synthesized via oxidative polymerization of aniline. 

Membranes were prepared by casting a solution of EB in NMP and triethylamine, followed by phase 

inversion. Citric acid doping was performed through low-pressure (1 bar) filtration of aqueous acid 

solution. Characterization techniques included ATR-FTIR, SEM-EDX, AFM, contact angle, zeta po-

tential, and TGA. Membrane performance was evaluated by pure water permeability, PEG rejection, 

and pore size analysis. Antibacterial activity was tested using E. coli and S. aureus based on ASTM 

E2180. Anti-biofouling was assessed through five-cycle bacterial filtration. Membrane stability was 

tested in 1 M NaCl solution for up to five months. 
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3. Results and Discussion  

Citric acid doping of PANI membranes led to enhanced hydrophilicity, reduced pore size, and nearly 

neutral surface charge. ATR-FTIR and SEM-EDX analyses confirmed successful chemical 

modification and uniform morphology. The doped membrane exhibited a lower contact angle (59.4Á) 

and smaller pore radius (2.52 nm) compared to the pristine version. It showed 100% antibacterial 

activity against E. coli and S. aureus within 24 hours and retained performance after 5-month storage 

in 1 M NaCl. Anti-biofouling tests revealed a >90% flux recovery after repeated bacterial filtrations, 

with fouling being largely reversible due to the membraneôs anti-adhesive and antibacterial surface 

properties. 

 

 

Figure 1. Surface modification of polyaniline membrane via green doping approach 

 

4. Conclusions 

This study demonstrates a sustainable and scalable strategy to combat membrane biofouling using 

citric acid-doped polyaniline membranes. The simple one-step doping process offers combined anti-

adhesive and antibacterial effects. The main message is that green, cost-effective modifications can 

enhance membrane performance without complex processing or hazardous chemicals. 
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Abstract 

Carbon capture and light gas purification (i.e., He and H2) are needed to fight the climate change and 

to move towards a more sustainable world. In this study we have investigated the use of cellulose 

nanocrystals (CNC) as a filler in a polymer matrix made of PebaxÊ 1657 for gas management. Two 

different series of mixed matrix membranes were prepared: the first having different wt.% of CNC 

(5,15, and 30 %); and the second in which Zinc acetate (Zn(CH3CO2)2.) was added to evaluate the 

possible interaction between Zn2+ and CO2 and/or the CNC and its effect on gas separation. 

Keywords: cellulose nanocrystals (CNC); Gas separation; CO2 capture; H2 purification, mixed 

matrix membrane 

1. Introduction  

CNCs are chemically the biopolymer cellulose, structured as a rod-shaped nanomaterial. They are 

incredibly adaptable, have outstanding mechanical properties, excellent surface area, and contain 

numerous hydroxyl groups that allow for easy functionalization. These properties support the 

potential for widespread application in many fields including the use within membrane technology. 

(Dai et al. 2019; Kim et al. 2015). In this regard, CNCs are promising in carbon capture application 

(Janakiram et al. 2020). To create cellulosic CO2 adsorbents, researchers typically employ embedding 

of inorganic particles, or mixing with polymers to modify the CNCs properties (Ho e Leo 2021). 

Herein, we report on an easy and green procedure for the fabrication of composite membranes of 

PEBAX with CNC as filler and on the membranes performances to separate CO2 and light gases.  

2. Material and Methods 

3 wt% of PEBAX 1657 was dissolved in Ethanol: water (70: 30) by refluxing at 80oC for 4 hrs. CNC 

aqueous colloidal suspensions were obtained by the TEMPO-mediated oxidation as already reported 

(Bettotti et al. 2016). To obtain the composite CNC/PEBAX, a suitable amount of the CNC 

suspension was added to the PEBAX solution drop by drop at RT and the mixture was kept under 

stirring for 12 hrs until the mixture was visibly homogeneous. The composite containing Zn2+ ions 

was obtained by adding zinc acetate solution (10 % of Zn2+  with respect to the total weight of the 

composite) to the CNC colloidal suspension and stirring for 3 hrs. Then a suitable amount of the 

Zn2+-CNC turbid milky coloured slurry was added to 3 wt% of PEBAX 1657. The membranes were 

obtained by pouring the PEBAX solution and the composite suspensions into petri dishes and drying 

for 48 hrs in an oven at 37ÁC. 

The physical-chemical properties of the membranes were evaluated by SEM, FTIR and DSC. The 

gas transport properties were analyzed with a constant volume/variable pressure system with the 

following gases: He, H2, O2, N2, CH4 and CO2. Molecular modeling has been used for: i) providing 

information on the interaction between CNC and Pebax; ii) analyses the gas transport performances, 

analyzing the diffusional behavior of CO2 and other gases as well as the adsorption behavior of the 

systems.  
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3. Results and Discussion  

The loading of CNC of 5% produces a slight increase in CO2/N2 selectivity respect to Pebax mem-

brane; the results of Pebax/CNC are located close to Upper Bound 2008 and showing its potential as 

CO2/N2 separation membrane materials (Figure 1). The same set of membranes was prepared by add-

ing also Zn(CH3CO2)2, and remarkably, instead of having a strong effect on the CO2 uptake as ex-

pected, the analysis of the gas transport properties reveals that the presence of the CNC increases the 

selectivity for the smallest gases (H2 and He). The combination of the CNC concentration and the 

Zn(CH3CO2)2 loading leads to an enhancement of the selectivity (Figure 1), and limited decrease of 

the permeability, as a function of the CNC content. This clear trend shows that CNC plays a pivotal 

role in the diffusion process of gases.  

 

 

Figure 1. Robesonôs plots for He/N2 and H2/N2 and CO2/N2 gas pairs 

4. Conclusions 

Gas separation defect free self-standing membranes were successfully fabricated from Pebax 

1657/CNC with and without Zn(CH3CO2)2. The addition of the CNC leads to a small increase in 

selectivity and a decrease in permeability, probably due to the highly crystalline CNC structures that 

hinder the gas diffusion, leading to a virtually longer diffusion path in the polymer matrix. When the 

same set of membranes is also prepared by adding the Zn(CH3CO2)2 in the polymer matrix, the mem-

branes show a greater selectivity toward light gas (He and H2) probably due to a finer tuning of dif-

fusion properties of the hybrid membrane. 
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Abstract 

This study investigates the use of natural material extracts as coagulation baths in polymeric 

membrane fabrication. Aqueous extracts of spent coffee grounds and dried thyme were used during 

phase inversion to produce PVDF membranes. The membranes exhibited enhanced antimicrobial 

activity compared to the control, as confirmed by CLSM imaging. This eco-friendly approach 

demonstrates the potential of waste-derived and natural compounds in improving membrane 

antimicrobial activity. Future studies will explore their antifouling performance for MBR 

applications. 

Keywords: Membrane bioreactor; Ultrafiltration; Antimicrobial; Natural additive; Coagulation bath 

 

1. Introduction  

Membrane bioreactors (MBRs) have become a key technology in biological wastewater treatment 

due to their ability to produce high-quality effluent with a smaller footprint. The domestic production 

of polymeric membranes has further reduced both capital and operational costs. However, membrane 

fouling remains a major challenge, increasing maintenance needs and shortening membrane lifespan 

despite chemical cleaning (Gao et al., 2019). To mitigate fouling, research has focused on developing 

antifouling ultrafiltration (UF) membranes. Common strategies include incorporating nanomaterials 

or applying surface modifications. While effective, these methods have limitations such as production 

scalability issues, potential environmental risks, and reduced water flux due to pore size reduction. 

An emerging alternative involves the use of natural materials during phase inversion, especially as 

components of the coagulation bath ï a step traditionally reliant on distilled or tap water. In this study, 

aqueous extracts of spent coffee grounds and dried thyme were explored as sustainable, bio-based 

alternatives. This work is among the first to examine the effects of such natural and waste-derived 

materials on membrane formation and antimicrobial performance. 

 

2. Material and Methods 

A 17% PVDF solution was prepared by dissolving the polymer in N-methyl-2-pyrrolidone at 60ÁC 

under stirring overnight. After degassing, the solution was cast onto a 150 Õm thick nonwoven 

support and immersed in distilled water to induce phase inversion. This membrane was designated as 

the control. For membranes prepared with natural extracts, two coagulation baths were formulated. 

In the first, oven-dried spent coffee grounds were mixed with distilled water at 10% w/w, stirred 

overnight at room temperature, and filtered. The second bath was prepared using dried thyme 

following the same procedure. Cast polymer films were immersed in these baths for 6 hours, then 

stored in distilled water. Membrane performance was evaluated by pure water flux, BSA rejection, 

contact angle measurements, and SEM analysis. Antimicrobial activity was assessed by incubating 
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membrane pieces with 1 mL of activated sludge for 24 hours, followed by live/dead cell analysis via 

confocal laser scanning microscopy (CLSM). 
 

3. Results and Discussion  

Figure 1 presents the antimicrobial performance of the fabricated membranes. While the control 

membrane (left) shows a higher number of live organisms (green fluorescence), the other membranes 

exhibit superior antimicrobial activity, as indicated by the presence of more dead organisms (red 

fluorescence). To understand the effect of coagulation bath, other characterization studies were also 

carried out.  

 

 

 

4. Conclusions 

In this study, natural material extracts were used for the first time as coagulation baths in membrane 

fabrication, and their effects were investigated. Polymeric membranes with improved antimicrobial 

performance were successfully produced by utilizing coffee and thyme ï both natural sources of 

phenolic compounds ï in the coagulation step. Further research will focus on evaluating their 

antifouling performance, particularly for MBR applications. 
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Figure 1. CLSM images of membranes (Coagulation baths from left to right: distilled water, distilled 

water extract of spent coffee grounds and thyme).  
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Abstract 

In this work, addition of carbon nanotubes (CNTs) as additives in different types of membranes for 

enhancing water purification and desalination performance were investigated. For this purpose, CNT-

blended ultrafiltration (UF), nanofiltration (NF), and forward osmosis (FO) membranes were 

compared in terms of water purification and desalination. The results show that functionalized CNTs 

noticeably increase the hydrophilicity, permeability, and anti-fouling/biofouling properties of the 

synthesised membranes. The key advantages are enhanced flux, fouling resistance, antibacterial 

activity, and increased rejection, positioning CNT-blended membranes as a promising candidate for 

next-generation water treatment technologies. 

Keywords: Carbon nanotubes; Water treatment; Anti-fouling/biofouling; Desalination 

 

1. Introduction  

There is a growing global demand for clean water, which causes continuous innovation in membrane-

based treatment technologies. Even though polymeric membranes are widely used due to their low 

cost, their limited mechanical, thermal, and chemical resistance, and high fouling susceptibility, 

restrict wider application. Blending carbon nanotubes (CNTs) in polymeric membranes has been a 

promising method for overcoming these limitations because of the superior mechanical strength, 

chemical resistance, and antifouling and antibiofouling properties of CNTs (Celik Madenli and 

Kesiktas, 2023). The present work investigates the influence of blending CNTs in different 

membranes, including ultrafiltration (UF), nanofiltration (NF) and forward osmosis (FO). 
 

2. Material and Methods 

Polyethersulfone (PES) UF and NF membranes were synthesized using the phase inversion method, 

and Polyamide (PA) and polyacrylonitrile (PAN) layered FO membranes were fabricated via 

electrospinning and interfacial polymerization as described in our previous publications (Celik and 

Choi, 2011; Celik et al., 2011a, 2011b; Celik Madenli and Cakmakci, 2017; Celik Madenli et al., 

2021; Celik Madenli and Ciftci 2022; Celik Madenli and Kesiktas, 2023). The membrane morphology 

was examined using scanning electron microscopy, and the chemical structure was analyzed using 

Fourier transform infrared spectroscopy. In addition, permeability, hydrophilicity, porosity, solute 

rejection, fouling resistance, and antibacterial properties were examined. 

3. Results and Discussion  

CNT-blended membranes showed increased hydrophilicity because of the migration of CNTs 

(carboxylic groups) to the membrane and water interface during phase inversion. There was more 

than 10% reduction in contact angle with just a 1% CNT addition in PES UF membranes. Improved 

hydrophilicity and porosity resulted in a higher pure water flux. For instance, while CNT-blended 
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PES NF membranes showed 7-fold higher flux compared to the bare membrane, CNT-blended FO 

membranes exhibited 44% higher water permeability compared to the bare membrane. 
 

Fouling resistance of the CNT-blended membranes were improved because of the CNTs on the 

membrane surface. CNT-blended PES UF membranes showed 40% less flux decline and 95% flux 

recovery after caustic cleaning, compared to 77% for bare membranes, during surface water filtration. 

Similarly, bovine serum albumin adsorption decreased by 70%, total fouling reduced to 50%, and the 

flux recovery ratio improved to 80% with CNT-blended membranes. 

The solute rejections of the CNT-blended membranes were higher due to smaller pore sizes (e.g., 

pore size reduced from 0.049 Õm to 0.041 Õm with 1% CNT addition) and increased electrostatic 

repulsion because of the negatively charged carboxylic groups on CNTs. Methyl orange rejection in 

PES NF membranes increased 45% compared to bare membranes. In addition, salt rejection rate for 

FO membranes reached 96% for NaCl, without compromising permeability significantly. 

CNT-blended membranes showed improved biofouling resistance due to the antimicrobial activity of 

the CNTs. 0.5% CNT blended PES membrane showed complete E. coli inactivation on the surface. 

Furthermore, these membranes exhibited an 87% reduction in P. aeruginosa biofilm formation at 24 

hours, increasing to 92% at 96 hours, compared to bare PES membranes. Microbial inactivation 

reached 47% for P. aeruginosa on 0.5% CNT blended PES membranes, approximately 7 times higher 

than the bare membrane. 

4. Conclusions 

These findings strengthen that functionalized CNTs, well integrated into membranes, enable 

membranes to achieve higher performance in flux, fouling resistance, and antimicrobial resistance, 

eventually resulting in longer membrane lifespan and reduced operational costs. The positive effect 

uniformly on various polymers and filtration modes makes CNT-blended membranes a promising 

and sustainable solution for the prevention of future water scarcity problems. However, challenges 

remain in ensuring long-term membrane stability. Large-scale fabrication of the membrane and the 

determination of the environmental impact are topics for future investigation. 
 

Acknowledgements 

This research was supported by the Scientific and Technological Research Council of T¿rkiye (TUBITAK) and Korea 

Science and Engineering Foundation (KOSEF). 

References 

Celik Madenli, E., Cakmakci, O. (2017). Preparation and characterization of PAN/CNT nanocomposite fiber supports for 

membrane filtration. Desalination and Water Treatment, 60, 137-143. 

Celik Madenli, E., Ciftci, Z.I. (2022). Effects of the carbon nanotube and polymer amounts on ultrafiltration membranes. 

Environmental Engineering Research, 27(4), 210626. 

Celik Madenli, E., Kesiktas, D. (2023). Mixed matrix membranes for dye removal. Membrane and Water Treatment, 

14(4), 175-180.  

Celik Madenli, E., Yanar, N., Choi, H. (2021). Enhanced antibacterial properties and suppressed biofilm growth on multi-

walled carbon nanotube (MWCNT) blended polyethersulfone (PES) membranes. Journal of Environmental Chemical 

Engineering, 9(2), 104755. 

Celik, E., Choi, H. 2011. Carbon Nanotube/Polyethersulfone Composite Membranes for Water Filtration, in Modern 

Applications in Membrane Science and Technology. Eds: Escobar, E., Bruggen, B.V. ACS Symposium Series. Oxford 

University Press Inc., USA 257 ï 269 

Celik, E., Liu, L., Choi, H. (2011a). Protein fouling behavior of carbon nanotube/polyethersulfone composite membranes 

during water filtration. Water Research, 45(16), 5287-5294. 

Celik, E., Park, H., Choi, H., Choi, H. (2011b). Carbon nanotube blended polyethersulfone membranes for fouling control 

in water treatment. Water Research, 45(1), 274-282.   



 

94 

 

Evaluation of the Temperature Effect on the Electrical Conductivity of 

MoNopolar ion Exchange Membranes 

Anast§ssia Mari§h Nunes de Oliveira Lima1, Jaromir Hnat2, Elena Guillen-Burrieza1, J¼lio Lopez 

Rodriguez1, Jos® Luis Cortina Pallas1 

1Barcelona Research Center for Multiscale Science and Engineering, Universitat Polit®cnica de Catalunya,  Barcelona, 

Spain. anastassia.mariah.nunes@upc.edu 
2Universidade de Qu²mica e Tecnologia de Praga (UCT), Praga, Rep¼blica Tcheca 

 

Abstract 

The ohmic resistance and conductivity of ion exchange membranes (IEMs) are important properties 

for the efficiency of bipolar electrodialysis (BPED) processes, as they are directly related to the 

energy consumption. In general, a reduction in the electrical resistance enables greater ionic fluxes 

and improves the energy efficiency of these processes. This work investigates the effect of 

temperature on such properties for different pairs of commercial monopolar IEMs. The results 

showed that an increase in temperature reduced membrane resistance, while ionic conductivity was 

increased; however, the magnitude of the effect was different for each monopolar membrane.  

Keywords: Ion exchange membranes, electrodialysis, temperature, ohmic resistance in plane and 

through plane, ion conductivity.  

 

1. Introduction 

The performance of Bipolar Electrodialysis (BPED) based technologies depends greatly on the prop-

erties of the ion exchange membranes (IEMs) used. The polymeric chains provide fixed groups that 

confer charge and hydrophobic/hydrophilic properties to the IEMs (Luo et al., 2018; Ran et al., 2017). 

An óidealô IEM should exhibit high selectivity to counter-ions, low electrical resistance, and mechan-

ical, thermal, and chemical stability across broad pH ranges, while being cost-effective (Barros et al., 

2021). Between these properties, resistance is one of the most important. There is a lack of systematic 

studies on how temperature affects the electrochemical behaviour of ion-exchange membranes, 

particularly concerning resistance and ionic conductivity in commercial IEMs. 

The objective of this work is to analyze the temperature-dependent behaviour of ionic resistance and 

conductivity in various homogeneous IEMs, providing insights into their suitability for high-

efficiency ion separation processes, such as Bipolar Electrodilaysis (BPED). 

 

2. Materials and Methods 

A total of eight commercial IEMs were used in this work; four cationic exchange membranes (CEMs) 

(i.e., CXP, CMX, PC SK and CR61P) and four anionic exchange membranes (AEM) (i.e., AXP, 

AMX, PC SANK and AR103P) from ASTOM, PCCell and SUEZ manufacturers.  

Impedance spectroscopy enables the evaluation of membrane resistance in two orientations: laterally 

along the membrane surface (in-plane or longitudinal) and perpendicularly across its thickness 

(through-plane). Samples of 1 cm2 were placed inside a mercury cell to measure their through-plane 

resistance at 25ÁC, while samples measuring 5 cm Ĭ 1 cm were loaded into a four-probe (platinum) 

acrylic cell to measure their in-plane resistance at 25, 30, 35, and 40 ÁC. Both cells were connected 

to a Solartron 1286 AC potentiostat to measure the resistance and conductivity. The  
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temperature dependence of the through-plane resistance was then extrapolated based on the 

relationship observed between the two measurement modes. 

The most promising membranes were tested in an BPED stack with a lab-scale set-up (PCCell ED-

64-004, 64 cm2). A study assessed how temperature and current density affect ionic fluxes and energy 

performance. 

3. Results and Discussion  

Figure 1 shows the electrical resistance results for anionic and cationic membranes at 25, 30, 35, and 

40 Ác. Resistance decreases with higher temperature for all IEMs. Temperature influences electrolyte 

systems because higher temperatures enhance ion diffusivity and mobility while reducing viscosity 

(Jia et al., 2024).  

Among the membranes studied, CR61P and AR103P had the highest through-plane resistance (4-5 

ÝĀcm2 for AR103P, 3-4 ÝĀcm2 for CR61P), while PC SK showed the lowest (1-2 ÝĀcm2). Resistance 

variation relates to membrane thickness, with thinner membranes allowing faster ion crossing, and to 

factors like functional groups and water uptake (Raka et al., 2021).  

  
 

Figure 1: Experimentally measured through-plane Resistance (ÝĀcm2) of the commercial IEMs 

used in this work. 

4. Conclusions 

Results showed the possibility of decreasing the electrical resistance of the tested membranes by 22-

30% when the temperature was increased from 25 to 40ÁC. Evaluating the resistance and conductivity 

of IEMs is a fundamental step in selecting the most efficient membrane for BPED. 
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Abstract 

Biofouling is a persistent issue in membrane filtration, accounting for 45 % of total fouling. This 

study explores the use of electron beam grafting to apply a thin hydrogel layer onto ultrafiltration 

membranes, enhancing resistance without toxic chemicals. Various hydrogels were evaluated for 

surface properties and biofouling resistance, with the most promising applied in a membrane 

bioreactor over 11 months. Characterization included contact angle, microscopy, and algae fouling 

tests. Results show increased permeability and reduced biofouling, with a 33 % flux improvement 

under real conditions. Hydrophilicity and swelling were key factors, while charge and roughness had 

minimal influence in this context. 

Keywords: Biofouling; hydrogel; surface modification; grafting; membrane bioreactor 

 

1. Introduction  

Fouling remains a significant obstacle in membrane-based filtration systems, with biofouling 

responsible for approximately 45% of all cases. To date, no long-term or cost-effective method has 

fully prevented biofouling or successfully eliminated biofilms. Applying a thin hydrogel coating to 

membrane surfaces presents a promising approach by integrating multiple antifouling mechanisms. 

Hydrogels are insoluble, three-dimensional polymer networks that retain large amounts of water, 

forming a hydration layer that acts as a barrier against protein and microbial adhesion. In this study, 

a hydrogel layer was applied using an environmentally friendly electron beam grafting technique, 

avoiding the use of toxic chemicals (Fischer et al., 2024). Initially, various hydrogels were grafted 

onto track-etched membranes to examine their influence on surface charge, swelling/crosslinking 

behavior, hydrophilicity, and roughness. The most effective hydrogel formulation was then applied 

to an ultrafiltration membrane, and its long-term performance was evaluated over 11 months in a 

membrane bioreactor in a real wastewater treatment plant. 

2. Material and Methods 

For the fundamental study, track-etched OxyDiscÈ membranes (PET, 0.4 Õm; Oxyphen, 

Switzerland) were used, while MicroPESÊ membranes (0.03 Õm; 3M, USA) were used in the applied 

study. Various monomer formulations were prepared, and membrane modification was carried out 

using an electron accelerator under nitrogen at 160 kV and 10 mA. Membranes were immersed in 

monomer solution for 5 minutes, placed on glass, irradiated, rinsed three times for 30 minutes in 

water, and dried overnight. 

 

Membranes were characterized using water contact angle measurements, atomic force microscopy, 

zeta potential analysis, scanning electron microscopy, and biofouling tests with Chlorella vulgaris. 

Both modified and unmodified membranes were further processed by Weise Water GmbH (Germany) 
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into a sandwich plate design with membranes on both sides of a carrier plate. These modules, each 

with 1.5 mĮ active membrane area, were operated in a membrane bioreactor for 11 months to evaluate 

long-term performance. 
 

3. Results and Discussion  

Surface charge and roughness had minimal impact on biofouling resistance, whereas hydrophilicity 

and swelling capacity significantly influenced antifouling performance. Membranes with a low 

contact angle of 46Á experienced only a 5 % reduction in permeability after algae exposure, compared 

to a 21 % loss at a higher contact angle of 93Á. Similarly, membranes with a low swelling degree of 

6% showed just a 5 % permeability loss, while those with a higher swelling degree of 25 % suffered 

a 25 % reduction. In a membrane bioreactor filtering 10.2 mį of water, the module with hydrogel-

modified ultrafiltration membranes demonstrated 33 % higher permeability than the unmodified 

reference, indicating reduced biofouling (see Figure 1). 

 

4. Conclusions 

The fundamental study of hydrogel-modified membranes revealed a strong link between 

hydrophilicity and swelling behaviour with biofouling resistance, while surface charge and roughness 

had no noticeable effect within the tested range. Applying a thin hydrogel layer via electron beam 

grafting enhanced both membrane permeability and antifouling performance. Under real operating 

conditions in a membrane bioreactor, this modification resulted in a 33 % increase in flux compared 

to an unmodified reference membrane, indicating significantly reduced fouling. 
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Figure 1. The permeability of unmodified PES membranes (reference) and hydrogel-modified PES 

membranes is shown as a function of the filtered water volume in the membrane bioreactor. 
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Abstract 

In this study, SPSU nanocomposite-based PEMs were produced and compared with commercial 

variants like Aquivion. Morphological properties were evaluated. The results indicate that membrane 

composition and processing significantly affect morphology. 

Keywords: Proton exchange membrane; Sulfonated polysulfone; Electrospinning; Nanofiber 

membrane 

 

1. Introduction  

The proton exchange membrane (PEM), a key component of fuel cells, has been modified with 

various additives such as nano-sized TiOïSO Į  (Wu et al., 2018), graphene oxide (GO) (Simari et 

al., 2021), and zirconium oxide (ZrO) (Ketpang et al., 2015) to enhance performance. In this study, 

two different PEMs were prepared by blending Fe O @SiO @NHïSO H (FSNS), synthesized by 

Vatanpour et al., with SPSU at various degrees of sulfonation and Aquivion. Additionally, a third 

PEM was fabricated using electrospun PES nanofibers coated with Aquivion/GO. All membranes 

were analyzed and compared. 

2. Materials and Method 

PSU used as the precursor for SPSU with a sulfonation degree in the ~25ï35% range was obtained 

commercially, whereas the PSU employed to produce SPSU with a sulfonation level in the mid-30s 

range was prepared at Istanbul Technical University Chemistry Laboratory (D102). PES for the 

nanofiber mats and graphene oxide were sourced commercially. Sulfonation degrees were measured 

by acidïbase titration. The FSNS additive was incorporated as reported by Vatanpour et al., and 

appropriate solvents were used for membrane casting, nanofiber spinning, and coating procedures.  

2.1 Membrane Preparation 

Aquivion and SPSU were mixed with FSNS, ultrasonicated, cast on a leveled surface, and dried to 

form membranes A (sample with higher degree of sulfonation) and B (sample with lower degree of 

sulfonation). PES was dissolved and electrospun under controlled conditions to produce a nanofiber 

membrane, which was hot-pressed, dipped in Aquivion/GO solution, and dried to obtain              

membrane C. 
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2.2. Membrane Characterization 

SEM analysis (Figure 1) showed phase separation in membranes A and B, while membrane C 

exhibited partial nanofiber fusion due to hot pressing. 

           a)                                         b)                                        c) 

           

 

 

 

 

 

Figure 1. SEM images of a) A specimen, b) B specimen and c) C specimen. 

 

3. Results and Discussion 

In membranes A and B, a homogeneous distribution of phases was not observed. In contrast, in 

membrane C, the hot-pressing process appeared to partially melt the nanofibers, resulting in partial 

fusion of the structure, while some fibers retained their original fibrous morphology. 

4. Conclusions 

Morphological analysis revealed that membranes A and B exhibited phase separation, indicating 

insufficient compatibility between components. In contrast, membrane C displayed partial fusion of 

nanofibers due to hot pressing, suggesting improved structural integrity while retaining fibrous 

features. These results highlight the influence of fabrication methods on membrane morphology. 
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Abstract 

Ceramic micromonoliths offer unique advantages for catalytic and membrane-based processes, yet 

their industrial deployment is constrained by inadequate mechanical strength. Balancing robustness 

with high porosity remains a critical design challenge. Here, we investigate the influence of ceramic 

loading on the mechanical performance of alumina and 5 mol% yttria-stabilized zirconia (YSZ) 

micromonolith fibres, sintered under identical conditions. Alumina micromonoliths achieved peak 

strength at 65wt% ceramic content before exhibiting a sharp decline, whereas YSZ micromonoliths 

maintained superior strength across equivalent loadings. These findings provide insights for 

optimising ceramic formulations to enhance the structural integrity of micromonoliths while 

preserving desirable porosity.  

Keywords: Ceramic micro-monolith membrane reactor,  alumina, YSZ, mechanical strength 

1. Introduction  

Ceramic membranes have attracted significant attention due to their successful deployment in diverse 

industries such as water and wastewater treatment, catalytic processes, oil-water separation, and gas 

purification, largely owing to their durability, high-temperature tolerance, and chemical resistance 

[1]. Among the available fabrication methods, phase inversion remains the predominant technique 

[2], offering the flexibility to tailor membrane properties to meet specific application requirements. 

However, a persistent limitation is their intrinsic brittleness, which compromises long-term 

mechanical reliability. In this work, micromonoliths were fabricated using alumina and 5 mol% yttria-

stabilized zirconia (YSZ) ceramic powders via phase inversion, followed by sintering at a fixed 

temperature. YSZ-based monoliths consistently exhibited higher bending strength than alumina-

based ones, with strength increasing steadily with ceramic content. In contrast, alumina-based 

monoliths displayed a strength maximum at 65 wt% ceramic loading, followed by a decline at higher 

contents. 
2. Materials and Methods 

The 6-channel micromonoliths were fabricated in-house from alumina (Al O ) and 5 mol% yttria-

stabilized zirconia (YSZ) powders via phase inversion followed by co-sintering, following the 

methodology reported in [3]. Mechanical properties were assessed using a three-point bending test 

on an EZ 50 instrument equipped with a 100 N load cell and a sample span of 30ï40 mm. Pore size 

and distribution were determined using a gasïliquid displacement porometer (PoroluxÊ 1000) with 

Porefil as the wetting liquid and nitrogen as the displacement gas. Mercury intrusion porosimetry was 

employed to measure total porosity. Morphology and microstructural features were examined via 

scanning electron microscopy (SEM). 

3. Results and Discussion  

The bending strength of alumina-based micromonoliths increased with ceramic content, reaching a 

maximum at 65 wt%, after which it decreased (Figure 1a). In contrast, YSZ-based micromonoliths 

exhibited superior bending strength across the entire range of ceramic loadings, maintaining a positive 
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correlation between strength and ceramic content. Notably, both alumina and YSZ samples 

demonstrated comparable porosity and pore size distributions, suggesting that the improved 

mechanical strength of YSZ is primarily attributable to its intrinsic material properties rather than 

differences in microstructure. These results indicate that ceramic composition plays a decisive role in 

determining the mechanical strength of micromonoliths without compromising their pore 

characteristics. 

 

Figure 1a: Comparing fracture load of alumina and YSZ micro-monolith b) SEM images of YSZ(top) and Alumina 

6 channel micro-monolith 

4. Conclusions 

Micromonolith membranes were fabricated via phase inversion and optimised for improved 

mechanical strength without loss of porosity. Alumina-based structures reached peak strength at 65 

wt% ceramic loading before declining, while YSZ-based structures showed consistently higher 

strength across all loadings. These optimised micromonoliths are now in use as membrane reactors 

for mild selective oxidation reactions, including methane oxidation. 
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Abstract 

Ammonia recovery from wastewater offers a sustainable alternative to energy-intensive industrial 

production. This study explores the optimization of vacuum membrane distillation (VMD) through 

tailored polyvinylidene fluoride (PVDF) membranes with varied morphologies. Membranes were 

fabricated using different solventïnonsolvent combinations to control pore structure and membrane 

morphology. The new membranes were benchmarked against a commercial PVDF membrane. A 

physically-based mathematical model was used to estimate porosity and tortuosity from experimental 

data. Preliminary results reveal key relationships between membrane structure and ammonia 

selectivity, providing insights for membrane design aimed to recover volatile compounds from liquid 

streams. 

 

Keywords: Ammonia recovery, Vacuum Membrane Distillation, membrane structure, selectivity. 

1. Introduction 

Ammonia is a key commodity, extendedly produced via the Haber-Bosch process, responsible for 1-

2% of global energy consumption (Appl, 2011). Circular alternatives to recover ammonia from 

wastewater streams using low energy-intensive processes are emerging. Among these, vacuum 

membrane distillation (VMD) has shown promising fluxes (Simoni et al., 2021). However, the 

selectivity of the VMD membranes remains low.  

This work explores the fabrication of PVDF tailor-made membranes with different morphologies for 

the improvement of the VMD ammonia selectivity. Their characterization and performance 

evaluations were conducted employing as benchmark a commercial PVDF membrane. In addition, a 

physically-based model was developed to better understand the influence of membrane morphology 

on the VMD process. 

2. Materials and Methods 

Membrane fabrication was done via nonsolvent induced phase separation (NIPS), being the 

polymer/solvent/nonsolvent system: PVDF/dimethylformamide (DMF) or dimethylacetamide 

(DMAC) both mixed with Acetone/deionized water (DI) or a 40% isopropanol aqueous solution (Iso). 

Polyethylene glycol (PEG) was added to the polymeric solutions as a pore former. Four different 

membranes were characterized and tested: P40 (17% PVDF, DMF & Iso), M40 (17% PVDF, DMF 

& DI), M55 (20% PVDF, DMAC & DI) and M65 (20% PVDF, DMF & DI). VMD experimental 

conditions included feed temperatures (Tfeed) of 45-80ÜC, vacuum pressures (Pp) of 65-155 mbar-a, a 
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90 cm2 membrane area, a fixed feed velocity (vfeed) of 0.14 m s-1 and a feed solution concentration 

(cNH3-feed) of 2 g NH3 l
-1. 

3. Results and discussion: VMD Flux and Ammonia Selectivity 

Performance evaluation was based on ammonia flux (JNH3) and selectivity (SNH3) characterization as 

a function of the driving force (i.e., transmembrane vapour pressure, TMP) (Figure 1). Regarding 

SNH3, the best performing membranes were P40 and M65, although only P40 was more selective than 

the commercial one. Morphologically, P40 and the commercial are similar (i.e., sponge-like structure) 

however P40 has a denser top layer. M65, M40 and M55 have, on the other hand, a finger-like 

structure and macrovoids, suspected to be prone to failure under vacuum. Due to the low JNH3 and 

SNH3 of both M40 and M55, wetting experiments were performed using a 4 g NaCl l-1 feed solution, 

resulting in 20-40% and 15-20% wetting rate, respectively, while for P40 it was always below <1%. 

These experiments confirm that the wetting phenomena were responsible for the low JNH3 and SNH3 

exhibited by M40 and M55.  

  

Figure 1. JNH3 (g h-1 m-2) and SNH3 (%) of M40, M55, M65, P40 and Commercial as a function of 

TMP (mbar) in VMD. Exp. conditions; Tfeed = 45-80 ÜC, Pp = 65-155 mbar-a, cNH3-feed = 2 g NH3 l
-1, 

vfeed = 0.14 m s-1.  Dashed line represents a concentration factor of one (cNH3-feed = cNH3-permeate). 

4. Conclusions 

By performing a screening of key casting parameters in the NIPS process, membranes with different 

morphologies, tortuosity, porosity, etc. have been cast and their JNH3 and SNH3 evaluated under VMD. 

The results of this study highlight the critical role of membrane morphology in the selective separation 

of volatile compounds, in this case ammonia, from liquid streams. Regarding membrane structure, it 

was determined that large finger-like structures and macrovoids resulted to be more sensitive to 

mechanical stress despite having smaller pore diameters, which caused higher wetting and lower 

selectivity. On the other hand, asymmetrical, sponge-like membranes seem promising due to both 

low wetting risk and high selectivity. Through modelling, difficult-to-measure membrane 

characteristics such as porosity and tortuosity and the relative importance of morphology features 

could be further studied and the results of such investigation will be presented. 

References 

Appl, M., 2011. Ammonia, 3. Production Plants, in: Wiley-VCH (Ed.), Ullmannôs Encyclopedia of Industrial Chemistry. 

Wiley. https://doi.org/10.1002/14356007.o02_o12 

Simoni G., KirkebÞk, B.S., Quist-Jensen, C.A., Christensen, M.L., Ali, A., 2021. A comparison of vacuum and direct 

contact membrane distillation for phosphorus and ammonia recovery from wastewater. Journal of Water Process 

Engineering 44, 102350. https://doi.org/10.1016/j.jwpe.2021.102350  



 

104 

 

Comparative Evaluation of YtnP and AiiA Lactonase Immobilized on RO 

Membranes for Biofilm Mitigation  

Enise Pekgenc, Elif Arslan, S¿meyye Yasar, Hande Mumcu, Nevin G¿l Karag¿ler,  

Bahar Yavuzt¿rk G¿l, Ismail Koyuncu  

1 National Research Center on Membrane Technologies, Istanbul Technical University, Maslak, 34469 Istanbul, 

T¿rkiye,  

Department of Environmental Engineering, Istanbul Technical University, Maslak 34469, Istanbul, T¿rkiye e-mail 

(pekgenc@itu.edu.tr) 
2Department of Environmental Engineering, Istanbul Technical University, Maslak 34469, Istanbul, T¿rkiye e-mail 

(arslaneli22@itu.edu.tr) 
3 National Research Center on Membrane Technologies, Istanbul Technical University, Maslak, 34469 Istanbul, 

T¿rkiye,  

Department of Environmental Engineering, Istanbul Technical University, Maslak 34469, Istanbul, T¿rkiye e-mail 

(yasar23@itu.edu.tr) 
4Department of Molecular Biology and Genetics, Istanbul Technical University, Maslak, Istanbul 34469, T¿rkiye 

(mumcuh@itu.edu.tr) 
5 Department of Molecular Biology and Genetics, Istanbul Technical University, Maslak, Istanbul 34469, T¿rkiye 

(karaguler@itu.edu.tr) 
6 National Research Center on Membrane Technologies, Istanbul Technical University, Maslak, 34469 Istanbul, 

T¿rkiye,  

Department of Environmental Engineering, Istanbul Technical University, Maslak 34469, Istanbul, T¿rkiye e-mail 

(bygul@itu.edu.tr) 
7 National Research Center on Membrane Technologies, Istanbul Technical University, Maslak, 34469 Istanbul, 

T¿rkiye,  

Department of Environmental Engineering, Istanbul Technical University, Maslak 34469, Istanbul, T¿rkiye e-mail 

(koyuncu@itu.edu.tr) 

 

Abstract 

Membrane biofouling is a major challenge in reverse osmosis (RO) water treatment systems, often 

caused by biofilm formation. Among various mitigation strategies, enzyme-based quorum quenching 

(QQ) approaches have gained attention for their eco-friendly nature and ability to disrupt bacterial 

communication pathways involved in biofilm development. AiiA is a lactonase enzyme type that has 

been studied in biofilm-related research and shown to be effective, but novel QQ enzymes may offer 

superior performance In this study, YtnP lactonase from Bacillus luti T5 was produced, and its biofilm 

prevention capability was investigated in comparison with commercial AiiA on RO membranes. 

Keywords: Quorum quenching; lactonase; biocatalytic membrane; biofouling; reverse osmosis 

 

1. Introduction  

Biocatalytic membranes integrate membrane separation with enzyme-catalyzed reactions, enabling 

pollutant degradation and biofilm control under mild, energy-efficient, and environmentally friendly 

conditions. In reverse osmosis (RO) systems, biofouling caused by biofilm formation is a major op-

erational challenge, leading to increased energy consumption, reduced permeate flux, and higher 

maintenance costs. Incorporating enzymes into RO membranes offers a proactive approach to miti-

gate this issue. These membranes can be prepared by immobilizing enzymes onto the membrane sur-

face through physical or chemical methods, which improves enzyme stability, reusability, and cata-

lytic efficiency. In the context of biofouling mitigation, quorum quenching (QQ) lactonases disrupt 

bacterial communication, thereby preventing the initiation and maturation of biofilms on RO mem-

brane surfaces (Pekgenc et al., 2022; Yavuzt¿rk G¿l & Koyuncu, 2017).In this study, we produced 

the YtnP lactonase from Bacillus luti T5 and immobilized it onto RO membranes, comparing its 
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biofilm prevention performance with that of a commercially available lactonase, AiiA. This direct 

comparison allowed us to assess their relative antifouling efficiencies and to explore the potential of 

YtnP as a novel, sustainable, and effective biocatalyst for RO membrane biofouling control. 

2. Material and Methods  

The immobilization of YtnP and commercial AiiA lactonases onto RO membranes was carried out 

via an amine coupling reaction using 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride 

(EDC) and N-hydroxysuccinimide (NHS). RO membranes were first modified with 4-aminocinnamic 

acid (ACA) to introduce surface carboxyl groups. The ACA-modified membranes were immersed in 

an aqueous solution containing equimolar concentrations of EDC and NHS for 30 min at room tem-

perature. Following activation, the membranes were immediately transferred to separate aqueous so-

lutions of YtnP or AiiA lactonases and incubated for 2 h. After immobilization, membranes were 

thoroughly rinsed with buffer to remove unbound enzymes and stored at 4 ÁC until further use. Fol-

lowing immobilization, membrane characterization was carried out using ATR-FTIR, scanning elec-

tron microscopy (SEM) to confirm surface modification. Biofilm formation assays against Pseudo-

monas mandelii were performed under static growth conditions, and biofilm structures were exam-

ined using confocal laser scanning microscopy (CLSM). 

3. Results and Discussion  

Immobilization yields for both YtnP and AiiA exceeded 70%, confirming efficient covalent 

attachment to ACA-modified RO membranes. Biofilm assays against Pseudomonas mandelii showed 

that YtnP exhibited markedly higher biofilm reduction while maintaining high activity comparable 

to the commercial enzyme AiiA. CLSM imaging consistently supported its strong antibiofilm 

potential when immobilized on RO membranes. 

4. Conclusions 

YtnP lactonase, when immobilized on RO membranes, demonstrated high immobilization efficiency 

and antibiofilm activity comparable to commercial AiiA, highlighting its potential as a sustainable 

antifouling agent. 
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Abstract 

In this study, anion exchange membranes (AEMs) were synthesized using polyepichlorohydrin 

(PECH) and polyacrylonitrile (PAN) with triethylenediamine (DABCO) and 

hexamethylenetetramine (HMTA) as crosslinking agents. AEMs were prepared with solution casting 

and characterized by FTIR, SEM, ion exchange capacity (IEC), water uptake (WU), permselectivity, 

and tensile strength. DABCO-crosslinked AEMs exhibited higher IEC (2.27 meq/g), WU (36%), and 

permselectivity (98%) than HMTA-based AEMs. Although HMTA enables greater crosslinking, 

DABCO provided a better balance of physicochemical properties of the resulting AEMs. These 

findings suggest that DABCO-based AEMs are more suitable for reverse electrodialysis (RED) 

applications. 

Keywords: Anion exchange membrane (AEM); crosslinking; reverse electrodialysis (RED); salinity 

gradient energy.  

 

1. Introduction  

RED is an emerging technology that converts salinity gradient energy into electricity using ion ex-

change membranes (IEMs) as selective ion transporters between high and low concentration solutions 

(Post et al., 2007). Among various IEMs, AEMs have gained attention due to their tunable surface 

chemistry and compatibility with diverse functionalization routes. Crosslinking and quaternization 

agents such as DABCO and HMTA significantly influence membrane properties, including IEC, 

chemical stability, and mechanical strength (Chen et al., 2017). Thus, optimizing the type and amount 

of crosslinker is critical for enhancing membrane performance in RED. In this study, DABCO and 

HMTA were systematically investigated as crosslinkers due to their markedly different molecular 

architectures and functionalities. DABCO features a rigid, symmetric bicyclic structure, whereas 

HMTA offers a higher density of reactive sites within a compact tetrahedral configuration. This com-

parative analysis aims to reveal how variations in crosslinker geometry and functional group density 

govern critical physicochemical properties of AEMs, which are of paramount importance for appli-

cations in RED systems. 

 

2. Materials and Methods 

PECH and PAN were used as active and inert polymers, respectively. Dimethyl sulfoxide (DMSO) 

was used as solvent, while DABCO and HMTA were employed as crosslinking and quaternization 

agents. PECH was dissolved in DMSO at 100 ÁC and reacted with DABCO or HMTA under reflux 

mailto:nalan.kabay@ege.edu.tr
mailto:enver.guler@atilim.edu.tr


 

107 

 

for 6 h. PAN was added (mPECH:mPAN = 1:3) and the mixture was stirred overnight. The casting solu-

tion was applied on glass plates by using automatic coater device (Mitsui Electric, Smart Table 

Coater, TC-100S) and dried at 100 ÁC for 6 h for solvent evaporation. AEMs were then detached 

using 0.5 M NaCl solution and stored in the same solution prior to testing. Four AEMs were 

synthesized by varying the type (HMTA or DABCO) and amount (N/Cl molar ratio of 0.5, 1, or 2) 

of the crosslinker. Membranes were coded as H-Q or D-Q, where ñHò and ñDò represent HMTA and 

DABCO, respectively, and the numbers indicate the N/Cl ratio. This design allowed systematic 

evaluation of crosslinker type and amount on membrane properties. Characterizations included FTIR, 

SEM, WU, IEC, permselectivity, fixed charge density (FCD), and mechanical strength. 

3. Results and Discussion  

As seen in Figure 1, increasing DABCO content (c, d) results in smoother and more uniform mem-

brane cross-sections compared to HMTA-based membranes (a, b), indicating enhanced structural in-

tegrity. As shown in Table 1, compared to HMTA-crosslinked AEMs (H-Q-1), DABCO-crosslinked 

AEMs (D-Q-2) exhibited significantly higher IEC (2.27 vs. 0.46 meq/g), WU (36% vs. 12%), and 

permselectivity (93% vs. 49%), while maintaining comparable mechanical strength (45 vs. 40 MPa). 

Additionally, FCD increased from 3.9 to 6.4 meq/g H O, indicating more efficient ion exchange per 

absorbed water of DABCO-crosslinked AEMs.  

 
Figure 1. SEM images of AEMs cross sections, a) H-Q-0.5, b) H-Q-1, c) D-Q-1, d) D-Q-2.  
 

Table 1. Characterization results of AEMs. 

 

AEM  

N/Cl 

Molar 

Ratio 

Permselectivity 

(%) 

Resistance 

(ɋ.cm2) 
IEC 

 (meq/g) 

WU  

(%) 

FCD 

(meq/gH2O) 

Tensile 

Strength 

(MPa) 

H-Q-0.5 0.5 38 Ñ 3 4330 Ñ 50 0.42 Ñ 0.02 12 Ñ 1 3.5 Ñ 0.2 54 

H-Q-1 1 49 Ñ 6 3010 Ñ 40 0.46 Ñ 0.06 12 Ñ 1 3.9 Ñ 0.6 40 

D-Q-1 1 98 Ñ 1 2.7 Ñ 0.1 1.77 Ñ 0.03 20 Ñ 3 8.7 Ñ 1.0 57 

D-Q-2 2 93 Ñ 1 1.6 Ñ 0.2 2.27 Ñ 0.02 36 Ñ 2 6.4 Ñ 0.3 45 

4. Conclusions 

Although HMTA contains a higher number of functional groups, DABCO-based membranes 

exhibited more favorable physicochemical properties. These results suggest that crosslinker 

architecture, rather than functional group density alone, plays a key role in AEM design. 
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Abstract 

Nanofiltration (NF) is one of the most adopted technologies for removing textile dyes thanks to its 

lower molecular weight cutoff and small pore size ranging from 0.5 to 2 nm. Generally, the separation 

performance of NF membranes depends on feed characteristics (e.g. dye size, charge and 

concentration), membrane properties (e.g. thickness and surface charge) and operating conditions (Y. 

Du, 2022). Additionally, various transport mechanisms may be involved, including diffusion, 

convection, the sieving effect, and the Donnan exclusion effect. Several models have been proposed 

to describe NF process. In this work, we present a facile strategy for in situ growth of MoS2 

membrane on low-cost ceramic substrate and a description of the transport of dye solutions through 

the prepared membrane using the transport parameters of the combined Spiegler-Kedem-Katchalsky 

and film theory (SKK-FT) model. Based on the experimentally obtained values of water and dye 

fluxes (Figure 1) as well as dye rejection, the reflection coefficient ů and solute permeability Ps and 

mass transfer coefficient k have been estimated as the transport-based model parameters for each dye 

(Table 1). 

Keywords: MoS2 membrane; Ceramic substrate; dye removal; Transport models. 

 

 

Table 1. Estimated values of transport parameters using SKK-Film theory model. 

 

Dye Transport parameters Quality of  

fitting ɢ2 
ů  (-) Ps (m/s) k (m/s) 

DR80 0.994 6.37 10-8 4.82 10-4 9.89 10-6 

RhB 0.982 8.76 10-8 7.62 10-4 1.49 10-5 
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Figure 1. Dye rejection versus flux for the MoS2 membrane, experimental results and curve-fitting 

for the SKK-film model. 



 

110 

 

Nanocellulose Enhanced Polylactic Acid Nanocomposite Membranes: 

Application in Hemodialysis. 

 Rana Memarzadeh1, Mohhamadreza Nofar 2, Vahid Vatanpour 3, Ismail Koyuncu 4 

1 Polymer Science and Nano Technology Department, Istanbul Technical University, Maslak, 34469 Istanbul, T¿rkiye 
2 Sustainable & Green Plastics Laboratory, Metallurgical & Materials Engineering Department, Faculty of Chemical 

and Metallurgical Engineering, Istanbul Technical University, Istanbul 34469, T¿rkiye  
3 Environmental Engineering Department, Istanbul Technical University, Maslak, 34469 Istanbul, T¿rkiye 

4 National Research Center on Membrane Technologies, Istanbul Technical University, Maslak, 34469 Istanbul, 

T¿rkiye 

 

Abstract 

This study aimed to develop biocompatible, sustainable CNC-enhanced PLA membranes for hemodialysis 

with improved mechanical, filtration, and antifouling properties. Incorporating 0.5ï2.0 wt% CNCs increased 

tensile strength (2.01 to 2.80 MPa), elongation (7.24% to 18.57%), porosity (78.5% to 87.13%), and 

hydrophilicity (contact angle 85.79Á to 62.38Á). The 1.0CNC-aPLAh15 membrane achieved optimal urea 

(71.33%) and creatinine (67.62%) clearance, higher flux recovery (79.2%), and maximum pure water flux (515 

L/mĮĿh). Results indicate CNC incorporation effectively enhances PLA membranes for efficient blood 

purification. 

Keywords: Polylactide (PLA), Cellulose Nanocrystals (CNCs), Hemodialysis, Nano Composite, Membrane 

 

1. Introduction  

The rising global incidence of end-stage renal disease (ESRD) has created a pressing demand for advanced 

hemodialysis membranes that are simultaneously effective, biocompatible, and environmentally 

sustainable(Ronco & Clark, 2018). Polylactic acid (PLA), a renewable aliphatic polyester derived from 

agricultural sources, has attracted significant attention as a sustainable material for next-generation dialysis 

membranes due to its biodegradability and biocompatibility(Nofar et al, 2019). However, its inherent 

limitations, such as low water permeability, high hydrophobicity, and modest mechanical strength. To address 

PLAôs limitations, researchers have incorporated cellulose nanocrystals (CNCs) into the polymer matrix to 

enhance membrane performance. CNCs, derived from natural cellulose, offer high mechanical strength and 

surface functionality, improving the hydrophilicity, permeability, and antifouling resistance of PLA 

membranes(Gomri et al., 2022). This study fabricated CNC-reinforced PLA membranes via the NIPS method, 

evaluating the effects of 0ï2 wt% CNC on structural, mechanical, and dialysis-related properties. 

 

2. Material and Methods 

aPLAh (Ingeo 4060D) and CNCs (CelluForce) were used to fabricate membranes via nonsolvent-induced 

phase separation. PVP was dissolved in DMSO, CNCs dispersed by sonication, PLA added with stirring, 

degassed, cast into films, and immersed in water for phase inversion. Membranes were characterized by SEM, 

ATR-FTIR, porosity, contact angle, zeta potential, tensile testing, and dialysis simulation. 

 

Table 1. The quantities of the materials utilized for fabricating the membranes. 

 

Membrane Code Polymer 

(wt%)  

Pore former 

(wt%)  

CNC 

(wt%)  

Viscosity 

(pa.s) 

aPLAh15  

15 

 - 540 

0.5CNC-aPLAh15 5 0.5 660 

1.0CNC-aPLAh15  1.0 720 

2.0CNC-aPLAh15  2.0 800 
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3. Results and Discussion  

 

Table 2. Contact angle, overall porosity, and mechanical properties of the CNC/PLA nanocomposite membranes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  a) Clearance (Urea, Creatinine, Lysozyme, and BSA) of the fabricated membranes b) Pure water Flux 

and Flux recovery ratio of CNC nanocomposite membranes (average of at least four replications). C) FTIR spectra of 

aPLAh15, CNC Net and 2.0CNC-aPLAh15 

 

4. Conclusions 

The incorporation of cellulose nanocrystals (CNCs) into polylactic acid (PLA) significantly enhanced 

membrane properties relevant to hemodialysis, including mechanical strength, porosity, hydrophilicity, and 

toxin clearance. These improvements suggest that CNCs/PLA nanocomposites offer a sustainable and effective 

alternative to conventional dialysis membranes. Future studies should validate biocompatibility and clinical 

performance in vivo. 
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Membrane Code Tensile 

(MPa) 

Young's 

Modulus 

(MPa) 

Elongation 

at Break 

(%) 

Porosity 

(%) 

Contact 

angle (°) 

aPLAh15 2.01 70.79 7.24 

 

78.5 85.79 

0.5CNC-aPLAh15 2.50 92.94 11.56 

 

83.32 71.54 

1.0CNC-aPLAh15 2.62 108.41 13.89 

 

87.13 68.67 

2.0CNC-aPLAh15 2.80 113.69 18.57 85.2 62.38 
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Abstract 

This study examines Pebax-based mixed matrix membranes (MMMs) with 10ï40 wt.% pseudo-

Boehmite (PB) for enhanced CO  separation. PB disrupts polymer crystallinity and hydrogen 

bonding, increasing CO  and N  permeability and CO /N  selectivity, peaking at 20 wt.% loading. 

Beyond this, increased tortuosity and polymer rigidification reduce permeability. CO ôs superior 

diffusivity and solubility over CH  and N  stem from its smaller size and condensability. Gas transport 

improvements were confirmed via permeability and sorption tests at 30 ÁC and 8 bar. 

Keywords: pseudo-Boehmite; gas separation membrane; gas permeation; gas sorption; mixed matrix 

membranes. 

 

1. Introduction 

Rapid industrial growth is driving up energy use and greenhouse gas emissions, contributing to 

climate change. Limiting global warming to 1.5 ÁC requires major CO  emission cuts across all sec-

tors. Membrane technology for gas separation offers advantages like high energy efficiency and com-

pact design. Polymer membranes have low gas permeability, while inorganic ones are more permea-

ble but costly and fragile. Mixed matrix membranes (MMMs) combining porous fillers and polymers 

can outperform both types. The introduction section should present the scope and objective of the 

paper and state the problem, briefly review the pertinent literature, describe the methods, and provide 

an overview of the main results of the work. Hailong et al. 1 demonstrated that PDAïTIL-coated 

Al O  nanoparticles prevented agglomeration, boosting CO  permeability and CO /N  selectivity by 

66.6% and 60.1%, respectively, at 30 ÁC and 1 bar.  

This study is the first to assess the distribution of PB content in Pebax polymer using weight 

fluctuations between 10 and 40 weight percent. The properties and membranes of the matrix were 

tested using DSC, single gas permeability and gas sorption tests at 30  temperatures and pressure 

8 bar. 

 

2. Material and Methods 

All materials used, including the gases, membrane fabrication methods, calculation procedures, and 

measurement modules, were consistent with this article 2. 

3. Results and Discussion  

PB incorporation increased CO  and N  permeability by reducing Pebax crystallinity, as nanoparticles 

disrupted hydrogen bonding between PA segments 3. The impermeable crystalline PA phase became 
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more permeable with decreasing crystallinity, aided by interfacial voids from particle sedimentation. 

At PB loadings higher 20 wt.%, CO  permeability declined due to polymer chain rigidification, 

evidenced by increased Tg and Tm from PEO section. CO /N  selectivity rose to 34.97 (30% above 

the pure membrane) at 20 wt.% PB, then decreased at higher loadings. 

 

Table 1 shows that CO  exhibits higher diffusivity and solubility than CH  and N  due to its smaller 

kinetic diameter, rod-like structure, and greater condensability. Increasing PB content in MMMs 

raised the solubility coefficients of all gases. The diffusion coefficient increased up to 10 wt.% PB 

owing to reduced tortuosity and improved gas transport; although tortuosity decreased slightly with 

nanoparticle addition, it remained higher than in the pure membrane. At PB loadings higher 20 wt.%, 

tortuosity rose markedly, limiting permeation pathways and reducing diffusion coefficients, attributed 

to rigidified regions at the polymerïfiller interface. CO  solubility increased with PB loading due to 

PBôs strong CO  affinity from OH functional groups, which become more prevalent with higher 

loading 4. 

 

Table 1. Membrane properties (at 30 ÁC and 8 bar). 

Membrane PCO2 PN2 PCO2/

PN2 

DCO2 

(10-7 

cm2 s-1) 

SCO2 (10-3 cm3 (STP) 

cm-3 cmHg-1) 

Tg 

( ) 

Tm 

( ) 

Pure pebax 85.0 3.2 26.8 105.9 0.61 -52.9 17.0 

Pb/pebax (10 wt.%) 122.9 4.0 31.0 159.0 0.59 -51.2 21.1 

Pb/pebax (20 wt.%) 129.4 3.7 35.0 125.9 0.78 -52.0 24.0 

Pb/pebax (30 wt.%) 107.8 3.8 28.3 87.5 0.94 -51.1 18.4 

Pb/pebax (40 wt.%) 95.4 3.7 25.7 81.0 0.90 -52.5 17.6 

 

4. Conclusions 

 

PB nanoparticles enhanced CO  and N  permeability by reducing crystallinity and disrupting 

hydrogen bonds, with optimal selectivity at 20 wt.%. Higher loadings increased tortuosity and 

polymer rigidity, decreasing performance. CO ôs superior transport stems from its size and PBôs 

affinity, underscoring the importance of filler content for membrane efficiency. 
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Abstract 

In this research, the effect of diluent on the morphology and performance of polyethylene membranes 

is investigated in desalination by direct contact membrane distillation (DCMD). So, fabrication of 

polyethylene flat membranes using four different diluents (liquid paraffin, solid paraffin, petroleum 

jelly (Vaseline), and polyethylene wax) and their effects on the membrane structure and efficiency in 

the membrane distillation process were studied. Additionally, membrane morphology by scanning 

electron microscopy (SEM), contact angle by water drop method, membrane porosity by 

densitometry, and pore size distribution by bubble method were examined. The best performance was 

observed for petroleum jelly as diluent with an average permeate flux of 9.2 L/m2.h and nearly 100% 

rejection. 

Keywords: Polyethylene; Liquid Paraffin; Solid Paraffin; Petroleum Jelly (Vaseline); Polyethylene 

Wax; Membrane distillation; Thermally Induced Phase Separation 

 

1. Introduction  

Water is vital for life, but most of the water in nature does not have the required quality for drinking. 

Demand is rising due to population growth, and over 2 billion people lack clean water, making de-

salination increasingly necessary [1]. Membrane distillation (MD) uses heat to separate vapor through 

hydrophobic membrane pores. Of its four types, DCMD is the most studied for its simplicity and 

good performance. TIPS creates porous membranes by dissolving and shaping polymers. HDPE is 

preferred for MD due to better permeability. Polyethylene is low-cost, recyclable, and highly stable. 

Zuo et al. [2] demonstrated that polyethylene membranes in DCMD can achieve high flux and nearly 

100% salt rejection with long-term stability. This study builds on that by examining how diluents 

affect membrane structure and performance for better saline water treatment. This project aims to 

fabricate HDPE membranes using four diluents i.e., liquid paraffin, solid paraffin, petroleum jelly, 

and polyethylene wax, and study their structure and MD performance for water desalination. It 

uniquely explores the impact of liquid paraffin, petroleum jelly, solid paraffin, and polyethylene wax 

as diluents in DCMD. 

 

2. Materials and Methods 

Bandar Imam Petrochemical supplied the high-density polyethylene wax. Liquid paraffin (LP) from 

Dr. Mojalali Chemical Company and Rose Polymer Company supplied the solid paraffin (SP) and 

petroleum jelly (PJ), while Maron Petrochemical Company supplied the polyethylene wax (PEW). 

Isopropyl alcohol and acetone were obtained from Dr. Mojalali Chemical Company. All analyses of 
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SEM and porosity and pore size, contact angle, and DCMD for all membranes were characterized 

similarly to the article [3]. 

3. Results and Discussion  

The results of membrane characterization are reported in Table 1. Membrane porosity decreases in 

the order of LP, PX, SP, and PJ, so the PJ membrane had the lowest porosity due to lower crystallinity, 

as confirmed by SEM images (Fig. 1). Membrane hydrophobicity is key to preventing wetting. the 

PJ membrane showed the highest contact angle, while the PX membrane showed the lowest. 

Membrane hydrophobicity could be related to the membrane surface roughness. The greater 

roughness increases the contact angle, resulting in higher permeate flux by reducing pore wetting [4]. 

In DCMD tests, the PJ membrane showed the highest flux (9.2 L/mĮĿh) due to its larger pores (0.3 

ɛm), while the LP membrane had the lowest flux (7.1 L/mĮĿh) with the smallest pore size (0.18 ɛm). 

the SP membrane had intermediate performance (8.2 L/mĮĿh, 0.2 ɛm pore size). the PX membrane 

was practically impermeable to water vapor, and the SEM image shows a highly compacted structure 

with a dense top layer without open pores. All permeable membranes achieved 100% salt rejection 

except the LP membrane, which had 95.2% due to lower hydrophobicity and probably due to pore 

wetting.  

Table 1. Membranes properties 

Membrane 

code 

Porosity 

Ů(%) 

ravg 

(ɛm) 

ɗwater 

(Ǔ) 

Flux 

(L/m2.h) 

Rejection 

(%) 

LP 78 0.18 108 7.1 95.2 

SP 73 0.2 119.6 8.2 100 

PJ 

PX 

68 

75 

0.3 

0.36 

124 

101.9 

9.2 

0 

100 

- 

 

  
 

 

4. Conclusions 

High-density polyethylene membranes were fabricated by the thermally induced phase separation 

(TIPS) method with four different diluents using the S-L phase separation mechanism, forming spher-

ulite morphology. In MD tests, the PJ membrane had the best flux (9.2 L/mĮĿh) due to its larger pores 

(0.3 ɛm). The PX membrane showed no flux, due to its highly compacted structure and lack of surface 

pores. 
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Fig. 1. SEM image of membranes a)LP b)SP c)PJ d)PX 




































































































































































































































































































































































































































































































































































































































































