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PREFACE

It is a great honor for us tovite you to the International Scientific Symposium MEMTEK 2025, the
8" International Symposium on Membrane Technologies and Applicdatidresheld from November

12t o 14, 2025, in Kzmir, Terkiye.
The MEMTEK International Membrane Symposia were initiated by MEMTEK (National Research
Center on Membrane Technologies, I|Istanbul Tech

the only symposi um inmbrane pregaratipreandpeoductiorg eveluhtion af me
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 frorarious 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 s@nce. 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 studentsgnd
researchers.

Ksmail Koy B¢l ent Kesl Nalan Kabay

Istanbul Technical University Gebze Technical University Ege University

XV



MEMTEK 2025

8t International Symposium on Membrane
Technologies and Applications

Wyndham Grand Izmir Ozdilek, Turkiye
www.memtek2025.org

Honorary Chairs

Murat KURUM Mi ni ster, Republic of T¢rkiye, Mi
Climate Change, T¢rkiye

Kbrahi m YUNMMinisterr Republic of T¢rkiye, Mi nistry
Veysel EROJPrevious Minister of Forestry and
Let fi A K¢ A Turkish Watelnstitute

Halil HASAR Ministery of Environment, Urbanization and Climate Change, Direteof
Climate Change

Cemil TUGAY Mayor of Kzmir Metropolitan Munic
Cumali KINACI Academy Science Research and Education Foundation & ITU

G¢r kan ERDCGeneral DirectoroKz mi r nWia tSserwear age Adménés:
Dérec(KEZSUE

HasanMANDAL Rector, Istanbul Technical University
Haceée Al M A Rector, Gebz&echnical University
Bayram YILMAZ Rector, Dokuz Eylul University
Yusuf BARAN Rector, Izmir Institute of Technology

Serkan ERYILMAZ Rector, Atélém University
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Gebze Technical University
Atéém Uni versity
Istanbul Technical University
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Ege University

Ege University

Ege University
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Ege University
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Scientific Committee
Name Surname University Country
Ahmet KARAG] ND|] Z Gebze Technical University Terkiye
Ahmad Fauzi I SMAKL Universiti Teknologi Malaysia Malaysia
Alberto FKGOLK Institute on Membrane Technolegy Italy
National Research Council of Italy
Ali KARGARI Amirkabir University of Technology Iran
Ali TUNCEL Hacettepe University Terkivye
Alireza KHATAEE Istanbul Technical University Terkivye
Andrea SCHAFER Institute for Advanced Membrane Germany
Technology (IAMT)
Andrey YORASLAVTSEV Kurnakov Institute of General and Russia
Inorganic Chemistry of the Russian
Academy of Sciences
Anna SKEKI ERKA Wrocgaw Universit yPoland
Technology
Antoine KEMPERMAN University of Twente The
Netherlands
Aydan CKHANOJLU Ege University Terkivye
Ayke Y! KSEKDAJ Istanbul Technical University Terkiye
Aysegl| Derya  ALTINAY Istanbul Technical diversity Terkivye
Azize AYOL Dokuz Eyl ¢l UniverTg¢gr kiye
Bahar ¥ZBEYNAL Gebze Technical University Ter ki ye
Bahar YAVUZT{GRK Istanbul Technical University Téerkiye
Bahriye ERYILDIZ-Y E k KR Istanbul Technical University Ter ki ye
Bart VAN DER BRUGGEN KU Leuven Belgium
Barbara TOMASZEWSKA AGH University of Krakow Poland
Bakak KESKKN Istanbul Technical University Ter ki ye
Berna TOPUZ Ankara University Terkivye
Bihter ZEYTUNCU-G ¥ K OJ L Istanbul Technical University Ter ki ye
Bilgehan Kker HARMAN Sudeyman Demirel University Terkivye
Birg¢l TANTEKKN E R :Istanbul Technical University Terkivye
BOrte K¥SE MUTLU Istanbul Technical University Ter ki ye
B¢lent KESKKNLER Gebze Technical University Terkivye
¢ij dem BALCI K Gebze Technical University T ¢ ek i
Chung-Hak LEE Seoul National University Korea
Derya Y. K¥ SEOJ L U Istanbul Technical University Terkivye
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Enver G, LER At el ém University T¢grkiye
Erkan KAHKNKAYA Medeniyet University Ter kiye
Ergin TAKKAN Firat University Ter ki ye
Er ge¢n YILDIZ Ataturk University Terkiye
Esra ALTIOK Ege University Terkiye
Evrim ¢ EL KK MAD E N IUniversity of Liverpool United
Kingdom
Faisal Ibney HAK University of Wollongong Australia
Fatma YALCINKAYA Technical University of Liberec Czechia
Francesco GALKANO National Research Council of Italy, Italy
Institute on Membrane Technology (GNF
ITM)
Frank LKPNKZKK Lund University Sweden
Gangasalam ARTHANAREESWARAN National Institute of Technology India
G° kken ¢ APAR Ankara University Ter kivye
Hale ¥ZG| N Istanbul Techital University Ter ki ye
Halil KALI P¢1l L AR Middle East Technical University Ter kivye
Hatice Eser ¥KTEN [zmir Institute of Technology Ter ki ye
Hasan K¥SEOJLU S¢l eyman Demirel UTg¢rkiye
H¢eseyin DELKG¥Z Kstanbul-CednrabpakaT¢gr ki ye
Inmaculada ORTKZ URKB E University of Cantabria Spain
lzumi KUMAKIRI Yamaguchi University Japan
Ksmai l KOYUNCU Istanbul Technical University Terkivye
Jan HOKNKKS Karlsruhe University of Applied Sciences Germany
Joanna WOLSKA Wroclaw University of Science and Poland
Technology
Jose Luis CORTKNA Technical University of Catalonia Spain
Kang L K Imperial College UK
Kazuharu YOSHIZUKA The University of Kitakyushu Japan
Kitty NIJMEIJER Eindhoven University of Technology The
Netherlands
Levent YILMAZ Middle EastTechnical University Ter ki ye
Liudmyla MELNYK A.V. Dumansky Institute of Colloid and Ukraine
Water Chemistry of NAS of Ukraine
Ludek JELKNEK Institute of Chemical Technology, Pragu Czechia
M. Evren ERk AHKN Istanbul Technical University Ter ki ye
Makoto TAKAFUJI Kumamoto University Japan
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Marek BRYJAK Wrocgaw Uni versit yPoland
Technology
Mark WKESNER Duke University USA
Masato TOMKNAGA Saga University Japan
Mehmet DKLAVER T, BKTAK MAM Terkiye
MehmetEmin PAKAOJLU Istanbul Technical Uniersity Téerkivye
Mehmet KKTKKk S¢l eyman Demirel UT¢r ki ye
Meltem AJTAK Istanbul Technical University Ter ki ye
Menachem ELKMELECH Rice University USA
Michael GUKVER Tianjin University China
Mitsuru HKGA Yamaguchi University Japan
Mohammad SHKRAZK University of Saskatchewan Canada
Mahdi A.
Mustafa ERS¥Z Selcuk University Ter ki ye
M¢ kKerr ef ARDA Ege University Terkivye
Nadir DIZGE Mersin University Ter ki ye
Nalan KABAY Ege University Terkivye
Natalia PKSMENSKAY A Kuban State University Russia
Nazely DKBAN University of Cantabria Spain
Nevzat ¥YKIJIKT S¢l eyman Demirel UTg¢r kiye
Nidal HKLAL New York University Abu Dhabi United Arab
Emirates
Nur Hidayati OTHMAN University Teknologi MARA Malaysia
Onur Il kI K Istanbul Technical Universi Ter ki ye
Osman Nuri ATA At at ¢rk UniversityTe¢grkiye
Oyku MUTLU-SALMANLI Istanbul Technical University Ter ki ye
Ozer ¢l NAR Yél dez Technical UT¢r ki ye
Raquel IBANEZ University of Cantabria Spain
Recep Kaan DERELK University College Dublin Ireland
Recep KAYA Istanbul Technical University Terkivye
Reyhan Kk ENG] R T Ak D llstanbul Technical University Ter ki ye
Rong WANG Nanyang Technological University Singapore
Saravanamuthu VK GNE S WA RA N University of Technology Sydney Australia
Sacide ALSOY ALTINKAYA l zmér I nstitute ofT¢rkiye
Sadiye VELKOJLU Gebze Technical University Terkivye
Samuel BUNANK University of Burundi Burundi
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WTIIRA, Saudi Water Authority S.Arabia
Koc University Ter kiye

Sabance
Igor Sikorsky Kyiv Polytechnic Institute Ukraine

Wrocgaw Uni versit yPoland
Technology

Tokyo Institute of Technology Laborator Japan
for Chemistry and Life Sciea Institute of
Innovative Research

Igor Sikorsky Kyiv Polytechnic Institute, Ukraine

UniversityTe¢grkiye

King Abdullah University of Science and Saudi Arabia

Technology (KAUST)
Istanbul Technical University Terk
Middle East Technical University Terk

Istanbul Technical University & Kharazn T ¢, r k
University

Istanbul Technical University Terk
Kuban State University Russia
Michigan State University USA
Nicolaus Copernicus University Poland
Tsinghua University China
University of California Los Angeles USA

Istanbul UniversityCer r ahpakaTg¢r K

Manisa Celal Bayar University Terk
Atéel em University T¢grk
Yamaguchi University Japan

Norwegian University of Life Science  Norway

G¥NDER ¥ ZCEllstanbulUniversityCer r ahpaxkaTg¢r kK

¢ ULFAZ EME CIMiddle East Technical University Terk
WANG Tongji University China
ZHOU Southwest University China
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Symposium Topics

TOPIC 1: MEMBRANE FABRICATION AND CHARACTERIZATION
1 Polymeric membranes

Inorganic membrarge

Mixed matrix membranes

Composite membranes

Molecular imprinted membranes

2D materialdbased membranes

= =4 =4 A -—a -2

Surface modification and patterning

TOPIC 2: MEMBRANE PROCESSES

1 Pressurariven membrane processes (MF, UF, NF, RO, Organic Solvent NF, FO, PRO)
Electiically driven membrane processes (ED, RED, EDI, EDR, Fuel Cells, Batteries, Electrolyzer)
Membrane distillation
Pervaporation, vapor permeation, gas separation

Membrane reactors and bioreactors (MBR, Photocatalytic, Biocatalytic)

= = =4 A -

Membrane contactors

TOPIC 3: TRANSPORT IN MEMBRANES AND MODELING OF MEMBRANE
PROCESSES

1 Transport through porous membranes

1 Modeling and simulation

1 Aurtificial intelligence methodologies

ol

Membrane fouling

TOPIC 4: MODULE AND PROCESS DESIGN
1 Membrane modules (flatheet, spiral woundhollow fiber, tubular, capillary)
Membrane process design
Hybrid and novel membrane processes
Membrane process intensification

Integrated membrane processes

= = -4 -a -

Techneeconomic analysis and life cycle assessment

XXII
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TOPIC 5: SPECIFIC USES OF MEMBRANES

=a

= =4 =4 -4 -4 A - -5 -2

Affinity c hromatography

Biotechnology applications (bioartificial organs, tissue engineering, dialysis)
Air treatment

CO, capture

Hydrogen production

Energy application

Environmental application

Resource recovery

Membrane recycle

Membrane autopsy

XXII
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Ksmai | Koyuncu
Istanbul Technical University | st anbul , T¢r ki ye
He was born in 1974 in Suru- district of

Engineering, Department of Environmental Engineering in 1995. He completed histme r 6
degree in Environmental Engineering Department at ITU in 1997. He completed his doctorate
in the same field in 2002. He worked as a guest researcher for one year at Rice University
between 20022003, Leuven University in 2003 and Rice Universit@®4. He received the

title of associate professor in 2004 and received the title of professor in 2010. In 2019, he
taught as a guest professor in the Department of Civil and Environmental Engineering at
Michigan State University. He has held many adstmative positions including Director of

ITU Institute of Science and Technology (2e4@18), Member of the ITU Executive Board
(20122016), Member of the ITU Senate (262@18), Member of the ITU Faculty of Civil
Engineering Executive Board (202918), ad Member of the ITU Environmental
Engineering Department Commission. He continues to serve as the founding center directo
of I stanbul Technical University Prof. Dr
Application and Research Center (MEMTEKyhich was established in 2010. He is a
member of the Turkish Academy of Sciences
Sciences Climate Change and Health Committee, and a member of the International Wate
Association (IWA) Membrane Technologies Grotie.was awarded the Environment Award

by the Istanbul Chamber of Industry in 2018, and the Outstanding Achievement Award by the
Council of Higher Education in 2019. He was appointed as the Rector of ITU on August 14,
20202024.
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B¢l entnlekKe s ki

Gebze Tehnical University Kocael i, Tg¢r ki ye

B¢l ent Keskinler served as a faculty member
at Gebze Technical University for many years. His research focuses on environmental
technologies, membrane pesses, resource recovery, and separation technologies. He
specializes in membrarmsed treatment systems and biotechnological processes.
Throughout his academic career, he has authored numerous international publications and
contributed to projects airdeat industrial water reuse and sustainable production processes.
Additionally, he has played a key role in bridging academia and industry by promoting the
application of technological innovations in environmental engineering.
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Nalan Kabay

Ege Universitylzmir, T ¢ r ki y e

Nalan KABAY is a Professor in the Chemical Engineering Department, Faculty of
Engineering, Ege University, Terkiye. Sh
received her PhD from Kumamoto University, Japan in 199®ugh a Monbusho
Scholarship. She worked as a pdst at National Institute for Research in Inorganic
Materials, Japan between 1998 and 1999 by a grant ofJapan. She visited Loughborough
University and Imperial Collegeondon, UK through the granté the Royal Society, EPSRC

and British Council between 1996 and 2008. Professor Kabay has more than 150 SCI paper:
several book chapters and has acted as guest editor of several special issues of internatior
journals such as Reactive and Functiondifers, Solvent Extraction and lon Exchange,
Desalination, Water Research, Journal of Membrane Science and Research etc. She is tl
co-editor of three research books. She is a member of editorial boards for 5 international
journals and an honorary membafr Japan lon Exchange Society. Professor Kabay was
involved in many international and national research projects and invited to give lectures and
conferences at leading institutions of different countries. She has collaborated with many
distinguished scrists from various countries and worked for the organizations of several
international conferences and workshops. She has received the TUBBTi&Kce Promotion
Award in engineering field (2001), Canon Foundation in Europe Award (2001), lon Exchange
Award of Society of Chemical IndustyK (2012) and Kumamoto University (Japan)
Alumni Award (2015). So far, she supervised around 70 post graduate students for their PhL
and MS theses. Her main interests are membrane separation processes, ion exchang
functional polymeric materials, inorganic adsorbents, separation and recovery of boron and
lithium, desalination, wastewater reclamation and reuse, salinity gradient energy production
by reverse electrodialysis (RED).
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Menachem Elimelech
Rice University, Houston, TX, USA

Solvent Transport in Dense Polymer Membranes:Separating Facts from Fiction

Menachem Elimelech moved from Yale University to Rice University in January 2025 as the Nancy
and Clint Carlson @air, with joint appointments in the Department of Civil & Environmental
Engineering and the Department of Chemical é
research focuses on membrdrssed processes for enemgfjicient desalination and wasteiga

reuse, advanced materials for ngeheration separation and water decontamination technologies,
and environmental applications of nanomaterials. Professor Elimelech was the recipient of numerou
awards in recognition of his research contributionsabletamong these awards are the 2005 Clarke
Prize for excellence in water research; election to the US National Academy of Engineering in 2006
Eni Prize for OProtection of the Environmen
Engineering in 201, the Australian Academy of Technology and Engineering in 2021, and the
Canadian Academy of Engineering in 2022. Professor Elimelech has advised 52 PhD students and !
postdoctoral researchers, many of whom hold leading positions in academia and irldustry.
recognition of his excellence in teaching and mentoring, he received the W.M. Keck Foundation
Engineering Teaching Excellence Award in 1994, the Yale University Graduate Mentoring Award in
2004, and the Yale University Postdoctoral Mentoring Prizé@i??2
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Ahmad Fauzi Ismail

University of Technology Malaysia, Johor, Malaysia

Harnessing the Potential of Functional Membranes for Sustainable Environmental and
Energy Application

Ahmad Fauzi Ismail is a professor of energy engineetinigeaUniversity of Technology Malaysia

in Johor Bahru, Malaysia. His research concentrates on the advancement of polymeric, inorganic, and
mixed matrix membranes for applications in reverse osmosis, nanofiltration, ultrafiltration,
membrane contactors, §aeparation, and the development of nanofibers and carbon nanostructured
materials for energyelated applications. He investigates the broad fields of application, including
water desalination, wastewater treatment, gas separation, fuel cells, palrafimihgr and

hemodialysis, employing the developed materials
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Michael Guiver

Tianjin University, Tianjin,China

Towards Practical PolymerSupported Mofs and Other Frameworks for High
Permeance Gas Separation Membranes

Michael D. Guiver$ currently working as a professor at the State Key Laboratory of Engines, which
is based at Tianjin University in China. He has been conducting research epehigimance
membrane materials for fuel cells and as well as gas separation products.
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Kang Li

Imperial College, London, UK

Nanostructured Membranes for Separation and Chemical Reaction

Kang Li is Professor of Chemical Engineering at Imperial College London. He works on the
advancement of hollow fiber membranes and membranersgdor fluid separations and reactions.
He is especially focused on defining the fundamental relationship between membrane structure and

their particular separation properties.
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Inmaculada Ortiz Uribe

University of Cantabria, Cantabriap&n

The Key Role of Membrane Technology in the Transition to a LowCarbon
Future

Inmaculada Ortiz Uribe is as a Professor of Chemical Engineering at the University of Cantabria in
Spain. Her research interests includes the design of magnetically depamation micralevices,
membranebased advanced separations for environmental, energy, and industrial applications, as we
as water and wastewater treatment in developing nations. Her research concentrated on nov
materials, nanomaterials, and biocotifa substances; innovative separation technologies and the
recovery of products from saline concentrates powered by renewable energy.sources
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Takeo Yamaguchi

Tokyo Institute of Technology Laboratory for Chemistry and Life Scienceutesf Innovative
Research, Yokohama, Japan

Membranes towards 2050 Fuel cells, Water electrolysis, Disease diagnosis, and
Water purification

Takeo Yamaguchi is a Professor at Laboratory for Chemistry and Life Science, Institute of Innovative
Research mder Tokyo Institute of Technology. Through his publications, he conducts
multidisciplinary research in the domains of organic chemistry, biochemistry, metallurgy, and
chemical engineering. His research mostly focuses on membrane technologies for aimtentre
systematic design and development of energy materials and systems, andrespursive
membranes influenced by biosystems.
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Mark Wiesner

Duke University, North Carolina, USA

Life Cycle Aspects of Polymeric Membranes

Mark Wieser is a Professor at the Department of Civil and Environmental Engineering in Duke
University. Prof. Wiesner's research interests include membrane processes, nhanostructured materic
transport and fate of nanomaterials in the environment, nano plastitsidal and interfacial
processes, and environmental systems analysis. He is a member oétibeaNAcademy of
Engineering.
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Seda Keskin Avceé
Ko- UniKsetrasndiruM,i, y e

Advancing Gas Separation Technologies: ADriven Design ofHigh-
Performance MOF Membranes
Seda Keskin Avceé is a Professor at t he Chemi c:

University and the Director of Nanomaterials, Energy, and Molecular Modeling Research Group
(NEMO). She has >180 publications oreegy applications of metalrganic frameworks (MOFs)

which received >12,000 citations. She has been
Chemical Engineering Across the Globed in 2022
Journal (ChERD She was born in Istanbul on April 28, 1982. She received her BSc. and MSc.

degrees from the Department of Chemical Engin

respectively. She completed her PhD at the School of Chemical and Biomolecular Emgjineer
Georgia Institute of Technology in 2009 by receiving the Sigma Xi Best Doctoral Dissertation Award,

and the Chemical and Biomolecular Engineering School Outstanding PhD Thesis Award. She joined
Ko- University in 2010 a3nSte ibtleeyamyest wvioman proféssopim o f e ¢
T¢rkiye in her field. She was awarded the Euro
her project COSMOS (Computational Simulations of MOFs for Gas Separations) in 2017 and the
ERC Consolidator Grant wither project STARLET (Atomistic Modelling and Machine Learning of
Advanced Porous Materials for Energy, Environment, and Biomedical Applications) in 2023. She
became the first woman in T¢grkiye who redei ve |
she became the first researcher to receive a consolidator grant in the field of process engineering in
2023. Prof. Keskin is awarded the The Scientific and Technological Research Coungjl ofk i y e
(T, BKTAK) Science Award in 2024, Europen Commi
2023, Ko- University Outstanding Teaching Awar
Simavi Commendation Award in the field of Science in 2022, Americanm{Ziaé Society I&EC
Research Excellence in Review Award in 2022, 2
Foundation Science Award in 2021, Ko - Uni ver si
Award in 2017, FABED Esermelng meAnw a® uwt sitna n2d0 In6g, AQ
Mustafa N. Parlar Foundation Research Incentive Award in 2015...
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Raquel | b8fez Mendi z8bal

University of CantabriaCantabriaSpain

Enhancing Materials Circularity in Management of Salinity in Industrial

Process Streams by Membrane Integration Processes

Raquel |l b8fYez is Full professor in chemical en
2017. She has been Head of the Chemical Engineering and Inorganic Chemistry Depa@@dent (

2008) and ViceDean of the ETSIIyT (2002024). 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 aimedeatrdatment 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 peiod 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 interesinhias s

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 nuabeesearcher. 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 Thesisn the framework of the Doctorate in chemical engineering, energy, and processes of
the University of Cantabria. In 2006 she wasfamonded of a Technological Spoif, APRIA
SYSTEMS. Currently she is member of the Spanish Network MEMBRANET (Researchrki@iwo
Membrane Science and Technology for Water Treatment). She has been collaborator in the thematic
area of Science and Chemical Technologmsbarea of Chemical Technoleg@eneral Directorate

of Research and Management of the National R&D Plan2(2018). She is evaluator for different
agencies, national (ANEP, DEVA, AEIl) 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 $ety of Chemistry.
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Wojciech Kujawski

Nicolaus Copernicus University, Torun, Poland

Pervaporation and Membrane Distillation in the Processing of Biofuels

Wojciech Kujawski is a Professor in the Department of Physical Chemistry and Péhaysacal
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 membrane
to generate materials with innovative or enhanpgmperties. His research concentrated on various
membrane processes, including pervaporation, gas separation, membrane distillation, nanofiltratio

ultrafiltration, and forward osmosis, utilized for organic solvent dehydration and the treatment of
waterand wastewater.
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Mitsuru Higa

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 Engineeriaghaguchi
University. His research focuses on higgrformance 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 mainlpaged in polymer electrolyte membranes for
direct methanol fuel cells, ieexchange membranes for electrodialysis and reverse electrodialysis,
ion-barrier membranes for forward osmosis and pressiaeded osmosis processes, charge mosaic
membranes with lgh salt permselectivity, and externally stimgsponsive charged membranes for
smart sensors and intelligent drug delivery systems.
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Marek Bryjak

Wrocgaw University of Science and Tec

Electromembrane Processes for Selective Recovery of Lithium Battery

Components

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

Universityof Sciencend Technol ogy, Wrocgaw, Poland. Hi:
polymeric materials, plasma activated modifications, separation processes, polymer modification
surface characterization, novel membrane materials and processess, removiawubazanpounds

from water and desalination of water.
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Alberto Figoli

Institute on Membrane Technologyational Research Council of Italy, Rende, Italy

A More Sustainable Approach in Membrane Fabrication

Alberto Figoli has been the Direx of the Institute on Membrane Technology of the National
Research Council of Italy, ITNCNR, since March 2019. His primary research focus includes the
fabrication of polymeric membranes utilizing less toxic and environmentally friendly solvents, the
dewelopment of bigpolymeric membranes, phase inversion techniques for membrane fabrication,
membrane characterization, capsule production via membrane emulsification techniques, mixed

matrix membranes, ionic liguid membranes, and the preparation and applicapervaporation
(PV) membranes.
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Natalia Pismenskaya

Kuban State UniversitKrasnodayRussia

Effect of ammonium cations on the performance of electrodialysis of

phosphatecontaining solutions

Natalia Pismenskaya is a professor at the Depattokei?hysical Chemistry and Head of the
Laboratory of Electromembrane Phenomena at the Institute of Membranes, Kuban State Universit
(Russia). Her research interests are mainly focused on the fundamental aspects of mass transfer
systems with iorexchame membranes. These activities concern the development of experimental
methods for investigation the phenomena of concentration polarization, the study of the transfer o
substances capable of participating in protonatieprotonation reactions; revealitige 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 an
international scientific projects as wel 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 selfeaning membrane technology and thegeneration of
membranes through natural sources to restore aquatic ecosystems; the creation of bie&isiarg
membranes for wastewater treatment; the development and application of inorganic membranes for
wastewater treatment; and the implementat@n multibore hollow fiber ultrafiltration and
nanofiltration membranes enhanced by nanostructured materials for environmental applications
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Izumi Kumakiri

Yamaguchi UniversityYamaguchiJapan

Synergetic Influence of Fermentation and Menbrane 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 t
unique and inneative technology by the combination use of the chemical reaction and the film
separation methodology. She has been involved in various national and international projects relate
to hydrogen carrier systems, artificial photosynthesis systems, biowastdimggsystems and
others, by applying nanoporous inorganic membranes.
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k. Birgg¢idErsdnent eki n

Istanbul Technical Universitystanbul,T ¢ r ki y e

Designing Nanocomposite Membranes for Advanced Gas and Liquid
Separations: Challenges and Promises

k. Bi r g ¢HErsolimazista Briafessor of Chemical Engineering at Istardminnical 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 (ITUSENTEK). Her research interegts in the crossections of molecular separations,
advanced materials, and membranes for applications in energy, water, and the environment.
Specifically, her work involves the synthesis of novel, ipginformance polymers, the fabrication of
polymerbas@& 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 K

Suleyman Demirel Universitysparta,T ¢ r ki y e

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 ¢kiye. 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, ihdcis@i@er production
applications, industrial water efficiency. He has been making research and consulting for more thal
25 years in these areas. Prof. Kitis has published 123 @éexved papers and books/book chapters
(web of science imdex: 39) and msented more than 200 conference papers. He worked in 76
research and engineering projects including
NATO, MEDRC, Turkish Ministry of Agriculture and Forestry, Turkish Ministry of Environment,
Urbanization and [@nate Change, Kingdom of Saudi Arabia National Science, Technology and
Innovation Plan, and others. He received 26 national/international scientific/engineering awards. H
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 tc
ministries, international companies and wvar
MAM), editorial board member, chamber of commerce advisatahers.
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Andrea I ri s Schafer

Karlsruhe Institute of Technology, Karlsruhe, Germany

Decentralized Water Supply Membrane Systems for Surface and Brackish
Water

Andrea Schafer i's Professor of Wa il and Prétess c e s S
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 Zania, 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
Universty 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 Chemioaleging

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 internatiemelopment. Her work spans

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

water chemistry and engineering to seei@ onomi ¢ i ssues relevant t o
published extensively in high impact joals and authored or edited several books, including
ONanofiltration: Principles, Applications and
colleagues in many leading academic institutions worldwide and works towards hégriongsion

0l hadeeam: safe water for all childreno.
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Frank Lipnizki

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 ChemicainEagng in the
Department of Chemical Engineering at Lund University, Sweden, since 2017. He leads the
Membr ane Group and manages MemLab, the univ
and Development Centre. Before joining Lund University, hetsp@gears at Alfa Laval Business
Centre Membranes in Denmark. The Membrane Group at Lund University is the largest in Sweden
focusing on the wateznergyfood security nexus in alignment with the United Nations Sustainable
Development Goals. His mairesearch interests include the integration and optimization of
membranebased separation processes in the food, biotech, pulp and paper industries, as well as
water and wastewater treatment. He also specializes in membrane fouling and cleaning strategie
Currently, he serves as the President of the European Membrane Society.
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Sel miye Al kan G¢r sel
Sabanceé Uni vegskitye | stanbul ,

Powering the Future: Challenges and Future Perspectives in High Performance
Polymer Electrolyte Membranes for Fuel Cells and Water Electrolysis

Prof . Dr . Sel miye Al kan G¢rsel received her B
Department of Chemistry at Middle East Technical University (METU). During her doctoral studies,

she conducted research celectrochromic 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 M
Sabanci University and as a researcher at the Sabanci University Nanotechnology Research and
Application Center (SUNUM). Additionally, she held the position/afe Dean for Research at the

Faculty of Engineering and Natural Sciences at Sabanci University from 2020 to 2024. Prof. Dr.
Ge¢r sel | eads numerous national and internation
polymer membranes, graphene ditdium-ion batteries. Under the European Commission's 7th
Framework Programme and Horizon 2020, she represénged kas & project leader and national

contact point in the Graphene Flagship Project, one of the FET Flagship Projects and widely regarded
as the Aproject of the centuryo in Informatio
contributes as Sabanci University's project coordinator for South Marmara Hydrogen Shore Project,

T ¢ r ksifingtehydrogen valley initiative. Her achievements énhdeen recognized with several
prestigious awar dls¢ r kyowegWonden in §ciebcé Avartd sugport®dbly the

Turkish Academy of Sciences (2010), the METU Prof. Dr. Mustafa N. Parlar Education and Research
Foundation Research Incentive Awa(2012), the Science Academy Young Scientists Award
Program (BAGEP) Scholarship (2013), and the Women Energiziggr k-i Agaglemy Award
presented by the Ministry of Energy and Natur a
as a member of &h SHURA Energy Transition Center Advisory Council and as an Executive
Committee Member of the Asian Polymer Association (APA).
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Makoto Takafuji

Kumamoto University Kurokami, Chudleu, Kumamoto, JAPAN

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

field of materials chemistrgnd polymer chemistry. His research interests include orgamiganic

hybrid materials and supramolecular assemblies.
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Mustafa Ersc©°z
Selcuk UniversityKonya, T ¢ r ki y e

2D Materials for Next-Generation Membranes from Design to Applicatios

Prof . Dr . Mustafa Ers®z is academic staff at (
T¢rkiye since 1986. He received his PhD from Gl
"The Role of lon Exchange in the Movement of Chemicals tiltoReriderm and Cuticular
Membranes". He works on nanostuctured membranes in water treatment; liguid membranes;

nanofibers; composite materials etc.
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Vahid Vatanpour

Kharazmi University, Tehran, Iran

Fabrication of a Smart SeltCleaning 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) pplidd 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 thetlisf 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 FéEfrom
Fiction

Menachem Elimelech

1Department of Civil & Environmental Engineering Department of Chemical & Biomolecular Engineering Rice
University, Houston, TX 77005 USA
E-mail: menachem.elimelech@e.edu

Abstract

For over half a century, the solutidliffusion model has served as the primary framework for
describing water transport in reverse osmosis (RO) membranes. It was later extended to solvel
transport in organic solvent nandfiltration (OSknd pervaporation. This model posits that
membranes are nonporous, with water or solvent molecules dissolving into a homogeneous polyme
phase and diffusing across the membrane down a concentration gradient. However, our rece
experimental and theoretic finding® including solvent permeation experiments and
nonequilibrium molecular dynamics (NEMD) simulatiéneritically challenge these foundational
assumptions. We have demonstrated that the soldiffusion model is inadequate for accurately
describirg water and solvent transport in RO and OSN membranes. Instead;fipparedel offers

a more accurate representation, wherein a pressure gradient drives viscous water flow throug
interconnected pores or free volumes, with molecules traveling as slutes presentation will also
highlight permeation experiments using various solvents and membrane types, showing that solvet
permeance correlates with membrane pore size, solvent molecular diameter, and viscosity. The:
observations are inconsistent wihe solutiordiffusion model but align well with pressudgiven
viscous transport. We further emphasize the importance of characterizing membrane pore
structured such as size, distribution, and connecti®ity enhance our understanding of membrane
trangort mechanisms. Lastly, this presentation underscores the critical need for continued researc
into the frictional interactions between water, salt, and the membrane. A thorough grasp of thes
phenomena is essential for designing the next generatiogleparformance membranes.

References

Wang, L. et al. Water transport in reverse osmosis membranes is governed by pore flow, not adéflisiimm
mechanism. Science Advances 9, eadf8488 (2023).

Wang, L. et al. Salt and Water Transpin Reverse Osmosis Membranes: Beyond the Solmifinsion Model.
Environmental Science & Technology 55, 1666875 (2021).

Heiranian, M., Fan, H., Wang, L., Lu, X. & Elimelech, M. Mechanisms and models for water transport in reverse 0Smosis
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Harnessing the Potential of Functional Membrane for Sustainable
Environmental and Energy Application

Ahmad Fauzi Ismal] Pei Sean Goh

1.2 Advanced Membrane Technology Research Centre, Faculty of Chemical and Energy Engineering, Universiti
Teknologi Malaysia, 81310 Johor Bahru
E-mail: afauzi@utm.mygpsean@utm.my

Abstract

Functionalmembranes 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 doessl many longxisting issues
associated to conventional membrdoased processes. The emergence of functional materials also
offers opportunities to integrate membrane processes with more sustainable and circular solutions.
This plenary talk aims to pvale 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 theepragerti
membranes in terms of their selectivity, permeability, fouling resistance and long term stability. A
broad range of functional materials such as metal organic framework, dzabet nanomaterials,
zwitterionic and bieinspired polymers have been emsively investigated for these purposes. The
selection of the right strategy is guided by the applicadjmerific needs. This talk justifies the
material selections and highlights the potential of these functional materials and strategies in meeting
thedemands 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 neeias 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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Toward Practical Polymer-Supported Mofs and Other Frameworks for High
Permeance Gas Separation Membranes

Michael D. Guivet, ZhihuaQiad®

IState Key Laboratory of Engines, Tianjin University, Tianjin, China
2 State Key Laboratory of Separation Memleaimnd Membrane Processes, Tiangong University, Tianjin, China
E-mail: michael.guiver@outlook.copgiaozhihua@tiangong.edu.cn

Abstract

The practical utilization of MOFs and COFs in membranes needs impeoweim fabrication and
scale up, since much current work is confined to less practical-areallmembranes on inorganic
supports. Commercial gas separation membranes are typically supplied in modules and use eith
spiratwound flatsheet membranes of llkaw fibers. We explored various fabrication strategies for
flexible-substratesupported ultrathin selective MOF membranes for applications such as CO2/gas
and olefin/paraffin separations. For high permeance supported membranes, the support membra
may inpede permeability. Thus, stdtipported MOF membranes were also investigated.

Keywords: MOF membranes; membrane gas separation; potgoqgrorted MOF; olefin/paraffin
separation; carbon dioxide; gas channels

1. Introduction

While MOF membranes have beettansively 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, waalg seve
reduce the selectivity of any separation. our aim was to investigate different approaches to prese
MOF membranes with larger areas on flexible polymeric membrane supports, enabling them to b
used in modules.

2. Material and Methods

For polymer memitanesupported MOF membranes, commercial ultrafiltration polysulfone
membr anes were pretreated or Oprimedobé by va
defectfree MOF selective layers. For examptggure 1 shows a selfepair strategy based ometal

i ons i n aionRayeh being dlowly released into the defect region, to effect defect repair.
For seltsupported MOF membranes, amorphous-@2Fwas mixed with amineontaining low
molecular weight (MW) polymer and heated to melting. Degradaif the low MW polymer created

a high permeance amorphous foam membrane having narrow channels that enabled the effecti
separation of methane from nitrogen.

3. Results and Discussion

A stepnucleationin situ selfrepair process was used to prepaiable largerarea ultrathin MOF
membranes, from which 4800 éspirakwound modules could be prepafd et al., 2023). Using
flat-sheet membranes, very high gas permeances of >6000 GPU were obtained for ethylene ar
propylene, with selectivities of ®For GH4/C2Hs and >24 for GHe/C3Hsg, with slightly lower values
obtained for the modules.
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Figure 1. A stepnucleationin situself-repair process for MOF membrane (Yu et al., 2023).

In previous work using a different MOF growth protocol, we acldgu®pylene permeance 2G00

3000 GPU with very high propylene/propane selectivity af120 (Qiao et al., 2020). Largaea
ultrathin ZIF membranes fabricated on flexible polymer supports were also prepared by other
methods using bipolymatirected fabricabn (Liang et al., 2024). 48l permeance of ~4000 GPU

and GHe/C3Hg selectivity >40 and C@permeance ~12,000 and &8» selectivity of 36 were
achieved. Polymesupported microporous polymer framework (MPF) membranes were also made
by a hybrid systen (Riaceat al. MOI) and MPFs with anrinh channels were
fabricated as mixedhatrix membranes, which were also effective for.G@parations, due to
interactonof CQwi t h ami ne groups in the framework (Yue
self-supported membranes were explored for high permeance meatlactve CH/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 permeaaond good selectivity.
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Nanostructured Membranes for Sparation and Chemical Reaction

Kang Lit
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Abstract

Growing applications of membrane processes in water and energy pose newrastingtdemands

on both membranes and its process design. At Imperial, our research spans from new membral
development to its applications in separation and reaction. We have developed new fabricatiol
techniques for polymeric, ceramic and metallic memésarspecially in hollow fibre/micrubular
geometry with diameter between 0.5 and 2 mm. These membranes have unique purposely design
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 advance
nanomaterials or catalysts, and multiple functions can be integrated into onestepgldhe
functional nanomaterials currently being investigated inclgghene, 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 exampl
we have developed mictobular graphene oxide thin films to extract water from organic solvents,
and a novel adsorption/filtration column containing MOF nanopatrticles to get rid of bacteria and
heavy metal ions from contaminated water. The migbular or micremonolithic membraes can

also be incorporated with catalysts to construct mieextors or fuel cells. Our research on these
micro-reactors has been regarded as one of the most important progresses in the field. Thi
presentation will focus on the new membrane fabricatemhniques and applications of these
purposely designed membranes in separation and reaction.
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The Key Role of Membrane Technologyin the Transition to a Low-Carbon
Future

Inmaculada)rtiz Uribet

!ChemicalandBiochemicalEngineeringDepartmentUniversity of Cantabria39005SantanderSPAIN.

E.mail: ortizi@unican.es

Membranes play a critical role in the transition to a-twbon future by enabling cleaner industrial
processes, improving energy efficiencgtipporting 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 (RQydter desalination in the 1960s, mdmnane
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 thisapacity relies on RO systems. Reverse osmosis offers a fsogmitly

lower carbon footprint(1:3. 6 kg CO / mj for electric plants)
multi-stage flash (MSF) 2 5 kg CO |/ reifegt distilfattbn (MED) (1.Bl15ky CO [/ mj )
0 particularly 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 eledirialtijough currently a small

but growing share of total hydrogen product@iorelies heavily on membrane technology (Maestre et

al, 2021; Norman et al, 2024). Functionalized membranes have demonstratdigeixgerformance

in recovering hydrogen from industriaaste gas streams, offering a new source of hydrogen and
promoting the circular economy (Moral eta al 2025a, 2025b). Funthere, the electrochemical
conversion of hydrogen into electricity using fuel cells relies on fwo exchange membranes
(PEMs),which enable higtefficiency operation and zero directerssi ons ( D2 az et al ,

Membranes also play a crucial role in energy storage systems, particularly in flow batteries such as
vanadium redox flow batteries, where 4iselective membranes are ds® 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 sali 0)iSngethgr adi e
1950s, when Pattle first introduced this concept, several decades passed with little advancement.
However, in recent years, the use of electromembdapasticularly through reverse electrodialysis

(RED)d has led to promising developments. Derstoation 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 impr@voverall energy efficiency
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3. Low energy separations and industrial decarbonization

Membranes have the ability to separate gases, liquids, or solutes without requiring phase change
which are typically energintensive in conventional separation proesssuch as distillation or
absorption. As a result, energy savings of up to 90% are possible in certain applications. In particula
functionalized plymeric membranes have been successfully applied to the separation of light olefin:
from their mixtures wi paraffins, paving the way for the development of more sustainable and
energyefficient industrial processes (Zarca et al, 2018).

Emerging directions in membrane technology are playing a pivotal role in advancinecarkom
transition by enabling cleanemore energefficient processes across multiple sectors. In carbon
capt ur e, -seeciveerlemb@Bssuch as mixedmatrix and nanoporous materidlsre

being developed for industrial flue gas treatment, reducing greenhouse gas emissions. hogesa hyd
economy, nexgeneration proton and anion exchange membranes are enhancing the efficiency an
affordability of green hydrogen production through water electrolysis. Membranes are also central tc
energy storage technologies like redox flow batterid®re they improve ion selectivity and battery
lifespan, supporting renewable energy integration. In water treatment, advanced nanofiltration an
forward osmosis membranes reduce the energy demands of desalination and wastewater reu:
Furthermore, membransystems are increasingly used for the selective recovery of critical materials
such as lithium and rare earth elements, enabling circular economy practices. The integration of sme
sensing, Al, and sustainable, #iased materials further positions mearie technology as a versatile

and lowimpact solution for decarbonizing energy, industry, and water systems.
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Membranes towards 2050~ Fuel cells, Water electrolysis, Disease diagnosis, and
Water purification~

Takeo Yamaguchi
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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 OH&Wwironmental Outlook to 205the global population

will exceed 9 billion, energy demdrwill 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 8harply
Thus, energy, healthcare, and water challenges must be addressed simultaneously, wiinenembr
technologies playing a central role in these solutions. Renewable ehergipe introduced as much

as possible. The renewable energy should be converted into hydrogen or hydrogen carriers by water
electrolsis, stored and transported, and used astgtity by fuel cells or hydrogen turbines at the
required time and place.

For polymer electrolyte fuel cells, high performance at t@yhperature, lovhumidity conditions,

and high durability are essential. This requires membranes not only withrbigh ponduction but

also with suppressed hydrogen/oxygen crossover and controlled water transport through the
membrane. Porélling membranes, in which a porous substrate is impregnated with electrolyte, offer

a promising pathway to higberformance fuetells. The design strategy and the Rggrformance

PEFC will be demonstrated with the designed gitiieg membrané?.

Anion-exchange membrane (AEM) water electrolysis enables the use efetalecatalysts under

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

AEMs lack sufficient durability. We have elucidated their degradation mechanisms and achieved
enhanced stability by adopting a polyphenyl ene
duee tio stacking remains a challenge, we wil/ pr
durable AEM®, and demonstrate its application in efficient water electrofyisis

In response to an aging society, we are also developing diagnostic mentbeaamesmble rapid and
accurate disease detection at home, thereby reducing healthcare costs. Using porous membranes for
antigen antibody reactions with signal amplification, we have achieved high sensitivity and speed in
diagnosis.

Finally, antifouling membranes and surface designs are crucial for maintefraecevater
purification. We will introduce advanced antifouling strategies, including ionic polymer grafting for
precise surface contr®| and informaticsiriven design approachés

Membrane telenologiesareimportant technologies in various fields, and contribute to a sustainable
society in 2050.

Keywords: Fuel cells; Water electrolysis; Anieexchange membrane; Pdiling membrane;
Diagnose disease membrane; Aiotiling membrane

10



MEMTEK 2025

8t International Symposium on Membrane
Technologies and Applications

Wyndham Grand Izmir Ozdilek, Turkiye

www.memtek2025.org
Load Polyphenylene anion exchange membranes
s e
e | Fud cell G
2
H,0 below 1.23V Electricity

Anode Polymer  catnoge
electrolyte

Non-noble metal catalysts

— Renewable energy

o24m|

Water dectrolysis
abovel.23V

Carbon free
catalysts

OH™ = OH + 2H,0 + e

=
AH,0 + 40> 2H +

wate
Pore-filling electrolyte membrane

H20 +KOH I |

F— Anod Cathod
Pore-filling electrolyte membranes ode Cathode

Acknowledgements
Part of the work is supported by the New Energy and Industrial Technology Development Organization (NEDO), Japan

References

1) Organization for economic emperation and development (OECD) Environmental Outlook to 2050

2) Y. Oshiba, J. Tomats{, Yamaguchi, J. Power Sources, 394,737(2018) Y. Oshiba, M. Kosaka, T. Yamaguchi,
Int. J. Hydrog. Energy, 44(5), 285429066 (2019).

3) S. Miyanishi, T.Yamaguchi, Phys. Chem. Chem. Phys., 18(17), 120@23 (2016); S. Miyanishi, T. Yamaguchi,
New J Chem., 41(16), 8038044 (2017)S. Miyanishi, T. Yamaguchi, Polymer Chemistry, 11, 38820 (2020);S.
Miyanishi, K. Matsuta, T. Yamaguch§ustainable Energy Fuel8, 20222030 (2025)

4)R. Soni, S. Miyanishi, H. Kuroki, T. YamaguchACS Appl. Enegy Mater., 4(2), 1053058 (2021).S. Narayanaru,
S. Miyanishi, H. Kuroki, G.M. Anilkumar, T. Yamaguchi, ACS Sustainable Chem. Eng., 11(25), 92903
(2023);S. Sasidharan, R. lllathvalappil, S.A. Aravindh, H. Kuroki, G.M. Anilkumar, T. Yamag&istanable
Energy Fuels 7(12), 28362840 (2023); Y. Sugawara, S. Sankar, S. Miyanishi, R. lllathvalappil, P.K.
Gangadharan, H. Kuroki, G.M. Anilkumar, T. Yamaguchi,Chem. Eng. Jpn.56(1), 2210195 (2023);
S.Sasidharan, R. Soni, H. Kuroki, S. Miyanishi, Tanfaki, G.M. Anilkumar, T. YamaguchACS Sustainable
Chem. Eng.11(3), 854865 (2023)

5) H. Okuyama, Y. Oshiba, T. Yamaguchi, Analytical Chem., 91(22), 144282 (2019)H. Okuyama,T. Tamaki, Y.
Oshiba, H. UedaT. Yamaguchi,Analytical Chem.., 93(19)72107219 (2021);H. Okuyama, Y. Kodama, K.
Takemura, H. Yamashita, Y. Oshiba, T. Yamaguchi, Anal. Methods, 15(12); 1498 (2023);H. Yamashita,
H. Okuyama, T. YamaguchLab Chip 25, 31233131 (2025)

6) Y. Oshiba, Y. Harada, T. Yamaguchi, J. Membr&aie, 619(1), 118772 (2021ht. Okuyama, M. Oura, Y. Kurihara,
Y. Oshiba, T. Yamaguchil. Membr. Sci.723,123896 (2025)

7) H. Okuyama, Y. Sugawara, T. YamagudkGS Appl. Mater. Interfacesl6(19), 2523625245 (2024)

11



MEMTEK 2025

8t International Symposium on Membrane
Technologies and Applications

November 12-14,2025 ~

Wyndham Grand Izmir Ozdilek, Turkiye
www.memtek2025.org

Life Cycle Considerations for Sistainable of Membrane Materials
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ICivil and Environmental Engineering, Duke University, NC, USA
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Abstract

Membrane technologies represent a wide range ofigotufor 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 tdal capacity of largescale drinking water treatment plants using UF membranes alone
worl dwi de was approximately 10 million mj/ day
as great as UF capacity, this comes to a total of at least 8.3 miliaf mstalled capacity of low
pressure micr@and ultrafiltration 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 grxtion of some 125 million m2 of membrane area. These figures imply

a nonnegligible 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 membranesertibrane
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 kglaftic 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 igges surrounding membrane production, use, anebélifit 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: memlyane 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 &grgaetal
frameworks (MOFs) has grown rapidly. MOp@ssess exceptional physical properties, including low
density, high porosity, and large surface areas, making them highly promising for a wide range o
applications. They have been explored for gas storage, separation, sensing, catalysis, and dri
delivery, with particularly strong potential as membranes and mixed matrix membranes (MMMSs).
The vast diversity in MOF topologies and chemical functionalities offers a rich pool of candidate
materials capable of outperforming traditional membrane technologiegevdo 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 machi
learning techniques to conduct larggak 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, | will present our recent findings on leveraging molecular modeling and machinegearnin
to unlock the potential of MOF membranes for gas separations. | will also discuss key $tructure
property relationships that can guide the rational design and development-genesdtion MOF
membranes with superior performance
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Towards Energy-Neutral Circular Water Reuse: Reverse Electrodialysis Pilot
Implementation in a Coastal WWTP.

R. | b B $aepedrh M. Fallanz3, J. Rioyd, M. SainZ, L. GomezComa, |. Ortiz*

(). Department of Chemical and Biwmlecular Engineering, University of Cantabria,
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Abstract

The Directive (EU) 2024/3019 enhances wastewater treatment standards and energy neutrality |
wastewater facilities. This work presents a pd#oale demonstration combining Reverse
Electrodialysis, RED, with tertiary membrane treatments (UF) to achreemergyneutral, circular
water management approach in a coastal i nst
obtained, demonstrating significant energy recovery potential. Stablédongperation procedure
confirmed the robustness of the REStacks against biofouling and chemical fouling. The effluent
quality was maintained within regulatory reuse standards. This study underlines the contribution o
membranebased electrochemical processes in enhancing energy sustainability of water ir@clamat
strategies.

Keywords: sustainable wastewater reclamation; electromembrane processes, technology readine:
level 6, blue energy.

1. Introduction

Currently, a significant portion of the energy used by wastewater treatment plants (WWTPS) in the
EU is deived from fossil fuels. In response, Directive (EU) 2024/3019 on urban wastewater treatment
introduces an innovative regulatory framework for achieving energy neutrality in urban WINTPs.
this context, Salinity Gradient Energy (SGE) emerged as an inwevatiewable 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 altiae for harnessing SGE, particularly in engineered water treatment
infrastructures such as WWTP¥/hen coupled with tertiary wastewater treatment, RED also
contributes to water reclamation. Nevertheless RED still demands further research to overcom
techical and economic challengebhis Pilot plant demostration, implemented at the Comillas
wastewater treatment plant (Cantabria, Spain), represents a practical application of RED technolog
within advanced water reclamation systems. The study aims tameklar’/h of treated wastewater

for municipal purposes and simultanoeusly capitalize on the salinity gradient between reclaimec
wastewater and seawater to generate renewable SGE.

2. Material and Methods

The pilot system, installed at the coastal WWTP ofillas (Cantabria, Spain), comprises two
commercial RED stacks (Fumatech GmbHEb0-2-115) with 115 cell pairs each, total membrane
area of 40.25 m|]. The REDesthakgei membpanate
PET-75 AEM and SPERA CEN. BothFrlembrane types are PREihforced,
ensuring high mechanical stability, chemical robustness, and suitable performance in neutral an
slightly acidic environments. Low conductivity (LC) Stream was pretreated according to a membrane
tertiaty t r e at me n tcut¢fiyidliowedhy O\bdisibfection. High conductivity (HC) stream
was preteat e doutbffy CHambcte(izationOof bdtm pretreated streams is presented in
Table 1.
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Table 1.Physicochemical and microbiological charaitation of seawater and treated effluents
feeding the piloscale RED system.

Parameter Unit LC! HC?
Conductivity mS/cm 0.55+0.05 55.7+8.2
Turbidity NTU 1.02+0.69 0.8+0.5
Total Coliforms cfu/100mL 102-10* < 100

1: LC: low conductivity stream (regenerated water) 2: HC: High conductivity stream (seawater)

3. Results and Discussion

As depicted in Fi

gur e
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obtained, demonstrating significant energy kg potential. Stable lorgerm operation (>100
hours continuous) confirmed the robustness of the RED membrane stacks against biofouling and
chemical fouling, attributed to effective pretreatment.

oo

1.0

o
N oo

__._;;-§~
‘i}

o 9 ¢

O
r
S

(W/m?)

Power density

o H
»

V]

©
o &
s

o

=

o0 O K
PR —

f e —— -

Turbidity (NTU)

[N
P

o

— TU201

Time

Figure 1. Recording of the operational variables, Posessiy, € | 1 N g

Current intensity

A

The effluent quality, maintaine
within regulatory reuse standar:
(conductivity <3 mS/cm, turbidity
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current density and turbidity of RED LC effluent, during contir contribution can reach up to 21
ous experimentation using seawater and reclaimed water.

4. Conclusions

(OrtizzMar t 2 nez .et

This contribution has presented a comprehensive assessment of th&rihongperational
performance of a pilescale revese electrodialysis system integrated within a wastewater treatment

facil The

i ty.

anal ysi s

focused on eval

uating

efficiency under real environmental conditiome REDRED Pilot systenexhibited notablenergy
efficiency and the effluent quality was maintained within regulatory reuse standards. This study
underlines the contribution of membrapased electrochemical processes in enhancing energy
sustainability of water reclamation strategies.
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Pervaporation and Membrane Distillation in the Processing Of Biofuels
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Abstract

Renewablebiofuels should replace fossil fuels to partially mitigate climate change. Currently,
oxygencontaining biofuels (such as butanol and ethanol) are added to gasoline (up to 10%).
Presentation will discuss the main results of hydrophobic pervaporatiomomenvaporation, 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 membrane:
for the dehydration of ABE (acetdyutarol-ethanol) rich mixture.

Eventually, the combination of membrane separation processes is suggested for the recovery al
dehydration of volatile organic solvents (ABE mixture or ethanol).

Keywords: Biofuels; AcetonButanolEthanol (ABE); Pervaporation; Thaopervaporation;
Membrane distillation;

1. Introduction

Biofuels have become a promising alternative to gasoline considering energy security anc
environment protection. Biofuels such as bioethanol, biobutanol, biomethanol, biodiesel, syngas
biohydrogenand biomethane are the renewable energy products from biomass. Nowadays, biofuel
are produced from the nadible feedstock mitigating the competition with food production.
Recently, butanol has been considered to be the highly developed and proamsivghie 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. M@over, hydrophilic pervaporation was applied for the final dewatering of the
ABE mixture.

2. Materials and Methods

The poly(di methylsiloxane) (PervapE4060) al
commercial flat sheet membranes were purchased frolaNdetin 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 membrane
(Sartorius) with pore size of 0.45 mm wersed for membrane distillation.

Pervaporation experiments were performed in contact with a model aqueous mixtures using
standard laboratory sep described at 400 and 600 C. Thermopervaporation and membrane
distillation experiments were executed in #iegap mode, using the temperature between feed and
permeate side up to AC .
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(AGMD) clearly shown that permeate fluxes were higheAGMD 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 ferementatitnoth.

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 (witymmgic or ceramic membranes).

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

l Retentate

Retentate (water)

PV/TPV
hydrophobic
MF Filtrat MD Permeate
fitrate (ABE rich)
fermentation broth g — )

Cee———

Product (dehydrated ABE)

Organic
rich -

phase

Water
rich
phase

Phase separator

Ll

PV hydrophilic

Permeate

i hydrophobic PV /

i Microfiltration hydrophobic TPV /

| (filtrate) membrane distillation
! (permeate)

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 vieswedpart 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

(organic phase)

hydrophilic PV (dehydration)

(water phase)

hydrophobic PV or TPV.

(water) i

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)ased charged mosaic membranes (CMMs) from PVA
modified block copolymers was fabricated. The membrane structure of the stained CMMs showec
mosaic ike charged structures of negatively {NInd positively (Rcharged layers. A diffusion
dialysis test indicated that the CMMs had an electrolyte permselectivity compared to sucrose. A piez
dialysis test indicated that the CM membrane was desalinatecuvith 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 chargedmosac membranéCMM) is made up of CMM membrane

parallel arrays of negativelgharged (Ndomairsand | | - . Positively-charged
positively-charged (P) domaingassing through the ..« - X P eioman
membrane. Th€MM has high permselectivity foi o« °8 N o neroed
electrolytes as shown in Fig’Hence, the membran™" @ __ 2 5 Non-charged
has potential applicatisrtodesalination of wateand @ 4 ¢ T g

purification of biochemical materialsand food | ‘&2
additives.There have been many reports on K&#1 °
prepared by micrphase separatioﬁ,epitaxial phase Figure 1. Structure and transport propertiesad@MM.
growth,® laminationmethod,*” and polymer bler®)
etc. However, there @ave been no reports onge™
preparation of CMIs having enough mechanicai \
strength fompiezodialysisIn this study,CMMs with

high electrolyte permselectivity werepreparedby

various methoddabric® andpolymer coating. o () Fabic sheet

Heat press

(a) Anionic fiber

(d) Heat pressed film

Weave after
twisting

Chemical cross-linking
after physical cross-linking

Fabric-structured CMM

(b) Cationic fiber

2. Material and Methods

In the fabric method, a woven cloth was prepar Figure 2. Procedure of preparing a fabric structured @M
from of P and N fibers made from p0|y (vinyl (a) Anionic fiber, (b) cationic fibet(c)_fabric sheet preparet
alcohotb-sodium styrene sulfonic acichVA-SSS) by tablemodel loom from the two fibers, (d) heat press

. . . . film prepared by hegbressing the fabric sheet. A fabr
and poly(vinyl alcohob-vinyl benzil trimethyl structured N was obtained by chemical crefsking the

ammonium chlorideYPVA-VBTAC), respectively. fim with glutaraldehyde after annealing it.
Fabric type CM/Is were pr@ared by hot pressing the
woven cloth.
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In the polymer coating methothe CMMsCMM with a stripeshaped @ g gne 3
charged structure frolVA-SSSandPVA-VBTAC were fabricated on | A Ny

a nonfabric support using a scre@ninted method. )

. LS
The charge structure of the fabted CM membranes was observed ]

using an optical microscope after dyeing P charaged fibers with methis |
orange and N charged fibers with methyl violet. (b)

A diffusion dialysis test was performed using KCI and sucrose. A membrar
was set between the two charsef the cell; 100 mL of deionized water and  js
400 mL of 0.1 M KCI or sucrose solution were added to chambers | and I&=
respectively, and concentration change of chambers Il was measured.

Piezodialysis tests were performed using an acrylic plastic cell
corsisting of two chambers separated by a sample membi Figure 3. Photogaphs of fabric
Initially, Chambers | and Il were filled with the same concentrat Structure CM membrane after he
. . press treatment. (a) surface, (
of the KCI solution. During the test, chamber | was pressured:b' cross sectiomethod.
gas, and the conductivity of the solution in chamber Il wassored
at predetermined time periods at 25 AC for mea

NaCl concentration over time. Membrane surface

P IR Vs N o

3. Results and Discussion ]

Photographs of the surface and crssstion of the dyedéabric-structured %
CM membrane are shown in Figures 3 (a) and 3 @gpectively. Thes
average sizes of N and P domai §
respectively. . o A

Figures 4 indicated that the CMM had a striggédpe structure in whiclgs -
the P and N layers. In addition, the average width of the N layers d@Sshaped pand N layers
approximatelyl72‘ m, and that of the P layers was approximately 203
' m, and the thickness of the ion exchange layer was approximateiy.2@

approxin

Cross section

The electrolyte permselectivity compared to sucrose was approximate

times higher than that of CMMs fabricated by thenmjshase separatidn

The CM membrane made from the fabric exhibited sufficient mecharg
strength for performing a piezodialysis experiment under a pressure (
MPa. The piezodialysis experiments indicated that the salt flux increg
whereas the ater flux remained constant with an increasing initial N
concentration. Therefore, the saitwater 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. Conclsions Figure 4. Photograph of
membrane surface an

CMMs fabricated from PVAmodified block copolymers demonstrate crosssection of a CM

. . . . . . membrane prepared b
the potential for desalinating lesalinity solutions. polymercoating method.

Support membrane: 180 pm|
—_—

Polymer layer

Support membrane
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Electromembrane Processes for Selective Recovery of LiB Components
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Abstract

The presented work aimed to check if electrembrane processes were useful for recovering Li and
Co from aqueous solutions. In the case of Li selective electrodes and memthrar@d] system
showed an adsorption capacity of 45 mg/gAC. In the case of cobalt, the ED system gave Co/Li an
Co/Ni separation factors as high as 5.6 and 16.1, with a 91% recovery of cobalt.

Keywords: CDI, hybrid system, lithium, cobalt, ieselective nembranes 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 isGallédi t e
gold' in the 2% century.  The second critical material used in manufacturing litionnbatteries
is cobalt. Considering the limited resources of cobalt, the European Commission predicts a deficienc
of this commodity after 2025. Thus, itaggreat challenge to establish efficient recovery methods for
these two elements from poor resources, such as aqueous solutions and the use of batteries' leachze
Electromembrane processes offer such an opportunity.

The presentation compares the efficigif two methods in the recovery of lithium and cobalt
from aqueous solutions: capacitive deionization and electrodialysis. In the case of lithium, a spine
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 lithiun
transport. In the case of cobalt, the ED membrane contained hydroxychinoline that selectively trans
ported cobalt.

2. Materials and Methods

Our paperslescribe thenaterials 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 immerse
in poly(vinyl chloride) matrix were described by Siekierka & Bryj@021), and Siekierkeet al
(2018a)
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2.1.2. Membrane

Lithium selective membranes were prepared by iptdymerization of methacrylic acid and crown
ether modified glycidyl methacrylate in pores ofl§@d membranes: Bryjak & Smolinska (2012),
Smolinska et al (2014),

2.2. Materials for the ED system

Siekierka & Yalcinkaya (20223nd Siekierka et al. (2028)escribed the preparation and prop-
erties of Ceselective membranes.

2.3. Feed

In the CDIsystem, Carpathian geothermal water, with lithium contents of 15 ppm, served as a feeding
solution (Siekierka et al., 2018Db). In the case of spent LiB leachate, a model solution mimicking the
average content of metalsbfack mas¢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 454sdid not change within a 5mes repeted
sorption/desorption procedure. Additionally, it was possible to recover 75% of lithium from the
solution. The use of lithiumelective smart membranes appeared complicated as the procedure of
inter-polymerization of monomers in plasraativated porosi membrane was poorly reproducible.

3.2. Co case.

In the case of cobalt separation, the application e$€ective 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 ekeatnmbrane processes for separation of valuable
elements from geothermal water and from speBteachate.
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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 practicesenibrane fabrication.
Conventional membrane preparations are still largely dependent on hazardous organic solvents su
as N,Ndimethylformamide (DMF), N,Ndimethylacetamide (DMAc), and-khethyt2-pyrrolidone
(NMP), widely adopted for their polymer disatibn efficiency but classified as substances of very
high concern due to their reprotoxic and environmentally harmful profiles. Recent research ha:s
focused on the replacement of traditional solvents with green alternatives in accordance with the 1
Principles of Green Chemistry, particularly the number 5 principle, which encourages the use of safe
solvents and auxiliaries [ 1, 2vplerolaédtone (GYL),abig i 0O L
based and biodegradable solvent derived from lignocellulogsimdss, 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-&oNent Induced Phase
Separation (NIPS) and Vapor InddcBhase 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
demonstated that GVL enables the production of membranes with controlled porosig¥8yand
thickness (9L 2 0 & m) , comparable to those obtained
membranes exhibited a spoAge= morphology, with welldefined poresuitable 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; sustainablenpalic membrane; phase inversion
techniques
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Effect of ammonium cations on the performance of electrodialysis of
phosphatecontaining solutions
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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 mathatical model confirmed the correctness of the hypothesis and determined the
optimal current modes for electrodialysis of phosphatel ammoniurtontaining solutions.

Keywords: electrodialysis; current efficiency; energy consumption; phosphates; ammaiperiment and
modelling

1.Introduction

The recent years have been characterized by a rapi
various electromembrane processes, including electrodialysis (ED), for processing phoaptaie
amnonium-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 aend 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
pefformance of LLMGED 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 JapaGiseesed
manufacturers were studied. The two best ones were used for réagantintenance of the pH in the LLMC

feed solution stream. The properties of commercial anion exchange membranes (AEMs) with aromatic (ASE,
MA-41P), polyimide (Fujifiim AEM Type& and Type 10) or fluoropolymer (CIJMA) 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 steelilesalutions of KCI, NkCI,

KH2PQy, NHsH.PO, or their mixtures.

1D model based on the NersBanckPoisson equations was developed to calculate the concentration profiles
of OH, H*, NH," and NH species in an AEM system with adjacent boundary diffudayers 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 ammoniunssbitions. Russian membranes (PSF2, PVTMS) can
compete with commercial samples from other countries. The chemical nature and the nanostructure c
membranes play a significant role in the performance of the LLMC process.

Bipolar membranes Neosepta -BRJgan) and TWEDBPM (China) are capable of providing reafiest
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). ThisNiA f a ¢ ialt ed di ffusi ondo occurs e\
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 polymeeaffihity

of polymers to NHincreases 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 confirch@ur hypothesis about the alkalization of the AEM volume, the
accumulation and transport of uncharged hydrated forms of ammonia through it, the enhancement of facilitate
diffusion with an increase in current density and a decrease with acidificatitnve sotution in the ED
concentration stream.
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Figure 1. 0 j 0 ratio vs NHCI and KCI solution concentration (a) and schematic diagram of the

facilitated transport of nitrogecontaining species in an anienchange membrane (8. 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 phenomenemi \sitst aniorexchange
membranes. The application of the acquired knowledge improved the performance of electrodialysis of
ammonium containing solutions.
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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 ptsonsumer plastics such as polyethylene terephthalate (PET) and
polystyrene (PS) are repurposed into vaddded 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 ciredanomy practices.

Keywords: Plastic waste recycling; Lowost membranes; Separation efficiency; Environmental
remediation

1. Introduction

The innovative approaches have focused on developing membranes from recycled plastic
waste, such as polyethyleneréphthalate (PET) derived from discarded PET bottles, to reduce
production costs and enhance sustainakiiMyringayil Joseph et ak024) This approach not only
lowers material expenses but also aligns with circular economy principles by valorizing plastic waste
into functional, highvalue membranes. PET plastic constitutes over 18% of the global plastics
industry, with productiorincreasing annually by about 5%, and global PET production reaching
roughly 360 million tons in 2025, acc(@medetng t o
al. 2023) Recent studies demonstrated PET membranes derived from plastic bottle waste exhibiting
superior performance and it enhances the wastewater treatment and reg¢esioeaching 99% for
various residual contamina(®awindran et al. 2024) Landy | | gas (LFG) i S
anaerobic bacterial decomposition of organic material contained in local solid@estdra and
Ganguly 2023)The dsign 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 gasseparation membran@huang, Tseng, and Wey 2016)he multtlevel modification
approach presents an effective strategy for developingghighr f or mance membr anes
separation

2. Material and Methods

Polystyrene as a membrane material, waste Styrofoam is first subjected to degassingapibcess
removed all the impurities.Membrane fabrication was carried out uspiase inversion as follows.
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Figure 1. Fabrication of Polystyrene membran Figure 2. Surface morphology ahodified waste PET membranes

3. Results and Discussion

The crosssectional imagesufther reveal a compact structure with negligible poro3ite surface
morphology is slightly rougher due to the dispersiomodlifierswithin the polymeric matrix, which
alters the phase inversion behaviour during membrane fabric&tiosssectional maging reveals a
significantly more porous, spongdjge structure with fingetike voids formed due to claypmduced
phase inversion modifications. Overalhe modified membranedemonstrate superior structural
modifications for flux enhancement

Facilitated Transport

h
Selective d'*o i© Hdrogen ! .
somption | 'S

P

CW Gy 9 % s
» w Bz

Figure 3. Mechanism of gas transport in Pelimpated waste polystyrene membrane

The Pebax layer, the Gephilic poly (ethylene oxide) segment, exhibits a selective affinity for the
COmol ecules due to strong dipoleiquadrupol e

| arge free volume and pol ar interactions th
permeability. 2Melm introduces nitrogenich active sites that elevae  C O sorptio
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4. Conclusions

The successful transformation of waste Styrofoam into functional polystyrene membranes
demonstrates a sustainable approach to membrane fabrication. Incorporation of modifiers enhanc:
membranemorphology, improving porosity and gas transport characteristics. The -Pehbimzd
system significantly boost s -p@il@ interpcéonsraadcatdilorddi t
microstructure.
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Synergy in the Integration of Fermentation and Membrane Separation in
Bioethanol Production
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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 ethanolurfreim 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 breyyeolishes 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 prbéuct.
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 containabout 50% water. Although larggeale biomass conversion has advantages,
transportation of watetich residues is energy consuming and reduces the overall efficiency. To ad-
dress this, we propose onsite biomass conversion at the factory by combiningdeéomemd mem-
brane separation to improve the utilization of resources.

High-temperature fermentation examined in this study operates aroui@ #hich is about
10 to 20JC higher than conventional fermentation. The elevated temperature offers advaitages
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 necessahiee fuelgrade 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 containingavious contaminants. Based on the results, a small scale biorefinery
process will be proposed.
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Technologies and Applications

2. Material and Methods
2.1. Material

The yeast strairk. marxianusDMKU 3-1042 was grown in a medium containing yeast extract 1%,
peptone 2% glucose 8% d 4C (Pattanakittivorakul et al. 2@2 Commercial polymeric membranes

and hydrothermally prepared hydrophobic zeolite (sliclicalite) membranes and hydrophilic zeolite
(MOR) membranes were used. Synthesis conditions of these membranes can be foundeelsewhe
(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 BYME The number of cells were analgzsy UV-vis spec-
troscopy at 600nm wavelength. Distillation was used as a comparison to membrane sepagation.
energy consumption and ethanol recovery rate were calculated using-apeap® cap®pen
(COCO) program. Different downstream configuratiarese 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 et#@edlive permeation and
concentrated a fewgpcent 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 membran:
pores with solid materials in the solution and with salts and sugar precipitatidhermore, the
energy required to condense ethanol vapor is significant. Reducing the load of condenser reduces t
ethanol recovery. Wateselective membranes need to transport significant amount water to concen-
trate ethanol, which requires a large neame area or extended separation tifewvever, fermen-

tation is a slow conversion process, typically over several days, thereby providingsalattive
membranes sufficient time for operation. MOR membrane successfully concentrated the bioethanc
to 90% showing its rigidness. The permeate side was almost water resulting the ethanol recovery rat
99.7 %.
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Figure 1. Example of membrane process at the downstream of ferment
4. Conclusions

A process combining high temperature fermentation and melseparation was proposed to
convert food industry waste into energy. The potential advantages of hydrophilic membranes wer:
analyzed. MOR membranes proved to be as one option suitable for such integrated process.
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Designing Nanocomposite Membranes for Advance@as and Liquid
Separations: Challenges and Promises
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Abstract

Membrane based processes offer sustainable alternatives to traditionaliatexrglye separation
methods such as distillation, absorption, and solvent extraction.ewww current polymeric
membranes often exhibit permeabigglectivity tradeoff, have limited chemical/thermal stability,

and are susceptible to fouling, plasticization and aging. The incorporation of nanomaterials into
membrane structures is a powertilategy to address these lestgnding 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 nextgeneration membranes. This presentation explores how a wide range of nanomaterials,
including twaedimensional nanosheets, edienensional nanostructuresgrystalline porous
frameworks, and inorganic nanopatrticles, 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 chenrig and interfacial compatibility within mixeohatrix or thinfilm
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 impedingdeatgeimplementation, such

as reproducibility, dispersion, scalability, and cosistly, future directions for nanomaterial enabled
membranes will be explored to achieve efficient and-démergy separations that align with circular
economy and carbon capture goals.

Keywords: nanomaterials, membranes, mixaatrix, thinfilm nanocompos#, water treatment,
solvent recovery, gas separation, CO captur e,
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Problems and Obstacles Encountered in Industrial Cleaner Production Projects
Employing Membrane Processes
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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 industri
segregated or composite wastewaters and further reuse, dggecialembrane processes. In this
invited speech, fulkcale industrial cleaner production studies and implementations along with
problems encountered in membrane processes will be discussed. In addition, water control measur
planned or already implemeat 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 reus
water efficieny

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
share of 1880% in total water use, irate varies between 50 and 80% in industrialized countries.
Developing strategies for the sustainable use of water sources in industries is necessary and comp
sory. Integrated approaches such as cleaner production and water control measures cagf-provide
fective results in reducing water consumption in industries. In addition to water use, wastewatel
amount and wastewater pollution loads can also be reduced with water efficiency practices. Witt
such practices, not only water consumption and wastewateragion can be reduced in industrial
facilities, but also energy consumption, chemical use, environmental discharge and emissions, ar
production costs can be diminished. Efficiency studies should be carried out not only for water bu
also for other inpts 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 industriaiésciWater Efficiency Fea-
sibility Study for a specific industrial facility may basically include following sections: characteriza-
tion of the facility, current water use and pricing, prodessed and other water use points, examina-
tion of relevant sectorélest 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 t@vapvater efficiency,
and costenefit 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
to discuss the problems experiethée membrane processes employed in industries.

2. Material and Methods

In the last 13 years, the authors worked in almost 200 Turkish industries for various cleanel
production studies, thesis or application/research projects. Such industries werebénanmd@
different industrial sectors such as textile, pulp and paper, leathest@el foodbeverage, mining,
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etc. The majority of these work was related with evaluating water footprint, water use mass balances,
determination of specific water consumopt 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 fattale 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 feiency 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 b
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 phmitd 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 (ploition 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 shaddtified.

The pointgequiring water efficiency practices should be determined and appropriate water efficiency
measures (BATSs) should be specified. Also, a-besiefit analysis should be conducted considering
potential savings/reductions and capéat O&M costs.

Industries require process water to be used in main production and auxiliary processes or for steam
generation, cooling water, etc. Thesepare process water from raw water sources such as ground-
water or municipal water employing membrammecessedDepending on the industry type and water
qguality requirement of each production process
unitso vary. For many Turkish industries usi ng
(generdly 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 Turkistiesjusainly due to zero cost

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

iIssues observed associated with membrane processes are mainly improper design (such as use of
design criteria from similar pjects 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 frmw knowledg 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 aiperational 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 comparedonventional 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 kndwew and experience.
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Decentralized water supply membrane systems for suate and brackish water
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Abstract

The purpose of this loagrm project that commenced in Australia in 2001, is to provide autonomous,
renewable energy powered membrane systems that can remove dissolved contaminants from divel
water sources. The applications aeenote 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 contaminatioor and/
disability through poisoning by contaminants such as arsenic, fluoride, uranium, etc.

Keywords: physicechemical water treatment; autonomous water supply; desalination;
ultrafiltration; nanofiltration; photovoltaics

1. Introduction

Water contaminatiofeads 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 conne
to ground water are common issues.

Dissolved contaminants such as arsgifuoride, 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.
Decentréized water treatment technologies can address such challenges in remote areas in that tl
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 t
Richards team, through direct coupling of renewable energies with a dual barrier mergbtame s

This system has been developed to be mobile, for reasons of research in different field locations, ar
evolved through many stages of prototypes. The
purpose of this research has been rfalteted
including i) students and researcher training, -
transdisciplinary research that investigates me.
aspects from transport mechanisms of ions throt|
membrane through to public acceptance of englnee
systems, and iii) transfer and impact generation. '

The current mobile laboratory platform is a traileatt
offers various energy supply, buffering and stor
options and that can be equipped with differ
technologies, namely the original uHlaad Figure 1. Current mobile lab pfatm
nanofiltration hybrid system and the second technol eloped and built at KIT by the Richz
which is a single pass electrodialysis system (SGH@I% nd Schafer team.
1).
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3. Results and Discussion

Various prototypeé S ¢ h 2 [, 20OO7)havie bean investigated in depth for the removal of i) fluoride
in the African Rift Valley (TanzaniajShena nd S c h 2 ane ii),uranut in8he Australian
Outback and a German surface wdtossiter et al., 20105eeing 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 fronditbet 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 p(&ssissouga et

al., 2021) determination of safe operating windo(i&chards et al., 2014pr later implematation

of operation and control strategies as well as the variability of treatment with common foulants and
scalants such as organic matter or calcium carbofatkai and Sch?2fer, 2.019; M
A summary of key finding will be presented selected from many publications that haved &xrh

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 resedrc8essh 2 f e r an
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 mogt Seeded f e r

et al., 2014)
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Abstract

Membrane technology has revolutionizgdtein 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 towardégsadt
sources grows, membrane processes now enable the industrial recovery of wheat, sunflower, ar
rapeseed proteins. Our research focuses on optimizing rapeseed protein recovery in South Swed
using microfiltration for particle removal and ultrafiltratioor fconcentration. Fouling and cleaning
were analyzedwithX ay mi cr ot omography. This presentat
in sustainable protein production from both animal and plant sources.

Keywords: Food applications; Membrane processesn#ah proteins; Planbased proteins;

1. Introduction

Proteins are vital to human health and a key part of modern food systems. With growing concern
about the environmental impact of meat and dairy, the food industry is shifting toward more sustain:
ableppt ein sources. This fAprotein transitiono
the availability of highquality plantbased options. Although animal proteins still dominate, plant
based protein consumption is rising, due to their lower caabdnvater 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 mestoncentrated to be economically
viable. Concentration reduces downstream volume, energy use, and improves efficiency. Traditione
methods like evaporation and spray drying are enggysive and can degrade hsansitive pro-

teins. Membrane separatioespecially ultrafiltration (UF), offers a leenergy, gentle alternative

that maintains protein integrity. Membranes also provide modularity, scalability, and continuous op-
eration, making them ideal for evolving protein processes.

2. Membrane applicatians for animal proteins

The dairy industry pioneered membrane use in the 1968s especially for valorising whey from
cheese production. Membranes enabled the separation of whey into-pat@oncentrates (WPCs)

and isolates (WPIs). Today, dairy presers use microfiltration (MF), UF, nanofiltration (NF), and
reverse osmosis (RO) in tailored combinations: MF removes bacteria and fat, UF retains proteins, N
demineralizes, and RO removes water. This success laid the groundwork for membranes in othe
anmal protein applications.

Egg whites are another example. Their fssatsitive properties require gentle processing. Membrane
methods, particularly RO and UF, allow ldemperature water removal while preserving function-
ality. RO reduces water contensti, followed by UF for protein concentration. These steps are often
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performed in staged, batch or setontinuous systems. Alternating alkaline and acid cleaning cycles
help control fouling and maintain performance, supporting both quality and efficiency.

3. Membrane applications for plantbased proteins

Though still emerging, membrane use in plaased proteins is promising. Similar to dairy, MF re-
moves solids, UF concentrates proteins, and NF recycles salts and water. However, plant streams are
often nore 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 UmdyFollow to recover solutes and

purify streams.

One studied plant source at Lund University is rapeseed protein. While mainly grown for oil, rape-
seedbds press cake cont ai mstrieps. Membrane fitration isnheinge d by
explored to overcome these issues. In a recent study, Swedish rapeseed press cake was milled and
waterextracted, then filtered. MF (0@ . 2 Om) showed high retention
UF membranes concentrated proteins to 80 g/L with 55% purity. Howfewing was significard
microtomography revealed dense cake layers. Alkaline cleaning helped restore flux, though some
fouling persisted. This underscores both potential and challenges-tangrapplications.

4. Outlook and conclusions

Despite sucas, 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. Innovationembrane materials, mod-

ules, and hybrid processes are addressing these issues. Pairing with electrodialysis, forward osmosis,
or membrane distillation can boost performance and water recoveryeBiments like enzymatic

or pH adjustments also help mingeifouling 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 systes 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 proteirés but on the technologies that make them viable.
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Powering the Future: Challenges and Future Perspectives in High Performance
Polymer Electrolyte Membranes for Fuel Cells and
Water Electrolysis
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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 transpardtion
stationary applications. PEMFCs offer high power density, rapid-igtarand lowtemperature
operation but face persistent challenges in performance, durability, andaagly centered on the
membrane electrolyte. Similarly, polymer electrolgtembrane water electrolyzers (PEMWES) for
green hydrogen production. Commerci al perfl u
benchmark for PEMFCs due to their proton conductivity and stability under fully hydrated conditions.
However, their hif cost, significant performance decay at low humidity, limited operational
temperature range, and susceptibility to chemical degradation under fuel cell operating condition:
impede widespread adoption. Ani&xchange Membrane Fuel Cell (AEMFC) is an emegduel

cell technology with the potential to replace PEMFCs in the future. They enable the use of cost
effective, precious metdfee materials to convert chemical energy into green electricity. However,
the advancement of AEMFCs is significantly hindebgdhe decomposition of the anion exchange
membrane during cell operation. These limitations necessitategeegtation membranes with
enhanced conductivity, mechanical robustness, chemical stability, and reduced cost.

Our research addresses these chg#le through innovative membrane design and fabrication. We
focus on synthesizing alternative polymer electrolyte membranes using two advanced technique:
radiationinduced grafting and electrospinning. Radiatioduced 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 o
uniform and mechanically stable membranes in the film form ideal for RESMwvithout solution
casting (Al kan G¢r sel et al ., 2008; | k ékel K
Mojarrad et al., 2020). Our membrane innovation strategy leveragesdibgoninduced grafting
techniqueo fabricateasymmetic membranes with eontrolled gradienin critical properties, such

as water uptake, conductivity, and hydrophilic/hydrophobic balance across their thickness. This
deliberate asymmetry is fundamental to achiewmgerior directional water managemuwiithin 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
ensuresnore uniform hydration profiles, minimizes mecluah stresses from swelling/deswelling
cycles, and consequently enhanaesrall ionic conductivity and chemical stabilitpder demanding
operational conditions.

Concurrently, we employ electrospinning to fabricate nanofilased composite and hybrid
menbranes. By integrating organic polymers with inorganic nanopatrticles, we achieveahgey
nanoscale organization of hydrophilic/hnydrophobic domains. This architecture enhances protor
conduction pathways, improves dimensional stability under hydratioyddsion cycles in
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PEMFCs, and boosts mechanical strength (Mojarrtr
we are integrating hydrogen recombination catalysts directly into the membrane matrix to address
efficiency challenges in PEMWESs, partiadly when utilizing thin membranes to reduce ohmic
losses. This embedded approach eliminates the need for separate, external recombination layers,
simplifies membranelectrode assembly design, reduces interfacial resistance, and crucially
mitigates the Bks 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 nextienerabn 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, Radiatidnced graftig;
Electrospinning
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Abstract

In this study, we report on polycyclic aromatiolymer films exhibiting neaimfrared 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 thgosition 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 salipporting wavelengtkelective polymeriims.

Keywords: Polymer Composite, Naphthoxazine, Therssiting polymer, Precipitation
polymerization, NIR selective transmittance

1. Introduction

We have reported that the polycyclic aromatic polymer particles (A. Murakami, et al.), which could
be prepeed with precipitation polymerization of dihydroxy naphthalene (DHN) and-iriBnygthyl
1,3,5triazinane (TMTA) (Figure 1(a)). The resulting particles were from 0.1 to several micrometers
in diameter and showed selective reflection of fiefrared light(N. Hano, et al.). In this study,
polycyclic aromatic polymer films were prepared using positional isomers of DHN, and their
wavelengthselective transmittance was investigated. Optical materials having selective absorption,
reflection and transmittanceeauseful in a wide range of applications such as thexaneera 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 highastdbil

no phase separation, as the polymer backbone exhibits wavesatggtkive transmittance.

2. Results and Discussion

DHN (120 mM) and TMTA (120 mM) were dissolved in
for a given time. The colorfahe polymer solution darkened with incubation, but differed for each isomer of
DHN: a tendency towards a darker col or -positonToe s er
polymer films were prepared by casting the incubated solution oriess gate and drying it under vacuum
(Figure 1(b)).Figure 1(c) shows typical UVis-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
selecivity of the light transmittance of the polymer film.

To observe changes in transmittance in solution state in more detail, observations were made over time a
reaction temperature of 50 AC. As a r e s oribinatng i t
from the naphthalene ring gradually shifts to longer wavelengths as the reaction time increased, while a ne
absorption appears around 640 nm after a certain time. The longer wavelength shift is probably due to tt
introduction of substituergroups tahe naphthalene ring and teetension of thegonjugation structure. On

the other hand, new absorption around 640 nm is presumed to the formation oticvesfge (CT) complexes
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Figure 1. (a) Reaction scheme for polyclic aromatic polymer, (b) typical image of mixed soluti
of x,y-DHN (x,y = 1,2; 1,5; 1,6; 2,3; 2,6) and TMTA after agingb@tA C 6 days in THF and
cast films from the solutianand (c) U\vis-NIR spectra of the obtained films.

between the naphthalene ring and the quinone group (oxidizewlpi®up) on the naphthalemi@g. 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 aad brittl
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 wavehgth 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 neafinfrared 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 tharaneera IR sensor systa and light detection and
ranging (LIDAR) systemPolymer 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, ke 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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2D Materials for Next-Generation Membranes from Design to Applications

Mustafla Ers©°z

Sel cuk University Department of Chemistry
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The global memitanes 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 gloladilediges, including
climate change, environmental degradation, industrial expansion, and population growth. These cha
lenges are intensifying the demand for sustainable separation and purification technologies. Merr
brane systems, with their low energy regments, modularity, and compatibility with hybrid pro-
cesses, have become strategic enablers for many applications. However, conventional polymer
membranes, while widely adopted, face persistent drawbacks, including fouling, limited selectivity,
scalabiity issues, and insufficient thermal, mechanical, and chemical stability. Addressing these lim-
itations demands the rational design of advanced membrane architectures, particularly with precis
control over pore size, distribution, and surface chemistry.

2D nanomaterials, such as graphene, graphene oxide (GO), reduced GO, MX&Nemdth MOFs

have emerged as transformative building blocks in this field. With atscaie, high aspect ratios,
tunable surface chemistries, and exceptional physicochemicatiespthese materials offer precise
molecular sieving, accelerated mass transport, and enhanced fouling resistance. Critically, the mat
rial design with machine learning (ML) and computational modelling is revolutionizing membrane
development and optimisan. ML algorithms can predict key structure, function relationships, guide
the selection of optimal materiglrocess combinations, and accelerate the discovery cycle by nar-
rowing experimental variables. This dataven approach bridges the gap betwdesoty and prac-

tice, enabling predictive tuning of membrane performance and facilitating theupcafe2D mate-
rial-enabled systems.

This presentation will provide an integrated perspective on fabrication strategies, performance
optimisation, and industiiascalability, while addressing challenges in durability, cost, and
environmental impact. Together, these advancements point toward a new generation of intelligen
high-performance membranes, engineered through 2D material innovations addvei. design

to meet the demands of modern separation science and contribute to a circular, sustainable econor
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Fabrication of a Smart SeltCleaning PES Membrane Using PMMACo-PVP
Responsive Zwitterionic Copolymer with Biocidal Properties
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Abstract

Self-cleaning membranes that integrate mechanisms to resist fouling and adsorb fouling agents,
combined with low pressure and energy requéets, are considered promising water purification
solutions. In this study PMMA&GO-PVP responsive zwitterionic copolymer (RZC) was synthesized
through the free radical copolymerization process and incorporated into a polyethersulfone (PES)
membrane matrixMembranes 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 aureuayezbtoppure 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; Seleaning 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 -@leseiing surfaces to address the
challenges posed by membrane foulibg One key strategy for creating seleaning membranes is

the use of smart materials that respond to stif2liliResponse to stimuli such as temperaisiregpH

[4], light[5], electric/magnetic fieldg6] and ionic strength7] are among the mechanisms that cause
self-cleaning properties. In general, there are three main approaches to creatohepsely and
antifouling membranes: making amphiphilic surfaces, developing hydrophilic antifouling surfaces,
and designing ngolar hydrophobic selfleaning surfaced].

In this work, a polymethyl methacrylat®-polyvinyl pyrrolidone (PMMAco-PVP) responsive
zwitterionic copolymer (RZC) comprising hydrophilic and hydrophobic units was ugeldricate a
self-cleaning mixed matrix membrane. After confirming the synthesis and characterization of
membranes, their setleaning performance and responsiveness were evaluated using-endead
filtration system. Subsequently, the removal efficiencthefmodified 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) nj@thod
PES/(PMMAco-PVP) RZC membranes were prepared from transparent casting solutions with a
solid content of 20 wt% through naolventinduced phase separation. Briefly, different weight
percentages of (PMMAO-PVP) RZC were disolved in DMAc and ¢asith a Dr. Blade with a
thickness of 170 Om on a gl ass pl-solveattofama di st
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polymer film. The performance of bare and modified membranes was evaluated in terms of watel
permeability, as well as the rejectiohheavy metals and dyes. For this goal, a system consisting of
three standard deelnd cel |l s with an effecti v &el-claaminga c e
properties of the fabricated membranes were tested by filtration of protein solution andngezsu

flux recovery ratio.

3. Results and Discussion

Figure 1a,b show the water flux results of different membranes at the tested pH and temperatures. A
modified membranes showed higher permeate flux compared to the bare membrane. This is attribute
to the higher hydrophilicity, porosity, and pore density of these membranes compared to the bar
membrane. In the acidic pH range, increasing the (PMiMd&RVP) RZC up to 2 wt% increased the
permeate flux, and at higher amounts (5 wt%), it decreased.

OBare
@ A MMA.co.PVP (b) 1 Wi% PMMA-Co-PVP
H2 wi% PMMA-co-PVP m2 wt% PMMA-co-PVP
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Figure 1.(a&b) Water fluxes and (c&d) rejection for BSA solution (500 ppm) of bare PES membrane
and PES/(PMMAco-PVP) RZC membranes under different pH values and temperatures

BSA rejection was also investigated as a fouling model (Fig. 1c,d). Bettempmiiidy 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 impectel t
assembled structures of copolymers in solution. Integrating the (PRW/RA/P) RZC into the
membrane matrix significantly enhanced its permeability, dye separation, and heavy metal removal
capabilities. The zwitterionic characteristics of the copaycontributed 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 geration technology. A critical analysis of the state of the art in membrane
processes for carbon capture application, with an emphasis eogpaististion 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 1initiat e odimponanttindwestriaBriatksts suchas e x p |
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 linited 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 researdiscussed.

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, suchMsIgO

lectivity and pemeance on the energy requirement and required membrane surface area for a target
COxpurity 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 possibilityaohieve target selectivity, CO2 recovery and energy requirement
with two membrane stages will be detailed and discussed for different carbon capture applications,
including postcombustion 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 (up0@058PU) will be
analyzed, based on tailor process synthesis and optimizatisn(MEMSIC and MIND).

Finally, the recent developments at pilot or demonstrator scale with realquobtstion flue gases,

based on existing commercially available membranes and modules will be shown and discussed. The
interest of hybrid processes ame 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 over:
energy requirement E is evaluated for different iglék volume fractions (x), membrane separation selectivig) énd

final CO; purity (y). A recovery ratio of 90% is applied for all the simulation set. The target energy requirement in order
to compete with C@absorption in chemical solvents is aroun@2thermal 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 laydry-layer technigue to investigate the effect of polyelectrolyte concentrations

(0.01, 0.1, 1 wt%) on HYDRACoRe membranes. The 0.01 wt% (PDADNSS)5.5 showed

opti mal performance at pressure of 12, i ncreas
74% to 87 %. Selectivity for Mg | relative to
selectivity increased by 74% and 133% for Na+ andréspectively. Higher concentrations led to

open structure, reducing rejection. Membranes were characterized usiS§NMFEFTIR, zeta

potential, and contact angle to assess modification.

Keywords: Layerby-layer deposition; Polyelectrolyte level; cation esmivity, Modification
stability; Membrane performance optimization.

1. Introduction

Nanofiltration (NF) membranes separate solutes by size and charge, making them ideal for water
softening and micropollutant remoyu et al., 2024)However, challengelike fouling and limited
separation efficiency necessitate stability and surface properties improvements. THw-layer

(LbL) technigue enhances NF membrane performance by precisely controlling surface charge and
thickness through sequential polyat®lyte depositior(Liu et al., 2025) Among polyelectrolytes,
PDADMAC/PSS (polydiallyldimethylammonium chloride/poly(sodidhstyrene  sulfonate))
coatings offer a balance of high permeability and selectivity with strong chemical stability (Scheepers
et d., 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 charadtenzachniques.

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 virgi and modified membranes were characterized by FTIR, contact angle
measurements, FEEM, and zeta potential analysis. Membrane performance was evaluated using a
synthetic surface water solution mimicking the Llobregat River composition, containing \&aitsus

(NaCl, NaHCO, CaSO, KCI, MgSO, and KNO) with a pH of 8. Membrane testing was
performed using a crodlow flat-s heet cel | (GE SEPAE CF 1) with
The membranes were tested for species rejection from osmotic pregsbee)(teo 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 @ation concentrations with 1GRS
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3. Results and Discussion

The modification mainly affected the active surface chafgéa potential measurements revealed a
shift in the virgin mem@dnahadtér modiicatpra The 0.@t%c h ar
membrane had a charge of +15 mV, the 0.1 wt% membrane reached +35 mV, and the 1 wt9
membrane exhibited a charge of +40 nBEM images revealed a morphological transition from a
smooth surface to a bulkier structure with visible polymer chains whendtdication was done to

the commercial membrane.

Testing with the river synthetic solution showed the virgin membrane had a water permeability of 3.9
N 0.3 L/ (mJLhLbar), while the 0.01 wt% modi

L/ (m)LhLHagher pol yelectrolyte concentratio
L/ (mJLhLbar) and 2.83 N 0.08 L/ (mJLhlLbar) fo
hi ghest for the virgin and 0.01 wtw®and iot% an e
membr anes showed | ower ))fHoruselecti{ig, st 12 bag the 0.08 81%2
modi fied membrane showed the best Mg] and
concentration membranes. Mg | rejection i mpr
to 87 %. Naor sébgéectiwicrgated from 1.8 to 3.5
Ca)] [/ Na selectivity increased from 1.9 to :

selected to balance energy efficiency and operational feasibility while alignimgreitious 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 surfat® V), by modifying it to enhance
selective sparation of moncand multivalent cations in a synthetic brackish water solution from the
Llobregat River. This was achieved by applying 5.5 bilayers of oppositely charged polyelectrolytes
(PDADMACI/PSS) at concentrations of 0.01, 0.1, and 1 wt% to opgirmiegmbrane performance in
per meability, separation, and selectivity. T
tive surface, including zeta potential, contact angle, and morphology. Increasing the polyelectrolyte
concentration resulted in a moporous 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 signirf, i dcMagnt
rejection increased by 15 %, N a selectivity
by 13 %, wi t h N a selectivity rising by 74049
(PDADMAC/PSS)5.5 modification at 0.01 wt% is the optimal confagjon for improving selectivity

and separation in sulfonated nanofiltration membranes, particularly for salinity reduction in surface
water treatment.
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Proton Electron Conducting Graphene Oxide Membrane Enables Selective
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Abstract

The development of costf f ecti ve hydrogen (H ) separation
pur i f i c aichigas mixtardComentional membranes, including microporousZi@olites,

and carborbased materials, rely on molecular sieving but sdften limited selectivity. While Pd

based membranes offer excellent $¢lectivity, their high cost restricts widespread application.
Graphene oxide (GO) membranes have emerged as a promising alternative, offering tunable
selectivity and high permeability. However, challenges remain, particularly in preventing the
pemeation of helium (He) due to its comparable kinetic diametep.fo H

In this study, we investigate theldeparation properties déinctionalizedGO membranes. We

fabricate dense, micrometdrick membranes by stacking @epedGOnanosheets and coating them

with a Pt/C catalyst. These membranes exhibit excluspyeeHmeability at room temperature. The
separation mechanism is based on mixed conduct.
at the feed side, diffuses through the membrane, and recombines to fattiélpermeate side. The

diffusion of othe gases, such as helium (He) and carbon dioxide)d® effectively inhibited,

resulting in superselectiveHseparation(Figure 1) Additionally, this approach allows efficient

separation at | ower t emper demperarrgimitatior 6fGerahi€) , o Vv ¢
based mixed conducting membraBe¥he developednembrane holds significant poteaitifor
applications in H captur e, deQ)andthewdentergtiarsof pr o d

organic molecules.

Keywords: Graphene oxideMixed conductivity Hydrogen permeation membraneydrogen
capture Deuteration
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Nanofiber Webs for Advanced Membrane Filtration Applications

FatmaYal é nk ay a
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1402/2, 461 17 Liberec, Czech Repuplatma.yalcinkaya@tul.cz

Abstract

This study investigates the developmend application of electrospun nanofiber (ENigsed
membranes for various liquid separation procedures, including oily wastewater treatment, seawater
desalination, and chiral chemical separation. By combining advanced surface modification
techniques, nanopticle decoration, and thifilm formation, the membranes demonstrated high flux,
selectivity, and mechanical stability. Results indicated enhanced performance in microfiltration,
nanofiltration, and enantioselective separation, depending on membrame @asigtudy 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 membrange have emerged as versatile and fpghiformance materials for membra@sed
separation technologies, spanning from microfiltration to nanofiltration and reverse osmosis. This
work consolidates significant insights from our prior research][bn ENFbasd 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 structuresemonstrating 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 oleophobicititimgsn 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 werabficated 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
andadhesive bonding methods at controlled temperatures. For specific applications such as seawater
desalination and racemic compound separationsfillnmmcomposite membranes were developed by
interfacial polymerization on the nanofibrous scaffold usingrnagiae (PIP) or aphenylenediamine

(MPD) as monomers with trimesoyl chloride (TMC) from SigAddrich. Surface modification tech-
niques were employed to tailor membrane properties: argon plasma treatment followed by alkaline
hydrolysis (NaOH) was used toleance hydrophilicity and reduce surface energy, while silver nano-
particles were synthesized and deposited onto PVDF nanofibers via-adasted (Litron Lasers;
LDY300 PIV Series diod@pumped, dual cavity), eeimiendly 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, -FH, NICOLET 1Z210). Contat angle measurements
(Kr¢ss GmbH) were used to evaluate surface w
ing, and delamination resistance were conducted to assess mechanical and filtration properties. F
tration experiments included oily astewater treatment using real industrial effluents (including
pitch/tar oils, engine oil emulsions, and kitchen grease), saline water filtration using standard sal
solutions and real seawater under dead conditions, and chiral separation of racemic-ypto-

phan (from SigmaAldrich) 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 Discussn
The summary of the results are given below:

Wastewater Treatment: PAfsed hybrid membranes exhibited high flux under low pressure, suita-
ble for microfiltration. Surfacenodified PVDF/PAN composites demonstratedrepellent behavior

and maintainedihgh wat er per meability (~25,000 LLm |
kaline treatment.

Desalination via Nanofiltration and Reverse Osmosis: -filim nanofibrous membranes achieved
9B8i99% rejection of dival en tnedssaongnsechénMda iSt€yrity un-N a
der pressures up to 4.8 bar. The parametric study showed that lamination temperature significant|
affects nanofiber morphology, thereby influencing water flux and salt rejection- BRIPIPbased
membranes showed distinflux/selectivity tradeoffs 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, aghipvio 99% prefer-

ential retention of tenantiomer without compromising-8nantiomer transport. The PA active layer
and selector distribution were key to sustained selectivity andtewngmembrane stability.

4. Conclusions

ENF webs, when supported, fagemodified, 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 iasing
expanded the performance window of nanofiber membranes beyond laboratory feasibility to potentia
reatworld applications in environmental and pharmaceutical sectors. Future research will focus or
scaleup, antifouling strategies, and the use of griedmication techniques. These innovations will
further enhance the environmental sustainability and economic viability of narbébed
membrane technologies.
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Engineering of Robust PFAS-Free Hydrophobic Hybrid Ceramic Membranes
for Desalination
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Abstract

We present PFASree hydrophobic macroporous alumina membranes functionalized with
alkylphosphonic acids for hydrophobic desalination applications. Both C12 and C18 phosphonic

acidmodi fi ed membranes exhibited highypessues cont

(>19 bar). Characterization using FTIR, seddite NMR, and XPS confirmed robust phosphenat
bondi ng. Stability tests under desalination
minimal hydrophobicity loss (~7%), outperforming conventional Pfddlified membranes. This
environmentally friendly approach offers a robust, scalablenalti®e for longterm operation in
desalination and related separation processes.

Keywords: PFASfree membrane; ceramic membrane; alkylphosphonic acid; surface modification;
desalination; membrane distillation

1. Introduction

Freshwater scarcity and thendand 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 vappotirans
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 isstly 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 strorglent bonding with metal oxides

(up to 3) and excell ent hydrol-At i © smambt anegs

grafted with two alkylphosphonic acids having an alkyl chain of 12 or 18 carbons. These
modifications were evaluated for hygtwmbicity, surface bonding, and lotgrm stability under
desalinatiorrelevant conditions. To our knowledge, this is the first study to systematically apply
alkylphosphonic acid grafting on ceramic membranes for desalination, supported by various
spectrosopic analysis.

XPS

__________________________
Water contact angle >130° 1
LEPw >19 bars %

Pristine ceramic membrane

i S ! PE—— SR G I 2
Figure 1. Schematic illustration of the research approach presented in this work.
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2. Material and Methods

MacropeNlous Wweramic membranes (80 nm pore si
cleaned via ultrasonication and dried. Membranes were grafted by immersing them in a solution o
alkylphosphonic acid @dodecylphosphonic acid (C12), or octadecl o s phoni ¢ aci d
overnight. After washing and vacuum drying, surfaces were characterized using water contact ang|
(WCA), liquid entry pressure of water (LEPw), and toluene flux measurements.

WCA was measured using the sessile drop methoewL&as evaluated with a deadd permeation

setup pressurized with 2N Toluene fluxes were determined at 10 barg using the same setup.
Characterizations of the grafted surfaces were condiatadertransform infrared spectroscopy
(FTIR), solidstate Nuatar Magnetic Resonance (ssNMR) andglay Photoelectron Spectroscopy
(XPS) analysis Gr aAlt e@d Upowders were prepared si mil
stability was tested by exposing the grafted
by WCA and FTIR reanalysis.

3. Results and Discussion

Modified membranes shavd WCA val ues 19f ah20 118 42 vih BEPWA (
values >19 bar. Toluene flux remained stable before and after surface modification, indicating nc
clogging of the pores. FTIR confirmed the disappearance@flRind P=0 bands and emergeate

Pi Oi Al vibration bands, suggesting covalent phosphonate bon#liAgsolidstate NMR revealed
mono and bidentate phosphorus environments, consistent with robust bonding.

XPS showed uniform phosphorus distribution across the surface. After thermalesghosure for

three days, membranes showed only ~7% WCA loss with unchanged FTIR features, demonstratin
superior stability compared to PFAfased membranes.

4. Conclusions

This study demonstrates the successful development of ffEABydrophobic cemaic membranes
through alkylphosphonic acid grafting. The modified membranes achieved excellent water repellenc
and stability under harsh desalination conditions, outperforming conventionatifds&8 coatings

done using alkoxysilane linkers in both perf@nce and durability. Importantly, the structural
integrity and permeability of the membranes were preserved, and no signs of degradation wer
observed after three days of exposure to saline conditions. This work also represents a nove
integration of advaced 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 alternatwerfdorane
distillation and crystallization processes.
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Stable Porous Graphene Oxide Membranes by Confined Growth of 2D MOF
Nanosheets for Highperformance Desalination

Mengjiao Zhaj Farhad MoghadaniKang Li *

Barrer Centre, Department of Chemical Engineering, Imperial College London, Exhibition Road, London SW7 2AZ,
United Kingdom K.Lil@leeds.ac.uk

Abstract

This study presents a MOF@porous graphene oxide (PGO) composite membrane, where tie confine
growth of twedimensional CuBDC within the PGO matrix enhances structural integrity while
preserving water transport pat hwanjasinggOuw®andi nat
PGO nanosheets mitigates swelling, ensuring-tengn stability. Thaesultant membrane achieves

a water flux of 124 kg m | h T in conventiona
efficient water carrier pervaporation mode, both while maintaining a NaCl rejection rate above
99.9%. This study offers a promisingagegy for stabilizing PGO membranes, paving the way for

more energefficient desalination technologies.

Keywords: PGO membrane stabilization; Confined growth; Coordination interaction; Laminar
frameworks; Desalination

1. Introduction

Stabilizing GO memtanes via MOF interactions has shown promise for enhancing structural
integrity without sacrificing separation performance (Q. F. An et al., 2021). However, the widely used
cost acking method reli s iomt ewreadkt iedneatstabiliyoft tad i tch
pre-synthesized MOFs and GO (H. G. Alemayehu et al., 2022). Recently, Moghadam et al. (2024)
demonstrated a twstep in situ growth of PGO/ZIB membranes, achieving specific coordination

bet ween Zn] and GO h ynprowed nphustngss, embedding 3WMOFse t h
di srupted t he GQOoaldrdssatms, wegpnopose fa confingd insiel growth of a 2D

MOF, CuBDC, within PGO membranes fabricated via vacuum coating. CuBDC nanosheets are
grown by contradiffusion, with hie oxygercontaining 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 membran
stability while preserving the laminar structure. The resulting MOF@PGO composite membranes
exhibit excellent desalination performance in both conventional and ee#iggnt watercarrier
pervaporation, demonstrating a robust and wstinle platfornfor 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) prepavegi@ 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 vacassisted selissembly 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 {sjtingrowth of CuBDC nanosheets within the
laminar structure of the PGO membrane via a cedtiffasion method by applying the ligand solution
(M, H.BDC : DMF : Acetonitrile =1 : 214.7 : 106.0) and the metal solution MAd(NG)¥ 5H.0

: DMF : Acetonitrie = 1 : 312 : 154) to the outer surface and the lumen of PGO HF membrane,
respectively.

3. Results and Discussion

NaCL Rejection (%)

= =

Flux (Kgm~h™')

———a

nZ

I
OO A A A— A AFIO0
1204 [ —

AP —9—2—0—0——af %
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NaCl rejection (%)
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= o I 95
40s Coating 80s Coating 120s Coating 40s Coating  80s Coating 1205 Coating CuBDC@SPGO4)  CuBDC@SPGOSY CuBDC@SPGO120

Time (h)
Figure 1. The desalination performance of the pristine sSPGO and CuBDC@sPGO membranes tes
via (a) RO performance, (b) pervaporation sgst 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 ir
proved permeance and NaCl rejection. In pervaporation, an exoepta | flux of 124
observed, nearly four times greater than that of the pristine SPGO membrane, while 99.9% salt reje:
tion was maintained. In addition, it showed competitive performance in water carrier pervaporation,
underscoring its poterl for leveraging lowgrade energy sources in desalination.

4. Conclusions

This study not only addresses key challenges in developingpleigbrmance MOF/GO composite
membranes with a laminar structure but also presents a promising approach for figbradaist,
energyefficient membranes. These findings open new avenues for advanced desalination and wats
purification technologies.
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SolventResistant Membranes Prepared Via LayeBy-Layer Assembly of
Cellulose Nanocrystalsand Poly(Acrylic Acid)
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Abstract

Cellulose membranes present excellent solvesistance due to the inherent stability of cellulose
against dissolution in common molecular solvents. In this study, cellulose support membranes
prepared by phase inversion are coatea layerby-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.
Membrmnes with molecular weight coff of 1.8 kDa in dimethylformamide and 3.6 kDa in
dimethylsulfoxide show stable separation performance when tested up to seven days, while specific
solutesolvent interactions appear to dominate the separation performaDséafPAA membranes

in methanol.

Keywords: Organic solvent ultrafiltration, cellulose nanocrystals, ldygetayer assembly

1. Introduction

Layerby-layer (LbL) assembly of polyelectrolytes recently gained interest in polyelectrolyte multi-
layer membrané&brication, 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, numberlaf/&is and podreatment 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-asliilose
multilayers formed by &rnating 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 salvents

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 previgtter 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 CutOff (MWCO) was determined via stirred deadd 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 werenegas stirred deadnd

filtration and concentrations were determined by-\igible Spectrophotometry.

3. Results and Discussion

During deposition of both CNGind PAA layers a monotonous drop in permeance and corresponding
increase in resistance weaybserved, 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 no
thicker but denser layers when 250 kDa PAA was used. PAA of both molecular weights decrease:
the MWCO of the support membrane (Table 1).

Table 1. Solvent permeance, MWCO and RB rejection of phthalated cellulose support membranes
(PRCA) and CNUPAA coated membranes

Permeance (L/fhbar) MWCO (kDa) RB Rejection
DMF DMSO Water MeOH DMF DMSO Water Water MeOH

PRCA 37N 26N 69N 97N 182 8.4 15.5 98% 58%
CNC'/PAAs 19N 9N2 28N 39N 3.6K3. 7K6. 0K 99% 96%
CNC/PAA1s 11N 6N160N 87N 1.8K4.9R5. 8K 099%  71%

Membrane

While the PAA molecular weight did not affect the MWC@IMSO, CNC'/PAA1 g showed signif-
icantly lower MWCO in DMFIn methanol, the MWCO dENC'/PAAzsowas higher than the support
membrane, possibly due to PEGPAA specific interactions in methanol leading to faster PEG
transport, which should be investigateditfier. We hypothesize that the structure of CIRBA2s0
membranes consist of a distinct,¢jike polymer layer between CNQayers when PAA (250 kDa)

was used, while PAA 1.8 kDa penetrates more into the ‘Qal@rs, owing to its small size giving

rise toless distinct and less resistant layers and more charge compensation. The difference in MWCi
when the two different solvents are used in the feed may then relate to the different extent of swellin
of these structures in DMSO and DMF. Rejection of theranidye RB was significantly affected

by charge exclusion, which was weaker in methanol than water (Table 1). The lower rejection of
CNC'/PAA1 s supports our hypothesis, also shown in Figure 1.

ﬁ# Kzﬁ& %ﬁ PAA (1.8 kDa)

Support Support PAA (250 kDa)

Figure 1. Hypothesized structure of CNIPAA1 s (left) andCNC*/PAAzso (right) membranes

Comparing the overall separation performance of the membranes considering both permeance al
MWCO, it can be concluded that CNAA1 g membranes are twice as permeable as TREA 250
membranes with similar MWCO, and also baligher permeance than typical solvesdistant
membranes of similar MWCO made by conventional techniques.

4. Conclusions

LbL coating of loose cellulose support membranes with Cal@@l PAA vyields high flux tight
ultrafiltration membranes that show stlglerformance 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, ditosan, 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 pol.-lactic acid (PLLA) ultrafiltration (UF) membranesadifferent percentages

(1-10 wt.%) in dimethyl sulfoxide (DMSO) via the CCD method. The fabricated UF membranes
exhibited interconnected microchannels at a pore size range-26 tim and high pure water
permeances (PWPs) ranging from 732 to 824 LMHlbar

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 petrebas® 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 eefriendly and sustainable approach, studies on biopohased membranes

have attracted a great deal of attention in recent yeiarst al. (2024) reported that subzero coagu-
lating environment leads to chitosan UF membranes with improved PWP/rejection cafdabiligt

al. (2024)developed UF membranes with higher PWP (179.4 LMH)bidwan that of the pure PLA
membrane (103.4 LMH bay by blending acetylated cellulose ether via a phase separation method.

In this study, chitosan was modified wgbdium dodedysulphate (SDSjo overcome its insolubility

in organic solventshat is the main obstacle that makes it difficult to process by traditional phase
separation method3$he integration of the modified chitosan into PLLaApromising biobased pol-

yester dued its sustainabilityat various percentages by the CCD method yielded UF membranes
with well-connected microchannelsigh PWP/separation performance, and improved hydrophilic-

ity.
2. Material and Methods

Chitosan (Mw =196810 kDa, deacetylation degree:-85%) and SDS solutions (3% w/v) were
prepared in acetic acid solution (5%, v/v) at@@nder 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 washedith water and dried at 6G. Then, PLLA and the modified chitosan were

blended in DMSO (099.7) solvent at various mas
20% (w/v). Then, the polymer dopes were homogenized in a rotating mill for 48 moucast onto
an aluminum casting plate in 500 Om | ayers. Fi

cooling plate at30°C and immersed in an iegater bath.
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Membrane morphologies were characterized by a LEO Gemini scanning electron micr8&ddpe (
under 5.0 kV. The PWP of the membranes was measured in-@u@dittration system under 1 bar.
Liquid-liquid displacement porometry was used to determine the pore characteristics. Water contac
angles (WCAs) were measur.ed with a Rambéehart

R L <o o €
X @ m®m =l B @ 5.

3. Results and Discussion

Pure PLLA and PLLA/SDSChit_10% membranes demonstrate-sez$®n 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 separatiorface and through the separation layer of PLLA/SDSChit_10%
seem much smaller relatively (Fig 2d®. 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 oftross sections (a,b) and separation surfaces (c,d) of PLLA and
PLLA/SDSChit_10% membranes, respectively

Fig. 2(a,b) reveals that increasing throyglo r € porosity from 7N0. 5% i
the decrease in permeability with increasing SD®sshn content (10%). WCA decreases to
55. 8 Nfor. 2t 9 2 at 60\WA.% BR2S/Chitosan content, indicating improved hydrophilicity
which can also be considered as a sign of enhanced fouling resistance performance.

a) . b) 100 50
- |PWP " | Poressize o0 P § g
8001 5% 80 s -~ 40
g700{ | || s [T B A s [ 35
Sl [ | ELIR |2 IvE e o SO e I o R TR
= LR B BT B B s 2 P i Srils 2
= EIEEEE S S5 gl e l Z
Saol | B IISIIEIIZIIEI[T2 =« S iGN O e O e BT 20 &
300 | |12 |12 |8 A 118 | ho s Y o D&% o 2 158
N2 114 | |9 g 2y 2 @ a 10
A 2001l | |2 | | 1 1 Ls < b P <
w3 | 13| |13 Il = | R Bl Sl ot g o i
oladl Uad U LA U Ua L, o= A e A A = 0
Figure 2. PWPs&mean flow pore siz¢a) and WCAs&througipore porosity (b) of PLLA/SDSChit
membranes.

4. Conclusions

A green strategy has been introduced for the fabrication of biopolyased PLLA/SDSChit UF
membranes as eddendly and sustainable alternatives to petroldaamed membrees by the CCD
method. Chitosan modification yielded a DMS6luble 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 esdhawnith incorporation of

SDS/ chitosan. The mean fl ow pore size decrease
blending while the PWP value remained almost the same at 783 and 785 LMHhaaks to the

increase inthrough or e por os5 % yt of r203rN 07. N30%.
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Investigating Biofouling Behavior Under Conbined Effects of Foulant
Interactions and Transmembrane Pressure
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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 &
model foulants, the combined effects of their concentrationpeessure 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 mod
flux recovery and irreersible 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 recovergddhe areversible
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 petsigt 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 tt
membrand Al Sawaftah et al ., 2021;.MB&reover, the pregaence pf 2 |
multiple foulants and their mutual interactions can further complicate fouling behavior, particularly
under varying transmembrane pressure@kamatsu et al.,, 2020; Wang et al., 2023)

In this study, bovine serum albumin (BSA) and sodium alginate were used as model foulants ftc
investigate the combined and single effects of dotilconcentration 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 deve
predictive models corrating flux recovery ratio (FRR) and irreversible fouling percentage with
foulant concentrations and transmembrane pressure. Hermias fouling (hoda&sal., 2022jvere

also investigated to understand the fouling behavior in the presence of those two foulants.

2. Material and Methods

The experiments were performading a deaend filtration setup with BSA and sodium alginate
solutions varying concentrations of each foulants, from&@®@ppm. The transmembrane pressures
were also varied at three values, 5, 7.5, and 10 bar. An experimental design was deveigped usi
Minitab software, and the tests were executed accordingly. RSM was employed to construct empirice
models describing the influence of operating parameters on fouling behavior. Flux recovery ratio anc
irreversible fouling percentage were used as perfoceandicators.
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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 concetrations had less impact compared to their combined effect with the most

Wyndham Grand Izmir Ozdilek, Turkiye
www.memtek2025.org

severe fouling occurring at 7.5 bar and mid concentrations of both foulants. This suggediseanon
relationship between pressure and fouling severity. The tuned quadratanredaghow in Eq. 1:

FRR=171.0 +0.065@,, +0.0818,

Her mi

aos

model

3.1

anal ysi s

45.1R

0.000182, G,
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transitioning later to complete or intermediate blocking mechanisms.
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Figure 1. The experimental FRRersus the predicted FRR using the Minitab model in Eq. 1.
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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. Conclusbns

This study highlights the complex interplay between pressure and foulant interactions in determining
membrane fouling behavior. The findings suggest that operating at intermediate pressures an
concentrations may aggravate fouling as a result of alearnrgeraction between BSA and alginate.
The individual analysis of the different Hermias fouling models were essential to better understanc
the dominant fouling mechanism under the studied conditions.
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Abstract

In the last two decades, the use of-based feedstocks for plastic materials has become of great
importance due to the rise of concepts such as
which is cultivated throughout the world, is a versatile source for the synthesishafda@id materials.

Herein, we isolated fatty acids from maize oil and uesn to modify maize starch to prepare
organosoluble starch. We then prepared plastic films by using the modified starch, glycerel, and 2
methyltetrahydrofuran (ReTHF), which is a bidased 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.-MeTHF, a biebased solvent, can also be produced from-stwwer (Khoo et al.,

2015, and Peske et al., 2023)

Previously, organosoluble staralas prepared by using different methods. Moreover, organo-
soluble starctbased films were prepareBdetje et al., 2023
Herein, we prepared fatty aerdodified organosoluble starch by using fatty acids derived from corn
oil and used 2VleTHF for the film asting procedures. Therefore, dee v el oped t he conc
from mai ze 0 aasddplastienpembranas bybusirg fatty acids, stghpterol,and a
solvent which all are derived from maize.

2. Material and Methods

Corn oil was obtained frora local market. 2eTHF, 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 wertusityccharacterized 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 arsdegkxd 500 mL
flask.100 mL of 11% NaOH solution was prepared and added to the Mlasflux condenser was
attached to the flaske he reacti on was boiled at 80AC for
mixture was distilled, and ethanol was removed under vaclinem,1M H>SQs solution was slowly
added to the resulting mixture until pH3he formed fatty acids were separated by forming a phase
in the aqueous solution.

2.3. Starch modification
Starch modification was conducted according to the literaBoetjeet al, 2023) B
2.4. Membrane preparation

3% modified starch solutions were prepared by dissolving the fattyvamdified starch in 2MeTHF.

10, 20, and 30% glycerol (with respect to the weight of the modified starch) added solutions were
also prepared. Thethe 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 specitr:
The addition of glycerol ledo 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 bBiased plastic membranes by using fatty acids, stghpterol,and a

solvent which al/l are derived from mai ze. Th
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Abstract

Chemical methods, especially hydrometallurgy, stand out in terms of high recovery rates and process
control. This study presés the design and application of a me&tjanic framework (MOFpased
membrane for the selective recovery of rare earth elements (REEs) from a complex leach solution
originating from crushed smartphone displays. A twofold interpenetrated MOF-IY&yrihesized

using zinc nitrate, trimesic acid (BTC), and a triazolectionalized biphenyl linker (DTB), was
employed as a selective adsorbent layer. The leach solution consisted of ethylene glycol, choline
chloride, and dissolved REE salts. The experimefitalings suggest that NCW exhibits
outstanding performance in REE recovery under acidic and chlacideconditions, offering a
sustainable and efficient alternative to conventional solbaséd extraction processes.

Keywords: NCU-1; MOF Membrane; RarEarth 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 impaidatite protection of the
environment as well as resource conservation. Solvent extraction or preciditasieh separation
processes are timmnsuming and generate chemical waste. M@sed membranes, however, can
provide singlestep, selective recovewith their adjustable pore size as well as functional groups. In

this work, a reported MOF (NCU) is prepared and used as an adsorptive membrane layer for the
recovery of REEs from an ethylene glyiodholine chloridebased deep eutectic solvent systertinwi

REE ions.

2. Material and Methods

Trimesic acid (BTC), 4,4i(1,2,4triazot4-y)-1,1*b i pheny | (DTB) , Zn( NO ) L
ultrapure water were used for MOF syntheBiee leach solution was prepared following a previously
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established protocpiwhere ground smartphone glass was treated with a deep eutectic solvent
composed of ethylene glycol and choline chl o

2.1 Synthesis of NCU1

NCU-1 was synthesized via a solvothermal method. In a 20 mL HhE& autoclave, 21.0 mof
trimesic acid (BTC, 0.10 mmol), 28.8 mg of 4l44H-1,2,4triazok4-yl)-1,1-biphenyl (DTB, 0.10
mmol ), and 29.5 mg of zinc nitrate hexahydr a
of acetonitrile and 8 mL of wultrapure water.
After slow coolingto roomt@per at ure at a rate of 5 AC/ h,
collected by filtration, washed with ethanol and deionized water, and dried in air. (Hu et. al. 2024)

2.2REE Adsorption Experiments

The synthesized NCU was tested for its adsorptiperformance using a synthetic leachate mim-
icking endof-life smartphone screen dissolution, prepared by treating ground screen material with a
deep eutectic solvent (ethylene glyicdioline chloride mixture) followed by filtration. The leachate

pH was adjsted to 4.5 for optimal REE capture. 10 mg of NCWwas added to 10 mL of the leachate
and stirred for 60 minutes at room temperature. The solid material was separated by filtration (0.2:
Om membrane), washed, and dried.

2.3 Desorption and Reusability

REEloaded NCU1 was treated with 0.01 M HNO (pH @
regenerated MOF was washed, dried, and reused in up to four adsatgesiorption cycles to assess
reusability.

2.4 Characterization and Analysis

REE concentrations baf® and after adsorption/desorption were determined byMSPThe struc-
tural stability and morphology of NGW were characterized by XRD and SEM analyses.

3. Results and Discussion

The synthesized NCU exhibited high crystallinity and wetlefined poroiy. It demonstrated strong
selectivity and high adsorption capacity toward light REEs from the leach solution. The structure
remained stable after four adsorpiidesorption cycles.

4. Conclusions

NCU-1 successfully enabled efficient and selective regowélight REEs from an industrial leach
solution. Its reusability and affinity for target ions highlight its potential in-eam¢h recycling.
Further work will explore its applicability in continuous systems.
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Abstract

In this work, cellulose acetate (CA) nanofiltration membranes are used to separate a salt (NaHCO3)
from a neutral organic molecule (etbgk 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; SaRejection; Organic Separation

1. Introduction

In ethylene glycol production, aqueous solutions of ethylene glycol containing sodium bicarbonate
(NaHCQ) are formed and treated via flash distillation to remove salt from the sol&Rewerse
Osmosis (ROand 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 combirgiti®mivent evaporation and
phase separation, yields anisotropic, Higix reverse osmosis membranes with a thin selective layer

on a porous substrate.this study, cellulose acetabased nanofiltration membranes were fabricated
using this method. Theffects 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 Eastthan PP2 00 ( Acet vyl content %3
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 celbse acetate blend membrane was purchased from Sterlitech.

Table 1. Solution ContenFor CA Nanofiltration Membranes

Chemicals Unit Membrane: CADA Membrane: CAFA
CA % wt 25 25

DMSO %owt 37.5 -
Formamide Yowt - 30

AC Yowt 37.5 45
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Table 1 outlineghe solution compositions used in producing CA membranes. The homogeneous
solution is applied to a clean gl ass surfac:eé

then immersed in water to start NIPS. Following membrane production, the mendreimeshersed

in hot water -8minuedtd ddetyd WweCanrealing piisatment. Rejection tests

are done in stirred deahd cells at 3.75 bar. Ethylene glycol concentration was measured by Total
Organic Carbon (TOC) analysis and NaH&0Oncentration was correlated to conductivity.

3. Results and Discussion

Wet annealingof CAA membr anes at 90ACaHE€O 3 rmiject € ®r
to 95% while preserving EG transmission (Figure 1)-ICA me mbr anes anneal e
minutes demonstrated comparable performance. SEM imaging and phase inversion observatiol
provided information about membrane morphology ahése separation kinetics. Formamide
containing solutions had the slowest instantaneous phase inversion rates, which correlated with tf
densest membrane structures. In contrast, membranes made from-&@vi&ing solutions had

more asymmetric morpholagg and faster phase inversion.-ODA membranes cast at commercial

size under simil ar conditions also achieved
Not Annealed Membranes Annealed Membranes Commercial Sized Membranes
100 —
. (a1) 2 = (a2 = o2 (@3)f3
80 A
2 60 - . r28
5 ; H
£ 40 g
17
20 - ) H—l . . ]
*
0 T T T O
CA-FAOE CA-DAOE m_mnggawABM CA.DAnEQSWMM $B50CA 5CA.DA0E95WA3M
NaHCO: Rejection % . 2.5 wt% MEG Rejection % 26 wt% MEG Rejection % % PWP (LMH/bar)
7.0E-09 ”
. @ CA 25 DMSO 30 AG 45 P—

< f;;;r @CA 25 DMSO 375 AC 375 % (d-)

f% ::CE:C; ®CA 25 FORMAMIDE 30 AC 45 2 ' " e

g s0E09 CA 20 DMSO 40 AC 40 1 (G.) ' .

g 2.0E-00 I I - H i it { i s -. it

1.0E-09 . L 4 T T Sy “Ty=2e-11x Ry
0 1 2 4 I[i) [ 7 8 9 10
Figure 1.( A) N aB&®REjection (%) and Pure Water Permeability (PWP) Of (a.2F8And

CA-DA Not-annealeda.2) CAFA and CADA Membranes, Both Weinnealed (9% C A nAdC ,9 5
3min, Respectively) (a.3) SBSDA and Commercial Size Cast @A (95A C, min3Net An-
nealed) Membranes; (B) Instantaneous Phase Inversion Rates Of TBb& @Ad CAFA; SEM
CrosssectionOf The (C) CADA Membrane (9% C ,min3Vet Annealed); (D) CA&AA Membrane
(90 A C ,min3Vet Annealed).

4. Conclusions

By modifying solvent composition to vary phase inversion kinetics, anecpasgfulation annealing,
CA-based NF membranes are producedetich >90% NaHC®rejection while allowing almost
complete ethylene glycol permeatidn.comparison, the commercial RO membrane (SB3() re-

jects NaHCQ@by 89% and EG by 31%. The permeance of the CA NF membranes produced, on the
other hand, are lower thahese commercial membranes and current work is undergoing to improve
the permeance without altering selectivity.
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Abstract

Studies on biopolymebpased polymer electrolyte membranes (PEMs) as green aites to
petrochemicabased 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 fpoimted waste papers and modified to obtain
cellulose acetate (CA). Nanocomposite membranes consisting of nanofibers with diameters in the
range of 157261 nm, with improved water uptake (WU: 210%) and ion exchange capacities (IECs:
0.5-2.1 meqg/g) were deloped 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 attemtias green energy conversion systems with high power
density in response to the increasing global energy demand. In additiehjodegradable toxic
waste accumulation and safe disposal challenges of petrochdrassal polymers have prompted
researchert explore green alternatives to synthetic PEMs. Cellulose is a promising alternative for
synthetic PEMs due to its eatanding properties such as, thermal stability, chemical resistance,
biodegradability, and hydrophilicity. Recent studies on cellubzsed PEMs have focused on the
ionic modification of cellulose through its functional groups (Aburabie, 2021) and micregcatex

ionic additives to improve IEC (Khalifa, 2021). In this study, cellulose was extracted from printed
waste papers and thenetglated. The integration of S_SIONPs into CA matrix by the
electrospinning method yielded CA/S_Si@embranes.

2. Material and Methods

10 g of printed waste paper (1x1 cm pieces) were treated with a 250 mL solution of 10% (w/v)
Na:SiOs, 5% (w/v) NaOHand 10% (w/v) HO. at 6CC 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
HoSOs( 97 %) was added dropwise and stirred at 38A(
and stirred for 90 min. Finally, CA was precipitated by adding 120 mL of 67% (v/v) acetic acid (aq)
under stirring at 5, washed with water until pH 7 and dried.

For the sulfonation process, 1 g of SiBPs (1620 nm) were dispersed in 20 mL of methanol and

then 15 mL of 0.5 M E5Qs was added. The suspension was kept under ultrasonication for another 1

h and then refluxed at 1KP8WWee wdshed, driéd ahd dispeisesl inr e s u
DMF using an ultrasonic probe for 2 h. The suspension was added to CA dope (in DMF) at 1% and
10% (wt) S_SIiQ percentages. Final CA concentration of pure CA dope and CA/S ndiKiures

were fixed at 12% (wt/v). Flow ratgp-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\NBswere coded as CA,
CA/S_SiQ1%, and CA, CA/S_Si€10%, respectively. Spectral and morphological analysis were
conducted using a Perkin Elmer spectrometer and a Zeiss/Supra scanning electron microscope, |
spectively. WU and IEC values of the membranes were determined byathengric analysis and

back titration method, respectively.

3. Results and Discussion

Based on Fig. 1¢a), the fabricated membranes consist of continuous nanofibers and the average
nanofiber diameter decreases from 299 to 157 nm with 10% NP contecatimglia promising im-
provement in active surface area/volume ratio required for S [$MOattachmentThe new band
emerged at 1760 ci(Fig. 2a) is attributed to C=0 stretching vibration of acetate groups and con-
firms the successful acetylation of cellséo The emergence of a new signal at 1174, worre-
sponding to SeH stretching modes verifies the sulfonation of SNPs.

Average nanofiber
diameter: 157 nm
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Figure 1. SEM micrographs and diameter histograms of CA @RJ/S_SiQl% (b), and
CA/S_SiQ10% (c).

As a result of 1% Si©NP @ntent, 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 membramdthough, IEC increased to 2.1 megg a result of 10% S_SiO

NP content, WU data could not be provided due to the gelation of the membrane.

a) b) 500 I 2.0 &
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& o Ton Exchange -3
< SR | . 158

X 15 o DS
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g £ : g
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I
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Figure 2. FTIR spectra of neat and modified cellulose andSighoparticles (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 producti
has been developed by incorporating S >$®s into the CA matrix via electrospinning. As a con-
clusion, 1% S_Si®NP incorporation into the CA membranesreases the WU by 72% and IEC by
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264% compared to pure CA nanofiber membrane. How&®é6, S_SiQ NP content results in di-
mensional instability in water. These results demonstrate the high potential of CA/&aBd@om-
posite membranes as cost effectivd green PEM candidates, however, further studies for improved
dimensional stability in water should be conducted.
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Abstract

Nanosheebased membrane desigffers promising potential for scalable fabrication. We present a
simple and effective approach for fabricating Bfnembranes on porous polymer supports using
surfactarassisted nanosheet assembly .-&lilembranes were fabricated by directly filtering as
synthesized colloidaduspension in the growth solution, without any additional purification steps.
The resulting membranes were compact, free o
selectivity exceeding 3500 at 2 %edt Beapplichbleso st
a wide range of metal organic frameworks (MOFs) with nanosheet morphology, offering a promising
route toward scalable ultthin MOF membrane fabrication.

Keywords: MOF; ZIF-8; Nanosheets; Membrane; Gas separation

1. Introduction

Compared to conventional thermally driven methods like distillation and adsorption,
membranebased gas separation has demonstrated superior energy efficiency asftectiseness
(Koros, 2004; Baker, 2002). Owing to their we#fined porous architectige metalorganic
frameworks (MOFs) have emerged as a prominent class of materials for gas separation, offering tr
ability to differentiate similasized molecules while achieving both high permeance and selectivity.
The recent development of MOF nanoskef@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;&ifanosheets have recently been
synthe&zed using a surfactaiatssisted approach, marking a key step forward in the field (Wan et al.,
2020).

In this work, we present a rapid membrane synthesis approach employiBgaifosheets prepared
through a bottorup synthesis method. The membranes wWalgicated 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/la high B per meance bl 6m2) 1s1D Pa 1. T
demonstrated remarkabl e i1 deal selectivities
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 botiprapproach described by Wan et al. (2020). To
obtain large, welfaceted ZIF8 nanosheets, the crystallization temperature and time were carefully
optimized. Vacuum filtration was used to fabricatembranes on the PBAM polymer support. The
ZIF-8 nanosheets and membranes were characterized using XRD, SEM, anGd&pkrmeation
performance was evaluated through singled mixedgas tests using a homemade setup (Duan et al,
2023).
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3. Results andDiscussion

The optimal synthesis condi t ifagatedZIF8AadosHe@swatn d 3 . &
no evidence of dissolution. Upon filtration, an oriented and continuous film approximately 400 nm

thick was obtained on the polymer suppdit.e me mbr anes showed i deal S
cCoO , N , CH , C H18.1, 203 and 835Hrespectivelybalong witbiadtkalie
H per méhanaeone.mbr ane also demonstrated stable H

hour stality test (Duan et al, 2023).

4. Conclusions

We successfully developed an easy and effective method to fabricadeegag ZIF8 nanosheet
membranes by assembling ZBmanosheets onto porous supports through filtration. This fabrication
approach is exgrted 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 membrar
chromatography by electrospinning cellulose acetate (CA) with glycerol to improve spinnability,
followed byalkaline 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; Glycavidmbrane Chromatography

1. Introduction

Recently, nanofibebased membrane adsorbers have shown promise as a column chromatograph
alternative with increased porosity and flow rates. Regenerated cellulose (RC) is better for
biopharmaceutical filtratio than other polymers because to its biocompatibility, chemical stability,
and reactive hydroxyl groups Ho k k anen, Bhat nag aFiher nomphbloggis | | a
highly dependent on solution viscosity, which is influenced by solvent choice and additives. Binary
solvent systems like acetone/DMAc or MEK/DMAc, and additives sucHyaergl, help achieve
uniform nanofiber@Majumder et al. 2019)In this study, glgerol 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 Sigmaldrich. Solvents and reagents such as acetone, DMAc, HCI, NaCl, NaQH, tris
HCI, and PEG 400 were obtained from Samchun (South Korea).

2.2 Method

Electraspun cellulose acetate (CA) nanofiber membranes were prepared using CA, acetone, DMAC
and glycerol. After electrospinning and heat treatment, membranes were deacetylated in 0.05 N
NaOH at 40 AC for 14 h to obt ai neswerggaitedwitht e d
MAPTAC using UVtinduced polymerization.

3. Results and Discussion

CA and glycerol concentrations were tuned for homogenous cellulose nanofiber membranes. Due t
low solution viscosity, membranes had beadsstring or uneven fibersO25G0) without glycerol.
Adding glycerol to C25G10 decreased bead formation and increased fiber consistency. Glycero
increased fiber diameter and pore size at increasing CA concentrations, with C25G10 having th
greatest values. To increase hydrogen bumdnd chain entanglement in CA, glycerol was used to
vary pore size from 1 to 5 em as indicated
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viscosity more than glycerol, making it a better technique to make homogenous nangiberat
Sharmin 2021)Figure 1 (c) and (d) indicates Sem morphology of the RC and MAPTAC grafted
membranes.

S (e _ on N(CH,),

Transmittance (%)

2933-2875
Cc=0
= C25G10-MAPTAC 1734
~—C25G10-RC

—C25G10
—C25G0

L AJ L v L L
4000 3500 3000 2500 2000 _, 1500 1000
*Top Right Values in Cyan indicates Fiber diameter; Bottom left Values in Green indicates Pore size Waven um ber (Cm

Figure 1. SEM images of (a)C25G0, (b) C25G10, (c)C25RKD,(d) C25G1eRC-MAPTAC and
(e) ATRATIR

Figure 1 (e) indicates the ATRTIR spectra of C25G0 and C25G10 indicate highigd @nd G H
stretching peaks owing to hydrogbonded glycerol. ATRFTIR indcates loss of acetyl groups and
higheri OH peaks after deacetylation. The FTIR spectrum of C28@APTAC shows a peak at

1481 cm!for quaternary ammonium, which is absent in the spectra of C25G10 and GR&5(10

et al. 2021)The CA nanofiber membrane shows beaded, irregular fibers with@marglydue 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 AFRR, SEM, and EDS. C25Gi0IAP-

TAC exhibited high SBCand DBC10%, demonstrating its promise for ion exchange chromatog-
raphy(Conidi, Parker, and Smith 2019)

4. Conclusions

The CA nanaber 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 theumifiber,
largepore C25G10 membrane. C25GMAPTAC showed high SBC and DBC10%, promising ion
exchange chromatography.
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Abstract

The thin film composite (TFC) approach, via dip coatingaasalable platform, offers a versatile
route to integrate selective membrane materials that are otherwise too expensive or cannot form se
standing structures. For gas separation applications, there are no standard supports or intermedi
layers availate 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, ol@zatbn methods, and
development strategies for fabricating higgrformance 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 penetratio
of the mating solution into the porous support or surface incompatibility hinders the formation of a
uniform, defecffree selective layer.

Selective Layer Gutter Layer

= prevent pore penetration
= compatibility

Protective Layer
if necessary

for mechanical
protection

with nano-size
surface porosity

Figure 1. Components of a TFC HF membrane

The gutter layer serves as a smooth, inert interfacial layer that fasilgelective layer deposition

and enhances overall membrane integrity. This engineering challenge involves balancing capillar
effects that govern solution penetration. Specifically, the capillary pressure, given by thé Young
Laplace equation, increasesthvdecreasing pore size, leading to stronger suction forces. However,
the rate and extent of liquid intrusion are described by the LWashburn equation, where smaller
pores result in slower penetration despite higher driving force. In contrast, largergilow faster
solution flow but exert weaker capillary attraction (see Figure 2a). Therefore, coating dynamics mus
be carefully tuned to the support morphology to prevent pore intrusion while maintaining uniform
coverage.
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Figure 2. (a) Effect ofpore 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 Landaavich model.

100 15
Fore size (a.u)

Figure 3 shows an SEM cresecton where partial penetration beneath the coating layer is visible.
This may reflect the influence of capillary pressure (Yduwagplace) and tim&ependent solution
infiltration behavior (LucasWashburn), 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 internagdilayer.

i > e D o ‘4'?,

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 trgetwet quench method, with a

focus on tuning porosity through process control. Additionally, the importance of optimizing the
properties of the intermediate (gutter) laygrarticularly solution viscosity, surface compatibility,

and filmforming behaviod is 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 neeareran
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. Member 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 representtuadamental challenge in TFC membrane fabrication, and calls for a
more integrated approach to suppagtitter layer pairing during process design.
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Advancing Hybrid Semi-IPN lon-Solvating Membranes for
High-Performance Alkaline Electrolysis

Loubna AHSAINF, MinaJELLAB?, Mustapha MATROUE FatimaZahra SEMLALF,
Fouad GHAMOUSS

IMaterials Science, Energy, and Nagmgineering Department, Mohamed VI Polytechnique University,
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Abstract

lon-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 semiinterpenetrating polymer network membrane was developed
for alkaline water electrolysis using PVA crosslinked with glutaraldehyde, BR@P silica from
TEOS. Fabricated via solvent casting and KOH activation, the membrane exhibited enhance
mechanical strength (the elastic modulus increased by 1972% and hardness improved by 2117%
low porosity (3.98%), and reduced water uptake (89.71%tintizing 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 i
Fenton's reagent), retainingrigtture 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: lon-solvaing membranes, KOH doping, ion conductivity, physat@mical stability.

1. Introduction

lon-solvating membranes contribute a lot to the development of electrochemical devices for
electrochemical and ionic conduction, chemical durability, and mechatadxality (Aili et al. 2020)
These properties are particularly relevant for alkaline water electrolyzers since the membrane mu
maintain chemical and physical integrity in addition to selectivedyige hydroxide ion conduction.
Conventional membranes made of aromatic polymers have challenges with respect to cos
biodegradability, and lorterm stability in strong alkaline conditiofldenkensmeier et al. 2024)

Recent work has attempted to develop materials that exhibit a combination -cbdgw
environmentally friendly, and functional performar{égli et al. 2017) Poly(vinyl alcohol) (PVA)
is an emerging effective matrix for polymer membranes due to its hydrophilicity/hydrophilicity, film
forming capabilities, and hydroxyich backbone (OH groups) that aids in ion transport. However,
PVA membranes hawenumber of weaknesses including high swelling tendencies and poor chemical
resistance and therefore, need to be structurally modified in order to be more effdatiger 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-ggempenetratingpolymer
networks (semIPNs). 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 brame swelling, mechanical strength, and
ionic conductivity.
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2. Material and Methods

The hybrid semiPN membrane was prepared via solvent casting. PVA was dissolved in water and
chemically crosslinked with glutaraldehyde under temperature condition. iPAgP physically
blended into the PVA matrix to form a setRN structure. Tetraethyl orthosilicate (TEOS) was
hydrolyzed ex situ to generate a silica network, reinforcing the polymer matrix. The membrane
underwent thermal treatment to enhance crosslinkiolpwed 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 kehain 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 requingdrated membranes and mechanical strength. Of the
formulations tested, the 0.4GRVA:PVP@TEOS membrane performed the most optimally across
the various properties making it the most suitable for applications like alkaline water electrolysis.
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Figure 1. Water Uptake (WU) and Swelling Ratio (SR) of {&wolvating MembranéxGA-PVA:
PVP@TEQOS, where "X" represents the GA content)

4. Conclusions

This study achieves the successful development of a hybridIB&hinembrane made from four
components: PVA, PVP, dlaraldehyde, 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 andmhimensio
stability, improved hydroxide conductivity, while having low water uptake and methanol
permeability. These results present a case for employingcdstvand environmentally benign
materials for substituting conventional membranes used in electrochemocasses. 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 defies, plantbased SUL02 membrane

with excellent hydrothermal stability and sustainability by using a novel capéksigted irsitu

growth strategy. The resulting membrane exhibited et¢gdl water transport channels, ultrahigh
surface hydrophilicity and negative charged property, enabling a high pure water permeance of

approximately 10 LMH bar 7T. I't also demonstrat
Bengal and Methyl Blueand ~93% for Allura Red) along with exceptional lelegm stability. This
promising performance highlights the wmbkembrane

emerging organic contaminants in future water purification applications.

Keywords: Greenplantbased MOEMOF membraneSU-102 capillary-assistedn-situ growth;
water purification EOCsremoval

1. Introduction

Emerging organic contaminants (EOCs) have recently been identified and increasingly detected in
aquatic environments, posing sigodnt environmental and health risks. Among them; ped
polyfluoroalkyl substances (PFASSs) are of particular concern due to their chemical persistence and
bioaccumulative nature (Lai et al., 2025). Their stroiigr ®@onds render conventional treatments
ineffective, while membrane technologies offer a selective and eeéfigent alternative (Das and
Ronen, 2022)Metali organic frameworks (MOFs) are promising membrane materials due to their
tunable porosity and chemical functionality (Rojas and Horcaj@20)). SU102, a Zr(IV}based

MOF synthesized from plamterived ellagic acid, combines hydrothermal stability with sustainability
(Svensson Grape et al., 2023). Its negatively charged framework and pore size support PFAS
separation via electrostatic répion and size exclusion. Howevébrication of continuouSU-102
membrane has yet been reportddre, wepresent capillaryassisted irsitu growth strategywhich
successfully realized the fabrication oflefectfree SU102 membraneThe high watepermeance

and excellent dye rejectiomere alsaexhibitedin the performance test

2. Materials and Methods
2.1 Materials

Zirconyl chloride octahydrate (Zr OCI acdti@adid, 0) , e
and N,N-dimethylformamide (DMF)and Anodic aluminum oxide (AAO).

2.2 Methods
SU-102 membranes were synthesized vigito hydrothermal growth.

ElI'l agic acid and Zr OCI L B BMF Qiceticacidevatedt to greparé thee d i n
precursor solution. AAO substrates w@émmersed in the solution and placed in a Tefloed auto-
clave at 100 AC for 24 h. After synthesis, mem
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Separation performance was evaluated by -@eatifiltration using aqueous dye solutions. Rej@ctio
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 permeat
were measured by UWis spectroscopy to calculate rejection rate.

3. Results and Discussion

A continuous and defedtee SU102 membrane was formed on the AAO substrate-IRectrystals
aggregated into clusters during growth, and intergrowth between adjacent clusters produced
compact and uniform layer. The membraaxda o wed hi gh water per mear
excellent rejection of negatively charged dyes. For solutes >500 Da, rejection consistently exceede
90%. Longterm tests confirmed >90% rejection of Allura Red (~500 Da), indicating strong structural
integrity and operational stability.

Ao & Ve b

(d)
1001 Allura Red ©"€° Red(©O) o 100
0 (©0) Methyl Blue (©66)

Orange G (©) Rose Bengal
(©0~660)

Methyl Orange (©)

Rejection (%)
Rejection (%)

DHBS ()

200 300 400 500 600 700 800 900 1000 0 2 4 6
Molecular weight (Da) Time (h)

Figure 1. SEM images and separation performance oflBR@AAO membranes. (a) surface and
(b) crosssection of SU102@AAO membranes. (c) shoand (d) longterm rejection of dye mole-
cules.

4. Conclusions

In this work, we repu the first successful fabrication of S102 membranes using a capillaysisted
interfacial growth (CAIG) strategy. The resulting membranes exhibit excellent water permeance anc
rejection of model pollutants, demonstrating strong potential for the @mbPFASs from water.
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Abstract

This study presents a simple and-&wendly method to improve the adsiofouling performance of
polyanilinebased ultrafiltration membnas using citric acid as a green dopant. The citric acid was
introduced through lowpressure filtration, enhancing hydrophilicity, reducing surface charge, and
imparting antibacterial activity. Filtration tests with E. coli and S. aureus showed thatowlosg f

on the modified membrane was reversible. SEM analysis confirmed the absence of bacteria after
rinsing. Longterm storage in M NacCl solution for up to 5 months revealed minimal leaching and
stable performance. The scalable, -step doping strategpffers 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 membraiased water treatmgreading 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 builin antibiofouling properties have gained increasing attention. In this study, we in-
troduce a simple and green method to fabricate polyaniline (PBag$ie¢d ultrafiltration membranes
doped with citric acid, which is naturally derived, laast, and known for its abicterial activity

(Smith and Wayman, 1986). The doping was achieved via a stepdiltration that protonates imine
groups on PANI, generating positively charged sites. This modification imparts zwittdikenic
characteristics to the membrane, emapboth antiadhesive 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
largescale 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-fomessue (1 bar) filtration of aqueous acid
solution. Characterization techniques included AHRR, SEMEDX, AFM, contact angle, zeta po-
tential, and TGA. Membrane performance was evaluated by pure water permeability, PEG rejection,
and pore size analysis. Angitterial activity was tested using E. coli and S. aureus based on ASTM
E2180. Antibiofouling was assessed through fisicle 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. ATRTIR and SEMEDX analyses confirmed successful chemical
modification and uniform morphology. The doped membrane exhibited a lowertcontacn g | e ( ¢
and smaller pore radius (2.52 nm) compared to the pristine version. It showed 100% antibacteric
activity against E. coli and S. aureus within 24 hours and retained performancenaftetibstorage

in 1 M NaCl. Antibiofouling tests reveatl a >90% flux recovery after repeated bacterial filtrations,
with fouling being | ar gel y -adhesweand antihacterialdurface t c
properties.

@
e
O &

Green Citric Acid Doping

Increased Antibiofouling
Property

Figure 1. Surface modification of polyaniline membrane via green doping agproac

4. Conclusions

This study demonstrates a sustainable and scalable strategy to combat membrane biofouling usil
citric aciddoped polyaniline membranes. The simple-st&p doping process offers combined-anti
adhesive and antibacterial effects. The nmagssage is that green, ce$fiective 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 sustébf@world. In this study we have investigated the use of cellulose
nanocrystals (CNC) as a filler in a polymer ma-
different series of mixed matrix membranes were prepared: the first having different wtitCof C

(5,15, and 30 %); and the second in which Zinc acetate (Zn(CH3C02)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 agpti@ purification, mixed
matrix membrane

1. Introduction

CNCs are chemically the biopolymer cellulose, structured as-ahapgled 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)n this regard, CNCs are promising in carbon capture application
(Janakiram et al. 2020)o create cellulosic C£adsorbents, researchers typically employ embedding

of inorganic particles, or mixing with polymers to diky the CNCs propertieHo 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 membes performances to separate-@@d light gases.

2. Material and Methods

3 wt% of PEBAX 1657 was dissolved in Ethanol: water (70: 30) by refluxing at 800C for 4 hrs. CNC
aqueous colloidal suspensions were obtained by the TEM&dated oxidation as alrareported
(Bettotti et al. 2016) To obtain the composite CNC/PEBAX, a suitable amount of the CNC
suspen®n 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 retspinet 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 solutioncaithe composite suspensions into petri dishes and drying
for 48 hrs in an oven at 37AC.

The physicakchemical properties of the membranes were evaluated by SEM, FTIR and DSC. The
gas transport properties were analyzed with a constant volume/variabler@regstem with the
following gases: He, K Oz, N2, CHs and CQ. 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 G@nd 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 ig/l{selectivity respect to Pebax mem-
brane; the results of Pebax/CNC are located close to Upper R608cand showing its potential as
CO»/N2 separation membrane materials (Figure 1). The same set of membranes was prepared by ac
ing also Zn(CHCQ,)2, and remarkably, instead of having a strong effect on theuptake as ex-
pected, the analysis of the geanisport properties reveals that the presence of the CNC increases the
selectivity for the smallest gases>(&hd He). The combination of the CNC concentration and the
Zn(CH:CO)2 loading leads to an enhancement of the selectivity (Figure 1), and lineiteelade of

the permeability, as a function of the CNC content. This clear trend shows that CNC plays a pivota
role in the diffusion process of gases.
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4. Conclusions

Gas separation deft free sekstanding membranes were successfully fabricated from Pebax
1657/CNC with and withouZn(CHsCOy).. The addition of the CNC leads to a small increase in
selectivity and a decrease in permeability, probably due to the highly crystalline CsiQrssuhat
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 addiZin{@e:COy)2 in the polymer matrix, the mem-
branesshow a greater selectivity toward ligieis (He and k) probably due to a finer tuning of dif-
fusion properties of the hybrid membrane.

Acknowledgements

The authors are gratefully acknowledging the Ministry for Universities and Research (MUR) of Italy for financial support
under the programPRIR0 22 under the project fAiMeNaCe@CO20 (20224\

References

Bettotti, Paolo, Cecilia Ada Maestri, Romain Guider, Ines Mancini, Einat Nrath, Yuval Golan, e Marina Scarpa.
201 6. ¢Dynamics of Hy dr at iAdvanced Matemaks nirdecfaedS(5u 1150@485. Fi |
doi:https://doi.org/10.1002/admi.201500415.

Dai , Zhongde, Vegar Ottesen, Jing Deng, Ragne M. Li
Nanocelul ose Based Hybrid Me mBibesH(®:310. o010.33800IR7058C1G ar at i on

Ho, Ngo Anh Dao, e C. P. Leo. 2021. ¢CA review on the
nanocell ul ose in ¢ aEnWronmental c &Rpearchr e &97: 111100.
doi:https://doi.org/10.1016/j.envres.2021.111100.

Janakiram, Saravanan, Luca Ansaloni, -®doJin, Xinyi Yu, Zhongde Dai, Richard J. Spontak, e Liyuan Deng. 2020.
¢ Hu mi-Respbngive Molecular Gatepening Mechanism for Gas Separatiotltraselective Nanocellulose/IL
Hybr i d Me@Green @heraigtrg2(11): 354657. doi:10.1039/DOGC00544D.

89



MEMTEK 2025

8t International Symposium on Membrane
Technologies and Applications

November 12-14,2025 ~

Wyndham Grand Izmir Ozdilek, Turkiye
www.memtek2025.org

From Nature to Performance: Natural Coagulation Bath Additives for
Antimicrobial Polymeric Membranes

Adem Baha Cary Berk Esenfi, Recep Kayg Mehmet Emin PasaodiuAyse Yuksekdal Ismail
Koyuncut

National Research Center on Membrane Technologies, Istanbul Technical University & Environmental Engineering
Department, |l stanbul Technical dami22@stu. eslu.ttesenliblM@its.éda.tk | | st al
, Tkaya@itu.edu.tr, mpasaoglu@itu.edu.tyuksekdaga@itu.edu.tkoyuncu@itu.edu.tr

Abstract

This study investigates the use of natural material extracts as coagulation baths in polymeric
membrane fabrication. Aqueous &dts 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. Thisfremadly approach
demonstrateshe potential of wastderived and natural compounds in improving membrane
antimicrobial activity. Future studies will explore their antifouling performance for MBR
applications.

Keywords: Membrane bioreactor; Ultrafiltration; Antimicrobial; Natural adait Coagulation bath

1. Introduction

Membrane bioreactors (MBRs) have become a key technology in biological wastewater treatment
due to their ability to produce higjuality effluent with a smaller footprint. The domestic production

of polymeric membraes 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, researclthssdon 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 envinmental 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 step traditionally reliant on distilled or tap wate this study,
aqueous extracts of spent coffee grounds and dried thyme were explored as sustaifadsdedbio
alternatives. This work is among the first to examine the effects of such natural andlevastd
materials on membrane formation and antnobial performance.

2. Material and Methods

A 17% PVLDF solution was prepared by dissolving the polymer iméthyl2-py r r ol i done at
under stirring overnight. Af ter degassing, t h
support and immersed in distilled water to induce phase inversion. This nmemi@a designated as

the control. For membranes prepared with natural extracts, two coagulation baths were formulated.

In the first, overdried spent coffee grounds were mixed with distilled water at 10% wi/w, stirred
overnight at room temperature, andeiitd. 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 agle measurements, and SEM analysis. Antimicrobial activity was assessed by incubating
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membr ane pieces with 1 mL of activated sludg
confocal laser scanning microscopy (CLSM).

3. Results and Discussion

Figure 1 presents the antimicrobial performance of the fabricated membranes. While the contro
membrane (left) shows a higher number of live organisms (green fluorescence), the other membran
exhibit superior antimicrobial activity, as indicated by tmespnce of more dead organisms (red
fluorescence). To understand the effect of coagulation bath, other characterization studies were al
carried out.

Figure 1. CLSM images of membranes (Coagulation baths from left to right: distilled water, dis
water extract of spent coffee grounds and thyme).

4. Conclusions

In this study, natural material extracts were used for the first time as coagulation baths in membran
fabrication, and their effects were investigated. Polymeric membranes with im@noteicrobial
performance were successfully produced by utilizing coffee and thiybwth natural sources of
phenolic compound$ in the coagulation step. Further research will focus on evaluating their
antifouling performance, particularly for MBR applicas.
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Abstract

In this work, addition of carbon nanotubes (CNTs) as additives in different types of membranes for
enhancing water purificath 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 funamiZs
noticeably increase the hydrophilicity, permeability, and-miiing/biofouling properties of the
synthesised membranes. The key advantages are enhanced flux, fouling resistance, antibacterial
activity, and increased rejection, positioning GhIl€nded membranes as a promising candidate for
nextgeneration water treatment technologies.

Keywords: Carbon nanotubes; Water treatment; Aatiling/biofouling; Desalination

1. Introduction

There is a growing global demand for clean water, which caoséswous 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. IBnding carbon nanotubes (CNTSs) 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 osmaosis (FO).

2. Material and Methods

Polyethersulfone (PES) UF and NF membranes wer&aesizied 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 al2011a, 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 asalgzed u
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 hydiofhilbecause 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 porosityesulted in a higher pure water flux. For instance, while ®Mhded
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PES NF membranes showedord higher flux compared to the bare membrane, @iNhded FO
membranes exhibited 44% higher water permeability compared to the bare membrane.

Fouling resistace of the CNiblended membranes were improved because of the CNTs on the
membrane surface. CNdlended PES UF membranes showed 40% less flux decline and 95% flux
recovery after caustic cleaning, compared to 77% for bare membranes, during surfacenatder. fil
Similarly, bovine serum albumin adsorption decreased by 70%, total fouling reduced to 50%, and tht
flux recovery ratio improved to 80% with CNdlended membranes.

The solute rejections of the CNilended membranes were higher due to smaller ppes ¢e.g.,
pore size reduced from 0.049 Om to 0.041 Om
repulsion because of the negatively charged carboxylic groups on CNTs. Methyl orange rejection i
PES NF membranes increased 45% compared to barerar@sbln 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 PEBE&mbrane showed compldie coli inactivation on the surface.
Furthermore, these membranes exhibited an 87% reductiraruginosaiofilm formation at 24

hours, increasing to 92% at 96 hours, compared to bare PES membranes. Microbial inactivatio
reatied 47% foP. aeruginosan 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 perfonta in flux, fouling resistance, and antimicrobial resistance,
eventually resulting in longer membrane lifespan and reduced operational costs. The positive effec
uniformly on various polymers and filtration modes makes @Nhded membranes a promising

ard sustainable solution for the prevention of future water scarcity problems. However, challenges
remain in ensuring lonterm membrane stability. Largeeale fabrication of the membrane and the
determination of the environmental impact are topics for éutawestigation.
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Abstract

The ohmic resistnce 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 resistaridesegeeater 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 redinoembrane resistance, while ionic conductivity was
increased; however, the magnitude of the effect was different for each monopolar membrane.

Keywords: lon exchange membranes, electrodialysis, temperature, ohmic resistance in plane and
through plane, ioonductivity.

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 hydropholsigdrophilic properties to the IEMs (Luo et al., 2018; Ran et al., 2017).

An O6ideal 86 I EM shoul d e-jors,lowieléctridaliregibtancecahdemedhany i t y
ical, thermal, and chemical stability across broad pH ranges, while beirgfieasive (Barros et al.,
2021).Between these properties, resistance is one of the most impdhard.is a lack of systematic

studies on how temperature affects the electrochemical behaviour-ekébange membranes,
particularly concerning resistancedaionic conductivity in commercial IEMs.

The objective of this work is to analyze the temperatigendent behaviour of ionic resistance and
conductivity in various homogeneous IEMs, providing insights into their suitability for- high
efficiency ion sepat@n 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 (AEMAKP,
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-filane or longitudinal) and perpendicularlyr@gs its thickness
(throughplane) Samples of 1 cAwere placed inside a mercury cell to measure their thrplagie
resistance @ 5 ACwhi |l e sampl es measuri ng -probe (pathumil cm w
acrylic cell to measure their-plane reistance at 283 0, 3 5, . Boih dells4vere dbrected

to a Solartron 1286 AC potentiostat to measure the resistance and conductivity. The
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temperature dependence of the thropline resistance was then extrapolated based on the
relationship obseed between the two measurement modes.

The most promising membranes were tested in an BPED stack witrsealabsetip (PCCell ED
64-004, 64 cm?2). A study assessed how temperature and current density affect ionic fluxes and enert
performance.

3. Resultsand Discussion

Figure 1 shows the electrical resistance results for anionic and cationic membranes at 25, 30, 35, a
40 Ac. Resistance decreases with higher temp
systems because higher temperaterdsance ion diffusivity and mobility while reducing viscosity
(Jia et al., 2024).

Among the membranes studied, CR61P and AR103P had the highest thlaughesistance (8
YAcm2 for-4ARAG®R, f8r CR61P), whi-2 eY R®ResBiEnces h o
variation relates to membrane thickness, with thinner membranes allowing faster ion crossing, and t
factors like functional groups and water uptake (Raka et al., 2021).

Anionic Cationic
6,00 6,00
~ 5,00 & 5,00
: :
g 400 & a0
Q Q
g3 o . g 300
[ ol R i Dl S ST
4 2,00 S==fc--==-==== - 220045 -
2 5 T TEsSsecmsgecceca-. P R A
& 1,00 & 1,00
0,00 0,00
25 27 29 31 33 35 37 39 25 27 29 31 33 35 37 39
Temperature (°C) Temperature (°C)
— ® — AXP AMX PC SANK AR103P - ® -CXP CMIX PC SK CR61P

Figure 1: Experimentally measured throughl a n e R e s i?sof tkercamemergial |IBMsm
used in this work.

4. Conclusions

Results showed the possibility of decreasing the electrical resistance of the tested membranes by Z
30% when the temperature was increased from 2540.HYaluating the resistance and condutyivi
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, accountinggd¥4of 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 biofoulingsistance, 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, witPoal38 improvement

unde 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 sigficant obstacle in membrafmsed filtration systems, with biofouling
responsible for approximately 45% of all cases. To date, netengor coseffective method has

fully prevented biofouling or successfully eliminated biofilms. Applying a thin hydroggting to
membrane surfaces presents a promising approach by integrating multiple antifouling mechanisms.
Hydrogels are insoluble, threkmensional polymer networks that retain large amounts of water,
forming a hydration layer that acts as a barriei@g} 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 (Fiscleml, 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 letegm performance wasvaluated over 11 months in a
membrane bioreactor in a real wastewater treatment plant.

2. Material and Methods

For the fundamental study, traekt ¢ h e d OxyDiscE me mbr anes (PET
Switzerland) were used, whi | gUSNiwereuseR i tBeapptieel mb r a r
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 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 biofoultsgntiéls 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, ea

with 1.5 m] act i ogerateteamabmenabraee biareaeter for 1vreanths to evaluate
long-term performance.

3. Results and Discussion

Surface charge and roughness had minimal impact on biofouling resistance, whereas hydrophilicit
and swelling capacity significantly influencexdhtifouling performance. Membranes with a low
contact angle of 46A experienced only a 5 %
to a 21 % |l oss at a higher contact angle of
6% showedust a 5 % permeability loss, while those with a higher swelling degree of 25 % suffered
a 25 % reduction. Il n a membrane bioreact-or |
modified ultrafiltration membranes demonstrated 33 % higher perntgathiin the unmodified
reference, indicating reduced biofouling (see Figure 1).

4. Conclusions

The fundamental study of hydrogelodified membranes revealed a strong link between

650

350 ~ ) Modified

® Reference
300 - 1 I 1 - T 1 T

2 3 4 5 6 7 8 9 10 11 12

Filtered volume / m?

Figure 1. The permeability of unmodified PES membranes (reference) and hydnogéied PES
membranes is shown as a function of the filtered water volume in the membnaaetoio

hydrophilicity and swelling behaviour with biofouling resistance, while surface charge and roughness
had no noticeable effect within the testedgeanApplying 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 comparec
to an umodified reference membrane, indicating significantly reduced fouling.
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Abstract

In this study SPSU nanocompositeased 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 exchnge 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 suchasnasd z e dS Qi |O (Wu et al., 2018), grap
al., 2021), and zirconium oxide (ZrO) (Ketpang et al., 2015) torexehperformance. In this study,

two different PEMs were prepS0 el (bF/SNS)e, n dsi ynngt hF
Vatanpour et al., with SPSU at various degrees of sulfonation and Aquivion. Additionally, a third

PEM was fabricated using electrospua3 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 iH#%2%Bange was obtained
commercially, whereas the PSU employed to produce SHBILAwuUlfonation level in the mi#80s

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 acid base titration. The $NS 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, casti@reked 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 hptessed,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

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 homogeneousribistion of phases was not observed. In contrast, in
membrane C, the hqiressing 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, indicatin
insufficient compatibility between components. In contrast, membrane C displayed partial fusion of
nanofibers due to hot pressing, suggesting improved strudtdegrity 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 merabaseeprocesses, 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 performandeatumina and 5 mol% yttrigtabilized 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 micremonolith membrane reactoalumina, 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 processesengeparation, and gas
purification, largely owing to their durability, higlemperature tolerance, and chemical resistance
[1]. Among the available fabrication methods, phase inversion remains the predominant technique
[2], offering the flexibility to tailor membrane properi¢o meet specific application requirements.
However, a persistent limitation is their intrinsic brittleness, which compromisestdang
mechanical reliability. In this work, micromonoliths were fabricated using alumina and 5 mol% yttria
stabilized zircora (YSZ) ceramic powders via phase inversion, followed by sintering at a fixed
temperature. YSbased monoliths consistently exhibited higher bending strength than alumina
based ones, with strength increasing steadily with ceramic content. In contrashaddased
monoliths displayed a strength maximum at 65 wt% ceramic loading, followed by a decline at higher
contents.

2. Materials and Methods

The 6channel micromonoliths were fabricatedhm us e fr om al umi na ¢ Al o )
stabilized zirconia(YSZ) powders via phase inversion followed bysintering, following the
methodology reported in [3]. Mechanical properties were assessed using-pdihtdgending test

on an EZ 50 instrument equipped with a 100 N load cell and a sample spad©@i30. Pore size

and distribution were determined usingaigas qui d di spl acement poromet e
Porefil as the wetting liquid and nitrogen as the displacement gas. Mercury intrusion porosimetry was
employed to measure total porosity. Morphgiand microstructural features were examined via
scanning electron microscopy (SEM).

3. Results and Discussion

The bending strength of alumii@sed micromonoliths increased with ceramic content, reaching a
maximum at 65 wt%, after which it decreased (ifFggla). In contrast, YSHBased 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 conapable 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 compokifisraglecisive role in

determining the mechanical strength of micromonoliths without compromising their pore

characteristics.

YSZ —=—Alumina

= 55 /\
20 i

50 55 60 65 70
Ceramic content (wt%)

Figure 1a: Comparing fracture load of alumina and YSZ micomolith b) SEM images of YSZ(top) and Alumina
6 channel micranondith

4. Conclusions

Micromonolith membranes were fabricated via phase inversion and optimised for improved
mechanical strength without loss of porosity. Alumbesed structures reached peak strength at 65
wt% ceramic loading before declining, while Y$Zsed structures showed consistently higher
strength across all loadings. These optimised micromonoliths are now in use as membrane reactc
for mild selective oxidation reactions, including methane oxidation.
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Abstract

Ammonia recovery from wastewater offers a sustainable alternative to entrggive industrial
production. This study explores the optimization of vacuum membrane distillation (VMD) through
tailored polyvinylidene floride (PVDF) membranes with varied morphologies. Membranes were
fabricated using different solvémonsolvent combinations to control pore structure and membrane
morphology. The new membranes were benchmarked against a commercial PVDF membrane. A
physicaly-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 recoverleatathpounds from liquid
streams.

Keywords: Ammonia recovery, Vacuum Membrane Distillation, membrane structure, selectivity.

1. Introduction

Ammonia is a key commodity, extendedly produced via the HBbsch process, responsible for 1

2% of global energyonsumption (Appl, 2011). Circular alternatives to recover ammonia from
wastewater streams using low enengiensive processes are emerging. Among these, vacuum
membrane distillation (VMD) has shown promising fluxes (Simoni et al., 2021). However, the
sdectivity of the VMD membranes remains low.

This work explores the fabrication of PVDF taHmade membranes with different morphologies for

the improvement of the VMD ammonia selectivity. Their characterization and performance
evaluations were conductedhploying as benchmark a commercial PVDF membrane. In addition, a
physicallybased 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 ieduphase 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 agueous solution (Iso).
Polyethylene glycol (PEG) was addexithe 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 terapatures Treed 0f 458 0 UC, v a ¢ u WPgnof 51155 snbararae s (
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90 cnf membrane area, a fixed feed velocitgs) of 0.14 m & and a feed solution concentration
(CnHa-feed Of 2 g NH; I,

3. Results and discussion: VMD Flux and Ammonia Selectiyi

Performance evaluation was based on ammonia Jlg)(and selectivity $Hsz) characterization as

a function of the driving force (i.e., transmembrane vapour pressure, TMP) (Figure 1). Regarding
SwH3, the best performing membranes were P40 and Mémugh only P40 was more selective than

the commercial one. Morphologically, P40 and the commercial are similar (i.e., dp@nsfeucture)
however P40 has a denser top layer. M65, M40 and M55 have, on the other hand,-likénger
structure and macrovad suspected to be prone to failure under vacuum. Due to théievand

Sz of both M40 and M55, wetting experiments were performed using BaCl [ feed solution,
resulting in 2840% and 1520% wetting rate, respectively, while for P40 it was akvaglow <1%.

These experiments confirm that the wetting phenomena were responsible for theslewd SvHz
exhibited by M40 and M55.

450 35
¢ M6S M40

400 M55 ¢ P40

Commercial = = CF=1

0 25 50 75 100 125 150 175 200 0 25 S0 75 100 125 150 175 200
TMP (mbar) TMP (mbar)

Figure 1. Jns (9 bt m™?) and Swws (%) of M40, M55, M65, P40 and Commercial as a function of
TMP (mbar) in VMD. Ex. conditionsTreed= 458 0 R} €65155 mbata, Cuna-feed= 2 g NH 172,
Vieed= 0.14 m &. Dashed line represents a concentration factor of@neéed= CNHa-permeat).

4. Conclusions

By performing a screening of key casting parameters in tR& ldrocess, membranes with different
morphologies, tortuosity, porosity, etc. have been cast andltiheiandSynsz evaluated under VMD.

The results of this study highlight the critical role of membrane morphology in the selective separatior
of volatile compounds, in this case ammonia, from liquid streams. Regarding membrane structure, i
was determined that large fingiéte structures and macrovoids resulted to be more sensitive to
mechanical stress despite having smaller pore diameters, which caglsed etting and lower
selectivity. On the other hand, asymmetrical, spdikgemembranes seem promising due to both
low wetting risk and high selectivity. Through modelling, diffietd¢tmeasure membrane
characteristics such as porosity and tortuosity @ne relative importance of morphology features
could be further studied and the results of such investigation will be presented.
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Abstract

Membrane biofouling is a major challenge in reverse osmosis (RO) water treatment systems, often
caused by biofilm formation. Aang various mitigation strategies, enzybased quorum quenching

(QQ) approaches have gained attention for theirfeendly nature and ability to disrupt bacterial
communication pathways involved in biofilm development. AiiA is a lactonase enzyme &peagh

been studied in biofilarelated 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 comga@n with commercial AiiA on RO membranes.

Keywords: Quorum quenching; lactonase; biocatalytic membrane; biofouling; reverse osmosis

1. Introduction

Biocatalytic membranes integrate membrane separation with erzatalgzed reactions, enabling
pollutantdegradation and biofilm control under mild, enegdficient, and environmentally friendly
conditions. In reverse osmosis (RO) systems, biofouling caused by biofilm formation is a major op-
erational challenge, leading to increased energy consumptionetegecmeate 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 medlspwhich 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 surface¢ Pek genc et al ., 2022; Yhahsstady, yve frodu@ed| & K
the YtnP lactonase from Bacillus luti T5 and immobilized it onto RO membranes, comparing its
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biofilm prevention performance witlinat of a commercially available lactonase, AiiA. This direct
comparison allowed us to assess their relative antifouling efficiencies and to explore the potential o
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 usingthyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride
(EDC) andN-hydroxysuccinimide (NHS). R@embranes were first modified withadninocinnamic

acid (ACA) to introduce surface carboxyl groups. The AGadified membranes were immersed in

an aqueous solution containing equimolar concentrations of EDC and NHS for 30 min at room tem:
perature. Followig activation, the membranes were immediately transferred to separate aqueous s
lutions of YtnP or AiiA lactonases and incubated for 2 h. After immobilization, membranes were
thoroughly rinsed with buffer to retmouweFoinbo
lowing immobilization, membrane characterization was carried out usingi TR, scanning elec-

tron microscopy (SEM) to confirm surface modification. Biofilm formation assays ad#sesido-
monas mandelivere performed under static growth ddrons, 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 ACAnodified RO membranes. Bibh assays againgtseudomonas mandedinowed

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 immobiied 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 lwitbrsoasting

and characterized by FTIR, SEM, ion exchange capacity (IEC), water uptake (WU), permselectivity,
and tensile strength. DABGE€rosslinked AEMs exhibited higher IEC (2.27 meqg/g), WB43, and
permselectivity (98%) than HMTAased AEMs. Althogh HMTA enables greater crosslinking,
DABCO provided a better balance of physicochemical properties of the resulting AEMs. These
findings suggest that DABCOased AEMs are more suitable for reverse electrodialysis (RED)
applications.

Keywords: Anion exchage 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 transgaoetween 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 suclas 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 REDislstidy, 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 reactiveess 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 dissolvedh DMSO at 100 AC and reacted with
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for 6 h. PAMNcHwRas 1:3)drd ehe miXtune was stirred overnight. The casting solu-
tion was applied on glass plates by using automatic coater d@itsai Electric, Smart Table
Coater, TC100S)and dri ed at 100 AC for 6 h for sol\
using 0.5 M NacCl solution and stFKourBMsiwere t h
synthesized by varying the type (HMTA or DABCO) and amount (N/CI nraléo of 0.5, 1, or 2)

of the crosslinker. Membranes were coded @3 bfrDQ, wher e fAHO and ADO r
DABCO, respectively, and the numbers indiettie N/CI ratio. This design allowed systematic
evaluation of crosslinker type and amount omtheane propertie€haracterizations 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 crossections compared to HMTFBased membranes (a, b), indicating enhanced structural in-
tegrity. As shown in Table 1, compared to HMWE£osslinked AEMs (HQ-1), DABCO-crosslinked

AEMs (D-Q-2) exhibited significantly higher IEC (2.27 vs. 0.46 meqWy)) (36% vs. 2%), and
permselectivity (8% vs. 49%), while maintaining comparable mechanical strength (45 vs. 40 MPa).
Additionally, FCD increased from3to64me q/ g H O, i ndicating mor e
absorbed water of DABC©rosslinked AEMSs.

Figure 1. SEM images of AEMs cross_‘séctiba$,l—|-Q-(J).5,' b) HQ-1, ¢) DQ-1, d) DQ-2.

Table 1.Characterization results of AEMSs.

N/Cl Permselectivity Resistance IEC Wu FCD Tensile
AEM Molar (%) (q.%r (meg/g) %) (meg/gHO) Strength

Ratio a9 a9 (MPa)
H-Q-0.5 0.5 38 N3 4330 0.42 K 121K 35N 20 . 54
H-Q-1 1 496N 3010N40 0. 46 K 12N1 39N 60 . 40
D-Q-1 1 981K 2.7 K1.77 K 20 3N 8. 70N 57
D-Q-2 2 931K 168 0 2.27 K 36N2 64N 0. 45

4. Conclusions

Although HMTA contains a higher number of functional groups, DARGGed membranes
exhibited more favorable physicochemical properties. These results suggestrabsiinker
architecture, rather than functional group density alone, plays a key role in AEM design.
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MoS2-based ceramic membrane for nanofiltration: Fabrication, Testing, and
Transport modeling

Zakarya ChaficElidrissi® 2 Brahim Achiout, Sabine Rodé Saad Alami Younsgi Bouchra
Belaissaouf et Mohamed OUAMMOU

!Laboratory of Membranes, Materials and Environment, Faculty of Sciences and Technologies of
Mohammedia BP 146, 20650, Hassan Il Universit€a$ablanca, Morocco
2University of Lorraine, CNRS, LRGP -54000 Nancy, France
zakarya.chafieglidrissi@univlorraine.fr

Abstract

Nanofiltration (NF) is one of the most adopted technologies for removing textile dyes thanks to its
lower molecular weightutoff 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 operatiiogscond

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 defatrategy for in situ growth of MoS2
membrane on loveost ceramic substrate and a description of the transport of dye solutions through
the prepared membrane using the transport parameters of the combined -BadgieKatchalsky

and film theory (SKKFT) model. Based on the experimentally obtained values of water and dye
fluxes (Figure 1) as well as dye rejectionh e r ef |l ecti on coefficient 0
mass transfer coefficient k have been estimated as the trahaged model parameters for each dye
(Table 1).

Keywords: MoS2 membrane; Ceramic substrate; dye removal; Transport models.

Table 1 Estimated values of transport parameters using-EHid theory model.

Dye Transport parameters Quality of

6 () P (m/s) k (m/s) Frttin
DR80 0.994 6.37 1¢° 4.82 10 9.89 10
RhB 0.982 8.76 10° 7.62 10 1.49 10°
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Figure 1. Dye rejecton versus flux for the MaSmembrane, experimental results and citigg

for the SKKAfilm model.
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Abstract

This study aimed to develop biocompatible, sustainable -€Ntanced PLA membranes foemodialysis

with improved mechanical, filtration, and antifouling properties. Incorporatiri2@5vt% 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 85.29 t o 6 2 . 3 8 A3PLAhTE hmembrhane Gachidv@d optimal urea
(71.33%) and creatinine (67.62%) clearance, higher flux recovery (79.2%), and maximum pure water flux (515

L/ m]Lh). Results indicate CNC incor pofrfigentibmod ef f ec
purification.

Keywords: Polylactide (PLA), Cellulose Nanocrystals (CNCs), Hemodialysis, Nano Composite, Membrane

1. Introduction

The rising global incidence of erslage renal disease (ESRD) has created a pressing demand for advanced
hemodalysis membranes that are simultaneously effective, biocompatible, and environmentally
sustainabléRonco & Clark, 2018) Polylactic acid (PLA), a renewable aliphatic polyester derived from
agricultural sources, has attracted significant attention as airmatde material for nexgeneration 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 streragttiress
PLAO6Gs | imitations, researchers have incorporated <c
enhance membrane performance. CNCs, derived from natural cellulose, offer high mechanical strength and
surface functionality, improving the hydrophbity, permeability, and antifouling resistance of PLA
membranes(Gomri et al., 2022). This study fabricated @igorced PLA membranes via the NIPS method,
evaluating the effects off @ wt% CNC on structural, mechanical, and diakysiated properties.

2. Material and Methods

aPLAh (Ingeo 4060D) and CNCs (CelluForce) were used to fabricate membranes via nomnsoicst

phase separation. PVP was dissolved in DMSO, CNCs dispersed by sonication, PLA added with stirring,
degassed, cast into films, and iensed 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  Pore former CNC Viscosity
(wt%) (wt%) (wt%%) (pa.s)
aPLAh15 - 540
0.5CNG-aPLAh15 15 5 0.5 660
1.0CNC-aPLAN15 1.0 720
2.0CNC-aPLAh15 2.0 800
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3. Reallts and Discussion

Table 2.Contact angle, overall porosity, and mechanical properties of the CNC/PLA nanocomposite membranes.

Membrane Code Tensile Young's Elongation Porosity Contact
(MPa) Modulus at Break (%0) angle €)
(MPa) (%)
aPLAh15 2.01 70.79 7.24 78.5 85.79
0.5CNGC-aPLAh15 2.50 9294 11.56 83.32 71.54
1.0CNC-aPLAN15 2.62 10841 13.89 87.13 68.67
2.0CNC-aPLAN15 2.80 11369 1857 85.2 62.38
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I 1 ! ! L L L
» °
> ]
» ®
> ® c
Pure water flux(L/m*hy
i i : ! [ h |
T T T
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Transmittans (%)

2150.00
Wave Number, cm-1

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 2.0CN&PLAK15

4. Conclusions

The incorporation of cellulose nanocrystals (CNCs) into polylactic acid (PLA) signlficenhanced
membrane properties relevant to hemodialysis, including mechanical strength, porosity, hydrophilicity, and
toxin clearance. These improvements suggest that CNCs/PLA nanocomposites offer a sustainable and effecti
alternative to conventional alysis membranes. Future studies should validate biocompatibility and clinical
performance in vivo.
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Abstract

This study examines Peb&ased mixed matrix membranes (MMMs) withi 40 wt.% pseudo
Boehmite (PB) for e n h an c e dyme Orystallgigy paadr hydroigem n . P E
bondi ng, increasing CO and N permeability an
Beyond this, increased tortuosity and pol ymer
diffusivity and solubilityove CH and N stem from its smaller

i mprovements were confirmed via permeability a

Keywords: pseudeBoehmite; gas separation membrane; gas permeation; gas sorption; mixed matrix
menbranes.

1. Introduction

Rapid industrial growth is driving up energy use and greenhouse gas emissions, contributing to
cli mate change. Limiting global warming to 1.5
tors.Membrane technology for gas segi@on 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 ouperform 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 @emonstrated that POAIL -coated
Al 0] nanoparticles prevented aggl omerati on, b
66.6% and 60.1%, respectively, at 30 AC and 1

This study is the first to assess thistribution 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
8 ba.

2. Material and Methods

All materials used, including the gases, membrane fabrication methods, calculation procedures, and
measurement modules, were consistent with this afticle

3. Results and Discussion

PB incorporation increased CO and N per meabil
disrupted hydrogen bonding between PA segmefiise impermeable crystalline PA phase became
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more permeable with decreasing crystallinity, aided by interfacial voids from particle sedimentation.
At PB | oadings higher 20 wt . %, Chain rigidicatiome a b i
evidenced by increase¢g@nd Tnf r om PEO section. CO /N sel ec
the pure membrane) at 20 wt.% PB, then decreased at higher loadings.

Table 1 shows that CO eXhi biCHs kinglh&r diufef u
kinetic diameter, rodike 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 tortuositgnd 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 diffusionoieet$, attributed

to rigidified regions at theolymeiif i | | er i nterface. CO sol ubi l
PB6s strong CO affinity from OH functional
loading®.

Table 1.Me mbr ane properties (at 30 AC and 8 bar)

Membrane Pcoz Pn2 Pcoz  Dcoz  Sco2(10°cm®(STP) Ty Tm
2 (107 cm3 cmHg?) () ()
cn? sY)

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 -51.2 211
Pb/pebax (20 wt.%) 129.4 3.7 350 1259 0.78 52.0 24.0
Pb/pebax (30 wt.%) 107.8 3.8 28.3 87.5 0.94 -51.1 184
Pb/pebax (40 wt.%) 95.4 3.7 257 81.0 0.90 525 17.6

4. Conclusions

PB nanoparticles enhanced CO and N per me
hydrogen bonds, with optimal selectivity at 20 wt.%. Higtoadings increased tortuosity and
pol ymer rigidity, decreasing performance. Ci

affinity, underscoring the importance of filler content for membrane efficiency.
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Abstract

In this research, the effect of diluent on therpihology 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 methoeinbrane 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; Lguid 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 forgdrinkin
Demand is rising due to population growth, and over 2 billion people lack clean water, making de-
salination increasingly necess§ty. 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 shapiregpdHDPE is
preferred for MD due to better permeability. Polyethylene isdost, recyclable, and highly stable.

Zuo et al[2] demonstrated that polyethylene membranes in DCMD can achieve higindlurearly

100% salt rejection with lonterm 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 ligujd 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 diluets in DCMD.

2. Materials and Methods

Bandar Imam Petrochemical supplied the Fagimsity polyethylene wax. Liquid paraffin (LP) from

Dr. Mojalali Chemical Company and Rose Polymer Company supplied the solid paraffin (SP) and
petroleum jelly (PJ), while lslron Petrochemical Company supplied the polyethylene wax (PEW).
Isopropyl alcohol and acetone were obtained from Dr. Mojalali Chemical Compkayalyses of

114



8t International Symposium on Membrane

€

) ATILIM
ONIVERSITESI

MEMTEK 2025 B ML ©)

Technologies and Applications

Wyndham Grand Izmir Ozdilek, Turkiye
www.memtek2025.org

SEM and porosity and pore size, contact angle, and DCMD for all membranes were characterize
similarly to the articlg3].

3. Results and Discussion

Theresults of membrane characterization are reported in Table 1. Membrane porosity decreases
the order of LP, PX, SP, and PJ, so the PJ membrane had the lowest porosity due to lower crystallinit
as confirmed by SEM images (Fig. 1). Membrane hydrophghgikey to preventing wetting. the

PJ membrane showed the highest contact angle, while the PX membrane showed the lowe:s
Membrane hydrophobicity could be related to the membrane surface roughness. The greate
roughness increases the contact angle,treguh higher permeate flux by reducing pore wet{iig

I n DCMD tests, the PJ membrane showed the hi
em), while the LP membrane had the | 6we&8 £
the SP membrane had intermediate perfor mance
was practically impermeable to water vapor, and the SEM image shows a highly compacted structur
with a dense top layer without open pores. All perrfeeaiembranes 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 mperties

Porosity lavg Owater Flux Rejection
Membrane "G (%) (em (U0) (Umth) (%)
LP 78 0.18 108 7.1 95.2
SP 73 0.2 119.6 8.2 100
PJ 68 0.3 124 9.2 100
PX 75 0.36 101.9 0 -

Fig. 1. SEM image of membranes a)LP b)SP c)PJ d)

4. Conclusions

High-density polyethylene membranes were fabricated by the thermally induced phaseoseparat
(TIPS) method with four differemtiluents using the-& phase separation mechanism, forming spher-

ulite morphol ogy. I n MD tests, the PJ membr a

(0.3 em). The PX membrane showed no f fsurkace du

pores.
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