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Polymeric Nano-composite Membranes for H; Purification and Separation and CO, Capture from
Flue Gas

(Neal) Tai-Shung Chung*

Graduate Institute of Applied Science and Technology, Department of Chemical Engineering, Department
of Materials Science and Engineering, National Taiwan University of Science and Technology (NTUST).
Emeritus Professor, National University of Singapore (NUS)

* Corresponding author: chencts@mail.ntust.edu.tw; chencts@nus.edu.sg

ABSTRACT

Clean water, clean energy, global warming and affordable healthcare are four major concerns globally
resulting from clean water shortages, high fluctuations of oil prices, climate change and high costs of
healthcare. Clean water and public health are also highly related, while clean energy is essential for
sustainable prosperity. Among many potential solutions, advances in membrane technology are one of the
most direct, effective and feasible approaches to solve these sophisticated issues. Membrane technology
is a fully integrated science and engineering which consists of materials science and engineering, chemistry
and chemical engineering, separation and purification phenomena, environmental science and
sustainability, statistical mechanics-based molecular simulation, process and product design. In this
presentation, we will introduce our efforts on membrane R&D for H2 purification and separation, and CO:
capture from flue gas. Various material and fabrication strategies of both dense-flat and hollow fiber
membranes to enhance membrane performance will be discussed.

Keywords: Membrane Technology, Clean Energy, H> Separation, Polymeric Membranes, CO, Capture.
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lon-Conducting Membranes for Efficient Separation and Energy Applications
Huanting Wang
Department of Chemical and Biological Engineering, Monash University, Clayton, Victoria, Australia
*Corresponding author: huanting.wang@monash.edu
ABSTRACT

lonic transport and separation are central to various applications such as in clean energy and environment.
Various types of materials such as polymers, 2D materials and advanced porous frameworks have been
widely studied as advanced membranes for direct lithium extraction and fuel cells and many other
applications. For instance, metal-organic frameworks (MOFs) with ordered subnanometer pores are
attractive membrane materials due to their structural diversity, and tunable chemistry and functionality.
Many interesting separation properties and bioinspired ion transport behavior have been discovered in
MOF-based composite membranes. In addition, high-performance proton exchange membranes (PEMs)
play a vital role in the efficiency of high-temperature proton exchange membrane fuel cells. For example, a
novel PEM with a hyperbranched interpenetrating hydrogen bond network (HIHBN) has been recently
developed by incorporating hyperbranched poly(benzyl-triptycene) (PBT) and SnP207 hydrogen bond
networks. The unique structure of the hyperbranched PBT polymer with a branching point contributes to an
impressive glass transition temperature exceeding 400 °C, enabling the membrane to operate at elevated
temperatures (above 220 °C) in fuel cell applications. The findings highlight the potential of HIHBN PEMs
for high-efficiency, durable performance in high-temperature fuel cell environments.
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Membrane Distillation Technology: Why nanofibrous membranes?
Mohamed Khayet"2"

1 University Complutense of Madrid, Department of Structure of Matter, Thermal Physics and Electronics,
Faculty of Physics, Avda. Complutense s/n, 28040, Madrid, Spain
2 Madrid Institute for Advanced Studies of Water (IMDEA Water Institute), Avda. Punto Com N 2, 28805
Alcala de Henares, Madrid, Spain

* Corresponding author: khayetm@fis.ucm.es
ABSTRACT

Compared to other separation processes, the potential of the non-isothermal membrane distillation (MD)
technology lies in its ability to address the water-energy-environment nexus. It can be integrated with
renewable energy sources such as solar energy or waste heat, and treat high saline solutions to saturation,
enabling the treatment of brines discharged from water treatment plants. These make MD an
environmentally friendly technology that seeks to achieve zero liquid discharge, water production and the
recovery of valuable minerals. Generally, it contributes to at least 5 of the 17 Sustainable Development
Goals (SDGs) indicated by the United Nations in the Agenda 2030. However, one of the drawbacks
hindering its industrial implementation is the lack of properly engineered commercial MD membranes on
the market although several types of membranes have been proposed in patents and research papers.
Currently, the commercial membranes used in MD pilot plants (initially prepared for microfiltration) suffer
from pore wetting, which reduces the quality of the produced water and, consequently, their lifetime. Despite
the widespread knowledge of dynamic research fields of materials, membrane engineering techniques and
transport phenomena, there is still a substantial information gap related to the scalability, stability and
durability of MD membranes, and their resistance to harsh operating conditions. Various hydrophobic
materials have been explored in MD membrane engineering, with interesting structures and functionalities
for different applications. An MD membrane must be tailored for each MD configuration and for each feed
solution to be treated. In this lecture, after the introduction of the current state of MD technology and its
membrane engineering based on literature data analysis, bibliometric methods and machine learning, some
case studies of nanofibrous-engineered MD membranes with different materials, morphological structures,
hydrophobic nature and characteristics will be presented, shedding light on the advantages and drawbacks
of this type of membranes with some strategies to improve their performance. These include mixed matrix,
nanocomposite, surface modified, double-or-triple-layered, nature-inspired, and solar or photothermally-
heated membranes, as well as recycled end-of-life membranes and discarded modules contributing to the
long-awaited circular economy and sustainability in membrane science.

Keywords: Nanostructured membrane, Mixed matrix membrane, Electrospinning, Membrane distillation,
Desalination.
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MICIU/AEI /10.13039/501100011033, are gratefully acknowledged.
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Recent Progresses in Membrane Preparation and Characterization
Takeshi Matsuura

Department of Chemical and Biological Engineering, University of Ottawa

The presentation consists of two parts, i.e. the recent progress in membrane characterization and
fabrication of ultrahigh flux membrane. Membrane preparation: There has been a long debate on the
presence and absence of pores in the skin layer of reverse osmosis membrane. Various advanced
instrumental techniques revealed that there were sub-nanometer pores that demonstrate multiple
distributions. The molecular dynamic simulation also revealed that clusters of water moved through the
channels formed in the skin layer of the membrane. Membrane fabrication: Attempts are being made to
fabricate ultrahigh flux reverse osmosis membranes based on carbon nanotubes, graphene and graphene
oxide, aquaporin, and fluorous oligoamide nanorings. The stages in their advancement are briefly outlined
and the challenges to overcome for their commercial applications are discussed.
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Membrane Technology in Addressing Global Warming
Sang Yong Nam

Department of Material Engineering and Convergence Technology Director, Research Institute of Green
Energy Convergence Technology Gyeongsang, National University, Korea

Corresponding author: walden@gnu.ac.kr
ABSTRACT

We are currently facing significant challenges due to greenhouse gases (GHGs), and there is
a concerted global effort to address these issues. In particular, the carbon capture and
utilization, a prominent GHG, is being actively researched by governments, research
institutes, universities, and industries worldwide, all seeking diverse solutions. In the field of
membrane technology, there is a focus on enhancing traditional gas separation membrane
techniques and developing novel technologies to contribute to carbon capture, storage, and
utilization (CCSU). The development and application of gas separation membrane materials
in CCS (Carbon Capture and Storage) will be introduced, highlighting how they are being
carried out and practically applied. In addition, as carbon dioxide emissions are an inevitable
byproduct of fossil fuel use, alternative fuels are being proposed, ushering in the Hydrogen
Cycle or Hydrogen Society as a new paradigm. In the Hydrogen Cycle, the role of membranes
is crucial in hydrogen production and utilization. They serve as key electrolytes in hydrogen
fuel cells and water electrolysis systems, facilitating ion transport. This has heightened the
importance of membranes, leading to concentrated research efforts. Moreover, the
integration of these new technologies with existing water treatment membrane technologies
is emerging as a vital fusion field. This presentation will discuss the development trends and
research in gas separation membranes within the Carbon Cycle and the development and
applications of membranes in the Hydrogen Cycle.
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lon Exchange Membranes Based on Block-Graft Copolymers for Fuel Cells and Water Electrolysis
Jong Hak Kim
Yonsei University, South Korea
Corresponding author: jonghak@yonsei.ac.kr

ABSTRACT

To address the environmental and economic challenges associated with perfluorinated sulfonic acids
(PFSAs), we present a novel strategy for synthesizing block-graft copolymers tailored for hydrocarbon-
based polymer electrolyte membranes (PEMs) used in clean energy applications such as fuel cells and
water electrolysis. Our approach introduces an efficient combination of “graft-from” and “graft-onto”
techniques, enabling the precise incorporation of side chains onto a main polymer backbone. This method
allows for the controlled architectural design of block-graft copolymers with enhanced functional properties.
Unlike conventional hydrocarbon PEMs, the membranes developed in this study were successfully
integrated into a large-scale, mass-production-compatible decal transfer process for fabricating membrane
electrode assemblies (MEAs). This compatibility underscores the practical scalability of our materials for
industrial applications. In the field of hydrogen production, anion exchange membrane water electrolysis
(AEMWE) has emerged as a promising zero-emission technology. Operating in an alkaline environment
and utilizing an anion exchange membrane (AEM), AEMWE eliminates the reliance on expensive noble
metal catalysts such as platinum and iridium, which are essential in proton exchange membrane water
electrolysis (PEMWE). Furthermore, the dense polymer membrane and zero-gap cell configuration in
AEMWE systems offer superior operational stability, making them highly suitable for accommodating the
fluctuating power supply characteristic of renewable energy sources. While solution casting (SC) remains
a widely adopted method for membrane fabrication, it often involves prolonged thermal and vacuum
processing to achieve dense membrane structures. In contrast, our previous research introduced a
simplified and rapid alternative: the nonsolvent-induced film formation (NIFF) method. This process differs
from traditional nonsolvent-induced phase separation (NIPS) by exploiting the strong affinity between the
polymer and the nonsolvent, which leads to the formation of a gel-like interfacial layer. This layer facilitates
efficient solvent extraction while preventing nonsolvent intrusion. The resulting membranes were
transparent, freestanding, and dense, demonstrating physicochemical, mechanical, and electrochemical
properties—along with AEMWE performance—comparable to those of SC-derived membranes

13
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Functional Nanomaterials and Thin Film Composite Membranes: Advancements & Prospects
Mohammad Younas'2

Department of Chemical Engineering, Faculty of Mechanical, Chemical & Industrial Engineering,
University of Engineering & Technology, Peshawar 25120 Pakistan
2State Key Laboratory of Advanced Environmental Technology, Institute of Urban Environment,
Chinese Academy of Sciences, Xiamen 361021, China

ABSTRACT

In recent years, Thin Film Composite (TFC) membrane technology has emerged as a pivotal solution in
separation processes across various domains, including food, environmental, and water sectors. The
evolution of TFC membranes is driven by innovative research and insights, encompassing material
innovations, integration of nancfillers, bioinspired designs, tailored surface functionalization, pore structure
optimization, and advanced process designs. Despite these advancements, challenges persist in
enhancing energy efficiency, fouling resistance, resource recovery, and achieving high selectivity and
permeability for specific gases, all of which are critical for sustainable energy practices and the circular
economy. Addressing these challenges necessitates significant improvements in both membrane design
and process engineering. Collaborative efforts among researchers, engineers, and stakeholders are
essential to fully realize the potential of TFC membrane technology in tackling global challenges and
fostering sustainable development.The incorporation of two-dimensional (2D) nanomaterials into TFC
membranes has garnered considerable attention due to their exceptional and tunable properties. These
properties include mechanical and thermal stability, abundant surface functional groups, high aspect ratios,
porous structures, low density, solvent stability, and unique molecular characteristics such as polarizability,
dielectric constants, dipole moments, electric charges, and van der Waals forces. The versatility of 2D
nanomaterials allows for their integration into both polymeric and inorganic/metallic structures, enhancing
the performance of membranes in applications like water treatment, gas separation, and energy devices.
This presentation will delve into emerging insights and potential prospects of nanomaterial-based functional
TFC membranes, specifically tailored for the removal of diverse cationic and anionic contaminants from
wastewater.

Keywords: Nanomaterials, Functional Groups, Thin Film Composite, Mixed Matrix Membranes,
Nanofiltration Membranes
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Submerged Nanofiltration for Low-Energy and Advanced Drinking Water Treatment
Fujioka Takahiro', Boivin Sandrine.

'Graduate School of Integrated Science and Technology, Nagasaki University, 852-8521 Nagasaki,
Japan

ABSTRACT

Nanofiltration (NF), without any conventional pre-filtration processes, is a new approach for producing high-
quality drinking water. This presentation covers our recent studies examining the feasibility of direct NF
treatment of surface water using submerged flat-sheet NF membrane modules. Specifically, this
presentation discusses the effects of membrane type, different pre-coagulation processes, and several
physical membrane cleaning methods. In general, submerged NF treatment can achieve high water quality,
while the rejection of some emerging contaminants, such as perfluoroalkyl and polyfluoroalkyl substances
(PFASSs), pharmaceuticals, and personal care products (PPCPs), can vary considerably depending on their
properties. The direct NF treatment of surface water generally results in gradual membrane fouling.
However, the membrane foulant was readily removed by applying one wipe using a sponge or by applying
micro nanobubbles, and the membrane permeability was fully recovered. The separation performance of
the NF system remained high: total organic carbon removal remained at 80—-90% on most sampling
occasions. When ferric chloride-based precoagulation was applied before the submerged NF system,
membrane fouling was considerably reduced. Further, we demonstrated that inline coagulation (or rapid
mixing) without slow mixing using aluminium-based precoagulation can mitigate membrane fouling. Our
comprehensive studies show the potential of submerged NF treatment as a low-energy and advanced
treatment for drinking water.

Keywords: Nanofiltration, Fouling, Drinking Water, PFASs, PPCPs
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Molecular Engineering of Advanced Polymers for High-Performance Separation
Mahmoud A. Abdulhamid

Sustainable and Resilient Materials Lab, Center for Integrative Petroleum Research (CIPR), College
of Petroleum Engineering & Geosciences (CPG), King Fahd University of Petroleum and Minerals,
Dhahran 31261, Saudi Arabia

*Corresponding author: mahmoud.abdulhamid@kfupm.edu.sa

ABSTRACT

The advancement of membrane-based separation technologies is essential for addressing critical
challenges in gas purification, water desalination, and organic solvent nanofiltration (OSN). This keynote
will explore the molecular engineering of advanced polymer membranes, emphasizing structure-property
relationships that drive high selectivity, permeability, and stability in harsh environments. Our research
focuses on the rational design of polymers of intrinsic microporosity (PIMs), polyimides, and poly(ether-
ether-ketone) (PEEK) membranes. By fine-tuning polymer backbone rigidity, free volume, and
functionalization, we develop membranes with superior separation performance, enhanced chemical
resistance, and long-term stability. These features are critical for energy-efficient gas separation, solvent
recovery, and desalination applications. A key aspect of our work is the systematic exploration of structure-
property relationships in polymer membranes, enabling the design of materials with precisely controlled
porosity, mechanical robustness, and selective transport properties. Additionally, PEEK-based membranes
offer excellent thermal and chemical resistance, making them ideal for challenging separation processes.
This talk will highlight recent advances in polymer design, focusing on the development of novel, high-
performance membranes tailored for specific separation challenges. By integrating fundamental insights
into polymer chemistry with performance-driven material development, our work aims to push the
boundaries of molecular separations and enable next-generation membrane technologies.

Keywords: Advanced Polymers, Polymers of Intrinsic Microporosity, Gas Separation, Water Treatment,
Membranes
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Precise Regulation of 2D MOF Membrane Stacking Structures for Efficient Hydrogen
Purification

Yanying Wei
South China University of Technology
ABSTRACT

Two-dimensional (2D) metal-organic framework (MOF) nanosheets, with their unique structural advantages
such as atomic-scale thickness and in-plane porous architecture, have emerged as ideal building blocks
for constructing high-performance separation membranes. However, the inherent complexity of stacking
modes during assembly—such as AA (face-to-face alignment) and AB (staggered stacking)—significantly
impacts the formation of mass transport channels and ultimately dictates membrane performance. In this
report, the conventional AB-stacking tendency of [Cu,Br(IN).], nanosheets can be disrupted by modulating
the solvent casting temperature. This approach promoted the formation of mixed AA/AB stacking
configurations, effectively reducing interlayer defects and optimizing vertical transport pathways. The
resulting membrane exhibited enhanced gas separation performance, particularly for H,/CO, and H,/CH,
mixtures. Furthermore, the ligand polarity-driven stacking engineering is found. A critical advancement lies
in the precise regulation of MOF nanosheet stacking modes through ligand polarity adjustments. As
demonstrated by experimental and theoretical analysis, increasing ligand polarity intensifies interlayer steric
hindrance, which forced adjacent nanosheets to adopt AB-dominated stacking patterns. This phenomenon
narrowed the effective stacking aperture, thereby improving molecular sieving precision. For example,
CuBDC-NO; nanosheets with highly polar -NO, ligands adopted an AB,.,; stacking mode (17% interlayer
slip), achieving an ultra-small aperture of 0.372 nm. This structure selectively restricted the diffusion of
larger molecules (CO,: 0.33 nm of kinetic diameter; CH,: 0.38 nm) while allowing rapid H, (0.29 nm)
permeation. The optimized CuBDC-NO, membrane demonstrated exceptional separation performance
with H,/CO, selectivity of 266, H,/CH, selectivity of 536, with H, permeance of 1325 GPU. These values
surpass the Robeson upper bounds for polymeric membranes, highlighting the efficacy of stacking
engineering in overcoming the permeability-selectivity trade-off. This report provides a paradigm for tailoring
2D nanosheet stacking architectures to address critical separation challenges in hydrogen purification—
particularly for fossil-derived H, streams containing CO,/CH, impurities.

Keywords: Gas Separation, Two-Dimensional Membrane, 2D MOF Nanosheets
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Mechanism of Electrically Responsive Graphene-based Membranes for Simultaneous Steam
and Power Generation

Tsung-Han Huang'2, Wei-Song Hung'"?*

! Graduate Institute of Applied Science and Technology, Advanced Membrane Materials Research
Center, National Taiwan University of Science and Technology, Taipei, 10607, Taiwan.

2 R&D Centre for Membrane Technology and Department of Chemical Engineering, Chung Yuan
University, Taoyuan, 32023, Taiwan

ABSTRACT

Water and electricity shortages constitute a global energy crisis that cannot be ignored. The sun is an
unlimited source of energy, and oceans provide abundant water and renewable energy resources. In this
study, poly(vinylidene fluoride) (PVDF)/graphene solar evaporator membranes are fabricated for
simultaneous freshwater production and power generation. Graphene addition transformed the PVDF
crystal from the a-phase to the piezoelectric self-assembly B-phase. The resulting membrane is used to
convert the mechanical energy of waves to electrical energy. The membrane has an output voltage of 2.6
V (£1.3 V) and an energy density of 2.11 Wm-2 for 1 Hz simulated waves, which are higher than values
reported in the literature. The stacked graphene and polymer formed a wood-lumens-like mesoporous
structure with a photothermal effect. Under one sun illumination, the water production rate is 1.2 kg m-2
h-1, and the solar-thermal energy conversion efficiency is 84%. Finally, a prototype is built to prove a single
evaporator's feasibility that can simultaneously obtain freshwater and generate electricity. Thus, this
membrane serves as an ocean wave power generation device that can provide all-weather energy
generation, convert stored electrical energy into thermal energy at night and on cloudy days, and
continuously provide safe drinking water.

Keywords: Self-Assembling, Electrical Responsive, Graphene, Membrane separation, Piezoelectric
material
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Antimicrobial Photocatalytic Coating for Bioaerosol Inactivation in Air Purification Applications

Farhana Aziz*, Nurul Khusna Mohd Saleh, Nur Atigah Daub, Dayan Norafizan Awang Chee?, Juhana
Jaafar'!, Wan Norhayati Wan Salleh’

TAdvanced membrane Technology Research Centre (AMTEC), Faculty of Chemical and Energy
Engineering, University Teknologi Malaysia, Johor Bahru, Johor 81310, Malaysia
2Faculty Resource Science and Technology, Universiti Malaysia Sarawak, Kota Samarahan 94300,
Sarawak, Malaysia

*Corresponding author: farhanaaziz@utm.my: farhana@petroleum.utm.my

ABSTRACT

Indoor air in high-risk environments such as hospitals, cleanrooms, and public transport often contains high
levels of bioaerosols, including Escherichia coli and Staphylococcus aureus, which contribute to respiratory
infections and cross-contamination. Conventional air filtration systems capture but do not inactivate these
microorganisms, allowing viable pathogens to persist. In this study, we developed and evaluated
antimicrobial photocatalytic coatings based on Cu,O/TiO,, Cu,0/Zn0, and bismuth ferrite/activated carbon
(BFO/AC) composites for bioaerosol inactivation under visible light. The coatings were characterized for
structural, optical, and morphological properties, and their antimicrobial performance was assessed via
minimum inhibitory/bactericidal concentration assays and transmission electron microscopy. Cu,O/TiO,
exhibited the most rapid disinfection, achieving complete inactivation of E. coli and S. aureus within 20
minutes, while BFO/AC (1:1.5) achieved 100% S. aureus inactivation in 60 minutes, significantly faster than
BFO alone (120 minutes). TEM analysis confirmed severe disruption of bacterial cell membranes following
photocatalytic exposure. The enhanced performance was attributed to efficient charge separation,
synergistic ROS generation, and, in the case of composites, additional adsorption capacity. These findings
demonstrate that engineered photocatalytic coatings can provide a chemical-free, energy-efficient, and
highly effective approach for continuous bioaerosol inactivation in air purification systems, with strong
potential for integration into HVAC and portable units for healthcare and public safety applications.

Keywords: Antimicrobial photocatalytic coating, Bioaerosol inactivation, Bismuth ferrite/activated carbon
(BFO/AC), Visible-light photocatalysis
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Counter-Current Cascades: A Tool to Enhance Membrane Separation Performances in Different
Industrial Sectors
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Saad Alami Younssi2, Thierry Renouard’
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Mohammedia, University Hassan Il of Casablanca, Morocco

*Corresponding author: murielle.rabiller-baudry@univ-rennes.fr
ABSTRACT

In many industrial sectors, membrane performances are limited when used in single passage or arranged
in multi-stage configuration. In the case of RO/NF desalination, water recovery is mainly limited by the
osmotic pressure increase. In OSN (organic solvent nanofiltration), the most recent membrane technology,
the lack of high selective membranes limits the development in fine chemistry, fragrance & pharmaceutical
industries, etc. Membrane cascades made of several stages retreating the retentates and the permeates
without any recycling as well as those involving internal recycling such as counter-current cascades (ccc)
are extensively studied in this paper by the mean of simulations based on experimental data. As a first
attempt, all cascade simulations were made in a continuous mode with the volume reduction ratio as main
parameter for each stage (VRRstage = extracted retentate flow/ stage feed flow) in close relationship with
overall productivity. The simulations highlighted the great potential of cascades with internal recycling acting
as a pseudo-diafiltration mode enhancing purification and recovery but without any extra solvent addition.
In the case of desalination 25-34 g.L-' NaCl solutions, containing a model organic pollutant set at 5.10
mol.L-' (Tropaeolin O, 293 g.mol-',dye) were filtered using a SW30 spiral membrane (2540 type). The
rejections of NaCl and Tropaeolin O were 99.4 and 99.6 %, at 55 bar, respectively. Simulations of counter-
current cascades up to 3 stages evidenced that the water quality could be significantly enhanced
decreasing the NaCl concentration in the permeate from about 250 ppm (single stage) to 5 ppm (two stages
ccc) and these of the dye from 850 ppb to 11 ppb. Moreover, this same last configuration could allow to
fulfil EU & WHO requirement with a degraded membrane exhibiting only 96% of NaCl rejection. In the case
of a solvent free hydroformylation media of the fragrance industry, the final synthesis mixture was filtered
by a PDMS membrane (Puramem flux® Evonik) using a Met-Cell cross-flow equipment (Evonik) at 40 bar.
Flux and rejection of all compounds were measured. The main objective was to separate Rh species
(catalyst, MW = 660 g.mol-', 2 mmol.L", to be recovered in retentate simultaneously with a P compound
(102 mmol.L") with P/Rh 2 5) and aldehyde (target product, 168 g.mol!, to be recovered in permeate, 4.6
mol.L"). The rejections were 71 %, -7% and 0% for Rh species, P and Aldehyde, respectively. For instance,
the best recovery of (Rh, Aldehyde) could be (73 %, 94%) with the best discontinuous single stage while it
could be (82.6%, 98.5% with 5 stages ccc) or (93.9 %, 82.8% with 4 stages ccc) among several other
opportunities. The choice would depend on the economic arbitrage.

Acknowledgements: for the grants of ANR Cyrano, DN-ChimSep MSCA EU and PHC-Toubkal (23/171)
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Development of Vapor-Induced Phase Separation Membranes for Effective Direct Contact
Membrane Distillation
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T R&D Center for Membrane Technology and Department of Chemical Engineering, Chung Yuan
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*Corresponding author: avenault@cycu.edu.tw
ABSTRACT

Direct contact membrane distillation (DCMD) can achieve nearly 100% rejection of non-volatile
contaminants, utilize “waste” heat, and treat high-salinity wastewater or water containing synthetic
fluorinated pollutants. However, it still suffers from relatively low water fluxes, requires a significant thermal
energy input, and is prone to membrane wetting and scaling, which can affect long-term performance.
Significant improvements have been made over the past five years, focusing on adjusting membrane
morphological features-such as developing re-entrant structures-and incorporating chemical modifications
to enhance wetting properties. However, most approaches reported in the literature involve multiple
fabrication steps, adding complexity to the process. The vapor-induced phase separation (VIPS) process
is a phase-inversion technique that allows for precise control over membrane structure, particularly when
using poly(vinylidene fluoride) or its copolymers, resulting in microfiltration membranes. This fabrication
method enhances the polymer's intrinsic hydrophobicity, achieving very high water contact angles in air (>
150°). With proper control over pore size through VIPS process optimization, these membranes hold strong
potential for DCMD applications. However, their use in desalination remains largely unexplored in the
literature. Over the past few years, we developed a series of VIPS membranes for DCMD. Here, we will
present these different membrane systems, with a focus on the formation process parameters, followed by
an analysis of their performance. Notably, at a relatively low feed temperature (60°C) and a feed-permeate
temperature difference of 35°C, these membranes achieve high fluxes (25-35 LMH), rivalling some
electrospun membranes and surpassing most phase-inversion membranes under similar conditions.
Additionally, we will discuss their resistance to wetting and scaling, long-term stability, and versatility in
DCMD applications with various feed types.

Keywords: VIPS Membranes, Membrane Formation, DCMD Applications
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Xuehong Gu
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ABSTRACT

High silica zeolite membranes have received extensive attention in molecular separations owing to their
merits of regular pore size, robust framework and excellent stability. The main challenging issues for
scalable fabrication of zeolite membranes are the high cost of membranes and non-selective defects
generated during high-temperature detemplation. In the past few years, we have made great efforts to
address these issues and pushed forward practical application of zeolite membranes. We successfully
synthesized high-quality DDR, CHA and MFI type zeolite membranes on low-cost a-Al2O3 hollow fibers by
using industrial-grade reagents. Pure-phase DD3R zeolite membranes were prepared by using ball-milled
seeds and dilute solution. Three detemplation strategies including ozonization, rapid thermal processing
and ultraviolet treatments were proposed to overcome the problem of nonselective defect formation. The
prepared DD3R zeolite membrane exhibited an impressive CO2/CHs separation selectivity of 1172,
accompanied by a CO2 permeance of 8.9 x10-® mol m2 s-! Pa-'. Now, hollow fiber DD3R zeolite membrane
modules have been successfully prepared by ensemble synthesis strategy. The membrane module
exhibited high selectivities for CO2/CH4 and H2/CH4 gas separation even at high feed pressure up to 4
MPaG. These strategies were extended to the preparation of SSZ-13 and MFI zeolite membranes and
membrane modules. These membranes have been successfully used for separations of CO2/CH4, CO2/Xe,
H2/CHa4, xylene isomers, alkane isomer (C4-Cs) separations etc.

Keywords: Zeolite Membrane; DD3R Zeolite; CHA Zeolite; MFI Zeolite; Molecular Separation
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Importance of Membrane Concentration Polarization (CP) in Brine-Staged Seawater Reverse
Osmosis in Controlling Membrane Biofouling

Winters, H.?, Oklejas, E.2, Mysore, P.2

TFaculty of Department of Biological Sciences, Fairleigh Dickinson University, Teaneck, New
Jersey, USA
2FEDCO Engineering, Monroe, Michigan, USA

ABSTRACT

One of the greatest impediments to successful operation in seawater reverse osmosis (SWRO) is the
presence of membrane biofouling. This type of membrane fouling results from the aggregation of individual
colloidal seawater bacteria, present in the SWRO feed after pretreatment, due to excessive membrane CP
at the boundary layer of the SWRO membrane surface. The membrane CP of the individual marine bacteria
is dependent upon the flux and crossflow velocity at the membrane surface. Most SWRO plants have been
designed as single-stage one pass in which pressure vessels contain between 6-8 membrane elements.
The recoveries range from 40 to 50% with the feed-end membrane elements possessing the highest CP
and brine-end membrane elements possessing the lowest CP. Membrane biofouling in SWRO always occur
in the feed-end membrane elements, rather than brine-end membrane elements, even though the
concentration of organics and marine bacteria are greater to the brine-end elements than to the feed-end
elements. There exists a critical membrane CP in SWRO that determines the ability of individual marine
bacteria to aggregate and adhere to the membrane surface. The critical CP also depends upon the type of
SWRO membrane used. In order to reduce the membrane CP in single-stage SWRO and subsequent
membrane biofouling potential, the only method is to reduce recoveries to below 40%. FEDCO has
proposed an alternative method, utilizing its bi-turbo brine-stage design, which keeps the recoveries in both
stages below 40% and attains the lowest SEC along with controlling membrane biofouling. Brine-staged
SWRO facilities now in use have demonstrated that recoveries up to 70% can be attained without
occurrences of any membrane biofouling.

Keywords: Membrane Biofouling;Brine-Staged Seawater Reverse Osmosis;Bi-Turbo Technology;Critical
Concentration Polarization
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Development of Ceramic-Based Composite Nanofiltration (Nf) Membranes Used Under Harsh
Conditions

Rong Wang'?", Can Li", Lizhi Zhang', Zefania Praventia Sutrisno’

! Nanyang Environmental and Water Research Institute, Nanyang Technology University, Singapore
2 School of Civil and Environmental Engineering, Nanyang Technological University, Singapore

ABSTRACT

As the demand for water and resources continues to rise, the development of novel membrane
technologies capable of withstanding challenging environments has become increasingly important.
Ceramic membrane is an attractive option as it has high solvent and heat resistance. However, fabricating
pure ceramic nanofiltration (NF) membrane with nanoscale pore size (<2 nm) capable of effectively
separating inorganic salts and small organic molecules remains both energy-intensive and costly.
Polyamide/ceramic composite membrane offers a compelling solution that can be fabricated by forming an
organic PA selective layer via interfacial polymerization (IP) on a ceramic substrate. This presentation
reports our latest development of ceramic-based composite NF membranes used under harsh conditions.
The efforts on scaling up the membrane production to raise up the technology readiness level and
collaborating with industries to push the technology for commercialization are also highlighted.

Keywords: Nanofiltration;, Polyamide/Ceramic Composite Membrane; Harsh Conditions
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Nanofiltration Membranes
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ABSTRACT

Polyelectrolyte complexes (PECs) are a promising platform for new types of nanofiltration (NF) membranes.
Usually, water-soluble polyelectrolytes are employed as building blocks. However, in a recently proposed
alternative, amphiphilic polymeric ionomers as a water-insoluble film are coated on a porous support
membrane and subsequently converted with an oppositely charged polyelectrolyte into the PEC; this is the
basis for a simple two-step fabrication method. While the first versions of such PEC NF membranes were
based on the fluorinated negatively charged ionomer Nafion, we will present here the extension of the
scope to several other commercial ionomers that have originally been established for fuel cell or water
electrolysis applications. Porous support membranes that enable the stable lamination of the barrier film at
maximum permeance are fabricated from polyacrylonitrile (PAN), followed by surface functionalization to
yield either amino groups (for coating of negatively charged ionomer) or carboxylic acid groups (for coating
of cationic ionomer). The first example is the combination of the fluorine-free negatively charged pentablock
copolymer Nexar (from Kraton) with polyethyleneimine (PEI) of different molecular weights. We will
demonstrate that structure and separation performance of the thin-film composite (TFC) membranes
depend on fabrication conditions for the first film, such as solvent system, dip-coating speed and
evaporation time, as well as the molecular weight of the PEI and conditions during the second step, the
immersion in the aqueous PEI solution. NF performance is comprehensively analysed, with one focus on
the rejection of organic micropollutants. We will then illustrate how the modular concept can be extended
to other ionomer / polyelectrolyte combinations, ultimately leading to PEC TFC NF membranes with
competitive separation performance compared to established polyamide TFC membranes, but offering
higher chemical stability and tunability of separation selectivity.

Keywords: Nanofiltration; Thin-Film Composite Membrane; Polyelectrolyte Complex; lonomer
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ABSTRACT

The potential of pervaporation, a membrane-based separation method, to extract volatile substances like
alcohols or water from liquid mixtures has attracted a lot of attention. It has several benefits when used in
chemical processes, particularly in equilibrium-limited reactions like esterification. Higher conversion rates
result from shifting the reaction equilibrium in favor of the creation of the desired ester through the constant
removal of byproduct water or main product ester. This integration is a possible substitute for traditional
methods like distillation since it increases energy efficiency, lowers the need for downstream separation,
and facilitates process intensification. Water is often removed using hydrophilic membranes like polyvinyl
alcohol (PVA), sodium alginate, and chitosan, whereas ester is removed using hydrophobic membranes
like polydimethylsiloxane (PDMS) and certain zeolite-filled polymers. In order to develop, optimize, and
scale up pervaporation-coupled esterification processes, modeling is essential. To help with process
comprehension and performance prediction, a number of models have been created to mimic mass
transport and membrane behavior. These consist of the Qi model, process-specific permeability model,
Stefan-Maxwell model, empirical and semi-empirical models, pore-flow model, solution-diffusion model,
and pseudo-change solution-diffusion model. Each model offers a unique balance between computational
simplicity and physical correctness, and they differ in complexity and usefulness.The solution-diffusion
model is the most popular and generally recognized of these, especially for dense polymeric membranes.
It offers a dependable and simple framework for encapsulating the pervaporation-governing sorption-
diffusion-desorption mechanism. In order to predict and enhance the process performance, this talk focus
on solution-diffusion-based model that combines membrane mass transfer with esterification kinetics.
Sensitivity analysis is also discussed the parameters that affect system performance.

Keywords: Modeling and Simulation, Pervaporation, Esterification, Solution-diffusion, Optimization
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ABSTRACT

Up to 70% of OPEX in major chemical processes are associated with separation and purifications stages.
The membrane separation can provide attractive alternative to the traditional separation methods to
overcome this problem. Particularly, the membrane separation can play important role in hydrogen-based
economy allowing extracting hydrogen from various gas streams. For instance, we recently showed that
the robust polymeric material can demonstrate the mixed gas H2/CO: selectivity greater than 900 at the
temperature of 250°C, and be stable in the presence of water vapors. Due to one of the highest hydrogen
content, ammonia molecule is considered as perspective hydrogen carrier; meanwhile, the ammonia
decomposition is equilibrium reaction that requires selective recovery of hydrogen from reaction mixture to
achieve greater efficiency of the process. The metal-based membranes can provide production of the high
purity hydrogen, but the high price of the noble metals and their limited presence in the environment make
it necessary to explore alternatives such as polymeric membranes. Bearing this in mind, the ammonia
permeability coefficient was estimated for large number of polymeric materials in the temperature range of
35-300°C to identify potential polymers for their future experimental study for both the Haber-Bosch process
and the ammonia decomposition processes. Despite all current activities on wider introduction of electric
vehicles, the internal combustion engines will be intensively used in the near future. Besides, crude oil is
still major feedstock for bulk and fine chemistry. Meanwhile, up to 4-10% of crude oil is consumed for its
processing in the refineries by generating the heat, electricity, and hydrogen. The direct crude oll
fractionation by means of the filtration can be considered as promising approach due to the absence of
phase transition. Particularly, it was recently shown that tight UF-range membranes based on
polyacrylonitrile can ensure the separation of heavy fraction (>400-600 Da) from crude oil. These and
related areas of application of polymeric membranes will be discussed in this talk.

Part of the activity was financially supported by the State Program of TIPS RAS.

Keywords: High Temperature Gas Separation; Hydrogen; Ammonia; Crude Oil Fractionation;
Regeneration of Used Engine Oil
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2D- Material-Based Nanofiltration Membranes for Precision Fluid Separation
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ABSTRACT

Reducing preparation difficulty and improving separation performance are the key challenges for ceramic
nanofiltration membrane materials. Aiming at the problems of complicated preparation of ceramic
nanofiltration membranes and difficult control of separation performance, this work intends to create low-
cost, easy-to-prepare and high-performance composite ceramic nanofiltration membrane by using two-
dimensional MXene, which is easy to construct a precise separation layer and can be thermally transformed
into a solid ceramic phase. A special SiC support layer can be constructed by directional reaction sintering
or in-situ deposition of ceramic nanostructures on its surface for supporting and thermal fusion with MXene.
MXene-based separation layer could be assembled on the surface of a SiC support by the pressure-
assisted deposition method. The interface of the support and the separation layer could be fused by the in-
situ thermal transformation, and the physicochemical structure of the separation layer could be controlled
simultaneously. The simultaneous mechanism of the interface fusion and mass transport channel
reconstruction for MXene/SiC composite ceramic nanofiltration membranes can be revealed by in-situ
characterization techniques. Based on molecular dynamics simulation and separation performance
experiment, the structure-performance relationship between the physicochemical structure of the MXene-
derived mass transport channel and its separation performance could be elucidated, and the confined mass
transport mechanism of small molecules or ions in the special transport channel was revealed in the
nano/micro-scale. This work may provide novel insights into the design and preparation of new ceramic
nanofiltration membrane materials and will lay a foundation for promoting the application of high-
performance ceramic nanofiltration membranes in precise separation processes.
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ABSTRACT

Capturing low-concentration CO2 emissions from small-scale combustion systems is crucial. This study
focuses on a catalytic membrane reactor (CMR). The fundamental concept behind this CMR is to feed CO2
in a distributed manner and directly converting it into CH4 through reaction with Hz. Ni catalytic substrate
was prepared on tubular y-Al2O3 porous substrate. The catalytic silica membrane was prepared by counter-
diffusion chemical vapor deposition on the Ni catalytic substrate. CO2 methanation tests were carried out
in the temperature range of 325 °C to 400 °C, with H2 and COz fed at 200 [mL min-'] on the inner and outer
sides of the substrate or membrane, respectively. ANSYS Fluent computational fluid dynamics software
was used for the simulations. The CMR was operated over 350 °C. The performance of the membrane
used was CO:2 permeance of 7.7x108 [mol m?2 Pa! s''] and a CO2/CH4 permeance ratio of 2.0 (380 °C).
CO:z2 conversion was higher in the membrane reaction test over the entire operating temperature range of
350 -400 °C, with a maximum of 92.3 % at 350 °C. This result can be attributed to the lower CO2 permeance
due to the membrane; CO2 permeance of the membrane was about one-tenth that of the catalytic substrate.
The heat generation was up to 910 K at the reactor inlet due to CH4 generation in the normal feed by the
simulation. In the distributed feed, on the other hand, CH4 generation was more active near the reactor
outlet. The temperature was about 675 K near the reactor inlet and up to 689 K near the reactor outlet,
where the reaction was more active. This result supports the contention that distributed supply is better
suited for temperature control.

Keywords: Distributor Type Membrane Reactor, Methanation, Temperature Control
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Building Up Mass-Transportation Channels in Polymeric Membranes with Surface-Functionalized
Carbon Nanotubes
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ABSTRACT

Membrane separations involve selective mass transportation through the membrane matrix, especially for
the processes utilizing dense-membranes without pores. The diffusion rates of the selective species to be
transported through the membranes play critical roles on the membrane performance, saying diffusivity and
permeability. In addition to simple diffusion and hopping motion, transportation channels in the membrane
matrixes are attractive to provide a high efficiency of promoting species movements in the membranes. Our
continuing studies have established a platform for building up mass-transportation channels in dense
polymeric membranes through utilization of surface-functionalized carbon nanotubes (CNTs). The first step
is chemically incorporating the functional groups, which have high interaction with the transported species,
to CNTs surfaces. Then the surface-functionalized CNTs are used as additive in fabrication of polymer-
CNTs mixed matrix membranes. Taking advantages of the one-dimensional nano-structure and the
relatively high aspect ratios of CNTs, the transported species have high interaction with the functional
groups attached on CNTs and could move smoothly along with the outer surfaces of CNTs. The CNT-
based channels for mass transportation are established. With various functionalized CNTs and different
polymer matrix, the above-discussion effect and mechanisms have been successfully applied to
transporting protons in proton exchange membranes, OH- ions in alkaline ion-exchanging membranes,
lithium ions in gel polymer electrolytes, and water in pervaporation desalination membranes.

Keywords: Carbon Nanotubes, Surface Functionalization, Proton Exchange Membranes, Polymer
Electrolytes, Pervaporation, Desalination
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MOF-Based Membranes for Molecular Separation: The Role and Elimination of Defects
Gongping Liu
Nanjing Tech University, China
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ABSTRACT

Polymeric membranes generally do not possess regular and continuous subnanometer channels, leading
to an inherent trade-off between permeability and selectivity. Nanoporous crystalline materials, represented
by zeolites and metal-organic frameworks (MOFs), can address this challenge by providing excellent
permeability and selectivity through their well-defined pore systems. There are two types of MOF-based
membranes: MOF crystalline membrane and MOF mixed-matrix membrane (MMM). Identifying the role of
defects and the defects elimination are critical for developing high-performance MOF-based membranes.
This talk will present our strategies to identify atomic-level defects and eliminating defects in MOF-based
membranes for molecular separation. We eliminated lattice defects in MOF crystalline membranes based
on a high-probability theoretical coordination strategy creating sufficient chemical potential to overcome the
steric hindrance that occurs when completely connecting ligands to metal clusters. We proposed a solid-
solvent processing strategy to fabricate a defect-free ultrathin MOF MMM (thickness less than 100 nm) with
filler loading up to 80 vol.%. Polymer is used as a solid solvent to dissolve metal salts to form an ultrathin
precursor layer, which immobilizes the metal salt and regulates its conversion to a MOF, and provides
adhesion to the MOF in the matrix. These MOF-based membranes showed high and stable separation
performance for hydrogen purification and organic solvent azeotrope separation.
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Ambient-Temperature Hydrocarbon Separations Enabled by Fluorine-Rich Poly(arylene amine)
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ABSTRACT

The potential of membrane materials to reduce energy consumption and carbon emissions in the separation
of aliphatic hydrocarbon feedstocks and products was explored. We developed a series of fluorine-rich
poly(arylene amine) polymer membranes, characterized by rigid polymer backbones with segregated
perfluoroalkyl side chains. This molecular design confers resistance to dilation upon hydrocarbon
immersion while preserving the feasibility of solution-based membrane fabrication methods. The resulting
materials exhibit effective separation of liquid-phase alkane isomers at ambient temperatures. To evaluate
their practical application, these membranes were integrated into fuel and chemical feedstock separation
processes, and a series of experimental tests were conducted. Technoeconomic analyses based on these
experiments indicate that the best-performing membranes can reduce energy costs and carbon emissions
associated with hydrocarbon separations by a factor of two to ten, depending on product specifications.

Keywords: Membrane Separation, Liquid Hydrocarbon Separation, Organic Solvent Reverse Osmosis,
Fluorine-Rich Polymers, Poly(Arylene Amine)
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ABSTRACT

To enable the large-scale utilization of renewable energy, a hydrogen-based society that addresses the
temporal and spatial mismatch between energy supply and demand is essential. Among the various
hydrogen production technologies, Anion Exchange Membrane Water Electrolysis (AEMWE) has attracted
growing interest due to its potential to achieve high efficiency without relying on precious metal catalysts.
However, the development of highly durable and chemically stable anion exchange membranes remains a
critical challenge for practical implementation. We have developed a series of polyphenylene-based anion
exchange membranes that exclude ether and other hetero-elements from the main chain, significantly
improving oxidative and alkaline stability. Recently, we discovered that these membranes also exhibit high
hydrogen/oxygen separation performance under wet conditions. In particular, the newly developed PFST-
C8-SOsH membrane features a poly(fluorene-alt-tetrafluorophenylene) backbone with long alkyl sulfonic
acid side chains. This design introduces a three-dimensionally twisted backbone structure and increases
the free volume within the membrane matrix. As a result, hydrogen permeability is enhanced, while oxygen
crossover is effectively suppressed. The PFST-C8-SO;H membrane exhibits lower water vapor absorption
due to 1T stacking compared to typical polyelectrolyte membranes, enabling it to retain high gas separation
selectivity even under humid conditions. These findings suggest that careful molecular design of both the
main chain and side chains in anion exchange membranes can lead to new functionalities for hydrogen
purification.

Keywords: Hydrogen Separation, Humidified Condition, Polyfluorene, Electrolyte Membrane, Water
Electrolysis
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Boron-nitride Nanosheets as Membrane Building Blocks for Water Purification and Gas
Separations

Ze Xian Low
Nanjing Tech University, China
Corresponding author: Nicholas.low@njtech.edu.cn

ABSTRACT

Two-dimensional analogues, such as graphene oxide, carbon nitride nanosheets and boron nitride (BN)
nanosheets, have been studied extensively for their potential to develop functional membranes with
superior ion and molecular separation capabilities attributed to their Angstrom-scale channels,
customizable channel wall properties, and remarkably low transport resistance. Among these analogues,
BN nanosheets, comprising multiple layers of hexagonal planes formed by alternating B and N atoms
interconnected through robust B—N covalent (sp2) bonds, have been widely studied for their higher thermal
conductivity, mechanical robustness, and resistance to oxidation and harsh chemical environments. Owing
to these distinctive characteristics, BN nanosheets have found applications in diverse fields such as energy
storage, insulation, waterproof coatings, electrocatalysis, gas and ion separation, as well as water
purification. In this presentation, we discuss techniques for synthesizing BN nanosheets and leveraging
them as building blocks to fabricate nanocomposite membranes with enhanced separation efficiency,
particularly in gas separation, nandfiltration, and reverse osmosis. We present two scalable exfoliation
techniques for large-scale production of BN nanosheets and their functionalized variants. Additionally, we
explore contemporary approaches for crafting membranes with heterostructures that exhibit novel
properties.' The fabrication techniques and membrane design strategies discussed herein hold significant
promise for advancing membrane-based separation processes, offering avenues for more efficient and
sustainable separation technologies.
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Hybrid Membrane Processes for Sustainable Nutrient Recovery from Aquaculture Effluent
Ooi Boon Seng
Universiti Sains Malaysia
Corresponding author: chobs@usm.my
ABSTRACT

Aquaculture effluent contains valuable nutrients, including ammonium (NH,*) and phosphate (PO,*), but
their low concentrations and high salinity pose challenges for recovery. This study explores three innovative
membrane-based approaches for nutrient recovery: (1) a zeolite-assisted forward osmosis (FO) system for
PO,3" recovery via chemical precipitation and NH,* rejection, (2) a hybrid vacuum membrane distillation-
nanofiltration (VMD-NF) process for simultaneous ammonia concentration and sodium removal, and (3)
a pilot-scale reactive vacuum membrane distillation (RVMD) system for high-efficiency ammonia recovery.
The FO system achieved 98.6% PO,* rejection and 94.8% NH,* rejection, with subsequent 98.46% PO ,*"
recovery as amorphous magnesium phosphate (AMP). NH,* was recovered at 88.7% efficiency via zeolite
regeneration. The hybrid VMD-NF process demonstrated superior performance, concentrating
ammonia 77-fold (49.33 to 3,790 mg/L) and phosphate 6-fold (16.67 to 92.52 mg/L) while removing 98%
sodium via diafiltration-NF. The optimized RVMD system achieved a 490-fold ammonia concentration (25
to 12,240 mg/L) under optimal conditions (50°C, 1 GPM). These integrated processes provide sustainable,
high-efficiency solutions for nutrient recovery from aquaculture wastewater, enabling resource reuse
as liquid fertilizers or soil conditioners while mitigating environmental risks such as eutrophication. The
findings highlight the potential of hybrid membrane technologies in advancing circular economy practices
in aquaculture wastewater management.

Keywords: Nutrient Recovery, Aquaculture Wastewater, Membrane Distillation, Forward Osmosis, Circular
Economy
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Solvent-Resistant Membranes for Energy-Efficient Separation Processes
Gyorgy Szekely
King Abdullah University of Science and Technology, Saudi Arabia
Corresponding author: Gyorgy.szekely@kaust.edu.sa
ABSTRACT

The development of sustainable membrane materials is crucial for advancing organic solvent nanofiltration
(OSN), an energy-efficient separation technology widely used in the pharmaceutical and fine chemical
industries. Conventional membranes rely on fossil-based materials, prompting a shift toward bio-based
alternatives. We explore the fabrication of solvent-resistant nanofiltration membranes using biomass and
green monomers via phase inversion and interfacial polymerization, ensuring high selectivity and stability,
while minimizing environmental impact. Complementing these material innovations, data-driven
approaches are transforming OSN process optimization. The OSN Database, an open-access platform,
enables the development of machine learning (ML) models that integrate molecular structure data for solute
rejection predictions. These models, achieving high accuracy, offer valuable insights into membrane
performance and process efficiency. By combining sustainable membrane design with predictive modeling,
we aim to drive greener, more efficient separations. Case studies will illustrate how explainable ML models
and next-generation materials together enhance OSN technology.
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Resource Recovery from Seawater Reverse Osmosis (SWRO) Desalination Brine
Tzyy Haur Chong "2 *, Wen Yi Chia ', Wei Liang Tan ', Truong Vinh Hien '
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Technological University, Singapore

2 School of Civil and Environmental Engineering, Nanyang Technological University, Singapore
*Corresponding author: thchong@ntu.edu.sg
ABSTRACT

Seawater reverse osmosis (SWRO) desalination is crucial for water production. However, it is often
associated with issues such as brine disposal. SWRO brine contains many salts and minerals, there is a
growing interest on SWRO brine valorization to upcycle the brine into valuable products. In this work, an
integrated system was developed to recover low bromide sodium chloride brine from SWRO brine, which
can be used in chloro-alkali process for producing sodium hypochlorite, a common disinfectant. Na and CI
are the main components in SWRO brine, but other components such as Ca, Mg, SO4, Br, organics, etc.
are presence which are potential impurities, thus they need to be removed (i.e., these compounds can be
recovered, but they are not the focus in this presentation). The proposed integrated system consists of
sequential units of i) nandfiltration (NF)-ion exchange (IX) to remove Ca, Mg, SO4 and organics (290%
removal); and ii) oxidation by peroxymonosulfate (PMS) to convert bromide to bromine followed by air
stripping (290% removal). The key performance indicators include energy consumption, cost of recovery,
quality and quantity of final brine that is suitable for use in sodium hypochlorite production.

Keywords: SWRO Brine, Resource Recovery, Nandfiltration, PMS Oxidation, Chloro-Alkali
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Harnessing Electroconductivity in New Generation Membranes for Desalination and Microbial
Fuel Cell
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*Corresponding author: swatantra@iitb.ac.in
ABSTRACT

Laser-induced graphene (LIG) has gained significant attention due to its chemical-free fabrication process,
enabling the direct conversion of various substrates, from commercial polymers to waste organic materials
like cloth, paper, and food, into graphene electrodes. This versatility allows for the development of cost-
effective, recyclable materials for flexible electronics and environmental applications. The porous structure
of LIG has shown great potential in electrochemical sensing for medical diagnostics, food safety, and
environmental monitoring. In membrane-based desalination, wastewater recycling, and microbial fuel cell
biofouling, the trade-off between selectivity and permeability remains a key challenge. Electroconductive
membranes offer a promising solution for mitigating biofouling while optimizing performance. LIG,
fabricated using a 10.6 ym CO,, laser, enables a single-step, chemical-free conversion of polyethersulfone
(PES) membranes into LIG-based filters. Further surface modifications transform these filters into
ultrafiltration (UF) and TFC composite membranes, ion-exchange membranes, and membrane electrode
assemblies with exceptional catalytic and anti-biofouling properties. The catalytic mechanisms of doped
LIG membranes arise from the intrinsic properties of graphene, the 3D porous texture, and heteroatom
doping, which enhance performance. These laser-printed membranes hold immense potential for energy
and environmental applications, offering a scalable and sustainable approach to water treatment and
resource recovery.
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Development and Application of Various Membrane Technology for CO, Capture and
Decarbonization Efforts Towards Net Zero Carbon Emission

Farahdila Kadirkhan,
CCUS R&D Head, Petronas Research Sdn Bhd
*Corresponding author: farahdila@petronas.com
ABSTRACT

Membrane technology plays a pivotal role in mitigating CO2 emissions and combating climate change,
which significantly contributes to global warming. This technology is integral to carbon capture processes
across various stages, including pre-combustion, post-combustion, and others, by preventing CO2 from
being released into the atmosphere. CO2 emissions from diverse sources, particularly from offshore
facilities, industrial plants, and factories, must be captured, transported, and stored. A portion of this
captured CO2 can also be repurposed or converted into valuable products. Achieving the Net Zero Carbon
Emissions (NZCE) target by 2050 necessitates significant advancements in CO:2 capture technologies to
ensure economic viability and project sustainability. Currently, the maturity of CO2 capture technologies
varies by application. Some, such as those employed in pre-combustion processes, are well-established
and commercially available, although enhancements to further refine the technology remain essential.
Conversely, others, particularly those pertaining to post-combustion CO2 capture technology, are still in
the prototype or demonstration phase, requiring further scale-up, performance validation, and technical
refinement. Depending on specific operational requirements such as plant capacity, CO2 concentration in
the feed gas, contaminants, product specifications, and acceptable hydrocarbon losses, either gas
separation membranes or membrane contactors with solvents may be selected. Therefore, continuous
innovation, knowledge exchange, and global collaboration are imperative to expedite the
commercialization of these technologies across various industries. Industrial sectors such as oil and gas,
cement, chemicals, steel, and power generation urgently require cost-effective solutions to diminish their
carbon footprint. However, decarbonization efforts face challenges, including elevated capital and
operational expenditures, market uncertainties, lack of incentives, and associated risks. In conclusion,
innovation in membrane technology is essential for constructing a sustainable future aimed at achieving
net zero carbon emissions. Accelerated research and development are vital to de-risk these solutions and
pave the way for a cleaner and greener world for future generations.

Keywords: CO, Removal, Membrane Technologies, Decarbonization, Carbon Capture.
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Engineering Next-Generation Membranes with 2D Materials: Structure—Function Innovations and
Applications

Mustafa ERSOZ
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ABSTRACT

The global membrane market is projected to grow from $28.66 billion in 2023 to $39.46 billion by 2027,
reflecting a compound annual growth rate (CAGR) of 8.3% (GlobeNewswire, 2023). This growth is driven
by escalating global challenges such as climate change, environmental degradation, industrial expansion,
and population increase—all of which intensify the demand for sustainable resource management. In this
context, membrane technology has emerged as a strategic solution due to its low energy requirements,
modularity, and compatibility with hybrid systems, making it indispensable in a wide range of separation
and purification processes. Despite the widespread use of polymeric membranes, their performance is
often limited by fouling, poor selectivity, limited scalability, and inadequate thermal, mechanical, and
chemical stability. To address these limitations, the rational design of membrane architectures—
particularly in terms of pore size and distribution—has become a focal point of innovation. In recent years,
advanced functional nanomaterials, especially 2D materials, have enabled breakthroughs in membrane
science. Materials such as graphene, GO, rGO, MXenes, h-BN, and MOFs have attracted significant
attention due to their atomic-level thickness, high aspect ratio, tunable surface chemistry, and exceptional
physicochemical properties. These 2D materials offer precise molecular sieving, enhanced mass
transport, and improved resistance to fouling, making them ideal for constructing high-performance
membranes. Their integration to the membranes enables customizable structures for advanced
applications in water desalination, gas separation, organic solvent nanofiltration, and ion sieving.
Additionally, the incorporation of machine learning (ML) and computational modeling into membrane
design workflows has accelerated the prediction and optimization of structure—function relationships,
bridging experimental gaps and advancing materials discovery. The recent developments in 2D-material-
enabled membrane technologies, critical challenges in scalability, durability, and cost, and explores
emerging strategies for their sustainable and industrially viable implementation will be highlighted.
Together, these advancements represent a promising pathway toward next-generation membranes
capable of meeting the performance demands of modern separation science and contributing to a circular
and sustainable economy.
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Brine Resource Recovery Using Membrane-based Processes for a Circular Economy
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ABSTRACT

Electrochemical desalination is an emerging desalination technology, which becomes more energy efficient
for the desalination of less saline water sources. In particular, capacitive deionisation (CDI) is of interest in
low-carbon and low-energy electrochemical process. However, the application potential of CDI has certainly
widened beyond brackish water desalination. Now, the CDI application includes water softening, heavy
metal and nutrient removal. Over the years, different types of CDI architectures have been proposed such
as membrane capacitive deionisation (MCDI), flow electrode capacitive deionisation and development of
intercalated electrode materials for MCDI application. This presentation covers the current state of MCDI
development and focus more on the application potential of MCDI for brine resource recovery options based
on some lab-scale and pilot-scale studies conducted. Further, some perspectives on the future direction of
membrane-based electrochemical processes with brine resource recovery will be shared for potential
applications.

Keywords: Brine, Resource Recovery, Electrochemical, Desalination, Circular Economy.
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The progress in the Development of Composite Electrolytes in Lithium Batteries
Madzlan Aziz, Nuor Suhaimin
Universiti Teknologi Malaysia
Corresponding author: sariyan@utm.my
ABSTRACT

For next-generation energy storage, lithium-based batteries have attracted widespread attention due to
their long cycle life, high energy density, and potential for next-generation applications. However, the use
of conventional liquid electrolytes poses significant challenges in terms of safety, interfacial instability, and
limited electrochemical stability windows. To address these limitations, composite electrolytes comprising
polymers, ceramics, ionic liquids, or hybrid fillers have been extensively developed through tailored material
design, optimized synthesis routes, and structural engineering to overcome the limitations of conventional
liquid electrolytes. These materials integrate the advantages of both organic and inorganic phases, offering
enhanced ionic conductivity, mechanical strength, and thermal stability. In particular, their application in all-
solid-state lithium batteries, lithium-metal batteries, lithium-sulfur batteries, lithium-ion batteries, and lithium-
air batteries has demonstrated considerable progress in recent years. In recent years, intensive research
has propelled the development of composite electrolytes, and this work presents a critical overview of their
design strategies and functional advancements. Various structural configurations, including polymer-
ceramic hybrids, gel-polymer matrices, 3D frameworks, in situ formed composites, and quasi-solid-state
architectures are discussed with emphasis on interface engineering, ion transport mechanisms, and design
principles. Furthermore, critical challenges related to interfacial resistance, dendrite suppression, and
scalable fabrication are analyzed. Finally, the technical challenges are summarized, and the possible future
research directions are outlined to guide the rational design of composite electrolytes toward high-
performance next-generation lithium batteries.

42



AMS15

e

‘e
Paper ID: KS31

Machine Learning-Driven Dynamic Prediction and Optimization for Ammonia Recovery in
Membrane Distillation System

Alicia AN
Hong Kong University of Science and Technology

Corresponding author: Alicia.kjan@ust.hk

ABSTRACT

Ammonia recovery is crucial for environmental protection and resource sustainability, as it helps mitigate
nitrogen pollution and enables recycling of valuable resources. Membrane distillation (MD) is a promising
approach for high-purity ammonia recovery, but optimizing its performance relies on understanding
dynamic ammonia transport under varying conditions. Conventional theoretical models often lack the
flexibility to capture complex system dynamics, while empirical models fail to generalize beyond specific
experimental scenarios. Here, we integrate machine learning (ML) with dynamic simulation techniques to
model complex nonlinear interactions, embedding empirical inference into theoretical frameworks. Key
input variables influencing the instantaneous rate of ammonia concentration change, such as temperature,
pH, and ammonia partial pressure gradient, were identified through theoretical analysis. An artificial neural
network (ANN) was developed to simulate the instantaneous rate of change of ammonia concentration on
the feed side, achieving a high accuracy on the test set (R2 = 0.8537). The ANN was further combined with
the fourth-order RungeKutta (RK4) algorithm to predict real-time ammonia concentrations and the
cumulative ammonia recovery rate. To optimize the instantaneous MD performance for ammonia, a wide
range of ML-based operational condition grid predictions was performed to identify optimal parameters.
This study enhances the comprehension of ammonia transport mechanisms in MD systems while
simultaneously advancing real-time process control and adaptive optimization, promoting both theoretical
development and practical implementation.

43


mailto:Alicia.kjan@ust.hk

AMS15

e

*e
Paper ID: KS32
Development of Membrane Based Unit Operations for Emerging Bioseparations Challenges
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ABSTRACT

Membrane based separations are attractive for a number of reasons such as easy scale up, lower operating
cost and the potential for significant process intensification. For applications in bioseparations linear scale
up is important given the regulatory approvals needed for a manufacturing process. In this presentation the
potential use of membrane-based process to address emerging challenge in the downstream processing
of biotherapeutics will be discussed. Biopharmaceutical manufacturing processes make use of cell lines to
produce therapeutics such as monoclonal antibodies, fusion proteins etc. Membrane based processes such
as sterile filtration, tangential flow microfiltration and ultrafiltration, membrane adsorbers, and virus
filtration are routinely used in the purification of these products. An overview of some of the challenges
associated with obtaining adequate performance from these unit operations will be reviewed. As a specific
example, validation of virus clearance will be discussed. The level of virus clearance required by regulatory
authorities depends on the specific manufacturing process. There is growing interest in emerging complex
therapeutics, e.g., live attenuated virus vaccines, viral vectors for delivery of gene therapy, virus like
particles (VLPs), plasmid DNA, etc. These more complex therapeutics create additional challenges when
attempting to validate virus clearance. Now the contaminating virus particles must be removed from the
desired virus particles that are the product of interest. The use of virus filtration to separate desired and
undesired virus particles could be more challenging than validation of virus clearance for protein-based
therapeutics. Today there is a great deal of interest in developing continuous biomanufacturing processes
in order to minimize batch to batch variation and reduce manufacturing costs. However current membrane-
based processes are typically designed for batch operation. Adapting virus filtration for use in a continuous
biomanufacturing process will be complex. Some of the challenges will be discussed.

Keywords: Bioseparations, Continuous Biomanufacturing, Virus Clearance, Virus Filtration, Virus
Purification
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Abstract

The incorporation of innovative nanomaterials into the membrane structure has been demonstrated to
enhance the efficacy of reverse osmosis (RO) membranes, addressing the persistent challenges
associated with conventional membrane technology. Since 2013, carbon-based quantum dots (CQDs) have
emerged as a leading contender in membrane applications, owing to their exceptional properties that set
them apart from other carbon nanomaterials. CQDs are artificial semiconductor crystals on the nanometer
scale, typically ranging from 1 to 10 nanometers (Korkut et al., 2023). Due to their minute size, these
particles exhibit quantum mechanical effects. The salient feature of these dots is their capacity for
modulating light absorption and emission based on their size. CQDs have emerged as a subject of
considerable research interest in the domain of membrane technologies. This is primarily due to their
inherent properties, which include the presence of various functional groups, the capacity for facile
synthesis based on carbon, high dispersibility, and significant biodegradability (Shao et al., 2017). CQDs
synthesized from renewable and sustainable biomass sources are commonly referred to as green CQDs.
These precursors include a vast variety of natural resources including medicinal plants, fruits, vegetables,
agricultural waste, and other organic biomaterials. The exploration of the common point of green chemistry
and nanotechnology is facilitated by the plant-based production of CQDs (Mindivan & Gdktas, 2023). The
primary operational challenges associated with RO membranes pertain to fouling by organic or microbial
substances, vulnerability to chlorine, and suboptimal performance in boron removal. The solution to these
issues has been found in the production of innovative membranes by placing CQDs on the polyamide layer.
In pursuit of this objective, a comparative analysis was conducted on the performance of two distinct RO
membranes. One of these membranes contained synthetic nanocomposites, specifically TiO,-quantum
dots (TQDs), while the other membrane incorporated CQDs derived from green raw materials.

Keywords: Reverse Osmosis, Quantum Dots, Antibacterial, Antifouling, Desalination
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Nanomaterials enhanced mixed matrix membranes and integrated membrane process for
wastewater treatment
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ABSTRACT

Mixed matrix membranes (MMMSs) have gained increasingly importance due to their ability to combine the
features of the aforementioned membrane materials, offering better solutions in terms of performance,
fouling, permeate quality and longevity Enhanced membrane performance could be achieved by tuning
their physicochemical properties and introducing unique functionalities via addition of novel nanomaterials
and intelligent design of advanced nanocomposite membranes for attainment of exceptionally
permselective materials and antiwetting/antifouling property, which is highly beneficial for advancing
emerging technology like Membrane distillation (MD) and Forward osmosis (FO) for desalination and
wastewater treatment. In our recent works, we have explored a range of different dimensional
nanomaterials including metal-organic frameworks (MOFs), graphene oxide, Mxene, CNT and their
influence on the physiochemical properties, morphologies and micro/nano structures of the nanocomposite
membrane. We report here how the incorporation of these nanomaterials with various properties modifies
the membrane micro/nano-structure, surface property and separation performance of nanocomposite
membranes to achieve the enhanced separation efficiency for wastewater treatment. Strategy for making
hydrophobic/hydrophilic dual layer MD membranes and interlayered FO membranes using 2D materials
are also discussed. The membranes were subject to industrial wastewater treatment and its integrated
process for treating real wastewater like textile wastewater and landfill leachate. The membranes exhibited
high water recovery (>90%) while demonstrating excellent robustness and integrity, showing great potential
for practical application of applying the emerging membrane technologies in treating wastewater to enhance
water recovery towards circular economy.
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Geopolymer Innovation in Membrane Science and Technology: From Waste Valorization to
Functional Water Treatment Systems
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ABSTRACT

Geopolymers have emerged as a promising class of inorganic materials for membrane science, offering an
environmentally friendly and cost-effective alternative to traditional ceramic and polymeric membranes.
Derived from industrial by-products such as fly ash and metakaolin, geopolymer membranes exhibit
tailorable porosity, chemical durability, and thermal stability, enabling diverse applications in water and
wastewater treatment. This keynote presents a comprehensive exploration of recent advancements in
geopolymer membrane design, performance, and multifunctionality. Our studies have demonstrated the
successful fabrication of geopolymer membranes with enhanced mechanical strength and controlled pore
architecture through chemical foaming techniques, such as H,O, incorporation, and reinforcement
strategies using glass fibers. Type C and F fly ash-based geopolymers were compared, revealing that Ca-
rich fly ash contributes to superior compressive strength, while Ca-poor variants offer higher water flux due
to increased porosity. Further innovation was achieved by integrating TiO, into the geopolymer matrix,
creating hybrid membranes capable of simultaneous filtration and photocatalytic degradation of methylene
blue—a model organic pollutant. This coupling not only enhances membrane self-cleaning properties under
UV irradiation but also addresses the fouling limitations commonly found in conventional systems. In
parallel, our research has extended geopolymer application to the immobilization of toxic heavy metals
(Cd** and Pb?*), showcasing their dual role in contaminant retention and structural reinforcement. Through
these efforts, geopolymer membranes demonstrate potential as sustainable, multifunctional materials that
bridge the gap between advanced membrane technology and circular economy principles. This talk will
provide insights into synthesis strategies, structure—property relationships, and future directions for
geopolymer membranes in environmental engineering.
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ABSTRACT

In industrial wastewater treatment and reuse, the management of both short- and long-chain perfluoroalkyl
substances (PFASs) remains a critical challenge due to their strong C—F bond energy, which hinders the
effectiveness of destructive methods such as chemical degradation and advanced oxidation, while often
generating toxic intermediates. As a result, non-destructive separation technologies have emerged as
promising alternatives for PFAS control.This study explores two complementary non-destructive strategies
for effective PFAS removal and concentration. First, a synergistic nanofiltration (NF)—magnetic activated
carbon (MAC) process was developed to remove short-chain PFASSs, specifically perfluorohexanoic acid
(PFHxA) and perfluoropentanoic acid (PFPeA). Acommercial hollow-fiber NF membrane achieved removal
efficiencies of 96.6% for PFHxA and 86.1% for PFPeA under optimized conditions. MAC, prepared via ball
milling to obtain uniform fine particles, demonstrated high adsorption capacities (qe = 43.80 mg g~ for
PFHxA and 32.70 mg g~* for PFPeA) and offered enhanced reusability compared to conventional powdered
activated carbon. By integrating NF and MAC, PFAS concentrations were effectively reduced to the part-
per-trillion range, with 50.6 ppt for PFHxA and 474 ppt for PFPeA. Second, membrane distillation (MD) was
investigated using asymmetric Janus polydopamine/polyvinylidene fluoride (PDA/PVDF) membranes with
a hydrophilic-hydrophobic dual-layer structure to separate and concentrate PFASs from highly
contaminated water while mitigating membrane wetting and fouling. Under direct contact MD operation with
0.1 M NaCl containing 20 mg L™ PFPeA and perfluorooctanoic acid (PFOA), the Janus membranes
exhibited stable flux, high salt rejection (~99.5%), low PFAS concentrations in permeate (6 ug L™ for PFPeA
and 3.5 yg L™ for PFOA), and feed enrichment up to 1.89-fold. Collectively, these results demonstrate that
combining NF-MAC removal with MD-based concentration provides a practical and robust platform for
PFAS management, enabling effective separation and pre-concentration prior to destructive treatment, in
alignment with increasingly stringent environmental regulations.

Keywords: Adsorption, Industrial Wastewater, Membrane Distillation, Nanofiltration, Polyfluoroalkyl and
Perfluoroalkyl Substances, Separation
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ABSTRACT

The removal of carbon dioxide (CO,) from natural gas (NG) is essential to improve its heating value, reduce
pipeline corrosion, and meet environmental standards. Various technologies such as amine absorption,
cryogenic separation, adsorption, and membrane separation have been developed for CO, removal. Of all,
membrane technology is attractive for its modularity and low energy requirements. However, conventional
membrane technology faces major challenges when applied to NG streams with high CO, concentrations.
These include plasticization of membranes under high CO,, partial pressures leading to CO,/CH, selectivity
reduction, stability deterioration, and methane losses. In this lecture, we introduce a promising alternative
selective adsorptive sheet tailored for high-CO, NG upgrading. Unlike diffusion-based membranes, these
adsorptive sheets rely on selective adsorption to achieve high CO, uptake. Radiation-induced grafting (RIG)
was used to covalently incorporate side chain grafts functionalized with amine to polymer substrate
enhancing selectivity and resistance to plasticization. Monomers such as vinylbenzyl chloride (VBC) was
grafted onto polyethylene/polypropylene (PPE/PP) nonwoven sheets and subsequently treated with
ethylenediamine (EDA). The properties of the aminated sheets were evaluated using FTIR, SEM, EDX,
BET, XRD and TGA. The performance of adsorptive sheet showed greater selectivity for CO2 over CHs, and
their adsorption capacities were found to be strongly dependent on pressure, temperature, and gas
compositions in which CO:2 content was varied in the range of 10-80%. The EDA-containing adsorptive
sheet demonstrated high capacity (4.4 mmol/g) at 30 bar and high CO:2 content in the feed. The adsorptive
sheets were stable, easily regenerable at 80°C, and highly promising for column and scaled CO: separation
from NG. Overall, radiation-grafted adsorptive sheets offer strong potential for a low-energy, robust, and
scalable solution for CO, removal from NG streams with extreme CO, concentrations.

Keywords: Radiation grafting, Adsorptive sheets, CO, separation, Natural gas purification, Selective
adsorption
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ABSTRACT

Natural rubber Skim latex is frequently thrown away as garbage or used to make skim natural rubber goods
like skim blocks and crepe. Since skim latex contains a lot of non-rubber components, such as protein, and
very little rubber, it is difficult to extract the remaining rubber. Concentrated sulfuric acid is typically used by
manufacturers as a coagulant. This process produces toxic chemicals and effluents that harm the
environment. The objective of this research is to create a hydrophilic PVDF-TiO2 mixed-matrix membrane.
After undergoing a membrane-based ultrafiltration process, the skim latex was separated into two products:
skim serum and skim latex concentrate. SEM-EDX and FTIR analysis can be used to identify skim latex
deposits that result in fouling on the membrane surface. The mixed-matrix PVDF-PVP-TiO2 membrane
produced the highest. SEM-EDX and FTIR analysis can be used to identify skim latex deposits that result
in fouling on the membrane surface. Compared to PVDF pure membranes, which had a lesser flux of 8.14
L/m2h, the PVDF-PVP-TiO2 mixed-matrix membrane produced the highest skim serum flux of 12.72
L/m2h. According to CHNS research, the membrane separation procedure was successful in extracting a
higher quantity of nitrogen, which is a sign of the protein composition. During filtration, these particles could
stick to the membrane surface and block or reduce the number of fluid flow channels. The flow rate
decreases because of the deposition's reduction of the membrane pores' effective size. The study's
hydrophilic PVDF-TiO2 mixed-matrix membrane exhibits great promise for use in the latex sector,
particularly in the treatment of natural rubber skim latex, a problematic by-product with a high fouling
potential. By facilitating more effective separation and recovery, this novel ultrafiltration technique is a viable
way to increase the value of skim latex.

Keywords: Natural Rubber, Skim Latex, Skim Serum, Concentrate Latex, Pvdf Ultrafiltration
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ABSTRACT

Membrane separation technology, characterized by its eco-friendly, energy-efficient, and highly effective
nature, represents a typical low-carbon process and technology, playing a crucial role in fields such as
chemical engineering, energy, environmental protection, and pharmaceuticals. The key to advancing this
technology lies in the fabrication of high-performance separation membranes. In the domain of organic
solvent separation, membrane performance is constrained by the trade-off effect between selectivity and
permeability, and developing novel membrane materials offers an effective solution to this challenge. Metal-
Organic Frameworks (MOFs), with advantages such as high porosity, interconnected pore structures, and
exceptional design flexibility, hold significant potential for application in separation membranes. However,
a major challenge currently lies in preparing ultrathin, defect-free MOF separation membranes. Strategies
like in-situ induction can be employed to form MOF selective layers on porous supports, leveraging their
pore size sieving and confined mass transfer mechanisms to achieve precise molecular sieving of organic
solvents. This approach enhances internal mass transfer pathways within the membrane, ultimately yielding
high-flux organic solvent separation membranes.

Key words: Organic Solvent Separation, Pervaporation, Metal-organic Framework, High Performance
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ABSTRACT

Nanocellulose and its derivatives have emerged as promising bio-based materials for water treatment,
attributed to their high surface area, strength, and renewable nature. The presence of hydroxyl groups on
cellulose nanocrystals (CNCs) and cellulose nanofibrils (CNFs) facilitates various surface modifications,
leading to nanocomposites with customizable properties. This presentation investigates into the
applications of nanocellulose-based materials in adsorption, catalysis, filtration, and flocculation, with a
focus on removing heavy metals, dyes, and pharmaceutical compounds from water. Additionally, it
examines nanocellulose’s role in environmental sustainability, particularly in wastewater remediation
through adsorption, filtration, catalysis, and pollutant sensing. The presentation also highlights recent
advancements in the production of nanocellulose-based adsorbents and membranes, emphasizing
synthesis techniques, surface modifications, and durability, which bolster their potential for commercial
application in cleaner wastewater treatment technologies. This comprehensive overview addresses the
challenges and future prospects for the industrial use of nanocellulose in environmental remediation,
underlining its importance in tackling global concerns related to resource depletion and harmful
contaminants.
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ABSTRACT

Bromide (Br7) is a critical ion with diverse industrial applications; however, its selective removal and
recovery from water remain underexplored, particularly in the context of capacitive deionization (CDI)
systems. While CDI has demonstrated high efficiency, its potential for targeted Br~ recovery and total
dissolved solids (TDS) reduction has not been fullln this study, we developed a bromide-selective composite
electrodes (BrSCE) by combining statistical modelling and electrochemical characterisation to enhance Br~
selectivity and total dissolved solids (TDS) reduction. The effects of Br -selective resin content, feed
solution ion ratios, and applied voltage on electrode performance were systematically evaluated using
response surface methodology, yielding highly significant quadratic models (p < 0.0001, R? > 0.97) for both
selectivity and TDS reduction. Electrochemical characterisation through cyclic voltammetry revealed ideal
capacitive behaviour with quasi-rectangular curves maintained across scan rates (5-100 mV/s), while EIS
analysis demonstrated efficient charge transfer kinetics with minimal interface resistance. The optimised
electrodes, containing 43.6% Bromide Plus/9218 resin and operated at 1.2 V, achieved a Br~ selectivity of
2.5 over CI” in solutions where CI~ was 5x more concentrated than Br~, and TDS reduction efficiencies of
60-90%. Desorption studies revealed a distinctive two-phase mechanism with 40% Br~ release within the
first stage followed by slower secondary desorption, achieving an overall recovery efficiency of 60%. This
behaviour indicates a trade-off between selective adsorption and recovery, attributed to strong ion-resin
interactions and mass transfer resistance within the composite electrode. These findings provide both
fundamental insights into selective ion removal mechanisms and practical solutions for resource recovery
industries seeking efficient bromide removal and extraction methods.

Keywords: Bromine, Bromine, Selectivity, Resource Recovery, Capacitive Deionisation
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ABSTRACT

Hollow Fiber Membrane (HFM) technology offers a cost-effective and efficient solution for water treatment,
with simpler fabrication than traditional spiral-wound membranes. It features compact design, high surface
area, low energy use, and adaptability to various materials including polymers and ceramics. Recently,
researchers have focused on using naturally abundant and low-cost minerals like kaolin to produce
inorganic HFMs, which are more resistant to harsh wastewater conditions. In Egypt, which faces severe
water scarcity, HFM technology presents a promising and scalable solution. This study proposes developing
low-cost, clay-based HFMs, offering a practical approach to wastewater treatment and addressing national
water challenges through technology transfer and localized material use. The HFMs were fabricated using
a combined phase inversion and sintering technique, aimed at simplifying the production process and
enhancing membrane performance. Different loading ratios of kaolin were applied to reach the optimum
ratio in terms of good mechanical properties of the resulted membrane. Furthermore, the spinning
parameters were optimized. The resulted membranes were investigated by SEM, mechanical strength and
water flux. In addition, polypyrrole layer were deposited on the optimized membranes for solar desalination
and wastewater treatment. The modified ceramic HFM showed an evaporation rate of about 1.3 kg/m2.h
using solar simulator at 1 sun, which is 2.1 times higher than the ceramic HFM without polypyrrole
deposition. This confirms the capability of using the modified ceramic HFM for solar-based wastewater
treatment technology. So, these resulting membranes offer a promising alternative to conventional
polymeric or inorganic membranes, particularly in regions facing water scarcity such as Egypt. The utilized
Egyptian clay in ceramic HFM fabrication encourages applying clay-based HFMs for industrial-scale
wastewater treatment. The proposed approach not only reduces material and production costs but also
supports sustainable water purification strategies tailored to local resources and needs.

Keywords: Egyptian Kaolin, Ceramic, Hollow Fiber membrane, Solar-Driven Evaporation
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ABSTRACT

Global warming, driven by the combustion of fossil fuels and the emission of greenhouse gases, is
accelerating environmental, economic and social crisis worldwide. As of April 2025, atmospheric CO2
concentration has reached 429 ppm. Mitigating these emissions requires both transitioning to renewable
energy sources and deploying carbon capture, utilization and storage (CCUS) technologies, which are
among the most promising options for existing power plants and industrial facilities. CCUS encompasses
a suite of technologies designed to reduce greenhouse gas emissions by capturing CO, and, in many cases,
converting it into valuable products. Among current CCUS approaches, including amine-based wet
scrubbing and sorbent-based capture, membrane-based gas separation is emerging as one of the most
viable solutions. Membrane technology offers several key advantages: (i) low energy consumption due to
the absence of phase changes, (ii) a compact footprint and scalability through modular cascade systems,
and (iii) a clean process with minimal secondary emissions. Over the past decade, we have developed a
comprehensive CO, separation membrane system, encompassing material design, hollow fiber membrane
spinning, module assembly, and demonstration at both bench- and pilot-scale levels. These systems were
tested across various flue gas sources, each with differing CO, concentrations and gas compositions. We
optimized membrane performance by adjusting design and operational parameters to meet specific capture
goals such as CO, purity, recovery rate, system footprint, and cost-effectiveness. In this presentation, we
will share results from several field demonstrations, including applications in boilers, LNG power plants,
cement production, petrochemical, and H2 generation facilities. These case studies highlight the
adaptability and efficiency of membrane-based CO, capture technologies under real-world conditions.

Keywords: Carbon Capture, CO2 Separation, Gas Separation Membrane, Scale-Up, Pilot Demonstration
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ABSTRACT

Understanding the interaction between membrane surface properties and complex fouling mechanisms is
essential for optimizing membrane performance in desalination processes. In this study, a
superhydrophobic polyvinylidene fluoride (PVDF) membrane was fabricated using an ethanol-assisted
phase inversion method to enhance interfacial control during membrane distillation (MD) of hypersaline
wastewater rich in microalgae. The engineered membrane exhibited a high static water contact angle of
156.2° and a low gliding angle of 8.6°, indicating significant hierarchical roughness and reduced surface
energy. Fouling resistance was markedly improved, with only 29.2 g/m? of foulant accumulation after 10
hours of continuous operation, which is approximately 50% less than that observed for the unmodified
membrane. A fouling-kinetics-based flux prediction model effectively described the long-term performance
trend (coefficient of variation: 6.6%), and the membrane consistently achieved a salt rejection rate of 99.9%
over 20 hours. These findings highlight the critical role of surface chemistry and fouling dynamics in the
rational design of advanced membranes for the treatment of saline and bio-organic-laden wastewater
streams.

Keywords: Superhydrophobic; Membrane Distillation; Desalination; Fouling Mechanism
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ABSTRACT

The growing global emphasis on environmental sustainability has accelerated the demand for green and
sustainable membrane technologies for gas and liquid separations. Conventional membrane fabrication
often relies on toxic solvents, non-renewable polymers, and energy-intensive processes, leading to
significant environmental and health concerns. This work explores emerging strategies for developing
environmentally friendly membranes, focusing on the use of green solvents and energy-efficient fabrication
techniques. In addition, innovations in membrane design, such as the incorporation of nanofillers and low-
energy processing methods, are paving the way for enhanced performance and sustainability. The
integration of green chemistry principles throughout membrane development aims not only to achieve high
separation efficiency but also to minimize lifecycle impacts, from raw material sourcing to end-of-life
disposal. By addressing current challenges and highlighting successful case studies, this work underscores
the critical role of green membrane technologies in achieving cleaner industrial processes, promoting
resource efficiency, and supporting global sustainability goals.

Keywords: Green Solvents, Polymeric Membranes, Gas Separation, Liquid Purification, Nanofillers
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ABSTRACT

This study investigates the performance and modeling of an anaerobic membrane bioreactor (AnMBR) for
landfill leachate treatment using a modified Anaerobic Digestion Model No. 1 (ADM1), integrated with
membrane-specific parameters. The AnMBR system was operated under mesophilic conditions at an
organic loading rate (OLR) of 3.04 £ 0.41 kg COD/m3-d. Chemical oxygen demand (COD) removal
efficiency of 95% was achieved, along with a biogas production of 18.87 L/d and methane yield of
0.33+0.07 L CH,/g COD removed. Enhanced methane generation was associated with elevated volatile
fatty acid (VFA) accumulation and high degradation rates. The optimum ORP values during acidogenesis
and methanogenesis phases were —284 + 32.71 mV and —335.63 £ 28.97 mV, respectively. Membrane
fouling mechanisms were also examined under operating conditions with an initial flux of 13—15 LMH, a
gradual decline in flux was observed, indicating progressive fouling. At a SRT 15 days, gel polarization
was the dominant fouling mechanism, caused by the accumulation of proteins, humic substances, and
carbohydrates on the membrane surface and within its pores. At a 45-day SRT, fouling was primarily due
to cake layer formation, resulting from sludge accumulation and compaction on the membrane surface.
SEM and FTIR analyses identified both organic and inorganic foulants, including functional groups such
as C-0, C-C, C-0-C, C=0, Si-0-Si, and S=0. Major fouling constituents included silica oxides and
amines, while inorganic scaling comprised calcite, dolomite, and ikaite, with manganese and iron acting
as co-precipitants. The experimentally derived kinetic parameters were used to update the ADM1 model,
replacing its default constants. Model calibration and validation against experimental AnMBR data showed
improved accuracy, with the average total simulation error 10.38 + 2.84%. These results demonstrate the
enhanced predictive performance and robustness of the modified ADM1-AnMBR model for simulating
landfill leachate treatment.

Keywords: AnMBR, ADM1, Leachate, Fouling, Kinetic Parameters
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ABSTRACT

Industrial oxygen is purified by cryogenic distillation, in which cryogenic fluids of O2, Ar, and N2 flow inside
the distillation column at a temperature of -180°C. The relative volatility of argon to oxygen is only 1.1, so
that energy consumption is high due to the large number of shelf stages and large reflux ratio. Thus, the
development of high O2 selective permeation membranes for oxygen purification will enable a significant
reduction in energy consumption via process intensification. In the present study, bis(triethoxysilyl)methane
(BTESM), which is known to have one of the most rigid and dense pore structures for bridged organosilica,
was selected as the active separation layer, and its gas permeation properties were evaluated under
temperatures ranging from -115 to 200 °C. Binary separation (O2/He, O2/Ar) was also conducted to
evaluate the effect of O2 adsorption and its blockage of separation properties under extremely low
temperatures. O2 selectivity strongly depended on network pore size and O2 selectivity for a membrane
with small network pore size largely increased at -115°C.

Keywords: Organosilica Membranes, Cryogenic Temperature, Gas permeation, Air Separation;
Molecular Sieving
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8555, Japan

*Corresponding author: naguma@pnitech.ac.jp
ABSTRACT

Membrane fouling is a critical challenge in the development of water permeable membranes. This issue
impacts the efficiency and longevity of membrane systems used in various water treatment processes. To
address this, we have focused on polymeric biomaterials known for their excellent fouling resistance, such
as nonionic poly(2-methoxyethyl acrylate)". We have investigated the mechanisms behind this resistance
using molecular dynamics (MD) simulations. In recent studies2?), we successfully reproduced experimental
trends in fouling resistance in polymeric biomaterials, by evaluating the dispersion/aggregation properties
of binary mixtures consisting of model organic foulants and oligomers constituting the polymer material.
This approach enabled us to model the interactions between foulants and the polymer substrate at a
molecular level, shedding light on the factors that contribute to fouling resistance. Building on these findings,
we explored the thermodynamic aspects of fouling resistance through free energy calculations using MD
simulations. We focused on simplified systems consisting of monomer molecules, and the results revealed
a clear correlation between the shape of the free energy profiles and experimental fouling resistance. These
findings show that even in simplified model systems composed of monomers/oligomers, the fouling
resistance of polymeric materials can be accurately estimated. Our theoretical approaches offer valuable
insights into the design of novel antifouling materials. We will present our methodologies and discuss the
detailed results, which could contribute to the future development of high-performance water treatment
membranes.

Keywords: Free Energy Profiles, Membrane Fouling, Molecular Dynamics, Radial Distribution Function,
Second Virial Coefficient
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Advancing Forward Osmosis Desalination through Engineered Thin-Film Composite Membranes:
Design and Performance Studies
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ABSTRACT

Forward osmosis (FO) offers a promising, energy-efficient approach for water production from saline feeds.
This study reports the development of a thin-film composite (TFC) FO membrane tailored for desalination
applications. The membrane support layer was fabricated using polyether sulfone (PES), modified with
poly(2-ethyl-2-oxazoline) (PEOx) and goethite nanoparticles to enhance hydrophilicity. The FTIR peak at
1637 cm™ confirmed the incorporation of PEOx, while X-ray diffraction (XRD) spectra showed characteristic
peaks at 21.40°, 33.53°, 34.8°, and 36.73°, indicating the presence of goethite nanoparticles. Scanning
electron microscopy (SEM) revealed highly porous structures, with increased porosity and enlarged
average pore size. The support layer exhibited a superhydrophilic loose side (~0° water contact angle,
WCA) and a hydrophilic dense side (~50.7° WCA), demonstrating improved wettability. Furthermore, a
selective polyamide layer was successfully formed on the support. The TFC-FO membrane showed
enhanced water permeability (A) and a significantly reduced structural parameter (S). Notably, the
optimized membrane (TFC-M4) achieved fluxes of approximately 5.62 LMH under FO mode and 11.25
LMH under PRO mode, using 2 M NaCl as the draw solution and deionized water as the feed.

Keywords: Poly(oxazoline), Goethite, Hydrophilicity, Forward osmosis, Poly(ether sulfone),
Nanoparticles
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ABSTRACT

Carbon monoxide (CO) plays an important role in the chemical and steel industries. CO is produced through
catalytic reforming of methane, partial oxidation of hydrocarbons, and coal gasification. The steel industry
produces large amounts of by-product gases containing high concentrations of valuable CO. Due to the
current lack of CO separation technology, it is mainly used to generate electricity through incineration, which
emits huge amounts of CO2 by burning CO, resulting in severe global warming. Separation of CO from the
by-products is of economic and environmental importance as they can be used to produce valuable
chemical or steel products. Absorption and adsorption technologies are currently being studied for CO
separation via m-complexation. Membrane technology has outstanding advantages such as low energy
consumption, easy operation, and fusion with other separation technologies, which can be a promising
means to recover CO from the by-product gases. In this study, we designed a new hybrid CO separation
process to increase CO separation efficiency from POSCO's by-product gas, FOG (28.9% CO, 3.4%, CO2
44.9%, N2 21.4% and CH4 1.1%) as follows; 1) Asymmetric polysulfone hollow fiber membranes for gas
separation were developed by dry-wet spinning and used in membrane process to remove H2 and CO2
from FOG to concentrate CO/N2/CH4. 2) Chitosan/Ag(l) facilitated composite membranes were developed
by introducing AgNO3 into CS selective layers coated on porous polysulfone supports and used in
membrane process to separate CO from the concentrated CO/N2/CH4 mixture via m-complexation. This
work could provide valuable insights for the separation of CO from steel industry by-product gases.

Keywords: Steel Industry, CO Separation, Chitosan-Ag(l ) Facilitated Composite Membrane, 17-
Complexation.
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ABSTRACT

Membrane-based separation is vital in various industrial processes because of its low energy consumption,
compact design, and ease of operation. The advancement of this technology hinges on the development
of innovative membrane materials. While polymer-based membranes have been used for a long time, their
efficiency is limited by the trade-off between permeability and selectivity. Thus, the quest for novel
membrane materials is a primary focus for academia and industry. Nanoporous materials, such as zeolites,
metal-organic frameworks (MOFs), and covalent organic frameworks (COFs), based membranes provide
better separation performance due to their ordered porous structures. COFs, in particular, are promising
for advanced gas and liquid-phase separation processes because of their crystalline nature, well-defined
porosity, tunable functionalities, and versatile architectures." Since the first COF membrane (COFMs) for
gas separation was introduced in 2015, there has been rapid progress in their development, underscoring
their potential in membrane-based separations of gas mixtures (CO2/N2; CO2/CHa; H2/N2 etc.), molecular
separation (ions and dye separation), solvent nanofiltration, oil-water separation and more.2 Not limited to
molecular separation, recently, COFMs have also been emerged as potential semiconducting materials for
photonics and optoelectronic device applications.® In my talk, | will discuss two of our recent works on
optical conductivity of free-standing 3D COFMs using terahertz (THz) spectroscopy and nonlinear optical
(NLO) response of free-standing COFMs along with molecular separation potentials of our inhouse
developed COFMs.

Gas separation Dye/API filtration

Figure 1. Schematic of the distinct applications of COFMs for molecular separation and light-matter
interaction.

Keywords: COFs, Membranes, Separation, Light-Matter Interaction, Oil-Water
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ABSTRACT

The curcumin-modified natural zeolite clinoptilolite (CUR-CPTMS-NZC) beads were successfully
synthesised using acid-treated natural zeolite clinoptilolite (HCI-NZC) and curcumin, which were then
fabricated into alginate beads. These beads were designed to enhance the adsorption of methylene blue
(MB) dye while being environmentally friendly. Characterisation tests were conducted, involving the use of
FTIR, BET, TGA, SEM-EDX, and zeta potential analysis. The effects of pH, adsorbent dosage, and initial
MB concentration on the removal of MB were studied using Response Surface Methodology (RSM) through
the central composite design (CCD) method to optimise the adsorption process. The results demonstrated
that the adsorption process adheres to a quadratic polynomial model, as evidenced by the high R? value
obtained (R? = 0.9985). The optimal conditions for 100% MB removal were predicted to be a pH of 7.8, 0.5
g/L of CUR-CPTMS-NZC beads, and an MB concentration of 13 ppm, with a treatment time of 60 minutes.
A visible colour changes in the beads from yellow to blue, along with elemental mapping images showing
the presence of sulphur and nitrogen on the bead surface after adsorption, qualitatively confirms the
successful uptake of MB dye. The SEM-EDX analysis also verified the adsorption of MB dye on the beads.
The experimental data on the adsorption of MB on CUR-CPTMS-NZC beads followed the Redlich-Peterson
isotherm, indicating a preference for the Langmuir isotherm, which suggests that monolayer adsorption is
the dominant mechanism. Zeta potential analysis indicates that adsorption occurs primarily through
physisorption, facilitated by electrostatic attraction between the negatively charged beads and cationic MB
molecules. Good adsorption properties were demonstrated in reusability investigations after six consecutive
cycles. This study found that CUR-CPTMS-NZC beads offer several advantages, including efficacy,
stability, and reusability as adsorbents for adsorption applications.

Keywords: Adsorption, Clinoptilolite Natural Zeolite, Surface Modification, Cationic Dye, Wastewater
Treatment
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ABSTRACT

The growing demand for sustainable and high-performance materials has led to increased interest in using
bioresources as renewable feedstocks for functional material development. Agricultural residues, forestry
byproducts, and other biomass-derived materials offer abundant, low-cost, and environmentally friendly
alternatives to conventional synthetic resources. By utilizing agricultural waste such as rice husk ash, wood
chips, and bamboo residues, these materials can be engineered into high-performance adsorbents through
controlled thermal and chemical treatments. Rice husk ash and wood ash, rich in reactive silica and
alumina, were utilized as precursors in the synthesis of geopolymers via alkali activation. The resulting
materials exhibited high porosity, improved structural integrity, and strong adsorption affinity toward heavy
metals such as lead and copper, enabling their effective use in wastewater treatment. Bamboo-derived
graphene oxide was synthesized through controlled oxidation routes, leveraging the high carbon content of
bamboo culms. The graphene oxide produced demonstrated a high surface area and abundant functional
groups, which contributed to excellent adsorption performance against organic dyes like methylene blue.
These bio-derived materials offer tunable physicochemical properties, including surface charge,
hydrophilicity, and reactivity, making them suitable for integration into multifunctional systems.
Physicochemical characterization using SEM, FTIR, XRD, and static adsorption confirmed successful
material synthesis and functional enhancement. Testing in simulated wastewater environments validated
the efficacy of the biobased-geopolymer and bamboo graphene oxide materials in capturing heavy metals
and organic pollutants, respectively. These findings highlight the potential of bioresource-derived functional
materials in addressing wastewater challenges. By transforming agricultural byproducts into value-added
materials, this approach supports circular economic principles while addressing pressing environmental
challenges. Bioresource-based functional materials thus represent a promising platform for sustainable
innovation across water treatment, textile processing, and beyond.

Keywords: Bioresource, Agricultural Waste, Functional Material, Bamboo-Derived Graphene Oxide, Ash-
Derived Geopolymer
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ABSTRACT

The acceleration of industrialization has led to an upsurge in both product output and environmental
pollution, with plastic waste emerging as a dominant contributor. In 2023, global plastic waste generation
reached approximately 353 million tonnes, adding to the growing environmental crisis. At the same time,
aquatic ecosystems are increasingly threatened by the presence of diverse pollutants such as oils, heavy
metals, and synthetic dyes. Membrane filtration technology has emerged as a globally endorsed solution
for water purification due to its operational simplicity, cost efficiency, longevity, and minimal energy
requirements. By 2022, the membrane technology market was valued at USD 26.3 billion, growing at an
annual rate of 8.5%. However, conventional membranes typically composed of polyether sulfone (PES),
polyvinyl chloride (PVC), polypropylene (PP), and polyvinylidene fluoride (PVDF) pose environmental risks,
as microplastics from these materials have been detected in drinking water treatment plants (DTWPSs).
Addressing this challenge aligns with Sustainable Development Goals (SDG 6 and SDG 12), prompting a
shift towards bioplastics derived from agricultural residues such as cellulose, fiber, and starch. Despite
rising interest, no bioplastic membranes have been commercialized for water treatment applications. This
study introduces a novel cellulose-based bioplastic membrane synthesized from rice husk waste,
developed through three phases: cellulose extraction, membrane fabrication via conventional drying, and
performance evaluation for oil-water separation. The optimized membrane, containing 1 wt.% cellulose and
0.2 wt.% PEG as a pore-forming agent, exhibited exceptional properties—88 MPa tensile strength, 55%
porosity, 0.32 ym average pore size, 233 L/m?-h permeate flux, and 100% oil rejection. Notably, the high
oil rejection efficiency was consistently achieved across various oil types, including palm oil mill effluent
(POME), used cooking oil from restaurants, and synthetic motor oil, demonstrating the membrane’s broad
applicability in real-world wastewater scenarios.

Keywords: Bioplastic Membrane, Cellulose Extraction, Rice Husk Waste, Oil-Water Separation,
Sustainable Water Treatment
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ABSTRACT

The application of ceramic hollow fibre membranes from clay and animal bone waste have attracted great
attention due to their potential applications especially water and wastewater treatment. Interestingly,
numerous studies have demonstrated hydroxyapatite extraction from animal bone waste has ability towards
adsorption features for water purification. However, ceramic hollow fibre membrane from hydroxyapatite
showed lower mechanical strength. In this study, composite hydroxyapatite/kaolin ceramic hollow fibre
membrane prepared at different concentration and sintering temperature were successfully prepared via
phase inversion and sintering technique. Hydroxyapatite used in this study was prepared from cow bone
waste through calcination process at 800 °C. The mechanical strength for composite ceramic hollow fibre
membrane from hydroxyapatite was improved when hydroxyapatite was mixed into membrane matrix at
composition kaolin:hydroxyapatite at ratio 30:10. In addition, the sintering temperature used was 1200°C,
in which lower than sintering temperature for commercial alumina ceramic membrane. This situation can
be explained through Al203-Ca0O-SiO2 phase ternary diagram system, in which the arrangement of the
crystal lattice of the ceramic particle was improved when incorporation of kaolin into hydroxyapatite. The
composite hydroxyapatite/kaolin ceramic hollow fibre membrane sintered at 1200°C was successfully
applied for arsenic removal, with rejection of 90.4% at pH 7.

Keywords: Kaolin; Hydroxyapatite, Composite Ceramic Hollow Fibre Membrane, Arsenic
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ABSTRACT

Produced water, a highly complex effluent generated during oil and gas extraction, presents a substantial
environmental burden due to its elevated concentrations of persistent organic and inorganic pollutants. In
response to this challenge, a novel photocatalytic membrane system was engineered by integrating TiO,
and UiO-66-NH, into a polysulfone (PSf) matrix via the non-solvent induced phase separation (NIPS)
technique. Composite membranes were fabricated with varying nanoparticle loadings (0-2 wt%), facilitating
a comprehensive assessment of the influence of photocatalyst incorporation on structural and functional
membrane. Advanced morphological and physicochemical characterizations verified the uniform dispersion
and successful immobilization of TiO,/UiO-66-NH, within the PSf framework, resulting in enhanced surface
hydrophilicity, increased porosity, and superior photo-responsiveness. The optimized membrane with 2
wt% filler demonstrated outstanding photocatalytic treatment performance under UV-Vis irradiation,
achieving removal efficiencies of 89% for chemical oxygen demand (COD), 92% for ammonia nitrogen
(NH3—N), and 95% for total dissolved solids (TDS), while maintaining a high permeate flux of 135 L/m?.h.
Furthermore, the membrane exhibited excellent antifouling behavior and operational durability, retaining
99.38% of its original performance and reducing fouling by 97.95% after five continuous filtration cycles.
This results highlight the potential of PSf-TiO,/UiO-66-NH, membranes as a highly efficient and scalable
solution for the advanced treatment of produced water. Future research should focus on evaluating long-
term stability under real wastewater conditions and conducting pilot-scale trials to validate industrial
feasibility.

Keywords: Photocatalytic Membranes; Polysulfone Membrane, TiO,/UiO-66-NH,, Antifouling; Produced
Water Treatment
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ABSTRACT

Alkaline scaling in the cathode chambers of conventional electrodialysis (ED) stacks presents significant
challenges when desalinating solutions containing divalent cations. This scaling, resulting from the
combined effects of water electrolysis and the migration of divalent cations from the feedwater into the
catholyte, further extends from the cathode chamber to the surfaces of both the cation ion exchange
membrane (CEM) and the anion exchange membrane (AEM) in the adjacent dilute chamber. This study
aims to mitigate alkaline scaling, without pre-treatment or anti-scalant dosing, by optimizing the ED stack
design to restrict divalent cation transport toward the cathode. We evaluated three ED stack configurations,
each forming the cathode chamber with a distinct ion transport control mechanism: (1) a monovalent
selective cation exchange membrane (SCEM), (2) a bipolar membrane (BPM), and (3) a mediating solution
chamber adjacent to the cathode chamber (EDM). Our results indicated that stacks employing the SCEM
or BPM partially restricted divalent cation migration but remained vulnerable to scaling under higher feed
salinities, due to weakened Donnan exclusion within the SCEM, and strong internal ion polarization at the
BPM interface. In contrast, the EDM stack exhibited superior anti-scaling performance by combining strong
Donnan exclusion through an AEM with ionic buffering in the mediating solution chamber, effectively
blocking cation transport and eliminating conditions conducive to scaling. Additionally, the EDM stack
maintained low electrical resistance and high operational stability, making it a simple, efficient, and cost-
effective solution for scaling mitigation in ED systems.

Keywords: Electrodialysis With Mediating Solution (EDM), Electrode Scaling, Stack Design, lon Transport,
lon Exchange Membrane (IEM)
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ABSTRACT

The generation and discharge of wastewater poses a greater threat to the nation’s economy and
environment. Strict regulations have been implemented for handling, discharging, and treating waste and
wastewater. Membrane technology, being one of the cleanest methods, can be used to treat the
wastewater. The utilization of inorganic membranes is gaining more attention for the treatment of
wastewater due to their known advantages, like higher chemical resistance, mechanical strength, and
thermal resistance in comparison to their polymeric counterparts. The overall cost of fabrication of ceramic
membranes is far higher than that of polymeric membranes. To overcome this aspect, cheap and locally
abundant raw materials are required for the fabrication of ceramic membranes. This work shows the
utilization of waste marble dust as a key raw material for membrane fabrication, along with the locally
available and inexpensive raw materials such as natural clay, fuller's earth clay, and kaolin. Two different
compositions were used to fabricate the membrane: waste marble dust (WMD) and natural clay-based
ceramic membrane (CM). The novel fabricated membrane by using WMD and CM has a pore radius of 320
nm and 580 nm with a permeability of 459 L/hr m2 bar and 1457 L/hr m?2 bar, respectively. The CM
membrane was tested against the treatment of sewage effluent and has an excellent flux recovery ratio of
85.71 %. On the other hand, the WMD membrane was evaluated against laundry effluent with an excellent
turbidity removal of up to 99%.

Keywords: Ceramic Membrane, Dry Moulding, Microfiltration Membrane, Negatively Charged Membrane,
Sewage Effluent
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ABSTRACT

The generation and discharge of wastewater poses a greater threat to the nation’s economy and
environment. Strict regulations have been implemented for handling, discharging, and treating waste and
wastewater. Membrane technology, being one of the cleanest methods, can be used to treat the
wastewater. The utilization of inorganic membranes is gaining more attention for the treatment of
wastewater due to their known advantages, like higher chemical resistance, mechanical strength, and
thermal resistance in comparison to their polymeric counterparts. The overall cost of fabrication of ceramic
membranes is far higher than that of polymeric membranes. To overcome this aspect, cheap and locally
abundant raw materials are required for the fabrication of ceramic membranes. This work shows the
utilization of waste marble dust as a key raw material for membrane fabrication, along with the locally
available and inexpensive raw materials such as natural clay, fuller’s earth clay, and kaolin. Two different
compositions were used to fabricate the membrane: waste marble dust (WMD) and natural clay-based
ceramic membrane (CM). The novel fabricated membrane by using WMD and CM has a pore radius of 320
nm and 580 nm with a permeability of 459 L/hr m2 bar and 1457 L/hr m? bar, respectively. The CM
membrane was tested against the treatment of sewage effluent and has an excellent flux recovery ratio of
85.71 %. On the other hand, the WMD membrane was evaluated against laundry effluent with an excellent
turbidity removal of up to 99%.

Keywords: Ceramic Membrane, Dry Moulding, Microfiltration Membrane, Negatively Charged
Membrane, Sewage Effluent.
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ABSTRACT

Pinholes may form in membranes during manufacturing, and physical damage can occur during installation
and operation. Identifying the exact location of damage on membrane is challenging, and even minor
damage might eventually develop into significant defects. Therefore, exploring membranes with smart
features such as reversible and self-repairing abilities is crucial for restoring their original functions. In this
study, a smart membrane with self-healing ability was fabricated by coating a polyethersulfone (PES)
substrate with layers of polyethyleneimine (PEI) and poly(acrylic acid) (PAA) incorporated with amine-
functionalised carbon quantum dots (A-CQDs). The membrane’s performance was evaluated based on
permeability and rejection using industrial textile wastewater. Healing was achieved by immersing the
damaged membrane in distilled water at 60°C for 6 hours. With 0.6 vol% and 0.4 vol% of A-CQDs in the
PEI and PAA solutions, respectively, the membrane exhibited a 93.2% self-healing efficiency based on
permeability recovery. Furthermore, the recovery chemical oxygen demand (COD) and colour (measured
in ADMI) reached 95.5% and 91.1%, respectively. Scanning electron microscopy (SEM) images further
confirmed the successful self-repair ability. This study highlights the feasibility of a dual-responsive, self-
healing membrane for wastewater treatment applications.

Keywords: Intrinsic Self-Healing, Carbon Quantum Dots (CQDs), Polyelectrolyte, Polyethyleneimine (PEI),
Poly(Acrylic Acid) (PAA)
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ABSTRACT

Fast mass transport inside and across nanoscale graphitic surfaces such as carbon nanotubes and
graphene, respectively, forms the basis of Carbon Nanofluidic phenomena and poses potential applications
in energy and clean technologies. This talk will review an existing paradigm of the fast transport in carbon
nanotube conduits with a proposal of a new scaling relation to answer a question, “How fast is fast?” Then
follows our story of shifting the paradigm with recognition of equivalence between a nearly frictionless
channel and no-channel-but-only openings. Synthesis, transfer, perforation, and device integration of
graphene enable altogether the preparation of an atomically thin, porous membrane for the embodiment of
this new concept. Transport physics across the orifice points to an ultimate permeation of fluids (both in
molecular and viscous transport regimes), heralding a high-flux membrane. High-flux membranes are in
need of proper applications in membrane technology, for which this talk introduces active endeavors of
producing porous graphene at large scales, furthering our understanding of transport theories and
designing composite membrane materials for enhanced chemical separation.

Keywords: Fast Mass Transport, Carbon Nanotube Conduit, Graphene Orifice, High-Flux Membrane
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ABSTRACT

Carbon nanomaterials with a large surface area that are 10 nm in size are known as carbon quantum dots
(CQDs). A brand-new class of carbon nanomaterial called carbon dots (CDs) is made up of distinct,
practically spherical nanoparticles. As the human risk and ecological health can be affected by lead(ll) in
water. The removal of lead ions from water and wastewater requires the development of low-cost
adsorbents. CDs prepared from sago hampas via simple hydrothermal synthesis processes at two different
temperatures, 200°C and 160°C, are compatible as one of the nanomaterials for a new hybrid membrane to
remove lead (IlI) from wastewater. In this study, a novel composite (CDs@ZIF-8) based on carbon dots and
zeolitic imidazolate framework (ZIF-8) on the alumina membrane support was successfully synthesized by
incorporating CDs into the pores of ZIF-8 through a simple in-situ solvothermal method. The morphology
and physicochemical properties of the hybrid membranes were characterized using the UV—visible (UV-vis)
spectrophotometer, field emission scanning electron microscope (FESEM), Energy-dispersive X-ray (EDX)
spectroscopy, Fourier-Transform Infrared Spectrophotometer (FTIR). The synthesized 160°C CDs@ZIF-8
membrane has a greater adsorption performance as opposed to the 200°C CDs@ZIF-8 membrane, with a
maximum potential for absorption of lead(ll) is 95.16 mg/g was obtained at 100 ppm lead(ll) aqueous
solution and 95.16% removal. The adsorption mechanism of lead(ll) onto the CDs@ZIF-8 membrane was
best fitted to the Freundlich isotherm and pseudo-second order model. The findings of this study indicate a
strong potential for employing CDs@ZIF-8 modified alumina membrane wastewater treatment systems for
removing lead(ll) metals.

Keywords: Carbon Dots, Zeolitic Imidazolate Framework-8,A lumina Membrane, Adsorption, Lead(ll)
Removal
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ABSTRACT

Osmotically assisted reverse osmosis (OARO) has been recently suggested as a promising alternative to
improve water recovery in reverse osmosis (RO) applications where conventional RO has reached its
operational limits. In our previous work, we developed a computational fluid dynamics (CFD) model that
accurately captures the key physical phenomena occurring in the feed, porous, and draw sides of OARO
membranes. The CFD simulations showed good agreement with experimental data and predicted water
flux more reliably than simplified analytical models. This analysis revealed that external concentration
polarization (ECP) on the feed side plays a more dominant role than internal concentration polarization
(ICP) within the porous support layer, particularly under high transmembrane pressures (Ap = 40 bar).
Furthermore, unlike conventional RO, where CP on the permeate side is negligible, OARO systems exhibit
significant ECP on the draw (permeate) side, especially under high Ap conditions. However, the prior study
was limited to an empty channel without spacers and was limited to small-scale simulations, without
addressing the flow and mass transfer complexities present in practical and full-scale OARO modules. To
address these limitations, this study focuses on improving mixing and mass transfer in the spiral-wound
membrane (SWM) module of OARO systems. We present a multi-scale modeling approach that combines
small-scale and large-scale transport phenomena within spiral-wound configurations specifically designed
for OARO applications. This approach enables detailed visualization of the local flow structure and mass
transfer for OARO SWM module, providing valuable insights that can guide the early-stage design of spacer
geometries for spiral-wound membranes (SWMs) in OARO systems.

Keyword: Osmotically Assisted Reverse Osmosis, Modeling, Spiral Wound Membrane Module
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ABSTRACT

Biochar-based adsorptive membranes present a sustainable and effective solution for water treatment,
particularly in removing organic dyes and heavy metals from industrial wastewater. This study focuses on
the development of polymeric membranes embedded with biochar derived from two abundant agricultural
wastes; specifically empty fruit bunch (EFB) and copra. The biochar was produced through optimized
pyrolysis and torrefaction—pyrolysis processes to enhance its surface area, porosity, and functional groups
critical for adsorption performance. The incorporation of EFB biochar into polysulfone membranes and
torrefied copra biochar into Polyvinylidene fluoride (PVDF)/polyvinylpyrrolidone (PVP) membranes
demonstrated significant improvements in membrane characteristics. These include enhanced
hydrophilicity, higher water permeability, improved membrane morphology with increased porosity, and
better antifouling properties. Both membranes showed effective removal of target pollutants—dyes in the
case of EFB biochar and hexavalent chromium (Cr(VI)) for copra biochar; this confirmed the adsorptive
function of the biochar within the membrane matrix. Characterisations indicated that biochar addition
influenced the membrane structure, forming more favourable pore geometries and surface interactions that
enhanced contaminant adsorption. The trends observed from both systems suggested that biochar loading
must be optimized to balance structural integrity with adsorption efficiency. Overall, the study highlights the
potential of using lowcost, renewable biochar as a functional additive in polymeric membranes for advanced
wastewater treatment. Combining the strengths of different biomass sources allow for targeted pollutant
removal, offering a green and versatile approach for treating diverse industrial effluents.
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Molecularly Selective Organic Framework Membranes for Liquid Separations
HaoYang
Nanjing University, China
haoyang@nju.edu.cn

ABSTRACT

Aligned with the innovation demands of membrane technology for the purification and resource recovery of
solvents under China’s “dual-carbon” strategy, this study focused on the fabrication and mechanism
optimization of molecularly selective organic framework membranes. Targeting three key scientific
challenges encompassing synergistic optimization of multiple mass transfer mechanisms, effective
suppression of irreversible structural evolution, and precise regulation of sub-nanometer membrane pore
channels, the following innovative achievements have been accomplished: (1) A strategy of bioinspired
hierarchical membrane design was proposed to establish synergistic optimization methods for multiple
mass transfer mechanisms, overcoming the inherent membrane permeability/selectivity trade-off effect. (2)
A strategy of fully rigid framework membrane design was proposed to create an anti-deformation
reinforcement mechanism, effectively inhibiting the structural evolution of membranes. (3) A strategy of
solvent-responsive membrane design was proposed to construct a smart stimulus-responsive mechanism,
achieving precise regulation of sub-nanometer membrane pore channels. The newly developed organic
framework membrane materials are widely used in separation processes within cutting-edge fields such as
biomass energy, industrial catalysis, and fine chemicals, which provides a theoretical foundation for the
design of high-performance molecularly selective membrane materials.
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ABSTRACT

Carbon nanomaterials with a large surface area that are 10 nm in size are known as carbon quantum dots
(CQDs). A brand-new class of carbon nanomaterial called carbon dots (CDs) is made up of distinct,
practically spherical nanoparticles. As the human risk and ecological health can be affected by lead(ll) in
water. The removal of lead ions from water and wastewater requires the development of low-cost
adsorbents. CDs prepared from sago hampas via simple hydrothermal synthesis processes at two different
temperatures, 200°C and 160°C, are compatible as one of the nanomaterials for a new hybrid membrane to
remove lead (Il) from wastewater. In this study, a novel composite (CDs@ZIF-8) based on carbon dots and
zeolitic imidazolate framework (ZIF-8) on the alumina membrane support was successfully synthesized by
incorporating CDs into the pores of ZIF-8 through a simple in-situ solvothermal method. The morphology
and physicochemical properties of the hybrid membranes were characterized using the UV-visible (UV-
vis) spectrophotometer, field emission scanning electron microscope (FESEM), Energy-dispersive X-ray
(EDX) spectroscopy, Fourier-Transform Infrared Spectrophotometer (FTIR). The synthesized 160°C
CDs@ZIF-8 membrane has a greater adsorption performance as opposed to the 200°C CDs@ZIF-8
membrane, with a maximum potential for absorption of lead(ll) is 95.16 mg/g was obtained at 100 ppm
lead(Il) aqueous solution and 95.16% removal. The adsorption mechanism of lead(ll) onto the CDs@ZIF-
8 membrane was best fitted to the Freundlich isotherm and pseudo-second order model. The findings of
this study indicate a strong potential for employing CDs@ZIF-8 modified alumina membrane wastewater
treatment systems for removing lead(ll) metals.

Keywords: Carbon dots; zeolitic imidazolate framework-8;alumina membrane;adsorption,
lead(Il) removal
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Interfacial Design on Polymer Membranes for High Performance Lithium Metal Batteries
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ABSTRACT

The future of electrochemical energy storage relies heavily on advancements in science and technology
that facilitate the development of rechargeable batteries utilizing reactive metal anodes. Among various
materials, lithium-metal anodes are particularly promising due to their remarkable theoretical specific
capacity, ten times higher than that of the graphite anodes used in current lithium-ion batteries. However,
several challenges including parasitic reactions between Li-metal and liquid electrolytes, unstable and
dendritic electrodeposition, and dendrite-induced short circuits, have restricted the commercialization of
lithium-metal anodes in energy storage devices. To overcome the above-mentioned limitations, this
presentation will discuss our approach for the rational design of electrolytes and Li-metal/electrolyte
interfaces in order to achieve stable, dendrite-free lithium-metal batteries. On the basis of fundamental
understanding of the key variables that govern the stability of electrodeposition on the lithium-metal surface,
we propose an asymmetric design of polyvinylidene fluoride (PVDF) polymer membrane with tailored
interfacial porous structure in order to suppress the lithium dendrite growth while promoting the transport
of lithium ions. We will also present the potential for this asymmetrically porous membrane as a scaffold to
host a 1,3-dioxolane (DOL)-based solid polymer electrolyte that can exhibit outstanding ion transport
properties, which is crucial for realizing lithium-metal battery applications.

Keywords: Energy, Lithium Metal Battery, Membrane, Separator, PVDF
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ABSTRACT

In this presentation, a series of asymmetric polyethersulfone (PES) membranes are introduced for the
wastewater treatment applications. Firstly, the effects of different additives during membrane preparation
on the morphologies and physical properties of fabricated membranes are discussed. It is found that the
asymmetric membranes with three-dimensional pore networks in PES matrix without the presence of
macrovoids can be achieved under optimal loading of water or polyvinylpyrrolidone (PVP) additives using
non-solvent induced phase separation (NIPS) process. The resulted PES membranes exhibit a remarkable
water permeation flux and a BSA rejection, which are suitable for ultrafiltration. Secondly, the synthesized
PES membranes can be utilized as ion-selective membranes to concentrate the nitrate ions in water. Our
results demonstrated that the high selectivity of nitrate ions over fluoride ions and sulfate ions can be
obtained at low applied potential less than 3 V. The collected nitrate ions in water are further converted to
ammonia through electrochemical reduction process, offering a promising avenue to address the
environmental impacts associated with nitrate-containing wastewater and reduce the energy intensity as
well as the carbon footprint linked to the traditional Haber-Bosch method for producing ammonia.

Keywords: Polyethersulfone, lon-Selective Membrane, Nitrate, Water Treatment
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ABSTRACT

Rubidium (Rb) is a highly valuable critical metal used for developing precision laser technology and
magnetic sensors for military devices. The high price of Rb (USD 14720/kg), compared to other critical
metals in demand namely lithium (Li, USD 10/kg), is attributed to the rarity of extracting Rb in land ore form.
Seawater is an unlimited natural alternative source of Rb. Economically, extracting Rb from seawater brine
is strategic due to the higher Rb concentrations in brine and as a potential revenue to offset treatment costs
at desalination plants. Technically, recovering Rb over other major competitive ions in seawater brine is a
challenge. Membrane capacitive deionization (CDI), an electrosorption process, offers the capacity to
extract Rb rapidly with the incorporation of selective ion exchange membranes. This study fabricated
membranes with ion exchange nanomaterials -potassium cobalt hexacyanoferrate (KCoFC-AC) and ZIF-
embedded KCoFC (KCoFC@ZIF-AC) nanomaterials to achieve selective Rb uptake. Compared to
conventional cation membranes, the fabricated potassium ion exchange membranes exhibited superror Rb
selectivity over other major ions in seawater due to the exclusive Rb-K ion exchange. Specifically, the Rb
uptake capacities of the membranes with single Rb and mixed monovalent solution (Rb, Na, K) ranged
from 78-127 mg/g and 57-103 mg/g, respectively. The enhanced performance of KCoFC@ZIF-AC
compared to KCoFC-AC membrane was attributed to the presence of the ZIF component, which promotes
Rb penetration into the lattice structure of KCoFC. Moreover, the membranes demonstrated reusability
multiple times with periodic chemical regeneration processes. In seawater, both fabricated electrodes
exhibited an excellent Rb extraction rate (~ 90%) with minor uptake of major cations (Na, Mg, K, and Ca).
The superior Rb selectivity of the fabricated membranes underscore the role of ion -exchange nanomaterial
in CDI electrode for achieving rapid Rb extraction from brine

Keywords: Rubidium, lon Exchange Membrane, Potassium Cobalt Hexacyanoferrate Nanomaterial,
Seawater Mining, Electro-Sorption
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ABSTRACT

Membrane distillation (MD) is a promising thermal-based separation technology for water purification,
particularly in treating high-salinity and industrial wastewater. However, its practical application is hindered
by high energy consumption and limited process control. This review highlights recent advancements in
integrating renewable energy sources—such as solar thermal, photovoltaic, and geothermal energy—with
MD systems to improve energy efficiency and enable off-grid operation. In parallel, the incorporation of
Internet of Things (loT) technologies has introduced real-time monitoring, automation, and remote control
capabilities into MD systems. loT-based sensors allow continuous tracking of temperature, flow rate, and
water quality, enabling early fault detection and optimized system performance. The review synthesizes
findings from recent studies to assess the performance, limitations, and benefits of combining renewable
energy and loT in MD applications. The integration of these technologies presents a scalable and
sustainable approach to water treatment, particularly for decentralized and resource-limited environments.

Keywords: Membrane Distillation, Renewable Energy, Internet of Things, Water Treatment
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ABSTRACT

Global pressures from water scarcity, nutrient depletion, and energy insecurity have intensified the demand
for integrated and sustainable solutions. Wastewater, once regarded solely as an environmental liability, is
now increasingly recognised as a resource-rich medium, containing recoverable water, energy-dense
organic matter, and essential nutrients such as nitrogen and phosphorus. This paradigm shift has driven
the development of technologies aimed at resource recovery alongside pollution mitigation. Among the
most promising of these technologies are microbial electrochemical cells (MECs), which utilise electroactive
microorganisms to catalyse redox reactions at electrode surfaces, thereby enabling the simultaneous
treatment of wastewater and recovery of energy or nutrients. This work highlights recent advances in MEC
research, with a particular focus on system enhancements that improve chemical oxygen demand (COD)
reduction, nutrient separation, and bioelectricity generation. The performance of MECs is highly dependent
on the anode interface, where microbial colonisation and electron transfer occur. Innovations in anode
membrane fabrication, particularly those employing phase inversion techniques with activated carbon-
based precursors have led to significant improvements in porosity, electrical conductivity, and
biocompatibility. Further improvements through additive blending and surface functionalisation have shown
to increase microbial adhesion and operational stability over prolonged periods. This work also discusses
the microbial nutrient recovery cell (MNRC), an advanced three-chamber MEC configuration designed to
selectively recover nutrients while maximising energy output. In contrast to conventional designs, the
MNRC offers a more integrated and circular approach to resource management in wastewater treatment.
Despite encouraging laboratory results, real-world application remains limited due to challenges such as
scaling membrane production, maintaining microbial community stability under variable conditions, and
achieving efficient continuous operation. This work identifies key technological breakthroughs, unresolved
research challenges, and future priorities required to advance MECs as viable solutions for sustainable
wastewater treatment and resource recovery.

Keywords: Microbial Electrochemical Cells, Wastewater Treatment, Nutrient Recovery, Resource
Valorisation and Sustainable Technology
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ABSTRACT

Membrane catalysis that couples AOPs with membrane filtration process has been regarded as a
promising technology to overcome the environmental pollution challenges. The nano-confined membrane
allows for the optimum interaction of catalytic active sites, oxidants, and pollutants, resulting in high
degradation efficiency . However, the practical applications are impeded due to the trade-off effect between
catalytic efficacy and membrane permeance. The short-lived radicals limited its diffusion distance in the
membrane channel (e.g. the 38 nm of «OH diffusion). The pore width was usually limited below 20 nm to
ensure the effective concentration of radicals in MoS2 two-dimensional (2D) membrane, Fe304-AAO
membrane, Co-TiOx 2D membrane, thereby resulting in low permeance (e.g. 20~200 L m-2 h-1 bar-1).
Moreover, the reported catalytic membranes are mainly flat sheet configuration used for batch treatment
of single pollutant models , no integrated catalytic membrane module achieving robust and continuous
operation for real CCIW is so far developed. Herein, we developed a tubular macroporous ceramic catalytic
membrane (MCM) with high permeance, efficient and robust degradation of CCIW. The intrapore catalytic
interface activated PMS to mainly produce 'Oz, which exhibited a wide pH and high-salinity tolerance.
Sufficient diffusion distance of long-lived 'O2 and intrapore channel length allow for thorough degradation
of pollutants in the macropoers (~ 130 nm). We developed a diffusion-reaction model to understand the
spatiotemporal distribution and mass transfer process of 'Oz in the macropores. Under continuous cross-
flow operation, the membrane could achieve instantaneous catalytic degradation of tetracycline (TC,
99.9%), bisphenol A (BPA, 98.9%), methylene blue (MB, 99.9%). At the same time, MCM could achieve
high total organic carbon (TOC) removal rates of the real high-salinity CCIW, indicating its application in
real CCIW treatment.

Keywords: Catalytic Membranes, Singlet Oxygen, Diffusion-Reaction, Permeability-Reactivity
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ABSTRACT

Inspired by the magical nature, which can create sophisticated systems with smart functions via the atomic-
level assembly. Research scientists are seeking in constructing smart membranes by assembling diverse
building blocks in well-defined ways. Covalent organic frameworks (COFs) are an emerging class of
crystalline porous materials with low density, high porosity, and excellent physicochemical stability.
However, it's still a paramount challenge to fabricate smart COF membranes with self-regulating pore
apertures for gradient separation. Here, we propose a new covalent organic network membrane with light
response. Azobenzene derivatives act as linkers, which photo-switch between trans- and cis-isomers by
irradiation under ultraviolet or visible light, connected by crosslinking nodes. As shown in Figure 1, the
resultant smart CON membranes have nanopores that can be photo switched between On- (open pores)
and Off-state (smaller pores) valves for molecular separation. The CON membranes were tested in different
organic solvents and exhibit permeances as high as 56.7 L m-2 h-1 bar-1, in the following order: acetonitrile
> acetone > methanol > ethanol > isopropanol > DMF. Interestingly, the smart cis-CON membranes with
Off-state valves under UV show higher rejection for dye molecules than the trans-CON analogue with On-
state valves. Different from the traditional membranes with immutable pore channels, the pore size of CON
membranes can be remotely controlled by controlling the trans-to-cis isomerization of azobenzene via
UV/Vis light, the permeance and separation factor can be tuned as needed.
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ABSTRACT

The transition toward sustainable bioproducts and green energy has elevated the role of microalgae as a
high-potential feedstock. However, harvesting microalgal biomass remains a costly and technically
challenging step in large-scale production. In this study, we present a novel and sustainable approach to
address this challenge through the development of biomass-derived graphene-coated ceramic membranes
for efficient microalgae harvesting. Utilizing sugar molasses a low-cost, carbon-rich byproduct of the sugar
industry as a precursor, graphene-like layers were synthesized in situ on a-alumina ceramic membranes
via thermal graphitization. The resulting surface modification significantly altered membrane properties,
yielding smoother surfaces, reduced effective pore sizes, and moderately decreased hydrophilicity.
Comprehensive characterization via Raman spectroscopy, FESEM, EDX, and water contact angle analysis
confirmed the successful deposition of uniform graphene layers. Performance assessments demonstrated
substantial improvements in membrane selectivity and antifouling properties. While the graphene coating
reduced pure water permeability, it increased microalgae rejection from 76% to over 99%, and enhanced
harvesting efficiency up to 94%. Notably, the modified membranes exhibited improved operational stability
and significantly higher flux recovery ratios after cleaning rising from 18% in uncoated membranes to over
50% in coated variants indicating superior fouling reversibility and long-term usability. These findings not
only highlight the feasibility of converting industrial biomass waste into high-performance membrane
materials but also establish a new direction in sustainable membrane engineering. The developed
membranes provide a robust, scalable, and eco-friendly solution for microalgae harvesting, with broader
implications for wastewater treatment and bioprocessing industries. This work underscores the synergy of
green chemistry and materials science in solving critical challenges in the bioeconomy.
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ABSTRACT

Recently, Malaysia has been unofficially recognized as a hub for illicit drug manufacturing due to increased
cases and reports. Wastewater-based epidemiology (WBE) has become a vital approach for monitoring
illicit drug use and identifying clandestine drug manufacturing activities at the community level. However,
the accurate detection of drug precursors, synthesis byproducts, and metabolites in wastewater is hindered
by their ultra-trace concentrations, chemical diversity, and the presence of complex organic and inorganic
interferences. Conventional extraction methods such as solid-phase extraction (SPE) and liquid—liquid
extraction (LLE) often face limitations, including low selectivity, high solvent usage, and poor adaptability to
dynamic wastewater matrices. This work presents a critical overview of recent advances in membrane-
based purification technologies, particularly nanocomposite membranes, molecularly imprinted membranes
(MIMs), and hybrid systems for enhancing the selectivity and efficiency of analyte isolation in WBE
applications. Membranes functionalized with graphene oxide, metal-organic frameworks (MOFs), and
zwitterionic polymers have shown promise in overcoming fouling and matrix interferences, offering
improved recovery and compatibility with downstream analytical techniques such as LC-MS/MS. Despite
these advancements, significant challenges remain in terms of long-term membrane stability, scalability,
and integration into routine surveillance workflows. This presentation highlights the comparative
performance of membrane technologies against conventional methods, identifies key research gaps, and
discusses future directions for their application in forensic and environmental monitoring.

Keywords: Wastewater-Based Epidemiology, Advanced Materials, Membrane Separation, lllicit Drug
Precursors, Nanotechnology
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ABSTRACT

Hydrogen energy is one of the most promising clean energy sources for the future and can effectively
achieve the goals of the carbon neutrality. In the hydrogen energy ecosystem, the most crucial links are
hydrogen production and utilization, with water electrolysis hydrogen production and hydrogen fuel cells
being representative. In theory, hydrogen energy conversion devices operating in alkaline media offer
greater cost advantages due to the possibility of using non-precious metal catalysts—such as anion
exchange membrane water electrolysis (AEMWE) and alkaline membrane fuel cell (AEMFC). However, the
core component of these systems, the anion exchange membrane (AEM), faces significant challenges.
Compared to the well-established acidic proton exchange membranes (PEM) like Nafion and Gore
membranes, AEMs conduct larger hydroxide ions (OH™) and contain quaternary ammonium groups that are
susceptible to nucleophilic attack by OH™. As a result, current AEMs still suffer, to varying degrees, from
low ionic conductivity and poor stability. It remains difficult to achieve AEMs that simultaneously possess
high ionic conductivity, strong alkaline resistance, excellent mechanical strength and toughness, low
swelling, and optimal water uptake. This report will present the speaker’s recent efforts to improve AEM
performance in terms of ionic conductivity, mechanical properties, and chemical stability. It will also
demonstrate the potential of these membranes in AEMFC and AEMWE applications, along with the team’s
progress in developing scalable, continuous casting processes for AEM fabrication.

Keywords: Anion Exchange Membrane, Fuel Cell, Water Electrolysis, Hydrogen Conversion
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ABSTRACT

The presence of microplastics (MP) in aquatic ecosystems worldwide has become a stressful issue in the
last decade. It is emphasized that the amount of MP is positively correlated with the plastic waste in a
region, can be accumulated in living organisms, and poses a negative impact on the health of ecosystems.
In the treatment of wastewater and drinking water, membrane technology has been appointed as the most
effective and promising technology to remove MP. In general, pressure-driven membranes, such as
microfiltration, ultrafiltration, nanofiltration, and reverse osmosis, have been extensively studied to remove
the MP. However, the removal of MP cannot reach 100%, despite the significantly smaller membrane pores
than the microplastics size. In most cases, the remaining MP in the permeate streams consists of fiber-
shaped MP, showing an indication that MP can pass the membranes longitudinally. The application of
another membrane technology that prohibits the convective flow of water is necessary. Membrane
distillation (MD) involves a hydrophobic membrane that passes through water vapor, instead of water. This
approach theoretically allows for 100% rejection of MP. In this research, polluted river water was used as
the feed. Various MPs, such as PVC, PE, and PS, were detected in the feed. Treatment using MD was able
to remove most of the MPs. Fouling occurrence during MD was prominent; however, straightforward
pretreatment by filtration successfully reduced the fouling propensity.

Keywords: Microplastic, Membrane Distillation, Fouling, Water Treatment

94



AMS15

e

Paper ID: 1S44

A Lithium-lon Conducting Polymer Composite Membrane for Ultra-Efficient, Selective Lithium
Recovery

Zhouyou Wang'", Ze-Xian Low"", Hongyu Ma', Yinlong Zhu', Xiaofang Chen?, Yun Xia', Yi Huang?,
Xiwang Zhang', Mark Banaszak Holl', Huanting Wang'- f42*

'"Department of Chemical and Biological Engineering, Monash University, Clayton VIC 3800,
Australia.
2School of Engineering, Institute for Materials and Processes, School of Engineering, The University of
Edinburgh, EH9 3JL, UK.

*Corresponding author: Emily.wang@monash.edu

ABSTRACT

Lithium mining is an energy-intensive, slow and environment-polluting process. Membrane separation
technology is desirable for sustainable and efficient lithium mining, but scalable fabrication of thin and
lithium-selective membranes remains a major challenge. We created a solution-processable, large-area
lithium-selective membrane from solution-processing a lithium superionic conductor that is selective
exclusively to lithium ion, enabling sustainable recovery of lithium ion from other monovalent and divalent
ions with lithium selectivity of at least 4 order of magnitude higher than other ions. The membrane-based
lithium extraction represents a significant saving in chemical reagents used in traditional lithium mining from
brine with the potential to reduce current lithium mining operating costs by more than 35%.

Keywords: Membrane Separation Technology, Large-Area Lithium-Selective Membrane, Sustainable
Recovery of Lithium lon
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Teknologi Malaysia, 81310 UTM Johor Bahru, Johor, Malaysia
3Department of Science and Mathematics, Centre of Diploma Studies, Universiti Tun Hussein Onn
Malaysia Branch Campus Pagoh, Pagoh Education Hub, 84600 Johor

*Corresponding author: nadia@utm.my

ABSTRACT

Hydrogels have evolved from simple polymer networks to multifunctional platforms with diverse
applications. Initially, our work focused on developing hydrogel-based composite membranes, where
temperature-responsive poly(N-isopropylacrylamide) (PNIPAAm) hydrogels were grafted onto polyethylene
terephthalate (PET) substrates to produce hydrogel-pore-filled composite membranes (HPFCM). These
membranes demonstrated tunable sieving properties and switchable barrier functions in response to
temperature changes, highlighting the potential for selective solute transport and smart separation
processes. Building on this foundation, we advanced the design of hydrogel-based textiles via surface
grafting of PNIPAAm, producing switchable, oil-repellent surfaces with potential in oil-water separation and
smart textiles. Further, we explored the integration of natural fibers derived from agricultural waste—such
as pineapple leaf fibers, rice straw, and herbal byproducts like Tongkat Ali and Orthosiphon aristatus—to
create environmentally friendly, cellulose-rich hydrogel components. Using eco-conscious solvent systems
and tailored pretreatments, these natural fibers were incorporated into double network (DN) hydrogels with
synthetic acrylate-based matrices. This approach resulted in hybrid hydrogels with enhanced mechanical
strength, water retention, and anti-freezing properties, suitable for various sustainable applications. Notably,
our recent work demonstrated that these hybrid hydrogels exhibit excellent anti-freezing and energy storage
capabilities, making them promising candidates for biomedical devices such as contact lenses, where
durability and functionality are critical. Overall, the progression of our research—from temperature-
responsive membranes to natural fiber-reinforced, anti-freezing hydrogels—illustrates the versatility and
expanding scope of hydrogel platforms. These innovations pave the way for sustainable, multifunctional
materials addressing challenges in separation, biomedical, and environmental applications.

Keywords: Functional Hydrogels, Composite Membranes, Natural Fibers, Anti-freezing Properties,
Contact Lenses

96



AMS15

e

Paper ID: 1S47

Carbon and Zeolite Based Mixed Matrix Membrane for Gas Separation, a Trial in the Real World
Scenario for Biogas Upgrading

Triyanda Gunawan1*, Nurul Widiastuti', Hamzah Fansuri', Didik Prasetyoko’, Silvana Dwi Nurherdiana?
"Department of Chemistry, Faculty of Science and Data Analytic, Institut Teknologi Sepuluh Nopember,
Surabaya, Indonesia
2Environmental Science Study Program, Universitas Pembangunan Nasional "Veteran" Jawa Timur

*Corresponding author: trivanda@its.ac.id

ABSTRACT

Gas separation is important process in human life. Valorization of biogas to biomethane is a one important
step towards energy sustainability, particularly in regions rich in palm oil mill effluent (POME). However, the
large CO, content significantly reduces its calorific value. In this study, mixed matrix membranes (MMMs)
were prepared to enhance CO,/CH, separation efficiency by combining the processability of polymers with
the high selectivity of inorganic fillers. Several carbon-based and zeolite-templated fillers, including APTMS-
functionalized zeolite and few-layer graphene, were synthesized and incorporated in polysulfone (PSf)
matrices. The most performing membranes featured CH, purity above 95% and had real selectivity values
close to the border of commercial biomethane production. Bench-scale production and field trials, carried
out in partnership with PT Energi Agro Nusantara (ENERO), validated the proficiency of PSf-FLG
membranes in removing CO, and H,S without any pretreatment processes. Stable flux, scalability, and
plasticization resistance were displayed by the membrane modules. Yet, the phenomenon of gas
competition for multi-component mixtures was an issue, and this impacted real selectivity in comparison to
ideal conditions. The study highlights the importance of filler morphology and interfacial compatibility on
membrane performance. Ongoing research is focused on developing simpler, scalable fillers and optimizing
membrane lifespan for industrial application. This research bridges the gap between laboratory
development and practical implementation, strengthening Indonesia's potential for biogas upgrading.

Keywords: Gas Separation, Biogas Upgrading, Carbon, Zeolite, Mixed-Matrix Membrane
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PAN/PVA Nanofibrous Membranes for Hydrometallurgical Oil-in-Water Emulsion Separation
Lanying Jiang
Central South University, China
*Corresponding author: jianglanyingsme@csu.edu.cn
ABSTRACT

In this work, nanofibrous membranes for separating oil-in-water (O/W) emulsion were prepared by
electrospinning. The membrane material was polymer blend of polyacrylonitrile (PAN)/polyvinyl alcohol
(PVA), and by adjusting polymer composition and concentration, as well as applying crosslinking by
glutaraldehyde (GD) and hydrolysis inside NaOH solution, membrane with desired properties, particularly
hydrophilicity and underwater oil repellency were obtained. For PAN/PVA composite membrane modifed by
glutaraldehyde for 1.5 h and NaOH for 1.5 h, the water contact angle initially was around 5° and decreased
to Oo with a transition time of only 0.3 s. The membrane also showed recommendable performance in O/W
emulsion separation. Under a driving force of 0.8 kPa, the highest starting fux of 953 L/m2 h and 532 L/m2h
were registered with the treatment of surfactant-free emulsion (SFE) and surfactant-stabilized emulsion
(SSE), respectively. The membrane recovered 96% of its initial fux in a 5-cycle reusability test using SFE,
and the oil rejection coefcient maintained higher than 97%. FTIR and XPS characterizations confirmed the
success in chemical modifications. It was also found that glutaraldehyde crosslinking helped to improve the
macroscopic structure integrity of the membrane in aqueous environment.
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Development Of Sustainable Membranes from Polyethylene Terephthalate (PET) and High
Density Polyethylene (HDPE) Waste for Water Treatment and Gas Separation

Nurul Widiastuti
Institut Teknologi Sepuluh Nopember
*Corresponding author: nurul_widiastuti@its.ac.id
ABSTRACT

This presentation highlights the development of sustainable membranes from plastic waste and advanced
fillers. Modified PET and HDPE membranes, using additives like LiCl, PEG-400, zeolite-NaY, and EVA,
demonstrated effective performance in water purification, including dye and chromium ion removal. In
parallel, mixed matrix membranes (MMMs) incorporating zeolite-templated carbon (ZTC) into PSf and P84
matrices showed significantly improved permeability and selectivity for CO,/CH, and H,/CH, separation.
These results, supported by annealing and surface coating strategies, exceed Robeson upper bounds.
Together, these studies demonstrate the promising role of waste-derived and hybrid materials in advancing
membrane technology for environmental and energy applications. This presentation discusses the
development of sustainable membranes from plastic waste and mixed matrix systems for water purification
and gas separation. Polyethylene terephthalate (PET) and high-density polyethylene (HDPE) waste were
repurposed into membranes using phase inversion. PET membranes modified with 5 wt% LiCl, PEG-400,
and zeolite-NaY achieved turbidity reductions from 400 NTU to below 2 NTU and chromium ion rejections
up to 50.9%. HDPE membranes blended with 6 wt% ethylene—vinyl acetate (EVA) showed dye rejections
of 99.7% for methylene blue (MB) and 89.8% for methyl orange (MO), with water flux increasing from 2.71
to 15.06 L' m>h™ after EVA addition. For gas separation, mixed matrix membranes (MMMs) were
fabricated by incorporating zeolite-templated carbon (ZTC) into polysulfone (PSf) and P84 matrices. ZTC
provided high microporosity (~0.9 nm) and surface area (>2000 m?#/g), enabling a 7-fold increase in CO,
permeability and up to 900% improvement in CO,/CH, selectivity. Post-treatments such as annealing at
190 °C and TMOS surface coating significantly enhanced membrane compatibility and performance,
surpassing the Robeson upper bound. These findings confirm that plastic waste and carbon-based fillers
can be engineered into high-performance membranes, offering cost-effective and environmentally
sustainable solutions for water and gas treatment applications.
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Two-Dimensional Materials-Based Evaporators for Sustainable Clean Water Production
Nur Hashimah Alia
Universiti Teknologi Mara
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ABSTRACT

The global demand for clean water continues to rise due to rapid population growth, industrial expansion,
and increasing pollution of freshwater sources. In response, photothermal evaporators have emerged as a
sustainable and energy-efficient solution for water purification, particularly when powered by solar energy.
This study explores the design and development of two-dimensional (2D) materials-based evaporators for
sustainable clean water production. Leveraging the unique properties of 2D materials such as high surface
area, superior light absorption, excellent thermal conductivity, and tunable hydrophilicity, these evaporators
exhibit enhanced photothermal conversion efficiency and water evaporation rates. Materials such as
graphene oxide, MXene, and molybdenum disulfide (MoS) were synthesized and integrated into porous
substrates to fabricate advanced photothermal layers through a one-pot synthesis approach. The
performance of the resulting systems was evaluated under standard solar irradiation, demonstrating high
evaporation efficiency, robust stability, and effective rejection of common waterborne contaminants. This
work highlights the potential of 2D materials-based evaporators as a scalable and eco-friendly technology
for decentralized water purification, contributing to the advancement of sustainable clean water solutions in
resource-limited settings.
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Tailored CA/DES Composite Membranes with Microcrystalline Cellulose for Efficient Orange Juice
Clarification

Yusuf Wibisono

Department of Bioprocess Engineering, Brawijaya University, 65145, Malang, Indonesia
ABSTRACT

Clarification is a critical step in orange juice processing, enhancing visual quality, stability, and shelf life.
Conventional clarification methods often rely on additives and are labor-intensive, which can compromise
juice quality and processing efficiency. To address these limitations, this study explores the development of
sustainable, high-performance membranes based on cellulose acetate (CA) modified with deep eutectic
solvents (DES) and microcrystalline cellulose (MCC). CA membranes were fabricated via the non-solvent
induced phase separation (NIPS) technique. DES, synthesized from choline chloride and oxalic acid, was
used as a pore-forming and dispersion-enhancing agent. MCC was incorporated to improve membrane
permeability and interfacial interactions. Membranes were characterized for morphology, pore size,
mechanical strength, hydrophilicity, and clean water permeability. The most effective membrane (DMAc-
DES/M2) was identified using the effectiveness index method and tested for orange juice clarification. The
optimized membrane (DMAc-DES/M2) showed high clean water permeability (4042.52 L/m?-h-bar),
moderate hydrophilicity (contact angle: 68.56°), and sufficient tensile strength (6.16 MPa). Capillary flow
porometry confirmed a mean pore size of 0.3941 um, classifying it as a microfiltration membrane. In orange
juice clarification, it achieved a flux of 8.67 L/m?-h and completely removed suspended solids and alcohol-
insoluble solids, while preserving essential juice attributes. These results affirm the potential of DES—MCC-
modified CA membranes as effective and eco-friendly solutions for juice processing.

Keywords: Orange Juice Clarification; Cellulose Acetate Membrane; Deep Eutectic Solvent;
Microcrystalline Cellulose; Sustainability; Membrane Filtration
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Enhancing fouling resistance of PVDF membranes by NIPS process: Molecular
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potential application in biogas upgrading
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Tailoring membrane support properties via controlled air gap and etching processes
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Fabrication of inner-selective hollow fiber nanofiltration membranes for water
treatment
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Fabrication of dual-layer yttria-stabilized zirconia/nickel oxide (YSZ/NiO) hollow fiber
membrane for wastewater treatment
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Mechanism, impacts and mitigation strategies of carbon deposition in solid oxide fuel
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Desalination strategy using ion-exchange membranes for marine farms
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Motomu Sakai

Microstructure and permeation property of MOR-type zeolite membrane
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Pressure-driven conversion of CO2 in a zeolite-based catalytic membrane reactor for
direct dimethyl ether production
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Interlayer-modulated nanofiltration membranes for precise ion separation in lithium
extraction
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Fabrication of PSS-MOF-303/rGO membranes for effective separation of rare metal
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lonic liquid-incorporated triazine-based porous organic polymer membranes for CO2
separation
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Design and optimization of flat-sheet membrane modules for membrane
chromatography: a review on flow distribution principles
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Facile fabrication of polyamide-polyester nanofiltration membranes regulated by ionic
liquids for efficient antibiotic desalination
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Innovative PVDF/3-MnO,-based photocatalytic membrane reactor for superior
tetracycline elimination
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Promotion of monovalent ion transport enabled by fast nanochannels for efficient
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Performance insights into omniphobic hollow fiber membrane distillation for real
seawater: a solution to wetting, scaling, and fouling
Muhammad Haikhal Fazad

Synthesis of NiO@Zeolite-Y as a filler in P84 Co-polyimide-based mixed matrix
membrane for CO2 separation
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One pot green synthesis of zwitterionic poly(MBAAm-co-VSPI) nanoparticles for the
removal of reactive dyes
Zhan Li

Improving ammonia recovery performance during sweep gas membrane distillation
process
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Three-dimensional visualization of macrovoids using X-ray microcomputed
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Computational fluid dynamics methods to analyze CO, capture processes aided by
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Hao Zhang
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Gas permeation and pervaporation dehydration characteristics of TiO2-based
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Emerging water desalination technologies: challenges, solutions, and future
perspectives
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ceramic membranes
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Green fabrication of hydrophilic PVDF membranes for effective humic acid
microfiltration
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Critical role of ball milling in nano-graphene synthesis: from micron-scale palm kernel
shells to uniform nanoparticles
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PVA-MCC reinforced geopolymer membranes: balancing pore architecture and
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The effect of H20 addition on the performance of Capkala metakaolin-based
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tunable hydrophobicity for high-performance membrane distillation
Xing Yang

lon selective membranes for critical resource recovery
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biosorption
Lekai You

Improved synthesis of hollow fiber SSZ-13 zeolite membranes for high-pressure
CO2/CH4 separation
Yu Jie Lim

Development of an integrated system using metal-organic frameworks for removing
harmful gases from acid rain to enhance water security
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Thin film composite membrane from cellulose acetate-polycaprolactone incorporated
with rice straw-derived carbon quantum dots for forward osmosis desalination
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Membranes for bio separation electrochemicals
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Entrainer-assisted membrane separation (EMS) strategy for efficient and sustainable
purification processes
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Thermal cross-linking as a versatile route to high-performance gas separation
membranes
Heru Susanto

Towards low fouling ultrafiltration membrane using natural additives as antifouling
and antimicrobial agents
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Engineering polymeric membranes for water reclamation: addressing emerging
contaminants and fouling
Vijesh A.M

Fabrication of modified zeolite-infused polysulfone mixed matrix hollow fiber
membranes for water remediation
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Impact of lab-scale hollow fiber membranes configuration and presence of heavy
hydrocarbon towards membrane performance for natural gas separation from CO2
Changkun Liu

Strategy for the construction of thin-layer composite nanofiltration membranes for
lithium and magnesium separation
Edison Huixing Ang

Smart Design of 2D Nanomaterials for Next-Generation Water Treatment
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Design and Fabrication of CO2 Separation Membranes
Nur Adreena Alia Azmady
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Carbon and zeolite based mixed matrix membrane for gas separation, a trial in the
real world scenario for biogas upgrading
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Lithium recovery from seawater desalination brines using ion-sieve electrospun
nanofibrous membranes: the role of nanofiber design
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Biomimetic interface functionalization of antifouling and catalytic cleaning membranes
Yu Jie Lim

Investigating the impact of TFC membrane structure and compaction on performance
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Sustainable membrane fabrication with support-free interfacial polymerization on bio-
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Enhancing waste-to-energy gasification process with membrane-based oxygen-
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Extrinsically microporous polymer membranes derived from thermally cross-linked
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situ polymerization for high-efficiency solar water desalination and purification
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A Modern and integrated system to remove sulphur dioxide, carbon dioxide and
nitrogen dioxide from acid rain by MFM-300 (Al) with the aim to increase water security
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Development of self-healing membrane for CO2 separation
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Mechanism, impacts and mitigation strategies of carbon deposition in solid oxide fuel
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Blocking of carboxyl groups in polyamide reverse osmosis membranes for antifouling
performance during treating industrial wastewater
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Proton exchange membranes with enhanced proton conductivity via -1 stacking
interactions for high-temperature fuel cells
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Towards low fouling ultrafiltration membrane using natural additives as antifouling and
antimicrobial agents
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Removal of nuclides from radioactive wastewater using nanofiltration membrane
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Preparation and characterization of activated carbon derived from coffee waste as
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Effect of operating pressure on membrane separation efficiency for methane
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117



AMS15

e

Paper ID: A001

Oriented Superhydrophobic Bimetallic MOF Composite Membrane for Efficient Ethanol-Water
Separation

Fengkai Wang, Hao Sun, Jie Li, Naixin Wang*, and Quan-Fu An*

Beijing Key Laboratory for Green Catalysis and Separation, Department of Chemical Engineering,
College of Materials Science and Engineering, Beijing University of Technology, 100 Pingleyuan,
Chaoyang District, Beijing, 100124, China

*Corresponding author: wangnx@bjut.edu.cn; anqf@bjut.edu.cn

ABSTRACT

Extracting ethanol from aqueous solutions is crucial. However, this process faces significant challenges in
industrial applications due to the highly similar physicochemical properties of ethanol and water, as well as
the relatively large molecular size of ethanol.[l Membrane-based pervaporation has shown great potential
for the separation of ethanol and water, with the structural design of the membrane being crucial for
enhancing performance.l? To this end, we have developed an oriented bimetallic metal-organic framework
(MOF) membrane, named ZIF-CoZn, for the pervaporation separation of ethanol and water. The oriented
growth of the (211) crystal plane in ZIF-CoZn is induced by the nucleation of bimetallic salts and the
competitive coordination of bimetallic ions.[! This preferential growth effectively leverages the hydrophobic
nature of the 2-methylimidazole ligands in ZIF-CoZn, preventing water molecules from penetrating into the
pores. Moreover, the competitive coordination between bimetallic ions increases the pore size of ZIF-CoZn,
facilitating the permeation of ethanol molecules. Compared with monometallic MOF membranes made of
cobalt or zinc alone, the separation factor of the ZIF-CoZn membrane for ethanol/water mixtures has
increased by 49% and 18%, respectively. Additionally, by integrating ZIF-CoZn with vinyl
polydimethylsiloxane, the membrane achieves superhydrophobic properties, further enhancing separation
performance. The oriented ZIF-CoZn membrane has also been scaled up to an area of 1 m?, laying the
foundation for its industrial promotion and application.

Keywords: Pervaporation; Bimetallic MOF membrane; Orientation; Superhydrophobic
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Computer-Aided Molecular Design and Fabrication of Advanced Membrane Materials: An
insight into the Application in Nitrogen/Methane Gas Separation

Jimoh K. Adewole*, Mohammed S. Al-Ajmi, Amna S. Al-Jabri, Faisal R. AL Marzuqi, Habeebllah B.
Oladipo

Membrane Science and Engineering Lab, Department of Process Engineering, National University of
Science & Technology, Oman.

ABSTRACT

Membrane engineering has proven to be an excellent tool for achieving the goals of process intensification.
One of these goals is the optimization of the driving forces/resistances in a chemical system at every scale
within the spatial domain. This can be achieved by a purposeful introduction of reproducible structure using
a combination of computer-aided molecular design and print assisted technique. Molecular models of two
polymers (Methylendianiline (MDA) and Oxydianiline (ODA)) were developed using Avogadros (a molecular
design) software. The molecular model of the structure of polymer was then made into membrane using a
print assisted fabrication method. Specifically, the printing was done by using a LaserJet printer to fabricate
structured flat sheet composite membranes that were evaluated for N2/CH4 separaton. Membrane
characterization was done using XRD, and microscopy (using SEM and optical microscope). The gas
transport properties and the separation performance were evaluated using constant-pressure gas
permeation test to measure the permeability and hydraulic resistance. Although the sheet of paper on which
the two polymers were printed are the same, however, the hydraulic resistance was found to be different
for each polymer as well as for each gas. For example, the hydraulic resistance to the flow of N2 and CHas
gases in MDA ranges from 38,560.78 to 95,697.10 kPa.s/m3 while that of ODA ranges from 28,132.33 to
88,124.16 kPa.s/m3. The selectivity of ODA for N2/CHs is 2.34 and 3.10 for single layer and 7-layer
membrane samples, respectively while it is 1.71 and 1.92 for single layer and 7-layer MDA membrane
samples, respectively. In addition, the morphological analysis results showed that the printed membranes
have well-structured morphology and evenly distributed voidage which can enhance their reproducibility
and the predictability of their performance. Overall, the resulting properties of the fabricated membrane
demonstrated its potentials for enhancing the intensification of a membrane system that is used in N2/CHa4
separation.

Keywords: Membrane Engineering, Process Intensification, Driving Forces/Resistances, Computer-
Aided Molecular Design, Print-Assisted Membrane Fabrication, Hydraulic Resistance
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Development Rubber-Based Membranes for Water Permeation by Sugar Palm Nano-Fibrillated
Cellulose
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8Faculty of Chemical Engineering and Technology, Universiti Malaysia Perlis, 02600 Jejawi, Arau,
Perlis,Malaysia

*Corresponding author: ahmadilyas@utm.my
ABSTRACT

The quest for efficient and sustainable water treatment technologies has led to significant interest in
developing advanced membrane materials. This study investigates the potential of Sugar Palm Nano-
fibrillated Cellulose (SPNFC) as a reinforcing agent in rubber-based composite membranes to enhance
water permeation properties. In this study, ENR/PVC composite membrane was fabricated by solution
blending method with varying concentrations of SPNFC (0 %, 1%, 3%, and 7%). The preparation involved
a phase inversion method, followed by characterization using Scanning Electron Microscopy (SEM),
contact angle (CA), water flux, and mechanical testing to assess the structural and mechanical
enhancements. The finding demonstrates that incorporating SPNFC into rubber matrices markedly
improves the membranes' water permeation flux and mechanical strength. Specifically, SEM analysis
revealed a large and well-distribution porous structure within the rubber matrix for 7% SPNFC loading,
contributing to the enhanced water permeation of the composite membrane. The reduction of contact angle
with the increasing concentration of SPNFC from 85.16° for the pristine membrane to 49.84° showed the
increasing membrane’s hydrophilicity contributing to the water permeation up to 73.23 L/m2. h. The
membranes with 7% SPNFC showed an increase in Young’s modulus and elongation at break compared
to the pristine membrane. Thus, the incorporation of SPNFC into rubber-based membranes presents a
promising approach to revolutionizing water filtration technologies. The enhanced mechanical properties
and water permeation rates underscore the potential of these composite membranes for industrial water
treatment applications.

Keywords: Sugar Palm Fiber, Nano-Fibrillated Cellulose, Composite Membrane, Water Treatment
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Ultra Permeable Positively-Charged TMA/VBC-G-PSF Loose Nanofiltration Membranes for
Effective Salt/Dye Separation

Huanhuan Wu'2, Tongtong Hao'2, Yakai Lin2", Dayin Sun?",
Hong Yao', Lixin Yu2, Zhenzhong Yang?, Haihui Wang? and Xiaolin Wang?
" Department of Environment, Beijing Jiaotong University, Beijing 100044, China
2 State Key Laboratory of Chemical Engineering, Tsinghua University, Beijing 100084, China
*Corresponding authors: yk_lin@tsinghua.edu.cn; sundayin@tsinghua.edu.cn
ABSTRACT

The high-salinity wastewater generated by the textile industry presents a substantial challenge in the
effective separation of dyes and inorganic salts, particularly concerning cationic dyes, which pose severe
environmental pollution risks. Leveraging the combined effects of size exclusion and electrostatic repulsion,
positively charged and porous nanofiltration (LNF) membranes have demonstrated the capability to
efficiently reject cationic dyes while ensuring high permeance of inorganic salts. Herein, a new type of
positively charged LNF membrane was prepared with trimethylamine (TMA) nucleophilic substitution
reaction on the 4-Vinylbenzyl chlorostyrene (VBC)/polysulfone (PSf) chloride-grafted (TMA/VBC-g-PSf)
membranes. VBC, a highly reactive small molecule featuring two functional groups (active vinyl (CH2=CH-
) and benzyl chloride (C-Cl)), was stably anchored onto the surface of PSf ultrafiltration (UF) membranes
via vinyl groups. Furthermore, the C-Cl was nucleophilically replaced by the tertammonium group of TMA,
forming a quaternary ammonium layer. Thereby, an ultra-thin positively charged selective layer with micro-
convex structure was formed onto the PSf membrane surface, endowing the LNF membrane with ultra
permeance and high Na2SO4/Victoria blue B (VB) selectivity. The optimized M-2 membrane, with 0.5 wt%
VBC and 30 wt% TMA grafting concentration, yielded both high levels of pure water permeance (186.42
L-m-2-h-'-bar') and an excellent Na2SO4/VB selectivity of 497.5 (high VB rejection of 99.8% compared to
low Naz2S0Os4 rejection of 0.5%). After 16 hours of continuous operation, the separation efficiency of the M-2
membrane for both mixed solution and single-component solution remained consistent and stable,
demonstrating its feasibility and high potential in the field of inorganic salts/cationic dyes separation. This
study offers valuable insights into innovative methodologies for the production of LNF membranes tailored
for dye wastewater treatment.

Keywords: Loose nanofiltration membrane; Positively Charged; 4-Vinylbenzyl Chlorostyrene (VBC);
Cationic Dye/Salt Separation
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Bioinspired Design of Antifouling Membrane Modules for Bio-Separation

Jianquan Luo?, Jiachen Huang', Yinhua Wan2*
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Chinese Academy of Sciences, Beijing 100190, PR China
2Ganjiang Innovation Academy, Chinese Academy of Sciences, Ganzhou, 341119, PR China

*Corresponding authors: *jqluo@ipe.ac.cn
ABSTRACT

Although increasing shear force can mitigate membrane fouling, excessive shear force in bio-separation
processes may lead to the inactivation of bioactive molecules and increased energy consumption, imposing
significant limitations on the antifouling design of membrane modules. In this study, a bioinspired antifouling
spacer mimicking coral tentacle was first designed, effectively suppressing spacer fouling and reducing
flow channel pressure drop caused by fouling. Then drawing inspiration from fish school swimming, a drag-
reducing structure and array were proposed. The bioinspired fish school array effectively converts vortices
into driving forces for mass transfer, while minimizing energy losses associated with vortex capture. As
demonstrated in our study, the streamlined fish tail structure, combined with the fish school array, delivers
superior performance in both drag reduction and mass transfer enhancement. Such design reduces energy
consumption by 44.9% in spiral wound modules and by 59.5% in disk tube modules, also mitigates
membrane fouling. Furthermore, the mechanisms underlying foulant-membrane interactions and the effects
of shear force on membrane fouling were systematically investigated, leading to the development of a multi-
stage membrane fouling model. Additionally, a membrane module fouling model based on multi-physics
coupling was established, elucidating the impact of membrane deformation induced by the permeate-side
spacer under high pressure on membrane fouling.

Keywords: Membrane Module, Membrane Fouling, Bioinspired Design, Spacer, Mass Transfer
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Structural Regulatory Strategies of Polypropylene Hollow Fiber Oxygenation Membranes with
High Gas Permeability and Exceptional Resistance Against Plasma Leakage

Yakai Lin ', Yuanhui Tang 2, Fanchen Zhang ?, Aoxing Feng ', Sisi Li 2, Shengwei Hu 3, Ming Tang 3,
and Xiaolin Wang '

' State Key Laboratory of Chemical Engineering and Low-Carbon Technology, Department of Chemical
Engineering, Tsinghua University, Beijing 100084, China
2 School of Chemical and Environmental Engineering, China University of Mining and Technology, Beijing
100083, China
8 Sinopec Beijing Yanshan Company, Beijing, 102500, China

*Corresponding authors: yk_lin@tsinghua.edu.cn
ABSTRACT

Extracorporeal membrane oxygenation (ECMO) is a critical technology that provides temporary support for
cardiac and pulmonary functions during clinical surgeries. Compared with commercially available
polymethylpentene (PMP) hollow fiber oxygenation membranes, traditional polypropylene (PP)
oxygenation membranes prepared via thermally induced phase separation (TIPS) or the melting-stretching
method exhibit significantly shorter plasma-leakage resistance time due to their microporous outer-surface
structures. In this study, two novel preparation strategies for PP hollow fiber oxygenation membranes were
developed to extend the plasma-leakage resistance time. First, hybrid induced phase separation (HIPS)
combining TIPS and non-induced phase separation was employed to prepare gradient-structured PP hollow
fiber membranes. The resulting PP membranes exhibited exceptional N2 permeability of 23.4
mL/(cm?-min-bar) and an extended plasma-leakage resistance time of 4300 minutes. Second, mesoporous
silica nanoparticles were grafted onto the surface of PP membranes to maintain high N2 permeability while
ensuring excellent resistance against plasma leakage. The obtained mesoporous silica nanoparticle-
grafted PP hollow fiber oxygenation membranes demonstrated superior N2 permeability of 59.5
mL/(cm?-min-bar) and excellent plasma-leakage resistance time of 4140 minutes. Consequently, these
findings provide valuable insights into optimizing the structure of PP membranes for the development of
high-performance oxygenation membranes.

Keywords: Polypropylene, Hollow Fiber Oxygenation Membranes, Plasma-Leakage Resistance Time,
Hybrid Induced Phase Separation, Grafting
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Development of Mixed-Matrix Membranes-containing MOF-303 for CO. Separation and Air
Dehumidification Applications
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gu, Seoul 03722, South Korea
3 Division of Environmental Science and Engineering, Pohang University of Science and Technology
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*Corresponding authors: ujin5737@krict.re.kr
Abstract:

Membrane-based CO: separation is emerging as an effective technology for climate change mitigation.
Furthermore, membrane-based air dehumidification is gaining attention as a promising alternative to
conventional methods. In this study, mixed-matrix membranes (MMMs) incorporating MOF-303 were
fabricated to characterize CO2/N2 and water vapor/N2 separations. MOF-303 was synthesized via an
environmentally friendly water-based method and has been widely studied as an adsorbent due to its high
surface area. Polyactive™ is distinguished by its high gas separation performance and its capacity to
undergo biodegradation under specific conditions. When incorporated into Polyactive™ at a loading of 1
wt%, the membrane exhibited a threefold increase in CO2 permeability and slightly enhanced CO2/N2
selectivity compared to the neat polymer, surpassing the 2008 upper bound. Additionally, the superior water
vapor sorption capability of MOF-303 significantly enhanced the membrane's air dehumidification
performance. This study demonstrates a cost-effective, environmentally sustainable, and high-performance
approach to membrane-based gas separation with low filler loading.

Keywords: Gas separation, Mixed-matrix membranes (MMMs) , Metal-organic framework (MOF), Carbon
dioxide, Water vapor
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Machine Learning-Assisted Evaluation and Regulation of Nanofiltration Membrane
Performance for Micropollutant Removal

Yangling Liu
ABSTRACT

Nanofiltration (NF) membranes play an increasingly important role in the removal of organic micropollutants
(OMPs) from water, which puts higher demands on the selection and customization of membranes efficient
for OMPs removal. Due to the diversity of OMPs, the number and properties of OMPs tested by each
individual membrane in the literature could be rather different, which hindered the nonbiased evaluation
and fair comparison of membrane removal performances for various OMPs. Moreover, it is hard to achieve
the clear identification of proper membrane properties targeting the removal of any specific (especially
emerging but not yet tested) OMPs. Here, the performance data of numerous commercially available and
lab-made NF membranes in removing OMPs were collected from the literature. Machine learning (ML)
models were then constructed to capture the correlations between OMPs removal efficiency with properties
of membranes and OMPs. On this basis, the current membranes could be fairly evaluated according to the
ML-predicted rejections for a same set of OMPs, which for the first time demonstrates the trade-off effect
and upper-bound relationship between water permeance and water/OMP selectivity of NF membranes.
This helps to recognize more superior strategies for membrane preparation or modification, and provides
a valuable benchmark for assessing the performance of future developed membranes in removing OMPs.
Conversely, the established ML model could be also used to quantitively determine the desired membrane
properties (i.e., range of pore size and surface charge density) that ensures specific removal efficiency for
a given kind or group of OMPs. This ML-based framework is useful for the rational selection and tailored
design of NF membranes for the targeted removal of OMPs.

Keywords: Nanofiltration, Organic Micropollutants, Machine Learning; Performance Evaluation,
Membrane Properties
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ABSTRACT

Membrane contactor (MBC) for the purpose of amine regeneration has been developed since 2017;
however, its development was originally focused for the application of conventional natural gas acid gas
removal system (AGRU), which operated the regeneration system at low pressure (i.e. close to ambient).
Expanding the technology for flue gas carbon capture application, the operating pressure of the
regeneration system is increased at slightly higher pressure of 5 bar. This can significantly save on
compression duty to subsequent processes (either CO2 utilisation process or for CO2 storage), which
improves on the total technoeconomic of the technology. However, several challenges had to be overcome.
In terms of hardware, the membrane epoxy and solvent selection was further tuned and improved to
withstand higher temperature. For process, standard operating procedure is established to achieve a
smooth start-up and operation, whilst protecting the integrity of the membrane fibres. The system
successfully regenerated the rich amine from rich loading of 0.4 mol CO2/ mol amine down to 0.2 mol CO2/
mol amine with CO2 outlet purity of >95%. The mass flux is more than 6.0 x 10-3 mol/m2.s. It is proven
stable over hours of operation, with transmembrane differential pressure maintaining within range of 50-
70kPa. The system was also tested by doping the solvent to simulate presence of contaminant 100ppm of
SOx and NOx and performance was proven robust.

Keywords: Membrane Contactor, Carbon Capture, Amine Regeneration
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ABSTRACT

In semiconductor manufacturing plants, the use of large volumes of pure and ultrapure water makes the
reuse of wastewater a critical management issue from the perspective of securing water resources and
fulfilling environmental responsibilities. Among the various types of wastewater generated in semiconductor
manufacturing processes, CMP (Chemical Mechanical Polishing) process wastewater is one of the most
challenging to reuse due to its high concentration of fine suspended solids (SS), such as SiO2 and CeO2
particles. Generally, wastewater with high SS concentrations, such as CMP process wastewater, is reused
using cross-flow membrane filtration. However, dead-end membrane filtration is an extremely attractive
process because it does not require energy for the circulation of feed water and achieves a higher water
recovery rate compared to cross-flow membrane filtration. Nevertheless, when the membrane feed water
has a high SS concentration, dead-end membrane filtration faces difficulties in maintaining stable operation.
This study investigated the reuse of CMP process wastewater using a unique dead-end UF hollow fiber
membrane module named "GL module”, which includes “center distributor” and “end-free” structures. The
GL module can filter wastewater up to the SS concentration of drain from module reach to approximately
40,000 mg/L with its unique structure and cleaning technology by dead-end filtration [1]. Optimization
experiments using actual CMP process wastewater demonstrated that the GL module can filter CMP
process wastewater using the dead-end filtration method. The full-scale plant is currently operating stably.
This presentation will discuss the key features of the GL module and the optimization experiments for CMP
process wastewater.

Keywords: Semiconductor Wastewater, CMP (Chemical Mechanical Polishing), UF Membrane,
Wastewater Recycle, Full-Scale Plant

127


mailto:youhei.yabuno@kuraray.com

AMS15

e

Paper ID: A011

Closed-Loop Recyclable Membranes for Circular Membrane Industry

Bofan Li"", Sheng Wang?, Zibiao Li'34, and Tai-Shung Chung?®

!Institute of Sustainability for Chemicals, Energy and Environment (ISCE?), Agency for Science,
Technology, and Research (A*STAR), Singapore
2 Key Laboratory of Bio-Based Polymeric Materials Technology and Application of Zhejiang
Province, Laboratory of Polymers and Composites, Ningbo Institute of Materials Technology and
Engineering, Chinese Academy of Sciences, Ningbo 315201, P. R. China
SInstitute of Materials Research and Engineering (IMRE), Agency for Science, Technology, and
Research (A*STAR)
“Department of Materials Science and Engineering, National University of Singapore, Singapore
5Graduate Institute of Applied Science and Technology, National Taiwan University of Science and
Technology, Taiwan

*Corresponding authors: li_bofan@isce2.a-star.edu.sg
ABSTRACT

In the state-of-the-art membrane industry, membranes have linear life cycles and are commonly disposed
of by landfill or incineration, sacrificing their sustainability. For the first time, by combining membrane
technology and dynamic covalent chemistry, we have developed innovative strategies to make high-
performance sustainable membranes for water purification, which can be closed-loop recycled after long-
term usage. Covalent adaptable networks (CANs) with thermally reversible Diels-Alder (DA) adducts were
synthesized and employed to fabricate nanofiber and integrally skinned asymmetric membranes via the
electrospinning technique and non-solvent induced phase separation technique, respectively. The used
CAN membranes can be closed-loop recycled with consistent properties and separation performance by
depolymerization to remove contaminants, followed by refabrication into new membranes through the
dissociation and reformation of DA adducts. Moreover, the recyclable membranes demonstrate excellent
mechanical properties, thermal and chemical stabilities as well as separation performance in dye/salt
fractionation and oil remediation, which are comparable to or even higher than the state-of-the-art non-
recyclable membranes. This study may fill in the gaps in closed-loop recycling of membranes and inspire
the advancement of recyclable membranes for a sustainable and green membrane industry.

Keywords: Closed-Loop Recyclable Membrane, Covalent Adaptive Network, Water Purification.
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ABSTRACT

The water sector is faced with a number of issues, including population growth and climate change, as well
as dwindling water resources. To face these challenges, it is essential to find innovative solutions for the
efficient management of water resources. These solutions include seawater desalination and wastewater
treatment, which are important for ensuring a sustainable supply of water for both human and industrial
needs. In this context, membrane filtration technologies play a decisive role in managing water stress and
are increasingly competitive with other technologies. Today, a variety of membranes are available, each
with specific characteristics to suit the type of separation process required. Among these membranes, those
made from ceramics are promising, with remarkable properties such as higher thermal and chemical
stability, changeable micro-structure, reduced energy consumption at gentler conditions, raised cleaning
efficiency, High permeability and Low environmental impact are only a handful of its advantages. As a
matter of fact, commercial porous ceramic membranes are made from oxides such as aluminum (Al),
zirconium (Zr), silicon (Si), and titanium (Ti). However, their high cost has driven earlier research to
investigate the use of more economical materials such as sand, fly ash, clay, pozzolan, phosphate, etc., for
membrane manufacture. In this respect, our study deals with the preparation of ceramic membranes from
natural Moroccan resources, mainly phosphate and red clay. Such a choice is based on their excellent
properties. Red clay, rich in aluminosilicates, has excellent thermal resistance and presents favorable
characteristics for the paste shaping due to its plasticizer and binder role. The latter, after hardening by
firing, will contribute to stability and robustness of the membranes. Phosphate will be chosen because of
its high CaO and P,Os5 content; the high CaO/P,Os ratio, higher than 1.3, confers on the final material high
mechanical strength and makes it suitable for applications requiring robustness and durability. It can be
realized that the properties of the membranes synthesized in this work were outstanding, with high
mechanical, thermal, and chemical resistance, besides its highly porous nature with a high retention
capacity of 99 %.

Keywords: Water Treatement, Membrane Technologies, Ceramic Membranes, Moroccan Phosphate, Red
Clay .
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ABSTRACT

A cross-linked reinforced composite anion exchange membrane (AEM) QPC-BDMETMA@PE20um was
fabricated to improve chemical durability in anion exchange membrane water electrolysis (AEMWE).
Fabrication involved  9-(6-bromohexyl)-9H-carbazole @ (BHC), the  cross-linker  bis[2-(N,N-
dimethylamino)ethyl] ether (BDME), and a porous polyethylene substrate. SEM imaging revealed a dense,
uniform structure with no visible pores. Under alkaline electrolysis conditions, the membrane demonstrated
excellent thermal and mechanical stability, high ion exchange capacity, and maintained over 97% of its OH™
conductivity after 1000 hours in 1M KOH. At 1.8 V, it achieved a current density of 875 mA/cm? and
maintained stable performance for 120 hours. These findings indicate that the membrane has outstanding
alkali resistance and promising electrochemical performance for AEMWE applications.

Keywords: Anion Exchange Membrane Water Electrolysis, Crosslinking, Pore-Filling, Carbazole, Alkaline
Resistance
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ABSTRACT

With annual outputs nearing 80 million m3, Palm Qil Mill Effluent (POME) poses a growing environmental
challenge, demanding more effective and sustainable treatment technologies. Microbial Fuel Cells (MFCs)
have emerged as a promising technology for POME remediation, offering simultaneous waste treatment
and bioelectricity generation. However, their widespread implementation is limited by suboptimal membrane
performance, particularly in terms of ion conductivity and mechanical stability. This study explores the
development and characterization of a novel nickel-modified montmorillonite (Ni-MMT) ceramic membrane,
addressing the dual challenge of ion transport and membrane durability in MFCs. The membrane,
synthesized via the non-solvent induced phase separation (NIPS) method and subjected to sintering at
various temperatures (1000-1300°C), demonstrates improved structural integrity, reduced porosity, and
enhanced OH™ ion conductivity. Comprehensive morphological (SEM), elemental (EDX), and spectroscopic
(FTIR) analyses confirm the successful incorporation of Ni and its beneficial effects on membrane
properties. Electrochemical impedance spectroscopy (EIS) reveals that Ni addition significantly lowers ion
resistance, supporting enhanced electrochemical performance. These findings highlight the potential of Ni-
MMT membranes to advance MFC technology for more effective and scalable POME treatment.

Keywords: Microbial Fuel Cell, Ceramic Anion Exchange Membrane, Nickel Modified Montmorillonite,
Sintering Temperature Effect
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ABSTRACT

Greenhouse gas mitigation efforts have spurred the development of renewable energy technologies,
including green hydrogen production via alkaline water electrolysis. In this study, diaphragms were
fabricated using the thermally induced phase separation (TIPS) method with a blend of engineering
polymers, PEEK and PPS, and diphenyl ketone (DPK) as a diluent. Diaphragms with polymer contents
ranging from 20 wt% to 40 wt% were evaluated. The 20 wt% diaphragm exhibited a thickness of 321 ym
and a porosity of 38.9%, resulting in a tensile strength of 31.9 MPa sufficient for operational conditions in
electrolysis systems. Long-term alkaline resistance tests in 25-30 wt% KOH showed weight changes below
1%, confirming excellent chemical stability. Furthermore, electrochemical tests revealed that the 20 wt%
sample achieved the highest performance with a current density of 188.7 mA/cm? at 2.0 V, while
permeability measurements demonstrated that increased polymer content correlated with reduced
transport of the electrolyte. These results underscore the potential of low polymer-content PEEK/PPS
diaphragms for enhancing the efficiency and durability of alkaline water electrolysis in sustainable hydrogen
production.

Keywords: Alkaline Water Electrolysis, Thermally Induced Phase Separation, PPS, Peek, Diaphragm
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ABSTRACT

Separation technologies are essential across multiple sectors, such as food manufacturing, petrochemical
processing, and pharmaceuticals, particularly for eliminating large molecules like dyes. While thin-film
composite membranes typically employ a polyamide layer for separation purposes, creating a selective
polyamide layer on hollow fiber (HF) membranes remains a significant challenge. This study explores the
fabrication of polyamide-based HF membranes via interfacial polymerization, involving the circulation of
both aqueous and organic solutions. By adjusting the flow rates of these solutions, the research investigates
the effect on dye rejection performance, membrane structure, polyamide layer thickness, mechanical
properties, and surface hydrophilicity. All membranes developed in this study demonstrated consistent
congo red rejection exceeding 98%, with the highest methyl orange rejection observed at around 92%. The
best-performing membranes were obtained using an aqueous flow rate of 180 ml/min and an organic flow
rate of 220 ml/min. These membranes also showed high ethanol permeance, with congo red rejection
reaching 99.75% and methyl orange rejection at 91.68%. Moreover, their performance indicates potential
suitability for reverse osmosis applications, especially in salt removal.

Keywords: Hollow Fiber, Water Treatment, Selective Layer.
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ABSTRACT

Membrane separation has been recognized as a promising alternative to traditional separation techniques
such as distillation and adsorption because of its low energy consumption and cost-effectiveness. MFI
zeolite membrane, owning 3D pore structure comprising a sinusoidal channel (0.51 nm x 0.55 nm) and
straight channel (0.53 nm x 0.56 nm), has been recommended as an ideal candidate for some industrially
important separations such as xylene isomers separation. However, current MFI membranes are still
expensive, which hinders their widespread application. Reducing the thickness of MFI membrane can
improve its flux and therefore to lower the membrane cost. Synthesizing ultrathin (<1 ym) MFI membrane
is highly desired but remains challenging, especially on scalable tubular supports. To address this issue,
first we demonstrated a rapid and facile strategy to synthesize a kind of hierarchical MFI zeolite membrane
on ceramic hollow fiber from multi-dimensionally assembled (2D@0D) seeds. Owing to the rapid growth of
0D MFI seeds and the voids-preserved growth of stacked 2D MFI seeds, the hierarchical MFI membrane
synthesized for 2 h yielded an ultrathin skin layer (=255 nm thick) and many macro-voids within the sublayer
(void fraction: 14.86%), which facilitated molecular permeation and simultaneously maintained high
separation selectivity of zeolitic pores. The membrane exhibited over sevenfold higher p-xylene permeance
(2.81 x 107 mol m?2 s Pa') and over threefold improved p-/o-xylene separation factor (1228) than the
conventional MFI membrane. Next, we developed a facet engineering methodology for fabricating b-
oriented thin MFI zeolite membranes on ceramic hollow fibers. The growth of twin crystals was restrained
by using ammonium sulfate as an additive. Owing to sub-micron membrane thickness (ca. 740 nm), the
resultant b-oriented MFI zeolite membrane showed high performance in gas separations.

Keywords: MF| Zeolite Membrane, Xylene Separation, Ultrathin Membrane, Hollow Fiber
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ABSTRACT

Helium (He) is a non-renewable resource and membrane technology shows great potential for separating
He from natural gas. [1] Mixed matrix membrane (MMM) is a promising candidate for He separation, while
the design of MMMs is still in the stage of “trial and error” due to the wide variety of fillers and complex
membrane structures.[2,3] In this work, we report machine learning accelerated high throughput design
and screening of mixed matrix membranes. High throughput grand canonical Monte Carlo calculations and
molecular dynamics simulations were performed to calculate the reliable structure and performance
features of thousands of MOFs fillers. [4,5] The high throughput computational data were combined with
experimental data of polymer membranes to construct a big dataset of 456,872 MMMs. Four machine
learning regression models were trained to predict the permeation and the separation performances and to
reveal the underlying structure-performance relationships of MMMs. Our studies show that the XGBoost
model has the best performance indicated by high R2 value and lower RMSE and MAE values compared
with the other models (Figure 1(a-c)). The thorough data-driven model interpretation quantitatively revealed
the key properties and structural parameters for fabricating MMMs with high He/CH4 separation
performance (Figure 1(d-e): for polymer matrices, S1He/CH4 > 900, P1He > 1600 Barrer and P1CH4 as
low as possible; meanwhile for MOF fillers, porosity (¢) > 0.5 and 2.6 A <PLD < 3.2 A. The XGBoost model
shows good transferability on the dataset constructed from the hypothetical MOFs (Figure 1(f)). This work
provides guidance for designing He separation membranes.

Keywords: He Separation, Mixed Matrix Membrane, Metal Organic Framework, High Throughput
Computer Simulation, Machine Learning
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ABSTRACT

Graphene Oxide (GO) incorporated membranes were studied to have excellent CO2 separation and shown
high CO2/N2z selectivity because of the improved selective diffusion of gases across the membranes.
Surface modification of graphene oxide (GO) with a tailored triazole (Tz) derivative produced Tz-GO, a
material optimized for selective CO, separation which would lead to removal of hazardous combustion
byproducts. In the current study, the varying weight percentages of Tz-GO are incorporated into the EXTEM
polymeric dope solution for the fabrication of mixed matrix membranes. Various analytical techniques were
used to examine the thermal, mechanical as well as morphological characteristics of the
prepared membranes (e.g. FTIR, TGA, DSC, FESEM etc.), and their impact in COz2, Hz, and N2z gas
separation was explored. Studies show that 0.8 weight percent Tz-GO/EXTEM mixed matrix membranes
(MMM) could obtain a significant CO2/N2 selectivity and CO2 permeability of 391.5 Barrer. In summary,
considerable improvements were observed in CO2/N2 separation with the Tz-GO/EXTEM mixed matrix
membranes which were produced in this investigation.

Keywords: Graphene Oxide, Membranes, Gas Separation.
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ABSTRACT

Silica membranes exhibit excellent molecular sieving properties and are promising candidates for gas
separation applications such as hydrogen purification and CO, capture. While conventional silica
membranes are typically formed on ceramic supports, the use of polymer supports has attracted attention
for large-scale, low-cost production and the development of high-packing-density modules. This concept,
known as layered-hybrid membranes, remains challenging due to the difficulty in forming uniform silica
layers on thermally sensitive polymer supports, as traditional fabrication methods generally require high
temperatures. In this study, we propose a novel fabrication strategy utilizing atmospheric-pressure plasma-
induced polymerization at the gas-liquid interface to form silica layers on polymeric ultrafiltration
membranes under ambient conditions. This technique involves the oxidative polymerization of liquid
precursors such as PDMS oligomers using atmospheric pressure plasma, enabling membrane formation
at room temperature while avoiding thermal damage to the polymer substrate. To verify the feasibility of the
proposed method, a PSF ultrafiltration membrane was used as the support and was infiltrated with PDMS
oligomer, followed by exposure to atmospheric pressure plasma to induce polymerization. As a result, a
silica-like layer was successfully formed on the surface of the PSF support, exhibiting exceptional molecular
sieving ability with an H,/N, permeance ratio reaching 330, as demonstrated by gas permeation
measurements. Moreover, by tuning plasma parameters such as plasma power, the membrane structure
could be tailored for specific separations, for example, achieving a CO,/N, permeance ratio of 30. These
results demonstrate that the proposed method offers a low-temperature, scalable approach for fabricating
molecular-sieving silica membranes on polymer supports, making it a promising platform for advanced gas
separation technologies.

Keywords: Atmospheric-Pressure Plasma, Silica Membrane, Molecular Sieving, Gas Separation,
Polymer-Supported Ceramic Membrane
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ABSTRACT

Palm Oil Mill Effluent (POME) is a highly polluting wastewater generated in large volumes by the palm oil
industry, particularly in Malaysia. Its complex composition—rich in organic matter, suspended solids, and
persistent colorants—makes effective treatment a critical environmental priority. Ultrafiltration (UF)
membranes have shown promise in POME treatment due to their high separation efficiency and operational
simplicity; however, their widespread application is hindered by membrane fouling and limited antifouling
resilience. Recent advancements in membrane surface modification have focused on enhancing antifouling
properties through the incorporation of hydrophilic and antibacterial materials. Among these, zwitterionic
polymers have emerged as highly effective due to their charge neutrality and strong hydration layers. This
review highlights the development of zwitterionic biomaterials coatings applied via spray coating as a novel
and eco-friendly strategy to improve UF membrane performance. The integration of biocompatible and
biodegradable materials offers a sustainable alternative to traditional synthetic modifiers, with enhanced
hydrophilicity, reduced biofouling, and improved dye removal capabilities. Challenges related to coating
stability, optimization of blend ratios, and scalability of spray techniques are also discussed. This review
concludes by outlining future research directions focused on real wastewater validation, long-term
durability, and industrial-scale implementation.

Keywords: Palm Oil Mill Effluent (POME), Ultrafiltration Membrane, Zwitterionic Chitosan, Wastewater
Treatment, Dye Removal

138



AMS15

e

Paper ID: A022

One-Step Synthesized Self S-Doped Porous Carbon from Polyphenylene Sulfide for CO2
Adsorption and Membrane Separation

Afdhal Junaidia, Norazlianie Sazalib,c,d, Wan Norharyati Wan Sallehe, Triyanda Gunawana, Kumaran
Kadirgamac,f*, Nurul Widiastutia*.

aDepartment of Chemistry, Faculty of Science and Data Analytics, Institut Teknologi Sepuluh Nopember,
Sukolilo, Surabaya 60111, Indonesia
bFaculty of Manufacturing and Mechatronic Engineering Technology, University Malaysia Pahang, 26600
Pekan, Pahang, Malaysia
¢Centre of Excellence for Advanced Research in Fluid Flow (CARIFF), Universiti Malaysia Pahang Al-
Sultan Abdullah, Lebuhraya Tun Razak, Gambang, Kuantan, Pahang, Malaysia
9Faculty of Mechanical and Manufacturing Engineering, Universiti Tun Hussein Onn Malaysia, 86400
Parit Raja, Batu Pahat, Johor, Malaysia
¢Advanced Membrane Technology Research Centre (AMTEC), Universiti Teknologi Malaysia, Skudai,
Johor Darul Takzim, Malaysia
Faculty of Mechanical and Automotive Engineering Technology, Universiti Malaysia Pahang Al-Sultan
Abdullah, Pekan 26600, Pahang, Malaysia

*Corresponding author: ajunaidiafdhal@gmail.com

ABSTRACT

Self sulfur-doped porous carbon (PCs) derived from polyphenylene sulfide (PPs) presents a promising
pathway toward efficient CO2 capture and separation, leveraging the inherent sulfur content of the polymer
to introduce functional sites that enhance gas—solid interactions. Despite growing interest in S-doped
carbons, a comprehensive understanding of their adsorption mechanisms and integration into membrane
systems remains limited. In this work, PCs was synthesized via a one-step chemical activation using
potassium carbonate (K2CO3), resulting in a porous structure with a high specific surface area of 2023
m2/g and a CO2 uptake capacity of 4.59 mmol/g at 30 °C. The adsorption behavior was evaluated through
kinetic and thermodynamic modeling. The data fit best with the pseudo-second-order kinetic model,
indicating multilayer adsorption on heterogeneous surfaces. Thermodynamic analysis confirmed the
process was spontaneous and exothermic, with CO2 exhibiting significantly stronger affinity compared to
CH4 and N2 due to polar interactions and acid—base affinities. Furthermore, PCs was incorporated as a
filler into polysulfone-based hollow fiber mixed matrix membranes (MMMs), significantly improving gas
separation performance. CO2 permeability increased from 7.64 GPU (bare membrane) to 67.49 GPU with
PCs loading, while CH4 and N2 permeabilities remained stable, enhancing CO2/CH4 and CO2/N2
selectivity. The membranes demonstrated stable performance over 60 minutes of continuous testing. These
findings underscore the synergistic potential of S-doped porous carbon in integrated adsorption—membrane
systems and provide valuable insights into gas—solid interaction mechanisms. The dual functionality of
PCs—high adsorption capacity and membrane compatibility—positions it as a scalable and efficient
material for advanced CO2 separation technologies in environmental and industrial applications.

Keywords: Self S-Doped Porous Carbon, Polyphenylene Sulfide, CO2 Adsorption, Gas Separation,
Hollow Fiber Membranes
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ABSTRACT

Hydrogen production via proton exchange membrane water electrolysis (PEMWE) is a widely adopted
technology. However, the anticipated future ban on per- and polyfluoroalkyl substances (PFAS), such as
Nafion, necessitates the development of alternative membrane materials with comparable performance as
the PFAS membrane. In this study, sulfonated poly(ether ether ketone) (SPEEK) identified as a potential
replacement and ionic liquid (IL) is used to further enhance its proton conductivity. This work compares the
methodology to incorporate IL into the membrane, namely 1) immersion impregnation in highly polar
medium (water), 2) immersion impregnation in less polar medium (methanol) and 3) IL co-activation
impregnation in acid. Optimizations of key fabrication parameters, including ionic liquid loading, immersion
time, and sulfuric acid molarity, using Response Surface Methodology (RSM) are performed.
Characterization analyses confirmed successful IL incorporation into the SPEEK membrane. Fourier
Transform Infrared Spectroscopy (FTIR) and Proton Nuclear Magnetic Resonance (1H NMR) verified
structural modifications, while Differential Scanning Calorimetry (DSC) indicated plasticization effects that
influenced the membrane’s thermal properties. Contact angle measurements and water uptake analysis
demonstrated improved hydrophilicity. Electrochemical Impedance Spectroscopy (EIS) showed a
remarkable enhancement in proton conductivity for all cases, with co-activation methods shows the highest
improvement from 0.07 S/cm to 0.7 S/cm, compared to other methodology (0.47 S/cm for impregnation in
water, and 0.40 S/cm for impregnation in methanol). The findings confirm that the coactivation method
effectively enhances the ionic conductivity and hydrophilic properties of SPEEK membranes, making them
a promising alternative to Nafion for PEMWE applications.

Keywords: lonic Liquid, Proton Exchange Membrane, SPEEK, Water Electrolysis, Fuel Cell
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ABSTRACT

Hydrogen fuel cells are pivotal for clean energy, yet conventional catalysts face challenges of high
cost, material scarcity, and environmental harm, limiting their sustainability and scalability. This review
explores green catalytic materials—carbon-based biomass derivatives, non-precious metals (Fe, Co, Ni),
bio-inspired systems, and metal-organic frameworks (MOFs)—as sustainable alternatives to mitigate these
issues. Carbon-based catalysts leverage renewable biomass feedstocks and low-energy pyrolysis,
reducing dependence on fossil-derived precursors. Non-precious metals address Platinum group metal
(PGM) scarcity by utilizing Earth-abundant elements, while bio-inspired designs mimic natural enzymatic
efficiency through biodegradable, low-toxicity frameworks. MOFs, tailored with eco-friendly linkers and
solvent-free synthesis, offer tunable active sites without heavy metals. Key mechanisms such as electron
transfer, adsorption dynamics, and reaction kinetics are discussed to elucidate catalytic enhancement
strategies. Despite their potential, challenges persist in optimizing cost-effective scalability, minimizing
environmental footprints during synthesis, and ensuring long-term catalytic stability. By prioritizing
renewability, energy efficiency, and reduced toxicity, green materials present a pathway to overcome the
limitations of conventional catalysts. Future efforts must focus on advancing synthesis techniques,
enhancing material recyclability, and aligning scalable production with circular economy principles to realize
eco-efficient hydrogen fuel cell technologies.

Keywords: Hydrogen Fuel Cells; Green Catalytic Materials; Non-Precious Metals (Fe, Co, Ni); Bio-
Inspired Catalysts; Metal-Organic Frameworks (MOFs).
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ABSTRACT

Poly- and perfluoroalkyl substances (PFASs) are ubiquitous contaminant and globally distributed in water
bodies. A significant yet largely untapped reservoir of polluted water arises from groundwater, where the
diffusion of PFAS has been shown to be alarmingly on the rise, driven by prolonged accumulation and
restricted avenues for degradation. Direct contact membrane distillation (DCMD) was used to concentrate
and remove perfluorooctanoic acid (PFOA) compounds from contaminated groundwater for the first time
using commercially available poly(tetrafluoroethylene) (PTFE) and poly(vinylidene fluoride) (PVDF)
membranes. The temporal membrane fouling propensity over DCMD test was assessed by analysing the
morphological and chemical structural changes of the pristine and used membranes. Over 120 h of DCMD
test using 10 mg/L PFOA contaminated model groundwater as feed, the PVDF membrane exhibited lower
extent of flux decline of 15% compared to that 43% obtained by PTFE membrane using feed temperature
of 60 °C. The PVDF membrane achieved higher PFOA removal (80 vs. 51%) and salt rejection (70% vs.
30%) performance, revealing the surface diffusion attributed to F-F interaction between the PVDF
membrane and PFOA molecules was less pronounced. This study provides a practical route to pre-
concentrate and remove the amphiphilic PFAS contaminants from groundwater and could be potentially
applied in downstream treatment.

Keywords: Membrane Distillation, PFAS Management, Hydrophobic Interactions, Surface Diffusion,
Membrane Autopsy
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ABSTRACT

Amine-functionalized MOFs like NH,-MIL-101(Fe) are typically synthesized using the conventional
hydrothermal method. However, it has certain drawbacks such as high energy consumption due to high
pressure and temperature during synthesis steps. This study explores the potential of room temperature
synthesis as a sustainable alternative by comparing another variant of hydrothermally synthesized NH -
MIL-101(Fe). These MOF variants were characterized using XRD, XPS, FESEM, UV-Vis spectroscopy, and
zeta potential measurements. The comparison highlights the synergetic effects of both synthesis
temperature and amine modifications on crystallinity, surface morphology, surface chemistry, chemical
states, optical properties and surface charge behaviour. The findings showed that at room temperature
synthesis, NH,-MIL-101(Fe) retained similar XRD peaks at 26 values of 9.40, 12.56, 16.19, 18.86, and
22.0°. The room temperature variant displayed a cocoa pod-like morphology with elongated ridges, larger
crystals, and surface irregularities, indicating less control over crystal formation compared to the
hydrothermally synthesized version. Notably, the room temperature variant had a narrower band gap (2.57
eV) compared to the hydrothermal version (2.86 eV). This enhanced optical property is due to higher amine
retention in the room temperature MOF, with XPS N 1s spectra showing a significantly greater C—NH, bond
contribution (27.91%) than the hydrothermal version (16.27%), confirming the role of —NH, groups as
electron donors. These findings indicate that room temperature synthesis of NH,-MIL-101(Fe) could be a
promising alternative for applications in water treatment.

Keywords: NH,-MIL-101(Fe), Room Temperature Synthesis, Hydrothermal Synthesis, Water Treatment,
Optical Properties
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ABSTRACT

Conventional capacitive deionization (CDI) technologies face several limitations, notably the undesired
adsorption of co-ions and the accumulation of divalent ions on the electrode surfaces. This accumulation
leads to the formation of layers on the electrodes, ultimately reducing the desalination efficiency. To address
these challenges, we have developed two approaches that incorporate both anion and cation exchange
membranes into the CDI system. The first approach involves integrating the synthesized ion exchange
membranes adjacent to the electrodes within the CDI system. The second approach focuses on directly
incorporating the membranes onto the electrode surfaces. In this study, we synthesized a series of anion-
exchange membranes (AEMs) using a poly(styrene-co-butadiene) polymer backbone, which underwent a
series of chemical modifications. These included chloromethylation, followed by crosslinking with diamine
and subsequent quaternization, using varying ratios of the crosslinking and quaternizing agents. This
strategy enabled fine-tuning of the membrane properties by controlling both the swelling behavior and the
degree of quaternization factors that directly influence the ion-exchange capacity and overall performance
of the membranes in membrane capacitive deionization (MCDI).
The synthesis process was optimized to produce membranes with enhanced anion conductivity,
permselectivity, and dimensional stability. The presence of functional groups was confirmed using nuclear
magnetic resonance (NMR) and Fourier transform infrared (FTIR) spectroscopy. Membrane morphology
was characterized via scanning electron microscopy (SEM). A comprehensive evaluation of the
membranes' physicochemical and electrochemical properties was conducted, including measurements of
ion exchange capacity, water uptake, volume expansion ratio, tensile strength, electrical resistance, and
transport number. This work aims to enhance the efficiency of CDI systems by overcoming the limitations
associated with co-ion adsorption and the presence of divalent ions, thereby improving desalination rates.
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ABSTRACT

Close-circuit reverse osmosis (CCRO) is an emerging desalination process known for its enhanced energy
efficiency compared to conventional single-stage methods. Featuring a semi-closed stream setup, CCRO
customizes hydraulic pressure application to save energy and employs standard RO components for cost-
effectiveness. However, this semi-closed system requires concentrate purging at lower pressures after
achieving recovery. This results in coexisting solutions with significant concentration disparities within the
membrane pressure vessel, causing reverse water flux at the rear elements and potentially affecting
CCRO's practical performance. To assess the energy loss from reverse flux and other purging inefficiencies,
a multi-cycle time-dependent finite differential model was developed in this study. This model quantified
CCRO's flux, applied pressure, and energy consumption. Findings reveal that reverse flux contributes to
5% of energy consumption in practical seawater desalination with CCRO at 50% recovery. While increasing
flow rates during concentrate purging reduces reverse flux, it escalates pressure loss and mandates larger
pump installations, presenting implementation challenges for CCRO. A novel RO design that avoids brine
mixing and frequent concentrate replacement may offer improved energy efficiency and operational
performance.

Keywords: Close Circuit Reverse Osmosis (CCRQO); Desalination; Energy Efficiency; Reverse Osmosis;
Membrane Finite Differential Model
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ABSTRACT

The fouling process in batch ultrafiltration of protein solutions under constant transmembrane pressure has
been well characterised and is readily described by pore blockage and cake filtration models. There are
fewer studies under constant flux conditions, which are more representative of industrial application.
Further, single-pass tangential flow filtration (SPTFF) is increasingly prevalent in biopharmaceutical
manufacturing, due to its ability to continuously concentrate biomolecules while minimizing hold-up volume
and shear stress-induced protein aggregation. The extended channel length of the SPTFF unit, results in
fouling varying spatially along the membrane, with higher concentrations and lower cross flow velocity
occurring near the retentate outlet, leading to greater fouling at this end of the filtration module. A key
challenge in SPTFF is understanding how process parameters, such as protein concentration, feed flow
rate and volumetric concentration factor impact the progression of this fouling. To examine the progression
of fouling, SPTFF experiments were conducted using whey protein isolate solutions filtered through a 10
kDa membrane. The system operated under constant flux conditions of 25 litres/m?2.hr and 50 litres/m2.hr,
with a concentration factor of 10. Pressure sensors monitored the evolution of the transmembrane pressure,
while real-time protein concentration measurements ensured system stability under conditions of constant
flux. A model of this fouling behaviour was then developed by combining existing models of SPTFF without
fouling and batch ultrafiltration at constant flux. The resulting model showed significant spatial variation in
fouling, with the highest pressure drop occurring near the module outlet and fouling gradually decreasing
toward the inlet. As retained proteins built up, membrane resistance increased, accelerating the transition
from pore blockage to cake formation.

Keywords: Ultrafiltration, Protein Fouling, SPTFF, Whey, Modelling
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ABSTRACT

Thin-film composite (TFC) membranes, consisting of a polyamide (PA) selective layer on a porous support,
are widely used in reverse osmosis (RO) and nandfiltration for water purification. However, the fabrication
of conventional TFC membranes requires petroleum-based synthetic polymers and toxic organic solvents,
raising concerns about their environmental impact. In particular, the support layer, typically made of
polysulfone or polyethersulfone, backed by a polyester backing fabric, occupies a large volume fraction of
the TFC membrane, causing significant environmental issues. Although green alternatives formed using
natural biopolymers or green solvents have been explored, they suffer from low mechanical durability,
limiting their use in high pressure-driven separation processes.This study presents the fabrication of an
entirely biopolymer-supported TFC RO membranes. The ecofriendly support was fabricated by forming a
porous chitosan (CHS) layer on Korean traditional paper (K-paper), a cellulose-based backing fabric, via
pH-induced aqueous phase separation. The mechanical robustness of the CHS support was further
reinforced by crosslinking with pyrogallol (PG), a natural plant-derived compound. The interfacial
polymerization process was performed on the fabricated CHS support to form a PA TFC membrane.The
resultant CHS-supported TFC membrane exhibited high compaction resistance and long-term operability
even under high pressure RO conditions owing to the excellent mechanical integrity of its underlying CHS
support layer. The CHS-supported TFC membrane also displayed good water permeance and NaCl
rejection, which are comparable to those of commercial RO membranes. Furthermore, the membrane
showed excellent biodegradability, which was not achievable by conventional RO membranes. This study
demonstrates an ecofriendly and sustainable strategy for fabricating TFC membranes applicable to various
separation processes, including water and organic solvent purification and gas separation.

Keywords: Biopolymer, Water Treatment, Reverse Osmosis, Biodegradation, Thin-Film Composite
Membrane
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ABSTRACT

Polyimides have been utilized for gas separation because of their high gas diffusivity selectivity. Matrimid
is one of glassy polyimides that show high selectivity for CO2/light gases. However, its applications for gas
separation have been limited due to its low gas permeability. We report here a novel and facile method to
enhance its gas permeability by crosslinking it with high molecular weight poly(dimethylsiloxane) bis(3-
aminopropyl) terminated (PDMS-NH2). PDMS-NH2 was chosen because of its known high gas permeability
due to its flexible siloxane linkages. The structural rearrangement and chemical interactions between
Matrimid and PDMS-NH: were investigated using various characterization methods. Both XRD and position
annihilation lifetime spectroscopy (PALS) results confirmed that the d-spacing and fractional free volume
(FFV) significantly increased after incorporating PDMS-NH: into the Matrimid polymer matrix. The EDX
elemental mapping of both top and cross-sectional surfaces show uniform distributions of elements. The
resultant membranes display synergistic separation performance, not only exhibiting high gas permeability
but also maintaining high CO2/N2 selectivity close to Matrimid. Specifically, the additions of 10, 25, and 50
wt.% of PDMS-NH: into the Matrimid matrix enhance the CO2 permeability from the initial 12.01 to 58.22,
82.60, and 260.51 Barrer, respectively (i.e., increasing CO2 permeability by about 385%, 588%, and 2069%,
respectively) without much compromise in CO2/Nz2 selectivity. Interestingly, the mixed gas tests have higher
CO2/N2 selectivity than those pure gas tests, possibly due to strong interactions between CO2 and the
amine groups of PDMS-NH2. In addition, the plasticization phenomenon of the Matrimid/PDMS-NH2
membranes reduces due to the less CO2 adsorption. Comparing with other studies, the newly developed
membranes show a relatively higher CO2 permeability, while exhibiting a comparable CO2/N2 selectivity.
This study may provide new insights to design advanced polymeric membrane materials for CO2 capture.

Keywords: Carbon Dioxide Capture, Polyimide, Amino-Terminated Polydimethylsiloxane, Gas Separation,
Clean Energy
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ABSTRACT

This study investigates the influence of dispersing solvents on the structural integrity and operational
stability of catalyst layers (CLs) in water electrolysis (WE). The findings demonstrate that the selection of
solvent plays a critical role in governing ionomer dispersion behaviour, which directly affects the
microstructure of the catalyst ink and the homogeneity of the resulting CL. A well-dispersed ionomer leads
to more uniform and interconnected CL morphologies, which are essential for efficient electrochemical
reactions. Solvents exhibiting more negative solvation energies, such as ethylene glycol (EG) and
propylene glycol (PG), were found to enhance the compatibility and dispersion of both ionomer and catalyst
particles. These improvements in dispersibility facilitated the formation of CLs with superior structural
uniformity, thereby contributing to enhanced electrochemical performance. The optimized morphology
promoted efficient electron and proton transport, as well as more effective reactant access to catalytic sites.
In addition to performance, the durability of the CLs was also significantly influenced by the choice of
solvent. Particularly, PG-based CLs showed exceptional stability, with slower degradation rates and minimal
increases in charge transfer resistance over time. These results underscore the dual impact of solvent
selection on both the performance and longevity of WE systems. Overall, this work highlights solvent
engineering as a powerful strategy for tuning catalyst layer properties and advancing the development of
high-efficiency, long-lasting water electrolysis technologies.

Keywords: Dispersing Solvent, lonomer Dispersion, Catalyst Layer, Microstructure, Profon Exchange
Membrane Water Electrolysis
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ABSTRACT

With increasing population, industrialization, and freshwater contamination, seawater purification has
emerged as a sustainable freshwater source. Membrane separation technologies, which block ions while
allowing water transport, offer great potential due to their high efficiency and low energy consumption.
Bottom-up synthesized two-dimensional nanoporous membranes with precise pore size and high pore
density have emerged as promising candidates for next-generation desalination. However, fabricating these
membranes with well-defined, angstrom-scale channels that are both dense and stable remains
significantly challenging, mainly due to difficulties in rational channel design at the molecular level and in
eliminating lattice defects to achieve precise water/ion sieving and high water flux simultaneously. In this
study, we report the successful bottom-up synthesis of ultra-thin, centimetre-scale graphdiyne (GDY) films
with ordered one-dimensional (1D) channels using single-crystalline Cu(111) as the growth substrate and
demonstrate their exceptional performance as molecular sieves for highly efficient water/ion separation.
The optimized membrane exhibits an ultra-high water/NaCl selectivity of 5.96 x 104, outperforming state-
of-the-art membranes, at a water permeance of ~32.9 mol m=2 h=' bar™' and a salt rejection exceeding
99.7% for small ions in seawater. Mechanism studies reveal that the hydrophobic angstrom-scale channels
in GDY crystals force water molecules into a single-file configuration with 1D hydrogen bonding during
water permeation. The 1D water chain enables the GDY membrane to facilitate rapid and selective proton
transport (diffusion constant as high as 1.3 x 10 cm? s7') via the Grotthuss mechanism. This work
contributes to the development of carbon nanomaterial membranes for precise molecular sieving and
biomimetic protonophores.

Keywords: Graphdiyne, Crystalline Membrane, Molecular Sieving, Water Desalination, Proton Transport
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ABSTRACT

Two-dimensional (2D) covalent organic frameworks (COFs) are a class of crystalline porous materials with
atomically ordered and modular channel architectures. Their structural tunability and rich chemistry offer
unique opportunities for membrane-based separations. In this presentation, | will introduce scalable
fabrication strategies for highly crystalline 2D COF membranes, focusing on controlling crystallinity, domain
orientation, and channel surface chemistry to enable targeted separation. First, | will present a facile method
to fabricate large-area, vertically oriented 2D COF membranes on smooth substrates by modulating the
reaction rate'. The resulting membranes exhibit highly ordered, vertically aligned nanochannels that deliver
ion transport performance 2-3 orders of magnitude higher than conventional nanofluidic systems. In
reverse electrodialysis for osmotic energy conversion, a pair of 100 nm thick, oppositely charged COF
membranes achieved a record-high power density of 43.2 W m™2 under a 50-fold salinity gradient, and up
to 228.9 W m~2 using Dead Sea and river water2. Further surface engineering of the channel walls enabled
fast, unidirectional ion transport and switchable selectivity between K* and Na* ions, offering new
opportunities for ion sieving and energy harvesting® 4. Next, | will discuss the use of electric fields to guide
the nucleation, crystal growth, and domain alignment of COF membranes over large areas. This approach
enables the formation of single-crystalline COF domains with vertically aligned through-pores across the
membrane thickness. These pores can be directly visualized with an ultrahigh resolution of 2 A using low-
dose high-resolution transmission electron microscopy (HRTEM), with an observed pore density of 1.2 x
10" m™2, closely matching theoretical values®. These advances result in COF membranes with ultrahigh
solvent permeability — over 10 times higher than current state-of-the-art organic solvent nanofiltration
membranes — positioning them as promising candidates for next-generation molecular separations and
energy conversion applications.

Keywords: COF Membranes, Oriented Channel, Nanofluidic, Molecular Sieving, Organic Solvent
Nanofiltration
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ABSTRACT

The thermocatalytic splitting of CO2 into CO and O: represents a promising route for sustainable carbon
utilization, yet conventional approaches suffer from low efficiency, high thermal energy demands, and
catalyst instability under reactive conditions. In this presentation, an advanced oxygen-permeable
membrane (OPM) reactor system that overcomes these limitations through synergistic material engineering
and innovative reactor design will be discussed. Our approach combines tailored perovskite-based
membranes with high oxygen-ion conductivity and exceptional stability under COz-rich atmospheres,
enabling sustained operation without degradation. To minimize carbon emissions from the process itself,
we integrate renewable energy inputs, including non-thermal plasma for low-temperature activation and
solar-thermal heating for high-temperature operation. A key advancement is the development of a
multichannel hollow fiber membrane configuration, which achieves unprecedented packing density and
efficient gas transport while maintaining mechanical robustness. This modular design significantly
enhances scalability, addressing critical barriers to industrial deployment.

Keywords: CO; Splitting, Oxygen-Permeable Membrane, Plasma Catalysis, Solar-Thermal, Hollow Fiber
Reactor, Perovskite Oxide

152


mailto:guangru.zhang@njtech.edu.cn

AMS15

.y
Paper ID: A036

Mixed Solvent Phase Separation Ultrafiltration Membrane: From Lab to Large-Scale Pilot

Bingbing Yuan'!, Reham Alnuami', Jean-Pierre Benjamin Boross de Levay', Roshni Lilly
Thankamony?, Zhiping Lai'*

a Division of Physical Science and Engineering, King Abdullah University of Science and Technology,
Thuwal 23955, Saudi Arabia

*Speaker’s email: zhiping.lai@kaust.edu.sa
ABSTRACT

Ultrafiltration (UF) membranes, characterized by pore sizes ranging from 2 to 100 nm, are widely employed
in wastewater treatment, desalination pretreatment, and processes within the food, pharmaceutical, and
petrochemical industries. However, conventional commercial UF membranes, typically fabricated via non-
solvent induced phase separation (NIPS) or temperature induced phase separation (TIPS), often suffer
from broad pore size distributions. This compromises both permeation flux and separation accuracy due to
inconsistent pore structures and limited porosity. In this study, we introduce a novel mixed solvent phase
separation (MSPS) process for UF membrane fabrication. This method leverages a mixed solvent system
exhibiting upper critical solution temperature (UCST) behavior to induce the formation of highly uniform
porous structures. To demonstrate the versatility of the MSPS method, a range of commonly used polymers,
including PVDF, PAN, PMP, PES, CA, and PVDF-co-HFP, were employed to fabricate UF membranes with
uniform pore distributions. The resulting membranes exhibit significantly enhanced permeation flux and
separation precision compared to commercial UF membranes, owing to their highly uniform pore structure
and elevated porosity. These structural performance improvements make them well-suited for demanding
applications such as membrane distillation, hemodialysis, extracorporeal membrane oxygenation, and
advanced wastewater treatment. Furthermore, pilot-scale production of both hollow fiber and flat-sheet
membranes confirmed that the MSPS process is reproducible and scalable. This establishes MSPS as an
optimal fabrication method for UF membranes with controlled pore sizes between 8 and 80 nm. Overall,
the MSPS approach demonstrates superior pore structure regulation compared to NIPS and TIPS, enabling
the fabrication of UF membranes with sharp pore size distribution, high porosity, ultra-high flux, and
excellent separation accuracy. Such membranes are particularly ideal for high-value applications in drug
separation, biopharmaceuticals, and the food industry, where pore structure uniformity is of critical
importance.

Keywords: Ultrafiltration Membrane, Mixed Solvent Phase Separation, Uniform Porous Structure, High
Porosity, Separation Efficiency
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ABSTRACT

The development of super antifouling surface chemistry represents a significant breakthrough in enhancing
the performance and longevity of hollow fiber membrane processes. This study introduces an innovative
approach utilizing in-situ continuous coating technology to create highly durable and effective antifouling
surfaces on hollow fiber membranes. Furthermore, this coating technologies must be related to to modifiy
the pore size and zone of hollow fiber membrane using green-solvent induced phase separation technology.
From them, the coating technology can fabricate a uniform and ultrathin layer of functional materials directly
onto the membrane surface during operation, enabling real-time antifouling performance without
interrupting the process. From screening and understanding various chemistries, the optimized surfaces
exhibit exceptional resistance to organic fouling, biofouling, and scaling, achieved through tailored surface
chemistries that combine hydrophilicity, charge control, and low-surface-energy materials. By mitigating
fouling, the technology reduces operational costs, extends membrane lifespan, and enhances process
efficiency, particularly in applications such as water treatment, bioprocessing, and chemical separations.
Comprehensive evaluations demonstrate the coating’s long-term stability under operational conditions, with
minimal impact on membrane permeability and selectivity. This approach represents a paradigm shift in
fouling management, offering scalable, cost-effective, and environmentally friendly solutions for hollow fiber
membrane applications.

Keywords: Hollow Fiber Membrane, In-Situ Surface Modification, Anti-Fouling, Nano Coating
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ABSTRACT

The growing demand for lithium (Li) has spurred the development of technologies to recover Li from
industrial and natural resources. Among various Li separation technologies, nancfiltration (NF) membranes
have gained significant interest because of their easy operation and high separation efficiency.
Conventionally, semi-aromatic polyamide (PA) NF membranes formed using aliphatic piperazine- and
polyethylene imine as amine monomers have been widely explored for Li separation owing to their good Li
selectivity and high water permeance. However, their poor acid stability critically limits their practical
applications. Fully aromatic PA membranes formed using aromatic amine monomers (e.g., m-phenylene
diamine, MPD) offer strong acid resistance but exhibit low water permeance and Li selectivity owing to their
tight structure. In this study, we present the fabrication of a highly permeable and Li-selective fully aromatic
PA nanofiltration (NF) membranes by combining two strategies among various techniques to tailor PA
structure, including surfactant/additive/cosolvent addition and thermal/acid/alkaline/solvent post-treatment.
The rationally designed combinatorial strategy enabled the formation of a PA pore structure suitable for
selective Li separation in a high-throughput manner. The resultant membrane exhibited high water
permeance and excellent Li selectivity under both single- and mixed-salt conditions, outperforming
commercial and other laboratory-made counterparts. In addition, the membrane maintained Li separation
performance for 4 weeks under acidic conditions, demonstrating its excellent acid resistance. This strategy
provides a simple and versatile approach to fabricate highly divalent-ion-selective membranes applicable
to diverse industrial processes, including lithium extraction from spent batteries, hydrometallurgical mining,
and acid dye removal in textile wastewater.

Keywords: Lithium Recovery, Thin-Film Composite Membrane, Nanofiltration, Water Treatment, Acid
Stability
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ABSTRACT

Green hydrogen (H2) is considered an ecofriendly energy source without emitting carbon-based
greenhouse gases. Among various water electrolysis (WE) techniques, anion-exchange membrane (AEM)
WE (AEMWE) is considered the most cost-effective means to produce green Hz using renewable energy,
because it allows for the use of non-platinum-group (non-PGM) electrodes. In AEMWE operation, an AEM
separates the cathode and anode while mediating hydroxide ions and blocking the gas crossover of the
generated gases (Hz and oxygen). The AEM is a key material to achieve efficient and stable AEMWE
operation. However, previously reported AEMs have limited AEMWE performance and durability owing to
their unsatisfactory chemical structures. Most AEMs consist of a hydrophobic polymer backbone with
cationic pendant groups forming anisotropically aligned ion channels. Furthermore, the attainable density
of anion-conducting cationic groups pendanted to the polymer backbone is limited. These characteristics
limit the ion conducting ability of most AEMs.To overcome these limitations, we propose a one-pot
monomeric Menshutkin reaction-based AEM, consisting of a three-dimensionally crosslinked quaternary
ammonium (QA) network in a porous support. The isotropically aligned QA network provides numerous
effective ion-conducting paths, resulting in high ion conductivity, while the support reinforces the mechanical
and thermochemical stability of the AEM. The resultant AEM exhibited higher AEMWE performance than
commercial AEMs owing to its higher ion conductivity. Furthermore, the AEM was stable in AEMWE
operation for 1000 h using non-PGM electrodes. Our strategy provides a new approach to fabricate high-
performance and durable AEMs.

Keywords: Anion-Exchange Membrane, Water Electrolysis, lon Conductivity, Menshutkin Reaction,
Hydrogen Production
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ABSTRACT

Thin-film composite (TFC) membranes, consisting of a polyamide (PA) selective layer on a porous support,
are widely used in reverse osmosis (RO) and nandfiltration for water purification. However, the fabrication
of conventional TFC membranes requires petroleum-based synthetic polymers and toxic organic solvents,
raising concerns about their environmental impact. In particular, the support layer, typically made of
polysulfone or polyethersulfone, backed by a polyester backing fabric, occupies a large volume fraction of
the TFC membrane, causing significant environmental issues. Although green alternatives formed using
natural biopolymers or green solvents have been explored, they suffer from low mechanical durability,
limiting their use in high pressure-driven separation processes. This study presents the fabrication of an
entirely biopolymer-supported TFC RO membranes. The ecofriendly support was fabricated by forming a
porous chitosan (CHS) layer on Korean traditional paper (K-paper), a cellulose-based backing fabric, via
pH-induced aqueous phase separation. The mechanical robustness of the CHS support was further
reinforced by crosslinking with pyrogallol (PG), a natural plant-derived compound. The interfacial
polymerization process was performed on the fabricated CHS support to form a PA TFC membrane. The
resultant CHS-supported TFC membrane exhibited high compaction resistance and long-term operability
even under high pressure RO conditions owing to the excellent mechanical integrity of its underlying CHS
support layer. The CHS-supported TFC membrane also displayed good water permeance and NaCl
rejection, which are comparable to those of commercial RO membranes. Furthermore, the membrane
showed excellent biodegradability, which was not achievable by conventional RO membranes. This study
demonstrates an ecofriendly and sustainable strategy for fabricating TFC membranes applicable to various
separation processes, including water and organic solvent purification and gas separation.

Keywords: Biopolymer, Water Treatment, Reverse Osmosis, Biodegradation, Thin-Film Composite
Membrane
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ABSTRACT

Biomass gasification is one of the key operating units in the biomass utilization process, and the produced
syngas has been considered as an important feedstock for manufacturing various fuels and chemicals (e.g.
methanol, higher alcohols, dimethyl ether and sustainable aviation fuels). However, the complex particulate
matter (PM) and tar in the syngas produced from the gasification of biomass are the primary causes being
responsible for the physical blockage of reactor and the deactivation of catalyst, limiting the system stability
and the overall conversion efficiency of biomass resources. This paper reports a highly integrated reactor
that employs a silicon carbide (SiC) membrane and biochar catalyst to simultaneously and efficiently
remove tar and PM from biomass gasification syngas at 800°C. The results indicate a synergistic effect
between the SiC membrane and the activated biochar (A-biochar) catalyst, achieving tar conversion and
PM removal efficiencies of approximately 96%, which outperforms the use of either the membrane reactor
or A-biochar catalyst alone. More specifically, the membrane with a thickness of 2.6 um effectively captured
PM with an aerodynamic size larger than 0.24—-0.28 um. Additionally, mechanistic studies reveal that the
porous carbon matrix in the catalyst exhibits strong cracking effects on heavy volatiles (=3-ring aromatic
compounds), while the Ca and Al species within the catalyst serve as the primary active sites for the
cracking and reforming of relatively lighter tar fragments (1-2 ring aromatic compounds). Finally, cyclic
testing confirms the relatively stable performance of the integrated reactor.

Keywords: Biomass Gasification, SiC Membrane, Biochar Catalyst, Catalytic Mechanism, Synergies
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Physics-Informed Neural Networks for Mechanistic Identification and Prediction of Membrane
Fouling Dynamics in Filtration Processes
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ABSTRACT

Membrane technology is widely recognized for its energy efficiency and continuous operation; however, its
full potential remains unrealized due to persistent fouling challenges. In our pioneering work, we broke new
ground by merging the well-known Hermia fouling mechanisms with machine learning methods. Our
innovative physics-informed neural network (PINN) architecture, validated using an extensive dataset of
over 50 flux decline curves from more than 10 independent studies, demonstrated unprecedented accuracy
(MSE = 0.002) in quantifying the dominance of each fouling mechanism and predicting flux decline with a
dramatically reduced dataset (train with 20% of data points). This breakthrough allowed us to extract
mechanistic insights that were previously unreachable by standard black-box models. Building on this
remarkable success, our current study elevates the approach to a new level of sophistication. We have
developed an enhanced PINN framework that not only learns the kinetic parameters and assigns dynamic
fractional weights to each fouling regime but also automatically determines the precise transition times
between these mechanisms. By normalizing only the time dimension while preserving the real-scale flux
data, our model captures the true physics with remarkable fidelity. Our novel introduction of smooth,
differentiable switching functions and adaptive loss weighting further ensures robust and stable
convergence, achieving an almost flawless match between predicted and experimental flux behavior. This
project represents a bold leap forward in the field of membrane process modeling. Our work delivers both
deep, quantitative mechanistic insights and exceptionally accurate, physics-guided predictions. This
integrated and highly innovative approach heralds a new era for membrane-filtration optimization, setting a
new benchmark for smart membrane technology applications. Our presentation will showcase these
breakthrough achievements, highlighting the substantial progress and transformative potential of physics-
informed machine learning in tackling one of the most stubborn issues in modern separation processes.

Keywords: Membrane Fouling; Separation, Machine Learning, Physics-Informed Neural Network, Flux
Decline
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ABSTRACT

Membrane distillation (MD) is a promising energy-efficient desalination technology capable of achieving
near-zero liquid discharge and resource recovery. However, its large-scale application is hindered by the
high cost and complexity of fabricating hydrophobic membranes, along with limited resistance to wetting
and scaling. This study presents the development of a cost-effective hydrophobic electrospun membrane
using a polystyrene (PS) polymer (~$1.057/kg) blended with polyvinylidene fluoride (PVDF, ~$80/kg). The
membrane surface was further modified through electrospraying of silane-functionalized tungsten trioxide
(WO3) nanoparticles. Characterization revealed an ultra-high water contact angle (~172°) and a low sliding
angle (<5°), indicating excellent superhydrophobicity. The membrane’s low thermal conductivity (~0.166
W/m-K) helped mitigate temperature polarization during MD operation, thereby enhancing vapor transport
from the feed to the permeate side. Additionally, the membrane exhibited strong antiwetting performance,
maintaining a stable permeate flux (~25 LMH) and high salt rejection (>99.9%) even with low surface
tension saline feeds (~28 mN/m). Mechanical testing showed high tensile strength (up to 45 N), while
chemical resistance tests confirmed durability under extreme pH conditions (pH 2 and pH 12), underscoring
the membrane’s structural robustness and suitability for harsh operational environments.
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ABSTRACT

Membrane contactor (MBC) technology in the carbon capture space, which involves a liquid solvent (often
amine-based) to remove carbon dioxide (CO2) and hydrogen sulphide (H2S) from a gas stream, has been
proven to be one of the more efficient techniques in the gas sweetening process, with claims of up to 99%
CO2 removal from post-combustion flue gas. While MBC benefits from its modularity and the ease of scaling
out to increase capture capacity, the CAPEX of a multi-module MBC exponentially increases due to the
cost of the external casing, which often requires high-grade stainless steel, even under near-ambient
conditions. In this paper, the author explores the material properties of thermoplastics as a substitute for
stainless steel in MBC applications. A preselected thermoplastic, high-density polyethylene (HDPE), is first
immersed and aged in different solvents commonly used in MBC CO:2 capture, before 1SO tests are
conducted to assess changes in the thermoplastic's physical properties, including tensile strength, Vicat
softening temperature, Shore hardness, and Charpy impact resistance. Additionally, any changes to the
solvent after the accelerated aging process were analysed using infrared spectroscopy and
thermogravimetric analysis. The results indicate that for post-combustion carbon capture processes under
less extreme conditions, HDPE is a suitable substitute for the casing material in MBC, with potential cost
and weight savings of up to eightfold. Thermoplastic welding of the casing with membranes also proved to
be simpler, with fewer detachment issues compared to stainless steel.

Keywords: Membrane Contactor, Thermoplastic, Carbon Capture, Material Science, Solvent
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A Pragmatic Thermal Treatment Strategy for Improved Gas Separation in 2D Zeolite-based Mixed
Matrix Membranes

Junfend Zheng, Zhongde Dai
Sichuan University, China
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ABSTRACT

Mixed matrix membranes (MMMs) combine the desirable properties of polymers and inorganic fillers, yet
interfacial incompatibility frequently results in non-selective voids that compromise selectivity. Here, we
report a straightforward heat treatment (200-400°C) to enhance interfacial compatibility in MMMs composed
of 6FDA-DAM-AB-TFMB polyimide (Pl) and two-dimensional zeolite (MFI) fillers. Incorporating porous
zeolite fillers increases gas permeability, particularly for polar molecules such as CO2, while heat treatment
induces crosslinking and polymer chain rearrangement, effectively eliminating non-selective voids and
boosting selectivity. Moreover, partial carbonization during the thermal process generates a microporous
structure that substantially increases overall gas permeability. Consequently, the MFI/PI-30% membrane
treated at 400°C achieves exceptional CO2 and H2 permeabilities of 2220.8 Barrer (12.7x higher) and
1767.2 Barrer (10.3x higher), respectively, while retaining CO2/CH4 and H2/CH4 selectivity—surpassing
the 2008 Robeson upper bound. The key innovation of this study is leveraging a moderate-temperature
heat treatment that simultaneously mitigates interfacial incompatibility and creates micropores, thereby
significantly enhancing both permeability and selectivity. This simple, scalable strategy holds great promise
for the development of high-performance MMMs in advanced gas separation applications.
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ABSTRACT

Membrane distillation (MD) has attracted attention as a promising method for water recovery from
wastewater in semiconductor industries. MD allows for a compact system design by utilizing the membrane
surface as an evaporation interface. PFAS-based surface modifiers are widely used due to their strong
hydrophobicity, and MD membranes with water vapor permeance exceeding 107® [mol m™ s™* Pa™"] have
been reported. However, due to environmental and health concerns, there is a demand for safer and more
sustainable alternatives. This study aims to improve the acid resistance of PFAS-free surface-modified
ceramic membranes. Porous tubular a-alumina substrates (1TC, lwao Jiki, average pore size: 0.9 um) were

treated with six types of silicon alkoxysilanes: three PFAS-free
Trimethoxypropylsilane(C3),Hexyltrimethoxysilane (C6), Decyltrimethoxysilane(C10) and three PFAS-
based Trifluoropropyltrimethoxysilane(C3),Nonafluorohexyltrimethoxysilane(C6),

Perfluorodecyltriethoxysilane (C10). The membranes were heated at 250°C for 2 hours. Unreacted
alkoxysilane sites were post-treated with hexamethyldisiloxane (HMDS) or dimethylmethoxysilane
(DMDMOS). Membrane performance was evaluated through N, and water vapor permeation tests at room
temperature. Acid resistance was assessed by immersion in 10 wt% sulfuric acid at 90°C. After the initial
surface treatment, the N, permeance of PFAS and PFAS-free membranes was 7.0x107® and 5.7x107¢ [mol
m~2 s-1 Pa™"]. After post-treatment, N2 permeance was increased to 7.5%x10-6 , 5.7%10-6 . This may be due
to reorientation of disordered hydrophobic chains within the initial layer. All membranes maintained water
vapor permeance above 107° after post-treatment. In acid durability tests, PFAS membranes showed
approximately 1.7 times higher resistance. Their high durability is attributed to their strong hydrophobicity
and chemical stability. However, PFAS-free membranes post-treated with HMDS achieved over 300 hours.
The bulky structure of PFAS groups may have inhibited the post-treatment reaction, whereas PFAS-free
surfaces allowed for more effective secondary modification.

Keywords: Membrane Distillation, Surface Modification, PFAS-Free, Acid Resistance
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ABSTRACT

Achieving precise selective separation of monovalent and divalent cations, aswell as anions, is vital yet
challenging in practical applications involving complex component treatments. Current membranes are
typically effective for separating either cation pairs or anion pairs. To address this issue, a straightforward
strategy for fabricating a nanofiltration (NF) membrane is developed that selectively permeates monovalent
ions. This study focused on neutralizing the surface charge and tuning the pore size distribution of the
polyamide membranes through a secondary interfacial polymerization using a zwitterionic copolymer
consisting of 2-methacryloyloxyethyl phosphorylcholine and 2-aminoethyl methacrylate hydrochloride. The
optimized NF membrane prepared in this study, with a near-neutrally charged membrane surface and
appropriate pore size distribution, demonstrates favorable performance in precisely separating monovalent
and divalent ions, irrespective of the ion charge sign. The optimum NF membrane features high selectivity
for both CI-/SO4?~ (93) and Li*/Mg?* (67) ion pairs, along with high water permeance of 8.5 L m=2 h~' bar™,
making it competitive with many reported membranes. This study offers new insights into the ion-selective
mechanisms of polyamide membranes for monovalent/divalent ions and may guide the development of
advanced membranes with single-solute selectivity.

Keywords: Polyamide Membrane, Zwitterionic Copolymer, Nanofiltration, lon Separation
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ABSTRACT

Ozonation production by water electrolysis has attracted increasing attention due to the environmental
benign and high efficiency of O3. As an ion-conductive membrane for efficient and sustainable water
electrolysis, graphene oxide membrane (GOM) has been recently found promise for a viable alternative to
conventional Nafion membranes [1]. To know the feasibility of its further application in electrochemical
ozone production (EOP), a graphene oxide (GO) series membranes (hydrophilic sulfonated GO (GO-
SO3H) linked with monovalent alkali metal ions were synthesized to fabricate the membrane for ozone
production by water electrolysis. The membrane was then used for fabrication of membrane assembly
electrode (MEA), with the anode of a quasi-single-crystal PbO2 with (110) and (101) exposed facets for
EOP by regulating the addition of PVP in the hydrothermal synthesis of PbO2. It demonstrated that when
the mass ratio of PVP:Pb(CH3COO0)2:3H20 was controlled as 48:100 (PVP-48), the structure of PbO2
exhibited a quasi-single-crystal structure with exposed (110) and (101) facets, which achieved the highest
current efficiency of 11.9 % at a current density of 0.83 A/cm2, and showed excellent EOP performance
and stability for the 120 h electrolysis [2]. The origin of the EOP activity of PbO2 was further unrevealed
from the electrochemical surface state analysis using density functional theory (DFT) calculations, and
found that rutile PbO2 (101) with the“in-situ’generated OV exhibited superior EOP activities, outperforming
the (111) and (110) surfaces [3]. Finally, the transport of protons, electrons, and water and gases molecules
in the proposed MEA were discussed altogether, providing theoretical support for the water electrolysis for
ozone generation.

Keywords: Sulfonated Graphene Oxide, Proton Exchange Membrane, Membrane Electrode Assembly,
Electrochemical Ozone Production, Water Electrolysis
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ABSTRACT

Polymeric membranes have been intensively developed for gas separation applications. Ongoing research
has progressed rapidly to develop high-performance polymer-based membrane materials. Chemical
crosslinking in polymeric membranes has become an emerging membrane modification to improve
membrane performance by improving its permeation selectivity and resistance towards harsh operating
conditions. Despite its significant achievement, the fundamentals behind this crosslinking reaction have
been rarely discussed systematically, and even less is known about the kinetics of the crosslinking reaction
that happens between the crosslinker and polymeric membrane. Controlling the kinetics is essential for
enhancing and optimizing membrane performance, which by understanding the kinetics of the crosslinking
reaction helps in refining the crosslinking strategy, leading to a developed membrane with desired
properties. Therefore, this review focuses on the fundamental ideas behind the chemical crosslinking
reaction, including the strategy for developing kinetics methodology and analysis. This review aims to
provide comprehensive knowledge and motivation for advancing the development of crosslinked polymer-
based membrane materials for gas separation.

Keywords: Kinetics, Crosslinking, Polymeric membranes, Gas separation, Membrane

166



AMS15

e

Paper ID: A050

A Thermodynamic Controlled Sintering Strategy for Suppressing Element Evaporation and
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ABSTRACT

Hydrogen, serving both as a clean energy source and an industrial feedstock, has experienced a substantial
increase in global demand. The application of advanced membrane technology, notably perovskite
membranes, has the potential to offer an economically viable solution for the recovery of hydrogen from
raw hydrogen mixtures. The mixed proton and electronic conducting (MPEC) perovskite hydrogen
permeable membrane enables hydrogen separation without the need for an external circuit. Theoretically,
it offers 100% selectivity for hydrogen and works at temperatures ranging from 600 to 1000 °C, making it
highly promising for practical application of high purity hydrogen separation. However, it is imperative to
consider the challenges associated with the evaporation of active metal elements during high-temperature
sintering processes, particularly at ultra-high temperatures. In this presentation, a thermodynamic-
controlled sintering strategy (TCS) has been employed to address the challenges. This strategy can reduce
the vapor transport during the sintering process by enhancing the metal vapor concentration, thereby
shifting the equilibrium towards the solid phase and reducing evaporation. The application of the controlled
sintering process directly caused the hydrogen permeation flux to mark an improvement of approximately
fivefold. And impact of varying fluorine doping levels was also investigated, demonstrating a further
improvement in performance at low and medium temperatures. The combined use of anion doping and
TCS strategy as an effective strategy for tailoring perovskite materials to meet the stringent requirements
of critical operating conditions and proves to be versatile and highly relevant across a spectrum of
demanding high-temperature applications, such as hydrogen separation, SOFCs, and membrane reactors.

Keywords: Elements Evaporation, Hydrogen Separation, Mixed Proton and Electronic Conducting,
Perovskite, Anion Doping
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ABSTRACT

The structure and physicochemical properties of the polyamide (PA) layer formed via interfacial
polymerization (IP) play a decisive role in determining the permeability and selectivity of thin-film composite
(TFC) membranes. Therefore, optimizing this layer is crucial for enhancing TFC membrane performance in
practical applications. However, due to the challenges associated with real-time monitoring and
characterization of the IP process, the fundamental understanding of membrane formation mechanisms
and the synthesis—structure—performance relationship remains limited. In this study, a novel large-scale
model based on the dissipative particle dynamics (DPD) simulation method was developed to simulate the
IP process, wherein aqueous- and oil-phase monomers react to form a thin PA layer. A water—piperazine
(water—PIP)/n-hexane—trimesoyl chloride (n-hexane—TMC) system was employed as a representative
example. The effects of reaction time and monomer concentration on IP kinetics and PA layer morphology
were systematically investigated by analyzing parameters such as number-average molecular weight, total
number of chains, polymer chain length distribution, membrane thickness, and reactive group distribution
during the simulation. As the reaction progressed, monomers at the interface gradually reacted and
aggregated, forming a thin layer with fine peak-valley structures. It was observed that increasing monomer
concentration led to the formation of thicker films and shorter polymer chains, reducing membrane porosity
while increasing membrane density. Furthermore, the simulation results were validated through support-
free IP experiments, demonstrating excellent agreement with the simulation predictions. These findings
provide valuable insights into PA layer formation and offer a theoretical basis for optimizing TFC membrane
fabrication.

Keywords: Dissipative Particle Dynamics, Interfacial Polymerization, Thin Film Composite Membranes
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ABSTRACT

From a sustainable development perspective, loose nanofiltration (NF) membranes with high permeability
and exceptional separation capabilities for dye/salt mixtures have gained increasing attention for treating
dyeing wastewater. This study introduces a novel polysulfone (PSf) loose NF membrane with a gradient
structure, prepared using a one-step hybrid induced phase separation (HIPS) method without post-
treatment. Sulfolane (SFL) was initially selected as the diluent for PSf, enabling the formation of an
asymmetric cross-sectional structure composed of a bi-continuous main body and a thin skin layer. This
structure was induced by the mass transfer between SFL and the coagulation medium (cold water) during
the HIPS process. Additionally, the membrane's surface pore size was reduced by incorporating PEG400
as an additive. The results showed that, with PSf and PEG400 concentrations of 20 and 2.5 wt.%,
respectively, the optimized PSf loose NF membrane exhibited a significantly higher pure water permeability
(49.53 L/(m*-h-bar)) and a superior rejection rate of 99.3% for a small molecular dye (EBT), while allowing
over 90% of NaCl and Na,SO, salts to permeate. The optimized PSf loose NF membranes demonstrated
stable high dye rejection and maintained good permeability for NaCl during long-term stability testing.
Moreover, this study provides a fundamental framework for developing loose NF asymmetric membranes
for dye removal from salt wastewater.

Keywords: Polysulfone, Loose Nanofiltration Membrane, Hybrid Induced Phase Separation, Sulfolane,
Dyes/Salt Separation
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ABSTRACT

Membrane distillation (MD) effectively treats high-salinity brines and achieves zero-liquid discharge by
rejecting non-volatile solutes. Its ability to utilize low-grade heat (LGH) is advantageous, as LGH's low feed
temperatures create the mild temperature gradient necessary for vapor transfer across a hydrophobic
membrane. However, heat loss through membrane conduction raises permeate side temperatures and
reduces the vapor transfer driving force, limiting MD performance. Enhancing thermal efficiency requires
reducing membrane thermal conductivity, achievable by modifying membrane properties like chemical
composition and porosity. This study presents a metal-organic framework-enabled membrane (MEM) with
a hierarchical porous structure that significantly lowers thermal conductivity. Using a mild chemical bath
deposition method, ZIF-8 is uniformly coated onto electrospun PVDF-HFP (PH) fibers, forming a composite
structure with microporous ZIF-8 nanocrystals, mesoporous PH fibers, and a macro-porous network. The
MEM features a mean pore size of 0.47 um, a liquid entry pressure of 157 kPa, a thickness of 100
micrometers, and a water contact angle of 147 degrees. It achieves a thermal conductivity of 0.0316 W m™
K™, nearly half that of commercial PVDF membranes. In direct contact MD tests, the MEM shows superior
performance. At a feed temperature of 60 °C and permeate temperature of 20 °C, it achieves a water flux
of 44.5 LMH, compared to 18.7 LMH for commercial PVDF. The MEM's thermal efficiency is 71.3%,
significantly higher than the 35% of commercial PVDF. Its unique porous structure, filled with air, minimizes
heat loss, impedes heat transfer, and restricts gas flow, reducing thermal conduction. Hierarchical channels
slow energy migration, sustaining a high vapor transfer driving force. Multi-scale simulations confirm
reduced thermal conductivity. The study highlights the potential of using metal-organic frameworks for
enhancing MD processes, demonstrating significant advancements in utilizing low-grade heat for water
desalination. By addressing the limitations of conventional membranes, the MEM offers a sustainable
approach to energy-efficient and environmentally friendly desalination technologies.

Keywords: Direct Contact Membrane Distillation, ZIF-8, Thermal Efficiency, Desalination
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ABSTRACT

The current study was conduct to concentrate pineapple juice by forward osmosis, studying the effect
of micro-filtration pre-treatment and membrane type including Thin-Film Composite (TFC) and Cellulose
Triacetate (CTA). Moreover, the FO performance while using monovalent substances (NaCl) and mixed of
monovalent and divalent (ZnSO4, MgSO4) as draw solutions was investigated. It was found that pre-
treatment by micro-filtration had a potential to decreased the all of microorganisms in pineapple juice with
nonsignificant affect the total acid and vitamin C content (p<0.05). The turbidity of pre-treatment juice was
also decreased as indicated by the lower value of %Haze. In comparing of permeate flux by using TFC
and CTA membranes and 3 types of draw solutions (NaCl, NaCl:MgSO4 and NaCl:ZnSO4) pre-treatment
juices presented the greater result compared to fresh juices. According to the specific characteristic as
water permeability, the TFC membrane had approximately 2-times higher of permeate flux than the CTA
membrane. At the same level of osmotic pressure of three different draw solution NaCl, mixed
NaCl:MgS0O4 and NaCl:ZnSOs, it was found the similar water permeate flux values while the significantly
(p<0.05) different reverse flux values of Na+ ion. Reverse diffusion of Mg and Zn element from mixed
draw solution present the beneficial to the final product. Forward osmosis concentration was able to
increase the juices concentration 4.41- 4.27 times with slightly degrade of vitamin C and phenolic
compound and 22 - 42 % of antioxidants capacity were preserved in final product. However, the colour of
the final product was different from the original juice. The brightness greenness and yellowness of juice
were improved with the increasing of total soluble solid content.

Keywords: Forward Osmosis, Pineapple Juice, Draw Solution, Reverse Solute Flux

171


mailto:tippawan.si@psu.ac.th

AMS15

e

Paper ID: A055

Anion-Doped Perovskite Membranes for Oxygen Permeation: A Leaching-Suppressed
Fabrication Strategy

Yonggiang Niu', Guangru Zhang'?, * and Wanqin Jin'
! State Key Laboratory of Materials-Oriented Chemical Engineering, College of Chemical
Engineering, Nanjing Tech University, 30 Puzhu Road(S), Nanjing 211816, China
2 Quzhou Membrane Material Innovation Institute, Nanjing Tech University, Quzhou 324000, China

ABSTRACT

Nitrogen-free combustion, characterized by fuel oxidation in O,/CO, mixtures or pure oxygen,
demonstrates strategic advantages in energy-intensive sectors. Mixed ionic-electronic conducting (MIEC)
membranes, particularly hollow fiber architectures, are pivotal for such systems due to their intrinsic oxygen
selectivity and mechanical resilience. Nevertheless, industrial implementation faces critical barriers from
elemental leaching during conventional membrane fabrication, which detrimentally impacts oxygen
permeability and operational stability. To address the above issues, we proposed a fluorine-doping strategy
to enhance the oxygen permeability of the parent material, while simultaneously employing a saturated
solution to inhibit elemental leaching during the preparation of the perovskite-type membranes. Among
various perovskite-type membranes, Bao.sSro.sCoo.sFeo2 Osz-5 (BSCF) stands out as the preferred doping
candidate, owing to its superior ionic conductivity and tunable defect chemistry. By introducing fluoride ions
with high electronegativity, the electronic structure of the F-doped BSCF can be effectively regulated,
thereby improving its electrical conductivity. Meanwhile, the doping of fluoride ions helps to stabilize the
crystal structure of the material and enhance its thermodynamic stability. Compared with the undoped
parent material, its performance is improved by approximately 300%. A modified phase-inversion technique
employing precursor-saturated coagulation baths to mitigate elemental leaching during hollow fiber
formation. This synergistic approach of anion substitution and leaching suppression establishes a viable
fabrication protocol for high-performance oxygen transport membranes, these findings establish a novel
pathway toward industrial implementation of oxygen permeation membranes in nitrogen-free combustion
systems.

Keywords: Anion-Doped Perovskite, Elemental Dissolution, Oxygen-Permeable Membrane, Hollow Fiber
Membrane
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ABSTRACT

Drilling site wastewater resulting from drilling activities is complex natured wastewater that, on disposal to
the environment, could cause severe environmental issues. The treatment of oil drill-site wastewater has
not been explored much, and understanding its characteristics and optimizing the treatment process is
required. The study examines the potential of a membrane-based treatment system for drill site wastewater
treatment and possible options for fabricating a portable treatment system. This study investigates the
possibility of UF and RO-based membrane-based hybrid wastewater using electrocoagulation (EC) as a
pre-treatment step with aluminum electrodes for drill-site wastewater treatment followed by membrane
treatment. The EC has been optimized with current density, pH and reaction time as optimizing parameters.
The hybrid process aims to remove the oxidizing matter as chemical oxygen demand (COD) from drilling
site wastewater. The percentage of COD achieved from the EC unit varied from 45 to 79 %. Adding a PSF-
based UF membrane unit enhances the process and gives an additional COD removal of 15-20%. The
effluent passing through the RO membrane provides a COD removal of around 99%, making it reusable
for many purposes. The results show that UF and RO membrane-based hybrid units can efficiently treat
drilling site wastewater. The inclusion of more process parameters and more emphasis on optimization can
lead to better results. This study's findings could be effectively used to develop large-scale membrane-
based treatment processes through electrocoagulation.

Keywords: Membrane, Electrocoagulation, Hybrid Process, Drilling Wastewater, Current Density.
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ABSTRACT

Zeolite membranes with uniform pore sizes are ideal candidates for molecular sieving separation. CHA
zeolite membranes are particularly promising for Kr/Xe [1] and natural gas upgrading [2]. Previously, we
addressed the issue of thermal stress mismatch between the zeolite membrane and its support using
template modulated crystal transition approach [3]. However, critical challenges persist in efficiently con-
trolling membrane thickness to enhance permeation flux and reproducing scaled-up membranes. Herein,
we present a facile strategy to synthesize highly COz-selective SSZ-13 zeolite membranes by the ball-
milled seeds integration. The preformed d6r species functioned as structural binders, promoting the
integration of discrete seed particles into a continuous membrane through the non-classical crystallization
pathways. The membrane thickness is equivalent to the seed layer, which can be well modulated by the
facile dip-coating technique. The 4-fold reduction of membrane thickness (from 2 to 0.56 pm) led to an
exceptionally high CO2 permeance of 1.0x10¢ mol m2 s! Pa-! (~ 3000 GPU) and a CO2/CHj4 selectivity of
158, exceeding Robeson’s upper bound. The membranes demonstrate robust adhesion to the substrates,
which resist a pressure difference of 2 MPa regardless of the pressure applied from the membrane or
substrate side. The scalability of our novel method is validated by the successful synthesis of more than
100 membrane samples (40 cm length) in a single batch with uniform performance. The reliable synthesis
protocol and the exceptional stability pave the way for the industrial application of zeolite membranes for
gas separation.

Keywords: SSZ-13 membrane, Crystallization, Scale up, Ultrathin membrane, CO> separation
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ABSTRACT

Membrane-based separations offer a compact and energy-efficient alternative to conventional thermal
processes. However, many polymeric membranes suffer from plasticization under high pressures of
condensable gases, resulting in a loss of selectivity and long-term performance. This study presents a
thermal cross-linking strategy to simultaneously enhance gas permeation and plasticization resistance in
polymeric membranes. Two distinct polymer systems are explores: (1) a blend of polyimide and ladder-
structured polysilsesquioxane (LPSQ), and (2) perfluorinated aromatic polymers (PAPs). In the former,
amidation and decarboxylation reactions drive thermal cross-linking between polyimide and LPSQ, yielding
a membrane with increased cavity interconnectivity. This structural evolution leads to a significant
enhancement in gas permeation rate and a plasticization resistance extended up to 22 bar. Molecular
dynamics simulations confirm that the improved performance stems from the formation of larger and more
interconnected free volume elements during cross-linking. In the second system, defluorination-induced
thermal cross-linking of PAPs produces a rigid, extrinsically microporous network. This transformation
results in over a 40-fold increase in CO2 permeation rate and a plasticization threshold exceeding 40 bar.
These cross-linked membranes also retain structural integrity and performance over extended use,
demonstrating excellent long-term stability. Overall, this work underscores the potential of thermal cross-
linking as a scalable and effective approach to overcoming the intrinsic limitations of conventional polymeric
gas separation membranes, paving the way for next-generation materials with superior performance under
industrial conditions.

Keywords: Thermal Cross-Linking, Plasticization Resistance, Microporous Polymers, Gas Permeation,
Membrane Stability
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ABSTRACT

Superhydrophobic, self-cleaning, and piezoelectric membranes based on poly(vinylidene difluoride)
(PVDF) hold significant promise for addressing global water and energy challenges. Here, we present a
novel plasma-assisted nonsolvent-induced phase separation (PANIPS) method to fabricate multifunctional
PVDF membranes without chemical modifications or post-treatments. In the PANIPS process, as-cast
membranes were exposed to argon microplasma under controlled humidity conditions before immersion
into a water-based coagulant bath. The plasma treatment induced localized vapor condensation and
surface coarsening, enabling rapid and precisely tailored phase separation. Additionally, the plasma
treatment promoted the formation of electroactive B and y phases and suppressed the non-electroactive a
phase, significantly enhancing the piezoelectric properties of PANIPS membranes. Ternary phase
diagrams, dynamic phase inversion studies, and optical emission spectroscopy were utilized to elucidate
the underlying mechanisms. By systematically varying the PVDF molecular weight (255-1367 kDa) and the
number of plasma treatment cycles, membrane morphology could be accurately modulated from globular
to bicontinuous structures. Optimized PANIPS membranes exhibited water contact angles ranging from
151.2° to 166.4°, sliding angles between 6.7° and 29.7°, and contained more than 99% electroactive 8 and
y phases. Piezoelectric performance tests revealed that PANIPS membranes achieved a piezoelectric
coefficient (dz3) of up to 10.5 pC N~ and generated an output voltage of up to 10 Vpp. In direct contact
membrane distillation (DCMD) tests, these membranes demonstrated excellent fouling and wetting
resistance, effectively producing pure water from hypersaline solutions (10 wt% NaCl) and feeds containing
dye (1000 ppm Rose Bengal), organic foulant (humic acid), or surfactant (SDS). This study highlights the
PANIPS method as an innovative, versatile, and environmentally friendly technique for precisely tailoring
membrane morphology and functionality. The approach significantly advances PVDF-based materials for
seawater desalination and opens promising opportunities in fields such as motion sensing and piezoelectric
energy harvesting.

Keywords: Membrane Distillation, Superhydrophobic Membrane, Piezoelectric, Anti-Fouling, Anti-Wetting
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ABSTRACT

Silica membranes having high H2 permeance, high H2/N2 selectivity and high hydrothermal stability are
strongly required for developing membrane reactors to produce high-purity hydrogen from a variety of
feedstocks. It is known that the chemical structure of the silica precursor often determines the membrane
performances. For this purpose, we successfully developed novel hydrogen-selective silica membranes via
the counter-diffusion chemical vapor deposition (CVD) of trimethylmethoxysilane (TMMOS) as a silica
precursor with oxygen. Throughout systematically varying the CVD conditions, in particular the
concentration of TMMOS vapor, the CVD reaction time and the flow rate of N2 to supply the TMMOS vapor
in the CVD furnace, we determined the optimal preparation conditions for these parameters were 0.81 -
0.94 mol m=3, 60 min and 200 mL min~', respectively. The permeances of H2 and N2 at 773 K were 2.9 x
107 and 1.7 x 10719 mol m=2 s~' Pa™", respectively. The average pore size estimated by the normalized
Knudsen-based permeance (NKP) method was 0.37 nm. We also examined the hydrothermal stability of
the TMMOS-derived membranes, which indicated that H2 permeance after the exposure to the gas mixture
of steam and Hz with a molar ratio of 3 to 1 under 0.3 MPa and 773 K was higher than the
dimethoxydimethylsilane-derived silica membrane and that N2 permeance was almost stable even after the
exposure. In conclusion, the TMMOS-derived membranes are superior in Hz2 permeance, H2/N2 selectivity
and hydrothermal stability, which will be used for developing membrane reactors to produce high-purity
hydrogen from methane in biogas.

Keywords: Trimethylmethoxysilane, Chemical vapor deposition, Silica membranes, Hydrogen
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ABSTRACT

Silica membranes having high Hz permeance, high Hz/N2 selectivity and high hydrothermal stability are
strongly required for developing membrane reactors to produce high-purity hydrogen from a variety of
feedstocks. It is known that the chemical structure of the silica precursor often determines the membrane
performances. For this purpose, we successfully developed novel hydrogen-selective silica membranes via
the counter-diffusion chemical vapor deposition (CVD) of trimethylmethoxysilane (TMMOS) as a silica
precursor with oxygen. Throughout systematically varying the CVD conditions, in particular the
concentration of TMMOS vapor, the CVD reaction time and the flow rate of N2 to supply the TMMOS vapor
in the CVD furnace, we determined the optimal preparation conditions for these parameters were 0.81 -
0.94 mol m=3, 60 min and 200 mL min~", respectively. The permeances of H2 and N2 at 773 K were 2.9 x
107 and 1.7 x 10719 mol m=2 s~' Pa™", respectively. The average pore size estimated by the normalized
Knudsen-based permeance (NKP) method was 0.37 nm. We also examined the hydrothermal stability of
the TMMOS-derived membranes, which indicated that H2 permeance after the exposure to the gas mixture
of steam and Hz with a molar ratio of 3 to 1 under 0.3 MPa and 773 K was higher than the
dimethoxydimethylsilane-derived silica membrane and that N2 permeance was almost stable even after the
exposure. In conclusion, the TMMOS-derived membranes are superior in H2 permeance, H2/N2 selectivity
and hydrothermal stability, which will be used for developing membrane reactors to produce high-purity
hydrogen from methane in biogas.

Keywords: Trimethylmethoxysilane, Chemical Vapor Deposition, Silica Membranes, Hydrogen
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ABSTRACT

Eco-friendly COz2 capture technologies are critical for mitigating global warming. This study systematically
elucidates the design and fabrication principles of composite hollow fiber membranes consisting of an inner
polyethersulfone (PES) substrate, a polydimethylsiloxane (PDMS) gutter layer, and an outer Pebax
selective layer were revealed for CO2/N2 separation. The resultant Pebax/PDMS/PES composite hollow
fiber membranes exhibit a CO2 permeance of 1253 GPU and an ideal CO2/N2 selectivity of 34.9 at 0.1 MPa
and 25 °C. They exhibit comparable CO2/Nz selectivity but boast a CO2 permeance that is 1 to 2 times
higher than other Pebax based composite hollow fiber membranes reported in the literature. The much
higher CO2 permeance highlights the effectiveness of proposed strategies in designing multi-layer
composite hollow fiber membranes for CO:2 capture. Two major challenges were systematically addressed
during the development of these composite membranes. The first involved the minimization of PDMS
intrusion during the coating process onto PES substrates. This was achieved by optimizing the spinning
parameters, including air gap distance, coagulation bath temperature, and bore fluid composition, to
fabricate substrates with a dense outer surface and a porous inner structure, thereby reducing PDMS
intrusion and gas transport resistance. The second challenge concerned the inherently hydrophobic nature
of PDMS surfaces, which was mitigated by plasma treatment to enhance surface wettability and facilitate
the subsequent Pebax coating. The optimal Pebax/PDMS/PES membranes also demonstrated stable
mixed gas performance using an N2/CO: feed of 85/15 (mol/mol%) at 0.2 MPa and 25°C over one month,
achieving a CO2 permeance of 829 GPU and a CO2/Nz2 selectivity of 32.5.

Keywords: CO, Capture; Composite Hollow Fiber Membranes; PDMS Modification; Dip-Coating; PEBAX
Based Membranes
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Tuning Membrane Structure and Fouling Resistance with Chitin-Based Additives: Study on
Polyketone-Chitin Propionate Membrane

ABSTRACT

Reusability remains a critical challenge commonly encountered in membrane applications for
separation processes [1]. In water-in-oil (W/O) emulsion separation, fouling is specifically caused by
hydrophilic interactions between water molecules and the membrane surface [2]. Enhancing membrane
hydrophobicity offers a promising solution to this issue. However, most developments in hydrophobic
modification rely on fluorinated compounds, which are known to pose environmental and human health
risks [3,4]. In this study, we introduce chitin propionate (CP), a naturally derived material, as a more
environmentally friendly alternative for hydrophobic membrane modification. CP remains largely
unexplored, particularly inmembrane development, making it a novel and valuable candidate for advancing
modified membrane materials. We incorporated CP into the polyketone (PK) membrane matrix through the
Non-solvent Induced Phase Separation (NIPS) method, resulting in flat-sheet membranes. Characterization
results confirmed the presence and influence of CP on the PK membrane structure, including changes in
morphology, functional groups, chemical composition, and wettability. The water contact angle (WCA)
measured in oil exceeded 150°, indicating excellent hydrophobicity. Separation performance was evaluated
using a W/O emulsion (toluene-based) in cross-flow mode over 20 cycles. The modified PK-CP membrane
exhibited improved reusability, with up to a 55% enhancement compared to the pristine PK membrane. Qil
purity in the permeate reached over 99.8%, demonstrating high separation selectivity. The Cassie — Baxter
wetting state of the PK-CP membrane under oil facilitated easier membrane cleaning and reduced the
potential for water fouling compared to unmodified PK membranes. Although the hydrophobicity achieved
may not be as high as that obtained with fluorinated compounds, CP shows promising potential as a green
hydrophobic modifier and warrants further exploration to optimize its performance in membrane
applications.

Keywords: Anti-Fouling Membrane, Water-Oil Separation, Chitin Propionate, Polyketone, Hydrophobicity
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Nanoscale Ca-DTPMP

Zhang Yuning
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ABSTRACT

Mineral scaling, driven by high concentrations of calcium and sulfate ions, remains a major challenge in
water treatment processes such as seawater desalination and industrial wastewater management. In this
study, nanoscale Ca-DTPMP was incorporated into polyamide-based nanofiltration membranes to enhance
their scaling resistance. The modified membranes achieved a scale inhibition rate exceeding 95% in scaling
tests. Stability assessments showed that flux (9.26 L/m2-h-bar) and rejection rate (> 90%) remained stable
over one week of cross-flow testing in 25 mM CaS0O4 solution, with no significant decline. These results
demonstrate the effectiveness and durability of nano-Ca-DTPMP-modified membranes, offering a

promising strategy to extend membrane lifespan and reduce operational costs in real-world water treatment
applications.

Keywords: Nanoscale Ca-DTPMP, Scale Inhibition, Nanofiltration Membrane, Scaling Fouling
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ABSTRACT

Seawater reverse osmosis (SWRO) is widely adopted for water production in water-scarce regions. To meet
strict water quality standards and increase output, recent SWRO plants often employ a two-pass reverse
osmosis (RO) system, with the second pass typically using two-stage brackish water reverse osmosis
(BWRO). However, conventional two-stage BWRO faces limitations in maximizing recovery. Recent studies
have demonstrated that semi-batch reverse osmosis (SBRO) can achieve higher recovery than two-stage
BWRO, offering a promising alternative. Building on these findings, integrating SWRO with SBRO in two-
pass systems could further enhance overall water recovery in SWRO desalination. This study investigates
the performance of SWRO desalination plants utilizing SBRO as a high-recovery BWRO process. The
specific energy consumption (SEC) of SBRO and the overall RO system exhibited different trends as
system recovery increased. As SBRO recovery rose from 70% to 98%, the corresponding RO system
recovery improved from 38.3% to 44.6%, and the SEC of SBRO increased from 0.14 to 0.20 kWh/m3.
However, due to the greater product volume resulting from high-recovery SBRO, the overall SEC of the RO
system decreased from 3.09 to 2.73 kWh/m3. Although blended permeate quality was influenced by SBRO
operation, the change remained minimal. With a feed total dissolved solids (TDS) of 203 mg/L (i.e., SWRO
permeate), SBRO achieved significant TDS reduction, with SBRO permeate TDS increasing only modestly
from 3 to 20 mg/L as recovery increased. The blended permeate TDS rose slightly from 108 to 120 mg/L,
indicating low impact on overall water quality. These results suggest that increasing SBRO recovery
enhances the overall RO system performance, but optimal SBRO operation is essential to maximize energy
and water quality benefits. This study represents the first attempt to integrate SWRO and SBRO to develop
more energy-efficient SWRO desalination plants.

Keywords: Seawater Desalination, Two-Pass Reverse Osmosis, Semi-Batch Reverse Osmosis, Specific
Energy Consumption, Optimization.
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ABSTRACT

Membrane distillation (MD) is a hybrid separation process that combines membrane and thermal
technologies. While MD offers several advantages over conventional desalination methods, such as lower
operating temperatures and the ability to treat high-salinity feeds, its progression toward large-scale
industrial deployment remains constrained by significant energy demands. Photothermal membrane
distillation (PMD) has emerged as a promising and sustainable alternative for seawater desalination,
utilizing solar-absorbing coatings on membrane surface to harness solar energy and reduce external
heating requirements. In this study, a mullite-based ceramic hollow fiber membrane was coated with MoS,
using a hydrothermal deposition technique. The effect of varying the concentrations of the precursors—
ammonium molybdate tetrahydrate and thiourea—was investigated, while maintaining a fixed synthesis
temperature of 200 °C and duration of 20 hours. The resulting membranes were characterized using
scanning electron microscopy (SEM) to evaluate MoS, morphology, energy-dispersive X-ray spectroscopy
(EDX) for elemental composition, and water contact angle measurements to assess hydrophobicity.
Preliminary results indicated that a higher sulfur-to-molybdenum (S:Mo) ratio led to the formation of thinner,
more flower-like MoS, structures with enhanced surface coverage and increased surface roughness—
attributes beneficial for light absorption and potentially improved hydrophobicity. This study highlights the
in-situ hydrothermal synthesis of MoS, on mullite ceramic substrates, demonstrating how variation in
precursors concentration can effectively tailor the surface morphology of MoS:2 and lays the groundwork for
future performance evaluation in direct contact membrane distillation (DCMD) applications using light as
energy source.

Keywords: Photothermal, Molybdenum Disulfide, Hydrothermal, Membrane Distillation, Desalination
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ABSTRACT

The global water scarcity crisis has significantly increased the demand for water reuse, yet public concerns
regarding treated water quality highlight the necessity for advanced treatment technologies. Membrane-
based processes, particularly reverse osmosis (RO), have been recognized as solutions capable of
achieving stringent water quality standards. However, conventional RO systems are limited by low water
recovery, reducing their suitability for large-scale water reuse applications. Semi-batch reverse osmosis
(SBRO) has been developed to address this constraint, offering enhanced water recovery and improved
energy efficiency. Despite these advancements, SBRO systems remain vulnerable to membrane fouling
and scaling, which hinder high-recovery operation and increase energy consumption. Although various
input variables influence membrane performance, their impacts have not been systematically analyzed.
This study aims to employ machine learning (ML) techniques to investigate membrane performance in
SBRO systems. Experimental data were collected under diverse operating conditions, with input variables
such as feed flow rate, permeate flux, feed conductivity, permeate conductivity, operating pressure,
temperature, and pH. Several regression models were tested to predict changes in water permeability as
the output variable, including linear regression, rational quadratic Gaussian process regression, and
boosted trees. Among these, the linear model exhibited the lowest root mean square error and the highest
R-squared value, indicating its suitability for further analysis. Subsequently, ML interpretation techniques
were applied to assess the influence of operating variables on membrane fouling, generating an importance
index based on Shapley value analysis. The feed flow rate exhibited the highest impact on model output,
while operating pressure, feed conductivity, and temperature had comparatively lower effects. Further
analyses under varying salt types, pH levels, water fluxes, and concentration rates were conducted to
deepen the understanding of operational impacts. These findings provide valuable insights into optimizing
SBRO performance for energy-efficient water reuse.

Keywords: Semi-Batch Reverse Osmosis, High Recovery, Water Reuse, Machine Learning, Membrane
Performances
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ABSTRACT

Extensive research on gas separation has been performed, as industrial separation processes, namely
cryogenic distillation and liquefaction, are considerably energy-intensive. In this regard, adsorbents and
membranes that demonstrate favorable interaction with the desired greenhouse gases (i.e., carbon dioxide
(C0O2) and sulfur hexafluoride (SF6)) are selected due to their capability in performing effective separation
at a lower energy penalty and a smaller plant footprint. Thus, this presentation shares several research
works on novel nanoporous materials and membranes towards effective separation and capture of
greenhouse gases. First, for the case of nanoporous materials, various material categories (zeolites, metal-
organic frameworks, porous polymers, and porous carbons) are investigated for greenhouse gas
adsorption. In general, adsorbents with hierarchical structures improve the adsorption kinetics of
greenhouse gases without sacrificing their equilibrium and kinetic gas adsorption performance substantially.
On the other hand, porous materials are utilized as fillers in mixed-matrix membrane (MMM) to improve the
undesirable permeability-selectivity trade of relation in polymeric membranes. This can be investigated by
utilizing fillers with various functionalities to tune the overall CO2-based separation performance. This
behavior will potentially translate towards enhanced CO2 permeability as well as CO2/N2 (or CO2/CH4)
selectivity.
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ABSTRACT

CO2 emission is a critical and urgent environmental issue contributing to global warming. Membrane
separation technology is a promising method for CO2 capture due to its easy fabrication, small footprint,
and high scalability. In this study, sulfocalix[6]arene (SCAB), an organic macrocyclic cavitand, was utilized
as the gatekeeper with an open cavity of 6 ~ 6.3A and introduced into the Pebax®1657 membranes for
efficient CO2 separation. The effect of SCA6 in the polymer matrix was systematically investigated by
various characterizations and experiments. The organic SCA6 molecules demonstrate good compatibility
with the polymer matrix due to the strong interaction as confirmed by FTIR, thermal properties and EDX
analyses. Upon to the addition of 1% SCABG, the CO2 permeability of the membrane significantly increases
from 155.56 Barrer to 224.62 Barrer (an enhancement of 45%), while the ideal CO2/N2 selectivity only
slightly drops from 67.49 to 66.28 (a reduction of 2%). However, the excessive SCA6 addition may increase
the membrane crystallinity, result in reducing the gas permeability, as validated by XRD and DSC analyses.
Sorption studies indicate that the gas separation mechanism of the Pebax/SCAB-1% membrane shifts from
solubility-dominated to diffusivity-dominated ones. On the other hand, the optimal Pebax/SCA6-1%
membrane displays stable long-term mixed gas performance over 108 h using a CO2/N: feed of 15/85
(v/Iv%) at 6 bar and 25°C. It has an average CO:2 permeability of 228.67 Barrer and a CO2/Nz selectivity of
70.01. The enhanced gas separation performance by incorporating SCA6 into Pebax arises from both
gatekeepers and synergistic effects between them in MMMSs, highlighting their potential for gas separation
applications.

Keywords: CO, Capture, PEBAX Membrane, Sulfocalix[6]Arene, Gatekeepers, Mixed Matrix
Membranes, Gas Separation.
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ABSTRACT

Solar-driven steam generation (SSG) systems, which enable sustainable clean water desalination and
purification through photothermal conversion, have been extensively studied. Integrating solar-driven
electricity generation (SEG)-including hydroelectricity, saline electricity, moisture electricity, and
thermoelectricity-during the evaporation process offers an effective approach to comprehensive energy
utilization. Fibrous materials, renowned for their outstanding processability, flexibility, robustness,
lightweight nature, portability, and scalability, have garnered significant attention in the field of solar-driven
steam and electricity generation (SSEG). These materials can be engineered to excel in critical processes
such as water harvesting, proton dissociation, ion separation, and charge accumulation. To date, SSEG
has made remarkable progress due to extensive research efforts focused on advanced materials, structural
designs, techniques, and mechanistic studies. Hence, we propose to summarize developments of fibrous
materials-based SSEG and reveal insights into principles of water-electricity cogeneration. The proposed
prospective analyses and insights will be pivotal in driving practical development.

Keywords: Fibrous Materials, Solar Desalination, Electricity Generation, Interfacial Engineering
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ABSTRACT

This study explores the utilization of high-density polyethylene (HDPE) plastic waste as a base material for
membrane fabrication aimed at removing heavy metals from water. The membranes were prepared using
the Thermal Induced Phase Separation (TIPS) method with mineral oil, followed by surface modification
through dopamine dip-coating to enhance hydrophilicity. Water contact angle measurements indicated a
significant decrease from 123° to nearly 0° after 24 hours of dopamine coating, confirming increased
hydrophilicity. Fourier-transform infrared spectroscopy (FTIR) analysis revealed the presence of N-H
functional groups, while scanning electron microscopy (SEM) showed no significant change in pore size
(~0.08 um). Pure water flux measurements demonstrated an increase from 685 L/m*-h (uncoated) to
8,228.7 L/m?-h after 6 hours of coating, followed by a decrease to 1,218.2 L/m?-h after 24 hours, likely due
to pore blockage from excessive coating. Heavy metal rejection tests showed that the uncoated membranes
achieved rejection rates of 66% for Pb(Il) and 61% for Ni(ll). After 6 hours of dopamine coating, the rejection
rates increased significantly to 96.4% for Pb(Il) and 94.8% for Ni(ll), indicating that dopamine modification
enhances both hydrophilicity and heavy metal ion adsorption. These findings suggest that dopamine-coated
HDPE membranes offer a cost-effective and environmentally friendly solution for heavy metal removal in
water treatment applications.

Keywords: Plastic Waste HDPE, Polymeric Membrane, Water Treatment, Dopamine, Heavy Metal
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ABSTRACT

Ammonia, a predominant nitrogenous compound in wastewater, poses significant environmental risks while
simultaneously serving as a valuable resource for fertilizers, refrigerants, and various industrial chemicals.
Conventional ammonia removal methods, such as biological nitrification and denitrification, are highly
energy-intensive and contribute substantially to greenhouse gas emissions. While ammonia stripping and
adsorption techniques are widely used for ammonia recovery, these methods are often limited by high
chemical consumption, costly regeneration, and poor scalability. Recently, membrane-based technologies
have emerged as promising alternatives, offering higher recovery efficiency and lower energy requirements.
Unlike pressure-driven processes such as reverse osmosis and nanofiltration, membrane contactors (MC)
operate via passive diffusion mechanisms, thereby significantly reducing energy demands. In this study,
chitosan, a biopolymer with a strong affinity for ammonia, was used to fabricate ammonia recovery
membranes. Unlike the commercial membrane, which required adjustments in temperature or pH to
achieve significant recovery, the chitosan membrane demonstrated an ammonia recovery efficiency that
was 10,433.33% higher under standard conditions. Furthermore, the chitosan membrane maintained high
ammonia recovery even under low pH conditions and showed minimal sensitivity to temperature variations.
These highlights underscore the superior performance of chitosan-based membranes in enabling efficient
and sustainable resource recovery without the need for external operational controls. Overall, the
integration of chitosan membranes into ammonia recovery systems enhances the environmental
sustainability of wastewater treatment processes by minimizing chemical and energy inputs, thereby
contributing to greener and more energy-efficient resource recovery strategies.

Keywords: Resource Recovery, Ammonia Recovery, Chitosan Membrane, Membrane Contactor,
Wastewater Treatment
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ABSTRACT

With the growing interest in sustainable biofuels, lignocellulose-derived biobutanol has gained attention as
a renewable alternative to fossil fuels. However, energy-intensive separation processes remain a major
hurdle. To address this, we propose graphene oxide—lignin (GOL) composite membrane technology for
efficient liquid-liquid separation of biobutanol. Lignin, a byproduct from biobutanol production, was
combined with graphene oxide (GO) using a scalable blade-coating method, resulting in chemically
crosslinked composite layers with improved structural stability and butanol selectivity. Sorption tests
confirmed enhanced butanol uptake and reduced water absorption compared to neat GO. Structural
stability under aqueous butanol conditions was also increased due to the crosslinking.Permeation
evaluation under high-pressure cross-flow conditions revealed that GOL membranes increased permeate
flux and preferential butanol enrichment relative to GO membranes. Moreover, simulated ABE fermentation
broth experiments confirmed that the GOL membranes have the capability for effectively separating butanol
from complex liquid mixtures. An analysis of the transport mechanism identified a sorpvection process,
wherein selective butanol adsorption is coupled with convective bulk liquid transport, as demonstrated by
a clear linear correlation between butanol flux and overall permeate flow. Large-scale membrane coating
experiments further supported the feasibility of commercial-scale membrane production, and process
evaluations highlighted significant benefits of employing hybrid membrane cascades. Such systems not
only exhibited approximately 50% lower energy demands for pumping operations but also significantly
reduced material costs by over 90%, primarily due to the utilization of economically advantageous lignin.
Overall, the GOL composite membrane offers a scalable, energy-efficient, and economically attractive
solution for sustainable biobutanol recovery.

Keywords: Lignin, Biobutanol, Liquid-Liquid Separation, Membrane, Graphene Oxide
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ABSTRACT

Energy-saving membrane separation processes are attracting attention as an efficient CO2 capture
technology. Our research group has studied and developed CO:2 separation membranes based on an
facilitated transport mechanism using amines as COz carriers. Based on the results of our previous studies,
we found that a polymeric membrane material, in which an alkanolamine with an amino group and a
hydroxyl group in the molecule was physically fixed in the polymer matrix, exhibited extremely high CO2
separation performance under humidified conditions. This is because under highly humidified conditions,
the polymeric membranes swell by absorbing water vapor and the dissolved CO2 migrates as bicarbonate
ions in the polymeric membrane. To demonstrate the resulting amine-containing polymer membrane, we
successfully formed a thin layer of this polymer membrane material on the inner surface of a hollow fiber
membrane module using a technique called “in situ” modification method. In the preparation of CO:2
separation membrane modules, the concentration of membrane materials, circulation time and circulation
rate determine the thickness of the COgz-selective layer, i.e. the CO2 separation performance. In this
technique, an aqueous solution of CO2 separation membrane material was passed through the hollow fiber
membrane module to form a thin-film composite structure with a CO2-selective layer on the inner surface
of the hollow fiber membrane. The CO: separation performance of the resulting hollow fiber membrane
module was determined using a CO2/N2 mixed gas with a CO2 concentration of 10 % under 90 % relative
humidity, and it was found to simultaneously achieve a CO2 permeance of over 1,000 GPU and a CO:
selectivity of over 140. Therefore, the resulting membrane module shows promise for post-combustion CO2
capture at thermal power stations. The results of the bench tests are also introduced.

Keywords: Amine, CO,, Facilitated Transport, Membrane Module, Post Combustion
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ABSTRACT

A sustainable method for seawater desalination is presented by merging solar energy with photothermal
membrane distillation (PMD) through carbon-modified ceramic hollow fiber membranes. The work focuses
on developing tough ceramic membranes enhanced with carbon-based nanomaterials, boosting solar
absorption and localized heating to lower energy needs in desalination. Ceramic materials were selected
because of their strong mechanical properties, chemical resistance, and ability to resist fouling, while hollow
fiber designs were preferred for their efficient packing and simple module construction. The project’s main
targets include building ceramic membranes with better permeability, selectivity, and strength. It also refines
the material make-up and fine-tunes processing elements like sintering temperatures, applied pressures,
and heating durations. Special attention is given to selecting and testing carbon nanomaterials—such as
reduced graphene oxide, carbon nanotubes, and carbon dots—based on their efficiency at turning sunlight
into heat and their cost effectiveness. The findings offer a promising way forward for creating scalable,
energy-saving, and eco-friendly desalination technologies, helping to solve freshwater shortages while
reducing the environmental damage linked with older desalination methods.

Keywords: Photothermal, Membrane Distillation, Hollow Fiber Membranes, Carbon Nanomaterials.
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ABSTRACT

In the context of global water scarcity, the membrane-based potable water reuse is a less costly strategy
to augment drinking water supply. However, conventional membranes suffer the insufficient rejection toward
organic micropollutants (OMPSs) in the practice of potable reuse. In recent years, the interlayered thin-film
nanocomposite (TFNi) membranes have shown enhanced salt rejection and improved water permeance,
while their efficacy in removing OMPs has not been well investigated. To address this issue, this work
examined the feasibility of using a TFNi membrane with iron-tannic acid interlayer to remove various OMPs,
studied both the direct and indirect effects of interlayer on enhancing the OMPs rejection. It is found that
the TFNi membrane can be effective in enhancing the rejection of some OMPs thanks to the indirect effects
of interlayer in facilitating a better formation of the polyamide layer (e.g., higher crosslinking degree,
narrower pore size distribution) as well as the direct effects of interlayer in acting as a barrier layer. A simple
theoretical analysis suggests that an ideal interlayer needs to be more intrinsically selective to OMPs and
meanwhile impose moderate resistance to water compared with the polyamide layer. This work may
contribute to the understanding of the synthesis-property-performance relationship of membranes targeting
OMPs removal. It may also provide useful guidelines for the design of high-performance membranes toward
broad environmental applications.
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ABSTRACT

Protein-bound uremic toxins (PBUTs) are recently thought to critically influence overall organ dysfunction,
morbidity, and mortality of chronic kidney disease (CKD) patients. However, traditional hemodialysis and/or
hemoperfusion processes fail to remove PBUTs efficiently due to their strong affinity with albumins. Herein,
we fabricated a novel adsorptive membrane incorporating amine/polyphenol/bimetal ions complexation in
the polysulfone membrane substrate, which has a higher affinity with hippuric acid, p-cresol sulfate, and
indoxyl sulfonate. The complexation is a synergy of polyelectrolyte (polyethyleneimine-tannic acid) and
metal-phenolic (tannic acid/metals) networks. The adsorption behavior of those three uremic toxins on the
optimized adsorptive membrane was investigated by kinetic and adsorption isotherm studies. From X-ray
photoelectron spectroscopy analysis assisted by Fourier transform infrared reflection spectrum, we attribute
the high adsorption capacity to -1 and/or cation-1r interaction with aromatic ring groups of uremic toxins.
The adsorptive membrane could effectively remove albumin bounded uremic toxins and water-soluble urea
through a continuous dialysis process. Besides, the membrane showed excellent hemocompatibility and
minimized immune responses by suppressing complement activation. The above results showed the
potential clinical application of adsorptive membranes.

Keywords: Chronic kidney disease patients, Adsorption-Diffusion, Hemodialysis Membrane,
Hemocompatibility, Protein-bound uremic toxins
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ABSTRACT

Oil spill pollution poses severe risks to water resources, causing significant harm to marine ecosystems
and presenting an ongoing threat to environmental health. To address this issue, various oil sorbent
materials have been researched and evaluated for their effectiveness in mitigating such pollution. In this
study, we successfully fabricated a highly efficient hydrophobic nanofibrous membrane using 4,4'-
(hexafluoroisopropylidene) diphthalic anhydride (6FDA)-based semi-alicyclic polyimide through
electrospinning technology. The resulting membrane exhibits a uniform nanofibrous structure with a bead-
free surface morphology. Contact angle measurements of approximately 133° confirmed the membrane's
hydrophobicity, a critical property for effective oil sorption. Oil uptake tests demonstrated exceptional
performance, with the sorbent showing a high adsorption capacity of 78, 50 and 45 g g—1 for crude oll,
diesel, and kerosene, respectively. Given its rapid adsorption rate and robust performance, this polyimide-
based nanofibrous membrane is a promising material for sustainable oil spill cleanup applications.

Keywords: Semi-Alicyclic, Polyimides, Electrospun Nanofibrous Membranes, Oil Spill Removal,
Sustainability.
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ABSTRACT

Pure-silica DD3R zeolite membrane has been of significant interest in CO2 separation because of its
appropriate pore size (0.36 nm % 0.44 nm) to distinguish CO2 from other gases. However, it is challenging
to remove its organic template but simultaneously minimize defects by conventional calcination at high
temperature. Herein, we proposed a non-thermal ultraviolet (UV) detemplation strategy to prepare defect-
free DD3R zeolite membranes for CO2 separation. The 185/254 nm UV radiation not only excited the
organic template, adamantanamine (ADA) filled in the membrane but also generated reactive oxygen
species (ROSs), which caused decomposition of the template at near-ambient temperature. After being
exposed in UV radiation for 4 days, the resultant membrane exhibited an ultrahigh CO2/CH4 selectivity of
876 as well as a good CO2 permeance of 1.37x107 mol m2 s Pa'. The scalability of such strategy was
demonstrated by a large-area hollow fiber membrane module (ca. 800 cm?), which performed a notably
high CO2/CHj4 selectivity of 170 at 4.1 MPa.

Keywords: DD3R Zeolite Membrane, Detemplation; Uv Radiation, CO2> Separation
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ABSTRACT

Resource recovery from textile wastewater has attracted increasing interest because it simultaneously
addresses wastewater treatment and maximizes the utilization of the residual dyes. Although polyester
membranes have demonstrated great potential for textile wastewater recovery, tailoring high-performance
polyester membranes remains a multidimensional challenge because of the complex nonlinear
relationships between the membrane materials and their performance. Here we developed density
functional theory (DFT)-assisted machine learning models that integrates DFT descriptors with fabrication
and operation parameters to facilitate the generative design of polyester membranes. The developed
machine learning model demonstrated the ability to accurately predict permeance and dye and salt
rejection. The contribution analysis revealed that the fabrication parameters emerged as the critical factors
influencing permeance, whereas the DFT descriptors played important roles in determining the dye and
salt rejection. Additionally, optimal combinations of monomer, fabrication, and operation conditions were
identified from a chemical space of 8,000 candidates using the developed model combined with Bayesian
optimization, targeting dye/salt and dye/dye selectivity. Five polyester membranes were then fabricated
under these identified combinations. These membranes surpassed the current performance upper bound
and achieved efficient recovery of the dyes from textile wastewater. Overall, a feasible and universal
machine learning model aimed at driving a paradigm shift in the inverse design of polyester membranes
was developed.

Keywords: Machine Learning, Polyester Membrane, Density Functional Theory, Resource Recovery,
Textile Wastewater
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ABSTRACT

Biological proteins, such as insulin, antibody, and cytokines play crucial roles in regulating physiological
processes, mediating immune responses, and serving as therapeutic agents for a wide range of diseases.
The ultrafiltration (UF) process, known for its mild and efficient separation capabilities, is widely utilized for
protein drug purification, concentration, and buffer exchange. However, the severe concentration
polarization and membrane fouling of the UF process lead to a rapid decline in filtration flux and thus reduce
production efficiency. In this study, the membrane surface was patterned by the arrays of nano protrusions,
which acted as a turbulence promoter to enhance localized shear forces while minimizing mechanical
damage to proteins in the bulk solution. This approach effectively inhibited the formation of the cake layer
and alleviated concentration polarization during protein concentration. Compared to the pristine membrane,
the as-prepared membrane exhibited great anti-fouling performance with a 40.5% increase in average
filtration flux and a 57.0% reduction in permeability decline after protein concentration. This work offers an
insightful approach for designing an anti-fouling UF membrane with a more gentle filtration process, which
is promising to reduce protein denaturation and minimize energy consumption during operation.

Keywords: Ultrafiltration, Protein Concentration, Membrane Fouling, Anti-Fouling
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ABSTRACT

Global water scarcity, affecting over half the population due to limited freshwater availability (less than 1%),
demands an innovative and sustainable desalination technology. This study aimed to enhance
pervaporation desalination efficiency by functionalizing graphene oxide (GO) with natural deep eutectic
solvents (NADES). NADES, known for their biocompatibility and tunable characteristics, were used to
modify GO, enhancing its hydrophilicity and selective transport properties. The resulting GO-NADES
composite membranes were characterized using various techniques, including Fourier-transform infrared
spectroscopy, X-ray photoelectron spectroscopy, Raman spectroscopy, water contact angle, X-ray
diffraction, atomic force microscopy, and scanning electron microscopy, to confirm successful
functionalization and morphological changes. Pervaporation performance, including water flux and salt
rejection, was evaluated under different conditions and long term. Incorporating NADES improved the
pervaporation performance compared to pristine GO membranes. The findings demonstrate the potential
of GO-NADES composite membranes as a promising material for efficient and sustainable seawater
desalination, offering a pathway to address global water scarcity.

Keywords: Deep Eutectic Solvent, Lamellar Membranes, Graphene Oxide, Pervaporation Desalination,
Salt Removal
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ABSTRACT

The integration of functional nanomaterials into membrane matrices is critical for advancing membrane
distillation (MD) technologies toward greater efficiency, durability, and fouling resistance. In this study, we
introduce a sustainable strategy to enhance MD membranes by incorporating keratin-mediated silver
nanoparticles (Keratin—AgNPs) as multifunctional fillers. Silver nanoparticles were synthesized in an eco-
friendly manner using keratin extracted from duck feathers as both a natural reducing and stabilizing agent,
eliminating the need for hazardous chemicals. Synthesis parameters were statistically optimized through
Response Surface Methodology (RSM) to achieve ideal nanoparticle size and stability. The keratin-capped
AgNPs, with average diameters of 8-15 nm, were subsequently embedded into polyvinylidene fluoride
(PVDF) membranes via a phase inversion process. Comprehensive characterizations confirmed the
uniform dispersion and crystalline nature of the incorporated nanoparticles. The resulting composite
membranes exhibited enhanced photothermal responsiveness under solar irradiation, robust antibacterial
activity against Escherichia coli, Staphylococcus aureus, methicillin-resistant Staphylococcus aureus
(MRSA), and Pseudomonas aeruginosa, along with improved water flux and salt rejection during direct
contact membrane distillation (DCMD). This work highlights the potential of keratin-mediated AgNPs as
sustainable, multifunctional fillers for the development of next-generation, high-performance MD
membranes.

Keywords: Biogenic Silver Nanoparticles, Keratin, Membrane Distillation, Photothermal Membranes,
Antibacterial Membranes, Sustainable Nanotechnology
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ABSTRACT

Light naphtha is rich in C5 and C6 alkanes. Developing energy-efficient separation technologies to
distinguish linear and branched isomers for optimal industrial utilization has become a focal point.
Membrane separation, an emerging technology with advantages such as low energy consumption, high
efficiency, and compact system design, has garnered significant attention. Among membrane materials,
MFI zeolite membranes, with a pore size of 0.55 nm intermediate between the kinetic diameters of linear
and branched C5/C6 alkane isomers, demonstrate promising potential for this separation system. In this
study, silicalite-1 (all-silica MFI) zeolite membranes were successfully synthesized on four-channel hollow
fiber supports. The membrane exhibits a smooth, uniform surface without visible defects and a consistent
thickness of approximately 5 um. The effects of operational conditions (e.g., temperature and pressure) on
membrane performance were systematically investigated. For the binary n-pentane/i-pentane (n-/i-C5)
system, at 80°C and a feed partial pressure of 5 kPa, the n-C5 permeance reached 1.12x1077
mol-m™2-s7"-Pa™" with a n-/i-C5 separation factor of 109. For the ternary n-hexane/3-methylpentane/2-
methylpentane (n-C6/3MP/2MP) system under identical conditions, the n-C6 permeance was 1.83x1077
mol-m™2-s7"-Pa™", achieving a remarkable n-/i-C6 separation factor of 132. Long-term stability was
evaluated for both n-/i-C5 and n-C6/3MP binary mixture at 80°C, with sweep and feed flow rates both
maintained at 80 mL-min~'. The n-C5 permeance remained stable at 1.5x107” mol-m™-s™"-Pa™" over 120 h
of continuous operation, while the separation factor consistently exceeded 100. After a continuous
operation of 58 h, the n-C6 permeance remained stable at 3.2x10® mol-m™2-s™'-Pa~! with a separation
factor of 113. This study lays the foundation for technological innovation and upgrading in the petrochemical
industry.

Keywords: Hollow Fiber; Silicalite-1 Zeolite Membrane; Light Naphtha, Vapor Permeation; Alkane
Separation
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ABSTRACT

Graphene oxide (GO) membranes have gained considerable attention for organic solvent nanofiltration
(OSN) applications; however, their practical deployment remains limited by challenges such as swelling,
long diffusion pathways, and narrow interlayer d-spacing. In this study, an effective strategy is developed
to overcome these limitations by integrating GO with a newly synthesized supramolecular polymer,
poly(ethylene adenine carboxylic acid)/ (PEAA). These GO-PEAA nanocomposite membranes were
fabricated via pressure-assisted filtration assembly, wherein PEAA not only expanded the interlayer
distance between GO nanolayers but also crosslinked on the surface of GO nanosheets. This structural
tuning was enabled by covalent bond formed between hydroxyl/epoxide groups of GO and carboxyl acid
groups of PEAA. This modification effectively tailored the membrane microstructure, enhancing solvent
transport channels while mitigating swelling tendencies. The GO-PEAA membranes demonstrated
remarkable improvements in solvent flux, excellent dye rejection rate, and outstanding chemical robustness
against harsh organic solvents. The optimized GS13 membrane consistently maintained high rejection
rates for dyes such as Congo red (CR) and Methyl Blue (MB) across a variety of organic solvents, along
with stable operational performance during long-term filtration cycles. Overall, this work demonstrates an
effective molecular engineering strategy to tune GO-based membranes, achieving a synergistic balance
between permeability, selectivity, and stability. These findings open new avenues for the practical
deployment of GO nanocomposite membranes in advanced organic solvent separation technologies.

Keywords: Go-Supramolecule Lamellar Framework, Membranes; OSN, Dyes Removal
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ABSTRACT

Polymer electrolyte membranes based on perfluorosulfonic acid (PFSA) exhibit excellent proton
conductivity and thermal stability. However, PFSA membranes remain vulnerable to radical-induced
degradation during prolonged fuel cell operation, which compromises long-term membrane integrity. To
address this limitation, we investigated a stabilization approach combining thermal annealing and cerium
oxide (CeO2) nanoparticles incorporation as a route to improve membrane durability under harsh
conditions. Oxidative degradation was simulated using the Fenton’s test, and membrane durability was
assessed through structural and functional analyses before and after oxidative stress exposure. The PFSA
membranes examined in this study included Nafion, thermally annealed Nafion, and thermally annealed
Nafion incorporating CeO2 nanoparticles. Fluoride ion emission rate analyses, scanning electron
microscopy, atomic force microscopy, water uptake measurements, and gas permeability analyses
demonstrated that thermal annealing and the incorporation of CeO2 nanoparticles effectively suppressed
radical-induced chemical degradation and improved the physical stability of the PFSA membranes. The
pore structure, mechanical properties, and proton conductivity of the thermally annealed PFSA membrane
containing CeO2 nanoparticles were similar to those before the Fenton’s test. The results from this study
demonstrate that the combination of thermal annealing and incorporation of CeO:2 nanoparticles enhances
the chemical, structural, and functional stability of PFSA membranes.

Keywords: Perfluorosulfonic Membranes, Thermal Annealing, Cerium Oxide, Fenton’s Test, Durability

203



AMS15

e

Paper ID: A086
Enhancing Membrane Distillation Performance Through Heatable Membrane Feed Spacers
Chaebeen Park ', Sanghyun Jeong ™
' Department of Civil and Environmental Engineering, Pusan National University
*Corresponding author: bin3255@pusan.ac.kr
ABSTRACT

Membrane Distillation (MD) is a thermal separation process that utilizes vapor pressure differences across
a hydrophobic membrane. Due to its low energy consumption and simple operation process, MD has
garnered significant attention in wastewater treatment and seawater desalination applications. However,
one of the major limitations of MD is temperature polarization (TP), which arises from the temperature
gradient between the hot feed and the cold distillate streams. TP increases thermal resistance and
deteriorates the overall performance of the MD process. To mitigate TP, previous studies have proposed
methods involving membrane surface heating. These approaches involve the incorporation of photothermal
materials or electrically conductive materials onto the membrane, providing photothermal heating or Joule
heating effects, respectively. Elevating the surface temperature of the membrane can enhance the vapor
flux across the membrane, thereby reducing TP. However, these approaches may lead to pore blockage or
a reduction in permeate flux due to direct modification of the membrane. In this study, a heatable membrane
feed spacer was applied to address these issues. By heating the spacer, the membrane surface
temperature can be elevated without direct damage to the membrane itself. This enhances vapor flux near
the membrane surface and improves the recovery efficiency of volatile compounds such as ammonia.
Ultimately, this approach effectively reduces TP while simultaneously increasing flux, presenting a
promising strategy for improving MD performance. It holds strong potential for future applications in
wastewater treatment and desalination processes.
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ABSTRACT

Establishing an efficient and sustainable membrane module is of great significance for practical oil/water
emulsion separation!’l. Superwetting membranes have been extensively studied but cannot meet long
lasting separation owing to inevitable membrane fouling?. Herein, we constructed a hydrogel-mediated
slippery surface on polytetrafluoroethylene (PTFE) hollow fibers and then designed a flexible and swing
hollow fiber membrane module inspired by fish gill respiration, which achieved sustainable emulsion
separation. A vinyl silane-crosslinked polyvinylpyrrolidone (PVP) hydrogel was interpenetrated with nano-
fibrils of the PTFE hollow fibers, thus facilitating fast water permeance while resisting oil intrusion. Liquid-
like polydimethylsiloxane (PDMS) brushes were then grafted to promote oil aggregation-release from the
membrane surface. Owing to the heterogeneous surface and gill-like structure, the designed PTFE hollow
fiber membrane module could separate emulsion in a long-term filtration process, maintaining a high water
permeability of 500 L m—-2 h—1 bar—1 with a separation efficiency of over 99.9% for 5000 min. This novel
technique shows its great potential to realize practical emulsion separation by solving the persistent
problem of membrane fouling and permeance decay.

Keywords: Oil Fouling, Slippery Hydrogel Membrane, Emulsion Separation
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ABSTRACT

This study was conducted to observe the influences of the type of organic solvent used in the
microcrystalline cellulose (MCC)-incorporated polyvinylidene fluoride (PVDF) membrane fabrication
towards the membranes’ morphology, chemical and physical properties, and also water permeability. The
hybrid MCC-PVDF membranes were prepared by non-solvent induced phase separation, using two types
of solvent; dimethylformamide (DMF) and N,N-dimethylacetamide (DMAc). The MCC and PVDF content
were fixed at 5.0 wt. % and 20.0 wt.% respectively. The membranes were casted into thin sheets via a glass
rod and characterized by using scanning electron microscopy (SEM), Fourier-transform infrared (FTIR)
spectroscopy, X-ray diffraction (XRD), mercury porosimeter analysis, water contact angle (WCA)
measurement, tensile strength test, and thermogravimetric analysis (TGA). Interestingly, the hybrid MCC-
PVDF membrane produced using DMAc exhibited elongated finger-like pores, while the pore structure for
the DMF-generated hybrid MCC-PVDF membranes appeared shorter and less uniform. In addition, the
XRD and FTIR analyses confirmed that both DMAc- and DMF-based hybrid membranes had amorphous
structures and contained similar functional groups. The porosity, hydrophilicity, tensile strength and thermal
stability of the hybrid MCC-PVDF membrane fabricated using DMAc were better than DMF-based hybrid
membranes. The water permeability of the hybrid MCC-PVDF membrane was improved with the use of
DMAc, achieved approximately 116.10 L m-2 h-'. Subsequently, the effects of the surface modification by
incorporating zinc oxide (ZnO) and titanium dioxide (TiO2) nanoparticles into the polymer matrix were also
studied. Both of the metal oxides were chosen due to their reported reactivity towards CO2. The
concentration of ZnO and TiO2 were set to 0.5 wt.%. It was observed that the addition of the ZnO and TiOz
did not significantly affect the hydrophilicity of the hybrid MCC-PVDF membranes, although a slight
decrease in water permeability was recorded compared to the unmodified composite membranes.

Keywords: Microcrystalline Cellulose, Mixed Matrix Membrane, Organic Solvent, Hydrophilic, Metal
Oxide
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ABSTRACT

Graphene-based membranes are promising for organic solvent nanofiltration because of precise separation
and chemical stability under harsh conditions. However, graphene-based membranes have a tortuous
pathway that limits the solvent flux. Therefore, the methods of activating pores on graphene basal planes
have been studied intensively. Conventionally, pores are generated by chemical or thermal reduction, which
decreases the dispersibility of graphene-based materials. As a result, the nanoporous graphene
membranes are usually fabricated on a laboratory scale because of the toxic solvents for dispersion. Herein,
we fabricated nanoporous multilayer graphene (NMG) membranes on a large scale by post-reduction
treatment. Graphene oxide membranes are prepared using a scalable slot-die coater and then hot pressed
in a membrane state for nanopore generation. The NMG membrane achieved ultrafast permeance in
various organic solvents and 500 g/mol of MWCO. In addition, during the hot-pressing, the polymer
substrate is welded with the graphene layer, which can improve stability. Therefore, the large area NMG
membrane maintained a high rejection under the cross-flow system for 30 days. To enhance the membrane
performance, we further reduced the NMG membrane with hydriodic acid vapor. By controlling the activated
nanopore size and forming a more well-aligned interlayer structure, the solvent permeances increased, and
rejection of dyes (>500 g/mol) showed above 99%. This method proposes a novel approach for fabricating
NMG membranes that can be applied on an industrial scale.

Keywords: Nanopore, Graphene Oxide, Organic Solvent Nandfiltration, Scale-Up
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ABSTRACT

Nanocellulose and its derivatives have emerged as promising bio-based materials for water treatment,
attributed to their high surface area, strength, and renewable nature [1]. The presence of hydroxyl groups
on cellulose nanocrystals (CNCs) and cellulose nanofibrils (CNFs) facilitates various surface modifications,
leading to nanocomposites with customizable properties [2]. This review investigates the applications of
nanocellulose-based materials in adsorption, catalysis, filtration, and flocculation, with a focus on removing
heavy metals, dyes, and pharmaceutical compounds from water. Additionally, it examines nanocellulose’s
role in environmental sustainability, particularly in wastewater remediation through adsorption, filtration,
catalysis, and pollutant sensing [3]. The review also highlights recent advancements in the production of
nanocellulose-based adsorbents and membranes, emphasizing synthesis techniques, surface
modifications, and durability, which bolster their potential for commercial application in cleaner wastewater
treatment technologies. This comprehensive overview addresses the challenges and future prospects for
the industrial use of nanocellulose in environmental remediation, underlining its importance in tackling
global concerns related to resource depletion and harmful contaminants.
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ABSTRACT

Indonesia as the largest palm oil producer in the world produces a huge amount of palm oil waste (palm oil
mill effluent, POME) every year. POME can naturally form biogas when decomposed through an anaerobic
digester (AD) process. Utilization of POME-based biogas as an alternative fuel is still very limited because
the CO2 impurities in it can reduce the calorific value and cause corrosion in pipes. Mixed matrix membrane
(MMM) has been widely used for biogas upgrading because the process is simple and requires relatively
low operational costs. In this study, polysulfone (PSf) membrane with silane coupling agent modified
Zeolite-NaY (Zeolite-silane) filler was prepared for CO2/CH4 separation. Zeolite-NaY was modified with (3-
aminopropyl)trimethoxysilane (APTMS) before used to prepare the MMM. Modification of Zeolite-NaY with
APTMS was done to improve filler and polymer matrix compatibility. The adsorption performance of the
Zeolite-NaY filler was evaluated using a barometric method, and thermodynamic and kinetic analyses
showed enhanced CO2 and CH4 adsorption. The CO2 adsorption capacity of Zeolite-silane decrease by
54% compared to unmodified Zeolite. However, based on the adsorption evaluation, the filler remains
effective for CO2/CH4 separation, as the CO2 adsorption capacity is still higher than CH4. MMM
PSf/Zeolite-silane 1.5 wt% showed 15.13% increase in CO2/CH4 selectivity compared to pristine PSf
membrane. Membrane coating with polydimethylsiloxane (PDMS) successfully sealed membranes surface
defects, causing a trend where permeability decreases but selectivity increases. MMM PSf/Zeolite-silane
0.5 wt% coating PDMS showed CO2/CH4 selectivity 106.6% increase from pristine PSf membrane and is
79.3% higher when compared to the uncoated PSf/Zeolite-silane. MMM PSf/Zeolite-silane showed potential
considering its low filler loadings benefit. The enhanced selectivity demonstrates the potential of the MMMs
for application in biogas upgrading, particularly in removing CO, to improve methane purity.

Keywords: Mixed Matrix Membranes, CO2/CH4 Separation, Zeolite-Nay, Adsorption, Biogas
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ABSTRACT

Redox flow batteries (RFBs) offer transformative potential for grid-scale energy storage but are limited by
ion-exchange membranes (IEMs) that struggle to balance ionic conductivity with effective selectivity against
redox-active species. Conventional nanophase-separated IEMs suffer from inherent performance trade-
offs, while emerging charged microporous polymer membranes, despite their promise, face commercial
barriers due to complex synthesis routes and high production costs. Here, we present a one-step
copolymerisation strategy that simultaneously integrates rigid nanopore-forming, hydration-regulating and
ion-conductive monomers into a microporous membrane architecture with highly adjustable properties. This
design generates interconnected ultra-microporous channels that combine dimensional stability, optimised
hydration networks and uniformly distributed ion-conductive sites, enabling both rapid ion transport and
strong blocking capability against redox-active species. When assembled into anthraquinone||ferrocyanide
aqueous RFBs, these membranes demonstrate reduced cell resistance, enhanced power output and
significantly lower capacity fade. By further adopting cost-effective monomers or scaling the production of
existing raw materials, the projected manufacturing cost of these membranes can be reduced to below 50
€ m2. This work introduces a synthetically accessible and scalable approach to designing high-performance
IEMs with recyclability and economic advantages, advancing the commercial viability of aqueous organic
RFBs for sustainable energy storage.

Keywords: /on Exchange Membrane; Aqueous Organic Redox Flow Battery, One-Step
Copolymerisation, Ultra-Microporous Channels
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ABSTRACT

Recycling of valuable solutes and recovery of organic solvents via organic solvent nanofiltration (OSN) are
important for sustainable development. However, the trade-off between solvent permeability and solute
rejection hampers the application of OSN membranes. To address this issue, the poly(3,4-
ethylenedioxythiophene):poly(styrene sulfonate) (PEDOT:PSS) nanoparticle membrane with hierarchical
pores is constructed for OSN via vacuum filtration. The small pores (the free volume of the polymer chain)
charge for the solute rejection (high rejection efficiency for low molecule weight solute) and allow solvent
passing while the large pores (the void between two PEDOT:PSS nanoparticles) promote the solvent
transport. Owing to the lack of connectivity among the large pores, the fabricated PEDOT:PSS nanoparticle
membrane enhanced solvent permeance while maintaining a high solute rejection efficiency. The optimized
PEDOT:PSS membrane affords a MeOH permeance of 7.2 L m=2 h~"bar~! with over 90% rejection of organic
dyes, food additives, and photocatalysts. Moreover, the rigidity of PEDOT endows the membrane with
distinctive stability under high-pressure conditions. The membrane is used to recycle the valuable catalysts
in a methanol solution for 150 h, maintaining good separation performance. Considering its high separation
performance and stability, the proposed PEDOT:PSS membrane has great potential for industrial
applications.

Keywords: PEDOT:PSS Nanoparticle Membrane, Organic Solvent Nanofiltration, Acid Treatment,
Interparticle Distance, Free Volume
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ABSTRACT

Mixed-matrix membranes (MMMs), which combine the flexible processability of polymers with the high
mass-transfer capabilities of porous fillers such as metal-organic frameworks (MOFs), are widely regarded
as next-generation, high-performance materials for CO, capture. However, challenges such as MOF
aggregation and poor compatibility between MOFs and polymers often lead to the formation of defects
within the membrane, ultimately reducing CO,/N, selectivity.To address this issue, we propose a strategy
of in situ MOF crystallization within confined spaces to construct defect-free MMMs for CO, capture. By
mixing prepolymers with MOF precursors at the molecular level, the complexation between metal ions and
prepolymers enhances interfacial interactions during membrane formation, thereby minimizing defect
formation. Additionally, the confined environment created by polymer chain crosslinking slows MOF growth,
reducing particle size and mitigating aggregation. In this study, we tailored the polymer’s confined space
and optimized MOF crystallization conditions. As a result, we achieved a MOF loading of up to 31.3 vol.%.
The resulting MMMs demonstrated a remarkable 18-fold increase in CO, permeability compared to the
pristine polymer membrane, along with improved CO,/N, selectivity, rising from 30 (pristine) to 38.
Moreover, the membrane exhibited high mechanical stability under applied pressure and maintained
consistent performance over 200 hours of continuous operation, owing to its highly crosslinked polymer
structure and well-dispersed MOF loading. This method presents a novel and effective approach for
fabricating uniform, defect-free MMMs for advanced CO, separation applications.

Keywords: PEO membrane, ZIF-8, Mixed matrix membranes, CO2 capture, Gas separation.
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ABSTRACT

Hydrogen is one of the key solutions for achieving Net Zero Emissions (NZE) due to its combustion process,
which produces no carbon emissions, as well as its high energy efficiency and sustainability. Membrane
technology is a promising method for the separation and purification of hydrogen. This study aims to
investigate the effect of incorporating few layer graphene/P84 composite at various annealing
temperatures, specifically 250, 300, and 350°C, into a polysulfone based membrane matrix in small loading
amounts. The membranes were fabricated using the dry phase inversion method in a flat sheet modulation.
The fabricated membranes were characterized using X-Ray Diffraction (XRD), Fourier-Transform Infrared
(FTIR), Scanning Electron Microscopy (SEM), and raman spectroscopy. The gas separation performance
was evaluated for H2 and CO2 gases using a single gas permeation reactor. The study found that
polysulfone with the addition of few layer graphene/P84 composite annealed at 350°C exhibit the best
separation performance. This membrane performance exceeded the Robeson upper bound curve for both
1991 and 2008, with increases in H2 permeability and H2/CO2 selectivity by +233.54% and +25.59%,
respectively as compared to the pristine membrane. These findings indicate that polysulfone based
membrane with the addition of few layer graphene/P84 composite at elevated annealing temperatures
significantly enhance H2/CO2 gas separation performance. The result showed that the membrane has
promising properties in the production of blue hydrogen and have the potential for further development in
other gas separation applications.

Keywords: Few-Layer Graphene, Gas Separation Membrane, H2/CO2 Separation, Few Layer
Graphene/P84 Composite, Polysulfone
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ABSTRACT

To achieve a carbon-neutral society by 2050, the capture and utilization of carbon dioxide are essential.
The current mainstream method, amine-based absorption, requires large-scale equipment, which poses
challenges for CO, capture from small emission sources. In this study, we focus on a membrane reactor
(m-DAC) capable of directly separating and converting CO, from ambient air. Conventional membranes
rely on differences in molecular size, making it difficult to obtain high-purity products due to the easy
permeation of hydrogen. Therefore, we aimed to develop a novel membrane material with high CO,
absorption performance even under low concentrations, suitable for use in membrane reactors. Layered
double hydroxides (LDHs), expressed as [M?*;_xM*"x(OH),][A""-yH,O] , were selected as candidate
materials. LDH powders were synthesized using co-precipitation from M(II)(NO3),-6H,O and
M(III)(NO3)3-9H,0 (where M = Mg?*, Zn?*, Ca?*, Al**, Fe®"), followed by centrifugation and drying at 80°C
for 24 hours. The CO, adsorption capacity at 300°C was evaluated, and gas permeance tests were
conducted to determine membrane selectivity. Several LDH compositions were synthesized and their CO,
capture performance was compared. Among them, Mgg.75-Alg.25-CO3; LDH exhibited the highest CO,
adsorption capacity of 1.12 mmol/g, which was approximately 56.2% higher than other Mg-Al-CO; ratios.
X-ray diffraction (XRD) analysis confirmed the successful synthesis of Mg-Al-CO3; LDHs, all showing d¢3
= 7.56-7.62 A. No significant change in interlayer distance was observed with varying metal ion ratios.
These results indicate that Mg-Al-based LDH is a promising membrane material for efficient CO, capture
and resource utilization under low-concentration conditions, such as in direct air capture applications.

Keywords: CO; Separation, CO, Capture Membrane, m-DAC, Layered Double Hydroxide (LDH),
Carbon-Neutral
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ABSTRACT

The growing demand for lithium necessitates advanced extraction technologies capable of selectively
recovering Li* from complex brines with high Mg?*/Li* and Na*/Li* ratios. While NASICON-type LATP
(Li1.3Alo.3Ti1.7(PO4)3) offers exceptional Li* selectivity, its brittleness limits practical applications. Here, we
present a flexible, hydrophobic PDMS-LATP mixed matrix membrane (MMM) that synergistically combines
LATP’s ion-sieving channels with PDMS’s processability and dehydration energy modulation for high-
performance electrodialysis (ED). The optimized PDMS-50% LATP membrane achieves unprecedented Li*
selectivity with Near- Complete Rejection of Competing lons by leveraging (1) LATP’s rigid 3D Li+-
conducting channels to exclude larger ions and (2) PDMS’s hydrophobicity to amplify dehydration energy
differences. TEOS-modified LATP particles ensure uniform dispersion, maintaining continuous Li* transport
pathways. In H-cell diffusion tests using a mixed Li*/Na*/K*/Mg?*/Ca?* solution (feed) and DI water
(receiving) under 2V applied potential, the PDMS-LATP membrane demonstrates exceptional mono-valent
cation selectivity, achieving a stable Li* flux of 12 mmol m-2 h-' while maintaining >99% rejection of Na*, K*,
Mg?*, and Ca?* ions over 24 hours of operation. This performance surpasses conventional cation-exchange
membranes, which typically exhibit no selectivity under similar conditions. This work provides a scalable
strategy to bridge the gap between ceramic selectivity and polymeric practicality, offering a viable solution
for energy-efficient lithium extraction from high-salinity brines.

Keywords: Lithium Extraction, Electrodialysis, Mixed Matrix Membrane, lon Selectivity, NASICON
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ABSTRACT

lon exchange membranes are integral to the performance of microbial fuel cells and electrodialysis
desalination systems, both key technologies for addressing water scarcity and rising energy demands
driven by rapid population growth. lon exchange membranes are pivotal in advancing sustainable water
treatment technologies, notably in microbial fuel cells and electrodialysis desalination systems. In microbial
fuel cells, ion exchange membranes facilitate the separation of anodic and cathodic chambers, enabling
efficient electron flow and ion transport, which are essential for simultaneous wastewater treatment and
bioelectricity generation. Similarly, in electrodialysis desalination processes, ion exchange membranes are
integral for selective ion removal, contributing to effective desalination with reduced energy consumption.
lon exchange membranes used in microbial fuel cells and electrodialysis desalination systems face several
challenges that can impact their performance and longevity. A primary issue is membrane fouling, which
includes the accumulation of organic matter, inorganic salts, and microbial biofilms on the membrane
surface. This fouling increases electrical resistance, reduces ion selectivity, and diminishes overall system
efficiency. This review comprehensively examines the recent developments in ion exchange membrane
materials, including cation and anion exchange membranes, their structural modifications, and functional
enhancements aimed at improving performance metrics such as ion selectivity, conductivity, and fouling
resistance. Furthermore, the paper discusses the challenges associated with membrane fouling and
degradation, exploring innovative strategies for mitigation and membrane regeneration. By analysing
current research trends and technological advancements, this review provides insights into the optimization
of ion exchange membranes for enhanced efficiency and sustainability in microbial fuel cell and
electrodialysis desalination applications, highlighting their role in addressing global water scarcity and
energy challenges.

Keywords: /on Exchange Membrane, Microbial Fuel Cell; Electrodialysis Desalination, Membrane
Fouling and Scaling, Membrane Performance, System Efficiency

216


mailto:aressh@graduate.utm.my

AMS15

e

Paper ID: A099
Catalyst Engineering for The Multilayer Porous Graphene Synthesis

Geon Park’2, Jungbo Seo'?2, Juhwan Ahn'2, Hyung Gyu Park2*

" Nanoscience for Energy Technology & Sustainability (NETS), Department of Mechanical
Engineering, Pohang University of Science and Technology (POSTECH), Pohang, Gyeongbuk 37673,
Republic of Korea
2 Center for Low-Dimensional Transport Physics (C-LDTP), Pohang University of Science and

Technology (POSTECH), Pohang, Gyeongbuk 37673, Republic of Korea

*Corresponding author: kenny1020@postech.ac.kr, parkhg@postech.ac.kr
ABSTRACT

Despite the superb membrane performances that porous graphene promises, there is wide room for
improving the porous graphene formation process. As its two significant pillars are the synthesis of
graphene and the formation of pores in it, the process for securing both aspects can take dual avenues:
top-down & bottom-up methods. The top-down method, which separates graphene synthesis and
perforation, normally detaches carbon atoms from the graphitic lattice by energetic collision after graphene
synthesis. Well-controlled post-synthesis perforation can create sub-nm-wide pores in graphene, though a
slight miscue could lead to a defective structure at a larger scale. On the other hand, the bottom-up method
is based on the idea of synthesizing porous graphene directly without including post-perforation. Designing
a catalyst to synthesize graphene in the selected area, excluding where the pores should be, is crucial.
Only a few studies have demonstrated the bottom-up porous graphene synthesis. Furthermore, the
mechanical vulnerability of handling single-layer porous graphene has been disrupting its practical
application. Interestingly, porous graphene can maintain the ultimate permeation even at increased
thickness, depending on the aspect ratio. Such layer tolerance suggests employment of the multilayer
structure rather than the vulnerable single-layer counterpart. Here, we introduce advanced catalyst
engineering to synthesize multilayer porous graphene via the bottom-up method. Catalyst engineering
consists of material selection, catalyst taming, and crystallinity alignment. The unprecedented Ni/Ag
catalyst provides multilayer porous graphene with an average pore size of less than 20 nm and a pore
density of 1010 cm2. As-synthesized multilayer porous graphene is promising as a high-performance
membrane in filtration, breathable membranes, etc.

Keywords: Porous Graphene, Chemical Vapor Deposition, Bottom-Up Synthesis, Catalyst Engineering,
Crystallinity Alignment
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ABSTRACT

As the semiconductor industry has grown rapidly in recent years, there has been increasing concern of the
environmental impacts associated with its manufacturing processes, particularly those related to
wastewater management. Among the various stages of semiconductor fabrication, the wet etching process,
especially highly selective nitride (HSN) etching used in high-density 3D NAND flash memory production,
generates wastewater containing exceptionally high concentrations of low molecular weight pollutants such
as silica and ammonium phosphate [1]. These contaminants are particularly challenging to remove due to
their small size, which limits the effectiveness of conventional ultrafiltration (UF) membranes that rely
primarily on size exclusion mechanism. To overcome this limitation, this study explores the development of
ceramic hollow fiber membranes incorporating two-dimensional molybdenum disulfide (MoS,)
nanomaterials, which are known for their outstanding chemical stability, large surface area, and tunable
separation properties [2]. Comprehensive surface analyses confirmed the successful integration of MoS,
into the ceramic membrane structure, resulting in enhanced selectivity. Performance evaluations revealed
that the MoS,-modified nanofiltration (NF) membranes achieved significantly higher removal efficiencies
for both silica and ammonium phosphate compared to pristine UF membranes, even under harsh operating
conditions. These results demonstrate that MoS,-based ceramic NF membranes offer a highly effective
and robust solution for treating challenging semiconductor wastewater, such as chemical mechanical
planarization (CMP) effluents, and can contribute to more sustainable and environmentally responsible
semiconductor manufacturing.

Keywords: Semiconductor Wastewater, Nanofiltration, Ceramic Hollow Fiber Membrane, Molybdenum
Disulfide (MoS3)
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ABSTRACT

This study explores the influence of conductive carbon-based materials in enhancing the anaerobic
digestion (AD) of palm oil mill effluent (POME), a significant by-product of the palm oil industry. POME,
characterised by its high organic content, presents both a waste management challenge and an opportunity
for renewable energy generation. This research unlocks a novel approach to improving microbial activity
and biogas production by integrating conductive carbon-based materials into the AD process. These
materials increase surface area for microbial attachment, significantly boosting digestion efficiency and
biogas yields. The study aims to demonstrate how the strategic addition of biochar and carbon-based fibre
can enhance biogas production from POME. Three replicate AD systems were compared with and without
conductive carbon-based materials using the serum bottle technique. Gas production was meticulously
monitored using gas chromatography. The results are compelling, and the integration of conductive carbon-
based materials led to a marked increase in biogas production. This research highlights a promising
pathway to enhance the efficiency of POME treatment and maximise renewable energy recovery, offering
a sustainable solution for the palm oil industry.

Keywords: Palm Oil Mill Effluent (POME), Biogas Production, Anaerobic Digestion (AD), Conductive
Carbon-Based Materials, Renewable Energy, Direct Interspecies Electron Transfer (DIET)
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ABSTRACT

The downstream purification of high-value biomolecules such as monoclonal antibodies (mAbs) and viral
vectors remains a pivotal stage in biomanufacturing, directly influencing final product quality, therapeutic
safety, and production economics. Resin-based chromatography, including affinity and ion-exchange
processes, has long been the dominant platform for large-scale purification. While robust and well-
characterized, these packed-bed systems can be limited by slow intraparticle diffusion, incomplete ligand
accessibility, and reduced process throughput at manufacturing scale'. Membrane chromatography has
emerged as a compelling alternative, offering convective mass transfer, higher operational flow rates, and
reduced processing times compared to bead-based formats?3. In addition, membrane systems offer
operational flexibility, as they can be employed either in single-use formats for rapid changeover or
regenerated for multiple cycles, enabling efficient deployment in both academic research and large-scale
industrial manufacturing®. lon-exchange membrane systems, in particular, have shown strong potential
across multiple classes of biomolecules. In mAb processing, they are increasingly adopted as polishing
steps for the removal of host cell proteins, DNA, aggregates, and viral contaminants®. For viral vectors, ion-
exchange membranes exploit the charge characteristics of the particles for selective capture and impurity
removal, offering scalability advantages over traditional methods. This work provides an overview of
membrane chromatography for the downstream purification of diverse biomolecules. By addressing
performance bottlenecks inherent to conventional purification platforms, membrane chromatography offers
an adaptable and scalable solution for next-generation biomanufacturing processes.

Keywords: Membrane Chromatography, Downstream Purification, Anion Exchange, Cation Exchange,
Therapeutic Proteins, Viral Vectors
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ABSTRACT

The palm oil industry, while economically vital to Malaysia, generates substantial volumes of palm oil mill
effluent (POME)—a high-strength wastewater rich in organic compounds and nutrients such as nitrogen,
phosphorus, and magnesium. Improper discharge of POME poses significant environmental threats,
including eutrophication and groundwater pollution. However, its nutrient-rich profile offers a promising
avenue for resource recovery and sustainability. This study investigates the application of an ion exchange
membrane (IEM) system integrated with crossflow filtration for the recovery of valuable nutrients from real
POME samples. Membranes were fabricated using polyvinyl alcohol (PVA) and chitosan to enhance
selectivity, hydrophilicity, and resistance to fouling and scaling—common challenges in POME treatment.
Experimental trials were conducted to evaluate the influence of membrane composition and operational
conditions on nutrient recovery efficiency. Analytical techniques such as ion chromatography, inductively
coupled plasma optical emission spectroscopy (ICP-OES), and total organic carbon (TOC) analysis were
used to quantify nutrient concentrations. Membrane properties were characterized using field emission
scanning electron microscopy (FESEM), X-ray diffraction (XRD), Fourier-transform infrared spectroscopy
(FTIR), and contact angle measurements. The results demonstrated efficient recovery of nitrogen,
phosphorus, and potassium, with significantly improved membrane performance and stability. Optimal
conditions were identified that maximized nutrient recovery while maintaining membrane integrity. This
membrane-based approach presents a sustainable solution for managing palm oil mill effluent and supports
circular economy practices within the industry. The findings offer strong potential for scale-up and
integration into existing wastewater treatment systems, contributing to environmental protection and
resource valorisation.

Keywords: Palm Oil Mill Effluent (POME), Nutrient Recovery, lon Exchange Membrane, Crossflow
Filtration, Sustainable Wastewater Treatment
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ABSTRACT

Computational Fluid Dynamics (CFD) modeling has become an essential tool for investigating complex
flow, mass transfer, and concentration polarization (CP) phenomena in membrane systems. By resolving
local velocity fields, solute distributions, and pressure gradients at high spatial resolution, CFD provides
deep insights into membrane channel that are often difficult to capture experimentally. Unlike reverse
osmosis (RO), forward osmosis (FO), an osmotically driven membrane process does not require high
hydraulic pressure for water transport. FO can treat seawater, brackish water, and wastewater with minimal
hydraulic pressure, making it especially attractive in addressing global water scarcity challenges. However,
optimizing FO system performance requires a detailed understanding of hydrodynamics and the mass
transfer behavior locally. The hydrodynamics and mass transfer within the porous support layer are
simulated using Brinkman’s model. This model is adopted in CFD studies of FO to better simulate internal
concentration polarization (ICP) within membrane supports. Although spacer effects in FO systems have
been numerically studied in priori research but most of them only focus on circular shape spacers rather
than novel and optimized spacer designs. To address this gap, this study proposes CFD simulations with
non-circular spacer filaments, including filament size, mesh length, and shape. The results will assess their
impact on mass transfer, concentration polarization, and overall system efficiency across FO modules.

Keywords: Brinkman Model, Modeling, Feed Spacer, Forward Osmosis
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ABSTRACT

A polymer system with high performance and scalability is critical for membrane gas separation. To develop
such a system, we first investigated the relationship between the gas permeation behaviors of
polyphenylsulfone (PPSU)-based materials and their chemical structures. It was found that as the 3,3’,5,5’-
tetramethyl-4,4’-biphenol (TMBP)-based polyphenylsulfone (TMPPSf) content increases, the resultant
copolymers have a larger gas permeability with a stable selectivity. Secondly, scalable PPSU and
polybenzimidazole (PBI) polymers were homogeneously blended to create an enhanced polymer matrix
that could utilize both the higher permeability and mechanical flexibility of the former and the excellent
selectivity and thermal stability of the latter. With the incorporation of calix[6]arene (CA6), an organic
macrocyclic cavitand (OMC), the H2/CO: selectivity of PBI/PPSU membranes was significantly enhanced
for energy-intensive molecular separation. Thirdly, we have developed a three-polymer membrane system
based on a robust dual-polymer blend matrix consisting of (1) sulfonated polyphenylsulfone (sPPSU) and
(2) PBI, infiltrated with poly(ethyleneimine) molecules that serve as amine-rich CO: retardants to enhance
the H2/CO: selectivity. The PEI infiltration dramatically increased the H2/COz2 selectivity of the dual-polymer
matrix from 4.6 to up to 59.3 while maintaining a minimum Hz permeability of 2.49 Barrer at a low
temperature of 35°C, which not only surpassed the Robeson upper bound but also placed the newly
developed membrane among the best-performing polymer membranes.

Keywords: Polymer Blends, Polymer Crosslinking, Three-Polymer System, Pre-Combustion CO2
Capture, Industrial Scalability
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ABSTRACT

In recent days, the increasing release of dye contaminants into aquatic environments has become a
significant environmental concern, necessitating the development of efficient and sustainable treatment
technologies. This study focuses on developing poly(vinylidene fluoride) (PVDF) and poly(vinyl pyrrolidone)
(PVP) composite membranes with varying percentages of graphene oxide (GO) through the phase
inversion method to form PVDF/PVP/GO microporous membranes. The addition of PVP enhanced
membrane hydrophilicity, while increasing GO concentration from 1% to 10% significantly enhanced
hydrophilicity (from 72.5° to 62.9°), porosity (from 76.7% to 97.3%), and surface charge (-12.0 £ 2.16 mV
to -45.1 + 2.68 mV) of the composite membranes. Moreover, GO blending in PVDF/PVP membranes also
reduced the mean pore size from 102 to 65.9 nm. Evaluation of the separation performances of cationic
methylene blue (MB) and anionic naphthol blue-black (NBB) dyes shows a reduction in filtrate permeance
by 11% and 42%, respectively, due to decreased mean pore size. Rejection of MB dye increased by 21.7%
with GO loading, attributed to electrostatic attraction and enhanced adsorption between MB dye and the
negatively charged membrane surface. NBB dye rejection increased by 10.1%, driven by electrostatic
repulsion due to its sulfonate-rich molecular structure and a highly negative zeta potential (-29.5 + 0.26
mV). Long-term multi-cycle filtration tests over 72 hours showed that membranes with higher GO content
maintained nearly 100% rejection efficiency. This was attributed to the hydrophilicity and negative charge
of GO, which formed a protective barrier that reduced fouling by preventing dye molecules from penetrating
the membrane matrix. Overall, the GO-based PVDF/PVP composite membranes exhibit excellent
separation performance and antifouling properties, demonstrating strong potential for application in dye-
contaminated wastewater treatment.

Keywords: Graphene Oxide, Microporous Membrane, Dye Removal, Electrostatic Attraction and
Repulsion, Antifouling
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ABSTRACT

Osmotically assisted reverse osmosis (OARO) is a promising emerging technology that uses both hydraulic
and osmotic pressures to achieve energy-efficient desalination. In typical OARO systems with a single
solute, reverse solute flux (RSF) is generally not observed, as the concentration gradient drives solute to
move from the highly concentrated feed solution to the less concentrated draw solution. However, when
different solutes are used in the feed and draw solutions, it is unclear whether RSF occurs, which could
ultimately impact the overall osmotic driving force and system efficiency. Therefore, this study presents a
simulation of a multiple-solute system in OARO. Systems containing sodium chloride and magnesium
chloride were modeled to evaluate the behavior of solute transport and water flux. These findings offer
valuable insights into mass transfer phenomena within a multiple solute system and optimize the OARO
process.

Keyword: Osmotically Assisted Reverse Osmosis, Computational Fluid Dynamic, Modeling, Multiple
Solute System, Reverse Solute Flux
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ABSTRACT

Waterborne enteric virus inactivation is critical to ensure safe drinking water, yet conventional disinfection
methods face significant limitations. Electrochemical disinfection using one-dimensional nanostructure-
based electrodes are a promising alternative. Laser-induced graphene (LIG) fabricated by laser irradiation
on polyethersulfone membranes offers great potential as an electrode material for electrochemical water
disinfection. In this study, the disinfection performance of electrified LIG filters was evaluated against the
bacteriophages MS2, T4, and Phi6, the model enteric viruses. Further, the underlying inactivation
mechanism was elucidated through integrated experimental and computational approaches. Destruction of
the capsid structures due to pore formation was revealed during the morphological examination of viruses
by transmission electron microscopy. This indicated that electric-field-induced electroporation is a
prominent mechanism for virus inactivation which was further confirmed by the scavenging experiments.
The mechanism can be attributed to nanofibrous morphology of LIG, which significantly intensified the local
electric field at fiber tips to magnitudes exceeding 107 Vm-' on application of low voltage. The role of
nanofibers was validated by mechanically modifying LIG into non-fibrous, flat surfaces. The electrochemical
characterization of these flat surfaces exhibited reduced charge density, charge transfer rates, and
compromised disinfection performance as compared to LIG. Moreover, atomistic molecular dynamics (MD)
simulations demonstrated that an electric field of 107 Vm™" applied for 1 us to the MS2’s capsid protein that
is maturation protein induced conformational and structural destabilization. The protein also changed the
spatial orientation of amino acid residues and surface charge of protein, potentially disrupting the host-virus
interactions and inactivating the virus. Thus, this study highlights the potential of LIG in achieving low-
voltage, sub-microsecond viral inactivation through enhanced local electric fields for the first time. These
findings have significance for development of LIG-based disinfection systems in point-of-use water
purification applications.

Keywords: Virus Disinfection, Laser-induced Graphene, Inactivation Mechanism, Molecular Dynamics,
Electric-Field Effect
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ABSTRACT

As the growth of industrialization surges, it paved way into the emergence of different global issues such
as water scarcity and energy depletion. The water-energy nexus refers to the interdependent relationship
between water and energy systems wherein water is required for energy generation while energy is
essential for water purification processes. In this study, a piezoelectric PVDF membrane with an exceptional
nanofiltration performance and a potential energy harvesting property was developed. Through non-solvent
induced phase separation method, additive-free 3-PVDF membrane was fabricated utilizing the specific ion
effect of different salts dissolved in the coagulation bath. The salts used in the study include sodium chloride
(NaCl), sodium sulfate (Na2S0s4), and sodium thiocyanate (NaSCN). Following the Hofmeister effect (HF),
the thermodynamic stability and mass transfer kinetics of the membrane was explored. Kosmotropic salt
represented by Na2SO4 produces membrane that has denser structure with smaller macro voids while
chaotropic salt characterized by NaSCN produces larger macro voids. The effect of NaCl as an intermediate
ion in HF series produces macro voids that have size in between the two other salts. Crystalline polymorphs
of the membrane show an increasing fraction of electroactive phase with 47.4% from pristine PVDF to 71.6,
88.2, and 98.5 % corresponding to Na2SO4, NaCl, and NaSCN coagulation bath, respectively. Accordingly,
the piezoelectric voltage output of the membrane increases from 0.02 V of the pristine PVDF to 0.17 V of
the optimized membrane. This study successfully fabricated an additive-free PVDF membrane with high
electroactive phase and increased in voltage output. The research introduced a new concept in controlling
the polymorphs of PVDF membrane and paved possibilities in developing a multifunctional PVDF
membrane with the ability to purify water and generate energy.

Keywords: PVDF Membrane, Piezoelectric Effect, Membrane Formation, Antifouling, Hofmeister Effect
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ABSTRACT

Achieving the fractionation of industrially relevant metal ion pairs, such as manganese (Mn?2*) and cobalt
(Co?*), from mixed streams is essential for producing high-purity commaodities but remains challenging. In
this study, we propose the application of solvent extraction-based membranes to fractionate and recover
Mn2* and Co?* from simulated wastewater containing a high concentration of organic acid, representing the
effluent obtained from the furandicarboxylic acid (green plastic constituents) production using
homogeneous catalyst. Firstly, a novel approach was undertaken by fabricating polymer inclusion
membrane (PIM) using various casting substrates. The application of more hydrophobic substrate with a
higher surface roughness resulted in PIM with an improved Mn?2* transport rate by a factor of 2.4 compared
to PIM fabricated with a more hydrophilic and smoother surface. The improvement was postulated to be
due to the enhanced formation of continuous ion channel that facilitated the transport of target ion through
fixed site jumping mechanism. For supported liquid membrane (SLM), the application of support membrane
with a higher porosity and the use of diluent improved the Co?* transport rate by 1.6 fold compared to
supporting membrane with a lower porosity and in the absence of diluent. lon fractionation was achieved
by applying the Mn2* selective PIM and Co?* selective SLM simultaneously. By optimizing the feed solution
pH, complete removal of metal ion from the feed stream can be achieved. However, it was observed that
there is a trade-off between extraction efficiency and product purity. Overall, the findings in this study
highlight the significance of casting substrate selection and operating conditions in optimizing ion transport
rate and selectivity. This approach exhibits substantial potential for enhancing ion recovery efficiency and
producing high-purity output streams, thereby contributing to the advancement of closed-loop systems for
the sustainable utilization of critical metals.

Keywords: Wastewater Treatment, Polymer Inclusion Membrane, Supported Liquid Membrane,
Transition Metal, lon Fractionation
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ABSTRACT

Precise control over the molecular weight distribution of low-molecular-weight (LMW) dextran is a critical
requirement to ensure its safety and therapeutic efficacy in pharmaceutical applications, making their
selective separation particularly significant. However, commercial polysulfone (PSf) membranes exhibit
insufficient retention precision for LMW dextran. In this study, a novel modified ultrafiltration (UF) membrane
was prepared by photo-induced surface controlled/living graft polymerization of the bifunctional monomer
divinylbenzene (DVB) onto the surface of commercial PSf membranes. Benzophenone (BP), employed as
a photoinitiator, generates benzophenone ketyl radicals upon excitation via hydrogen abstraction, which
reversibly couple with radicals present on the surface of the PSf membrane to form dormant species. Upon
subsequent UV irradiation, these dormant species undergo bond cleavage to regenerate active chain
radicals capable of initiating further chain propagation polymerization of DVB monomers. The termination
of the chain growth reaction of DVB occurs through the collision of free radicals with either the surface of
the PSf membrane or the adjacent polymer chains. The cross-linked three-dimensional network structure
serves as a dense selective separation layer, enabling the DVB-g-PSf membrane to efficiently separate
dextran with molecular weights of 2 kDa and 20 kDa. The optimized grafted membrane prepared with
grafting concentrations of 2 wt% DVB and 1 wt% BP achieved a rejection rate exceeding 85% for 20 kDa
dextran while maintaining a rejection rate below 1% for 2 kDa dextran, with a water permeability of 5.39
L-m-2-h-1-bar-1. Moreover, for the mixed solution of 2k Da and 20k Da dextran , the separation coefficient
of this membrane can reach 10.69, confirming the feasibility and significant potential of the DVB-g-PSf
membrane for selective retention of LMW dextran. This study provides an important reference for innovative
approaches in the separation and purification of LMW dextran using UF membranes.

Keywords: Ultrafiltration Membrane; Living/Controlled Polymerization; Divinylbenzene (DVB); Low
Molecular-Weight Dextran Separation
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ABSTRACT

Membrane technologies are essential in biopharmaceutical production, particularly for the separation
and purification of functional proteins. Hollow fiber membranes are widely used in such processes due to
their high surface-area-to-volume ratio, mechanical self-support, and excellent scalability. However, fouling
during protein filtration remains a significant challenge, reducing filtration efficiency and increasing
operational costs. Surface modification of porous hollow fiber membranes with hydrogel layers has
emerged as an effective strategy to reduce fouling and improve membrane performance. Achieving highly
functional modification with irradiation-initiated polymerization, however, is challenging due to the unique
geometry of hollow fiber membranes, which complicates the uniform distribution of the hydrogel layer on
the surface in the entire pore space. This study investigates the modification of polyethersulfone hollow
fiber membranes through electron beam (eBeam) initiated polymerization of hydrophilic monomers. Both
ultrafiltration and microfiltration hollow fiber membranes were exposed to varying eBeam doses. Additionally,
the ratio between functional and cross-linker monomers was varied to assess their impact on surface
modification and fouling resistance. Key membrane properties, such as degree of grafting (DoG),
permeance, zeta potential, nonspecific protein adsorption, and non-ionic surfactant adsorption were
assessed before and after modification. Energy-dispersive X-ray spectroscopy (EDX) was used to analyze
the distribution and uniformity of the hydrogel layer across the membrane cross-section. The results
demonstrate that eBeam irradiation is a superior technique to functionalize the membrane surface,
significantly reducing fouling by proteins and non-ionic surfactants without compromising performance too
much. The geometry of the hollow fiber membranes and the location of the retentive layer were found to
influence modification efficiency, with distinct irradiation parameters required for ultrafiltration in comparison
to microfiltration membranes. This study highlights the potential of eBeam initiated hydrogel modification
as a powerful strategy to enhance the performance and longevity of hollow fiber membranes for the
biopharmaceutical filtration processes.

Keywords: Membrane Modification, Low Fouling, Biopharmaceutical Industry
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ABSTRACT

Natural Gas Sweetening commonly uses membrane separation and chemical solvent absorption, but
membranes can cause hydrocarbon losses, and solvent solutions are costly and large. A new hybrid
process, the membrane contactor (MBC), uses 25% less energy, has a smaller size, and low hydrocarbon
losses. This paper presents the development of a scaled-up MBC demo plant in Malaysia, demonstrating
its capability to remove high concentrations of acid gases (CO2 = 23 mol%) and long-term stability versus
conventional technologies.In the fully integrated MBC Acid Gas Removal unit, an MBC replaces the typical
amine contactor tower where CO2-rich natural gas is fed to the tube side of the MBC, while lean amine is
fed to the shell side in a counter-current configuration. Treated gas flows into a knockout drum before being
sent to the sales gas header. The rich amine solvent is sent to the HP Flash Drum to degas light
hydrocarbons, then to the LP Flash Drum to degas acid gas. The regenerated amine is recycled to the MBC
for continuous sweetening. Plant data is analyzed against conventional AGR systems. The encouraging
results from the MBC demo plant clocking continously thousand of hours in operation has demonstrated its
reliability, flexibility, and effectiveness in natural gas sweetening, achieving required CO2 and H2S purity
levels. MBC requires 25% less energy and occupies half the footprint compared to conventional Acid Gas
Removal systems, leading to a significant reduction in carbon emissions. Additionally, MBC technology
reduces hydrocarbon losses and offers 20-30% reduction in capital expenditures, making it cost-effective
for onshore and offshore applications. This innovative method not only enhances gas sweetening efficiency
but also has the potential for broader applications such as flue gas carbon capture for CCUS, thus
contributing to advancements in the petroleum industry's knowledge base.

Keywords: Natural Gas sweetening, Acid gas Remova, Membrane Contactor, Energy Efficient, Carbon
Capture
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ABSTRACT

Tackling the escalating threat of climate change demands innovative solutions, and CO: capture
technologies are at the forefront. With their precision and adaptability, membrane-based systems redefine
how we approach emissions reduction. Particularly, the fusion of polymers with inorganic fillers in mixed
matrix membranes unlocks unparalleled potential for selective and efficient CO2 separation, paving the way
for cleaner industries and a sustainable future. This study explores the potential of amine-functionalized
UiO-66-NH2 MOFs combined with magnetic MnFe20s nanoparticles (MNPs) within a Pebax-based
membrane system. The synergistic effects of these components significantly improve gas transport
properties, focusing on enhanced CO:2 separation and incorporating MNPs at 5, 10, 15, and 20 wt.% within
the polymer matrix resulted in a remarkable improvement in permeability and selectivity. For example, CO2
permeability increased from 71 Barrer in the pristine Pebax membrane to 245 Barrer in the membrane
containing 20 wt.% of MNPs. Concurrently, CO2/N2 selectivity increased from 43.6 to 73.26, and CO2/CH4
selectivity increased from 18.2 to 21.0. Observed enhancements were achieved through the controlled
alignment of nanoparticles under an external magnetic field, which mitigated aggregation and
sedimentation issues and optimized their dispersion within the matrix. Including MnFe204 as the magnetic
component also provided additional advantages, such as forming ordered nanoparticle arrays that
enhanced gas diffusion pathways. This approach resulted in membranes that surpassed the Robeson
upper bound for CO2/CH4, CO2/N2, and O2/N2 separations and demonstrated exceptional stability and
performance in gas separation applications. Our results underline the potential of MMMs incorporating UiO-
66-NH2 and MnFe204 as a scalable and efficient solution for industrial CO2 capture and other gas separation
processes, offering a blend of superior selectivity, permeability, and robustness and providing valuable
insights for future research and industrial applications.

Keywords: Post-Combustion CO, Capture, Mixed Matrix Membranes, Metal-Organic Framework
Nanoparticles, Gas Separation Efficiency
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ABSTRACT

As a clean and renewable energy carrier, hydrogen can play a lead role for a more sustainable future, but
storage and transportation remain challenging. Liquid aqueous chemical storage is a promising approach
but lacks efficient on-demand hydrogen gas release methods. In this project, we investigate a novel
approach, which utilises a catalytic membrane contactor for the H2 gas release from aqueous ammonia
borane or formic acid. Based on a method established in an earlier study [1], we fabricated catalytically
active porous polymer-based multi-composite membranes by film casting cum non-solvent induced phase
separation of the matrix polymer polyethersulfone, incorporating Ni or Pd nanoparticles as catalyst and
carbon particles or a cationic ionomer as additives to alter the pore properties. We explored different
strategies for incorporating catalysts, including mixing commercially available catalyst particles or in situ
nanoparticle synthesis within the casting solution. By this approach, we obtained several membranes with
varied properties, such as cross-section morphology, pore size, hydrophobicity, and associated catalytic
activity. These membranes were then further investigated in batch experiments to benchmark catalytic
activity [2] as well as in a cross-flow and a flow-through setup with aqueous ammonia borane as feed,
allowing correlations of process performance with membrane properties and process parameter and thus
evaluating the overall potential of the approach. Beyond ammonia borane, we also apply this membrane
concept to hydrogen gas release from formic acid, representing a crucial step toward a more economic and
fully recyclable hydrogen storage system. Additionally, the gained insights should facilitate a tailored
fabrication of porous catalytically active capillary membranes as an option for a more flexible process design
and potentially process intensification.

Keywords: Membrane Contactor, Catalyst, Hydrogen Storage
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ABSTRACT

Recently, porous graphene has garnered attention for its potential applications in ultimate permeation, gas
separation, and seawater desalination. The primary technical requirement for the active use of porous
graphene lies in reliable synthesis, as tailoring pores in the graphene lattice demands intricate engineering.
In fact, several studies have demonstrated the feasibility of porous graphene synthesis by top-down
methods, such as plasma treatment, though the sporadic and uneven formation of pores fails to ensure
reproducibility and practicality. On the other hand, bottom-up synthesis offers the advantage of ensuring
uniform pore structures. However, the complexity of catalyst design remains a critical bottleneck to the
progress of bottom-up methods. In this talk, we propose catalyst engineering for bottom-up multilayer
porous graphene synthesis via catalytic chemical vapor deposition (CVD). We prepare a single-crystalline
cobalt thin film paired with various inactive catalyst materials, such as metals and non-metals, and facilitate
the formation of a platform for porous graphene synthesis through facile reductive dewetting. The cobalt-
based composite catalyst successfully achieves the bottom-up synthesis of multilayer porous graphene, a
feat rarely demonstrated, and demonstrates control over pore sizes ranging from 10 nm to several hundred
nanometers.

Keywords: Porous Graphene, Chemical Vapor Deposition, Bottom-Up Synthesis, Catalyst Engineering,
Reductive Dewetting
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A Facile Strategy to Improve Membrane CO2 Separation Performances: Non-solvent Induced
Microstructure Re-arrangement

Zhongde Dai
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ABSTRACT

Membrane materials with high CO2 separation performances are urgently needed to improve the
competitiveness of membrane-based CO2 capture. PebaxTM has been intensively studied for CO2
separation . However, the inherently low CO2 separation performance of PebaxTM materials hindered its
wide industrial application. Non-solvent induced micro-structure rearrangement method has been proven
to be effective in promoting the gas separation performances without changing the chemical coposition of
the polymeric membranes. The membrane was firstly fabricated via conventional solvent evaporation
process. Followed by a micro-structure rearangment by combination of good solvents and non-solvents of
the polymers under various conditions (e.g., composition, temperature, duration time). Here, a facile non-
solvent induced micro-structure rearrangement method was developed to enhance the CO2 separation
performance of PebaxTM 2533 membranes. DI water and 3 amino acid salt aqueous solutions were
employed as non-solvents. After soaking in the non-solvents for 24 hours, the CO2 permeability of the
PebaxTM 2533 membrane reached 1179.5 Barrer, an increment of nearly 4.5 times, compared with the
pristine membrane, while the CO2/N2 selectivity of the PebaxTM membrane remained unchanged.
Furthermore, the improved performance was maintained over 230-day testing, demonstrating the long-term
stability of the rearranged microstructure in the PebaxTM 2533 membrane, outperforming most state-of-art
block polymeric membranes. This rearrangement strategy represents a facile and green approach to CO2
separation performance improvement of block polymeric membranes.
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ABSTRACT

Rare earth element (REE) industrial wastewater is characterized by high concentrations of ammonium
nitrogen and low-strength organic compounds, posing challenges for membrane-based treatment. Reverse
osmosis (RO) is an effective method for REE wastewater treatment; however, its performance is
significantly hindered by membrane fouling. In this study, the fouling mechanisms during RO treatment of
REE wastewater were investigated using a multiscale approach. Bench-scale fouling tests were conducted
with synthetic wastewater containing high NH,*—N and varying concentrations of 2-ethylhexyl phosphonic
acid mono-(2-ethylhexyl) ester (P507), a widely used extractant in REE separation. A commercial RO
membrane was used to evaluate fouling behaviour under different P507 loadings. A critical P507
concentration of 0.25 mgL™" was identified, at which the fouling pattern shifted markedly. Below this
threshold, water flux increased and membrane surfaces became more hydrophilic. Above this
concentration, severe fouling was observed, accompanied by increased surface hydrophobicity. Multiscale
simulations—including molecular dynamics (MD) and dissipative particle dynamics (DPD)—revealed that
the structure and composition of the fouling layer varied with P507 concentration. At low levels, P507
molecules aligned with their hydrophilic groups facing water, enhancing membrane wettability. In contrast,
higher concentrations led to the formation of hydrophobic surface layers and the penetration of P507 into
the polyamide matrix, blocking internal water transport pathways. These results suggest that the decline in
membrane performance above the critical P507 concentration is due to both surface fouling and internal
obstruction. This study provides valuable insights into the molecular-level interactions driving RO
membrane fouling in REE wastewater treatment and offers guidance for developing fouling mitigation
strategies and next-generation antifouling membrane materials.

Keywords: Membrane Fouling, Polyamide Membrane, Dissipative Particle Dynamics, Molecular
Dynamics, Rare Earth Wastewater
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ABSTRACT

Nanofiltration (NF) membranes with high ion rejection play a crucial role in industrial water treatment
processes. To access the ion rejection properties, various models have been proposed, such as DSPM-DE
(Donnan Steric Pore Model-Dielectric Exclusion) and SEDE(Steric Electric Dielectric Exclusion) model, with
newer models incorporating the dielectric constant of the solvent. In general, the dielectric constant of the
solvent in the polymer is different from that of the pure solvent, and changing the dielectric constant can
drastically change the rejection characteristics. The reduction of the dielectric constant decreases an
energy barrier for the solvation of ions, which affects their rejection properties [1-2]. However, the
experimental estimation of the dielectric constant of the solvent in the NF membranes is still difficult. In this
study, we applied molecular dynamics (MD) to estimate the dielectric constant of water in polyamide-type
NF membranes. We investigated some polyamide models composed of diethylenetriamine (DETA) and
trimethyl chloride (TMC) for MD calculations. Polyamide models with 8 A pore size were prepared and
Grand Canonical Monte Carlo (GCMC) simulations were performed to solvate the membrane pore by water
molecules. Then, the dielectric constant of water inside the pores was calculated by MD simulations. The
dielectric constant of water in the pore was estimated to be approximately 72.4% lower than that of bulk
water. This reduction can be attributed to the relaxation time of molecular conformation in the pore. The
restricted rotation of water molecules due to interactions between water molecules and the pore wall, where
water molecules align along its surface, determines the dielectric constant. Furthermore, the dielectric
constant of water inside the pore showed anisotropic properties. These findings contribute to the prediction
of ion rejection properties of NF membranes.

Keywords: Molecular Dynamics; Nanofiltration Membrane; Dielectric Constant; Polyamide
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ABSTRACT

Recovery of gold ions from electronic wastewater is critical for resource conservation and environmental
sustainability!. Supported liquid membranes offer a promising separation approach, but their performance
is often hampered by weak ion-specific interactions. The incorporation of metal organic frameworks (MOFs)
can enhance separation performance. UiO-66 is an acid-stability MOF with strong electrostatic interactions,
making it suitable for metal ion separations. In this study, UiO-66 was functionalized with a quaternary
ammonium silane agent to introduce ionic functionality, forming positive-charged UiO-66-DMOAP. This
post-modification enhanced the membrane's Coulombic interaction with gold chloride complexes ([AuCl,]?),
improving initial flux and extraction selectivity. Supported liquid membrane incorporating UiO-66-DMOAP
was prepared and compared with supported ionic liquid membrane and supported liquid membranes with
pristine UiO-66. The membrane based on UiO-66-DMOAP exhibited excellent gold ion extraction
performance due to the enhanced interactions.

Keywords: Positive-Charged UiO-66-DMOAP, Coulombic Interaction, Supported Liquid Membrane, Gold
Recovery, E-water
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ABSTRACT

The elimination of hazardous contaminants from wastewater is a significant global concern, addressed
through various techniques. Photocatalysis, an emerging and environmentally friendly wastewater
treatment technique utilizing semiconductor materials, exhibits low efficiency, which can be enhanced
through various strategies. Piezoelectric catalysis is a possible approach for enhancing the efficiency of
pollutant photodegradation. BaTiOs (BTO) is a material having piezoelectric characteristics that serves as
an effective photocatalyst for the removal of hazardous organic contaminants from wastewater, with its
efficacy augmented by external stress that induces spontaneous polarization. This study reports an
enhanced piezo-photocatalytic degradation rate for tetragonal BaTiO3 nanoparticles exhibiting piezoelectric
properties, synthesized through the hydrothermal technique. This research employed ultrasonic waves to
evaluate the piezoelectric characteristics of BaTiOs (BTO) within a slurry photoreactor and a stationary flat-
sheet PVDF membrane, aiming to assess the piezo-photocatalytic degradation efficiency of methyl orange
(MO). The photoactivity of the material was assessed by analyzing the photodegradation efficiency of MO
under visible light (300 W, A = 480 nm) irradiation. The optimal degradation performance of BTO in slurry
and membrane, with or without ultrasonic stress induction, was evaluated through the measurement of MO
absorbance using a UV-Vis spectrophotometer. After 120 minutes of exposure to visible light, the rates at
which MO degraded were 62.7% in slurry mode without external stimulation and 89.5% with sonication. For
the flat-sheet membrane BTO, the photodegradation rates were 49.2% without stress induction and 77%
with sonication. The 89.5% degradation rate of BTO in slurry mode is attributed to the combined influence
of extensive surface area exposed to light and the polarization effects arising from the material’s
piezoelectric properties. This study offers insights into the foundational aspects of piezoelectric materials
and their efficient utilization of photocatalytic and piezoelectric effects to advance the field of piezoelectric-
assisted photocatalysis.

Keywords: Piezo-Photocatalytic Degradation; Flat-Sheet PVDF Membrane; Sonication; Visible Light;
Methyl Orange
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ABSTRACT

The rational design of precursor structure serves as a critical determinant for the pore structure and gas
separation performance of carbon molecular sieve (CMS) membranes. polyimides (Pls) hold the intrinsic
advantages of designable structure, superior gas separation performances, as well as good thermal and
mechanical strength, serves as excellent precursors for making CMS membranes. The preparation of
hybrid CMS membranes by incorporating crosslinking agents, nanofillers with specific pore structures, or
metallic nanoparticles into Pl matrices can effectively modulate their pore microstructure and enhance gas
separation performance [1, 2]. The precursor membranes were prepared by the solution casting method.
Hybrid precursor membranes were fabricated by incorporating additives into a Pl matrix, followed by high-
temperature carbonization to prepare hybrid CMS membranes. The structural characteristics and
separation performance of CMS membranes were optimized by adjusting the additive content and
carbonization temperature. To enhance the gas separation performance of membranes, we fabricated
hybrid precursor membranes by incorporating either crosslinking agents or nanofillers with tailored pore
structures into Pl matrices. On the one hand, the crosslinking groups reinforced interfacial interactions,
thereby improving structural stability and mitigating micropore collapse during carbonization, which effectly
enhanced gas permeability and stability. On the other hand, nanofillers with well-defined pore structures
provide additional molecular transport pathways, thereby synergistically improving gas separation
performance. Under optimized conditions, the hybrid CMS membrane demonstrated significantly
enhanced CO:2 permeability (Pco2: 257.2 — 1665.9 Barrer) compared to the pristine Pl precursor
membrane, while exhibiting a 247% enhancement in CO2/CHa4 selectivity, surpassing the latest Robeson
upper bound.

Keywords: Gas Separation, Carbon Molecular Sieve Membrane, Polyimides; Hybrid
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ABSTRACT

Carbon dioxide capture, utilization, and storage (CCUS) has recently gained significant attention as a key
strategy for reducing CO2 emissions. However, reducing the energy consumption involved in CO2 capture
remains a critical challenge. This study focuses on membrane separation technology, which offers the
potential for both energy and space efficiency. Among various membrane materials, amine-containing
polymeric membranes have shown excellent CO2 permeance and selectivity under high relative humidity
in a previous study"). However, for practical application, it is essential to develop polymer matrices that
maintain high performance even under low-to-medium relative humidity conditions. This study aims to
provide fundamental insights into the screening of optimal amine-containing polymeric membranes for CO2
separation, with a focus on understanding how the swelling behavior of these materials under different
water contents impacts their performance. To achieve this, the swelling behavior of amine-containing
polymeric matrices was evaluated under a variety of water contents using molecular dynamics simulations.
Specifically, simulation cells consisting of amines, oligomer chains, and water molecules were constructed
to evaluate the effect of water content on the aggregation/dispersion state of the polymer matrix. The results
revealed that when polyvinyl alcohol (PVA) is used as the matrix, the side chains of PVA tended to self-
aggregate, independent of the water content. This finding suggests that the performance degradation of
amine-containing PVA membranes under low relative humidity conditions is attributed to the aggregation of
the PVA side chains. This aggregation likely obstructs COz2 transport, reducing the CO2 permselectivity of
the membrane. This highlights the importance of controlling the swelling behavior of polymeric membranes
to optimize their CO2 separation efficiency under varying humidity conditions. In the presentation, we aim
to discuss the relationship between water content and swelling behavior of several types of polymeric
matrices other than PVA.

Keywords: CCUS, CO, Permeance, Molecular Dynamics, Polyvinyl Alcohol, Self-Association
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ABSTRACT

Polyvinylidene fluoride (PVDF) is widely utilized as a membrane substrate in filtration processes due to its
favorable mechanical and chemical properties. However, its performance is often severely compromised
by fouling, a phenomenon where suspended solids from feed water accumulate on the membrane surface,
reducing filtration efficiency and increasing operational costs. To address this challenge, this study explores
the development of antifouling membranes by blending PVDF with various antifouling materials via the
nonsolvent induced phase separation (NIPS) method". Specifically, nonionic materials (e.g. poly(2-
methoxtethyl acrylate)) and zwitterionic materials (e.g. carboxybetaine polymer) were adopted as
antifouling materials, and their compatibility with PVDF was systematically assessed using molecular
dynamics simulations. The compatibility between the antifouling materials and PVDF was quantitatively
evaluated using the second virial coefficient (B2)?, an indicator that reflects the miscibility and phase
separation tendency of the blended components. A larger B: value indicates better dispersion and higher
compatibility, while a smaller B2 suggests phase separation and poor blending. Notably, the results revealed
that zwitterionic materials demonstrated significantly lower compatibility with PVDF compared to nonionic
materials, consistent with previous experimental studies. These molecular-level insights into the
interactions between PVDF and antifouling materials offer valuable guidance for designing more effective
fouling-resistant membranes by NIPS process. By understanding the factors influencing material
compatibility, this study paves the way for the selection of optimal antifouling materials, which could lead to
the development of more efficient, cost-effective filtration technologies for a variety of industrial applications.

Keywords: Antifouling Property, Betaine, Molecular Dynamics, PMEA, Zwitterionic Polymer
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ABSTRACT

Palm Qil Mill Effluent (POME), a nutrient-rich byproduct of agro-industrial processing, contains high levels
of phosphorus (P), potassium (K), magnesium (Mg), calcium (Ca), and total nitrogen (TN), alongside
complex organic contaminants. This study presents the development of a visible-light-responsive
photocatalytic membrane designed for simultaneous nutrient recovery and organic load reduction from
POME. The membrane was fabricated by depositing bismuth vanadate (BiVO,) onto a cotton mesh
substrate, embedded in a polyvinyl alcohol (PVA) matrix and crosslinked using citric acid. The BiVO,
component enables photocatalytic activity under white LED illumination, allowing in situ mitigation of
organic fouling while maintaining ion transport performance. A full 24 factorial experimental design was
applied to assess the influence of membrane composition (with/without BiVO,), feed type (raw vs
anaerobically digested POME), operating temperature (room temperature vs 37 °C), and visible light
irradiation (on/off) on system performance. Nutrientions (P, K, Mg, Ca, TN) in the permeate were quantified
using ion chromatography (IC) and inductively coupled plasma optical emission spectrophotometry (ICP-
OES). Total organic carbon (TOC) was measured to evaluate organic compound permeation. The
BiVO,/PVA membrane demonstrated enhanced selectivity for nutrient ions under light-assisted operation
and achieved significant TOC reduction relative to control membranes. Visible light irradiation also improved
antifouling characteristics and supported stable flux over extended operation. This study supports the
integration of solar-compatible photocatalytic membranes for sustainable wastewater valorization. The
recovered ion-rich stream offers potential reuse as a nutrient source in fertilizer or irrigation systems,
promoting circular resource recovery.

Keywords: BiVO,, Nutrient Recovery, Photocatalytic Membrane, POME, Visible Light
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ABSTRACT

The valorisation of poultry waste into functional carbonaceous materials represents a sustainable strategy
to address both waste management and environmental challenges associated with greenhouse gas
emissions. Chicken feathers a keratin-rich biowaste were utilized as a precursor for the synthesis of high-
performance carbon material through urea-assisted pyrolysis in double crucible method. Urea generating
a semi-inert atmosphere to facilitate controlled thermal decomposition. Carbonization was carried out at
three fixed temperatures (650°C, 750°C, and 850°C) to investigate the effect of urea on the
physicochemical properties like the BET surface area and CO2 adsorption capacity of the resulting carbon
materials. The synthesized carbon material was characterized using CHNS elemental analysis to quantify
the carbon content and present of the nitrogen source after the usage of urea in the sample and scanning
electron microscopy (SEM) to elucidate morphological transformations and pore development. The results
indicated that nitrogen doping via urea significantly influenced the surface structure and porosity, with
optimal features observed at higher pyrolysis temperatures. CO, adsorption capacity of the carbon material
reached significant values 2.8 mmol/g at 1 bar 273 K, thus, improved membrane compatibility when
applied as fillers in asymmetric mixed matrix membranes (MMMSs) for biogas upgrading. The study not only
contributes to sustainable waste valorisation but also presents a promising route for developing advanced
CO,-selective membrane fillers, aligning with the goals of clean energy production and circular economy in
the Malaysian context.

Keywords: Chicken feathers, urea-assisted pyrolysis, carbon capture, biogas upgrading, mixed matrix
membranes.
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ABSTRACT

To address the trade-off effect between monovalent salt ion transport efficiency and selectivity in
nanofiltration (NF) membranes, this study proposes a novel strategy based on the precise construction of
magnetically aligned carbon nanotube (CNT) array channels. By combining magnetic alignment with
interfacial polymerization, highly ordered CNT arrays were achieved within the selective layer of NF
membranes. A polyamide (PA) NF membrane with aligned nanochannels was fabricated via vacuum-
assisted interfacial polymerization using magnetic field-aligned multi-walled carbon nanotubes (MWCNTSs).
The results show that the amino-modified MWCNTs/PA composite NF membrane exhibits enhanced
hydrophilicity, demonstrating a rejection rate of 93% and a water flux of 25.3 L-m™-h™"-bar™" for 0.5 g/L
MgCl, solution. However, the membrane’s zeta potential remained unchanged, indicating that the
PA/MWCNTs composite NF membrane surface retained a positive charge. To further improve permeation
flux, MWCNTs-NH, were magnetically aligned and incorporated into the PA membrane to prepare an A-
MCNTs-NH,/PA membrane. The effect of different A-MCNTs-NH, loadings on membrane performance was
investigated. At an optimal loading of 5 wt%, the A-M5CNTs-NH,/PA membrane exhibited the best
separation performance, achieving 93% rejection and a flux of 31.7 L-m™-h™"-bar™ for 0.5 g/L MgCl.,.
Compared to the unmodified PA membrane, the A-M5CNTs-NH,/PA membrane nearly doubled the
permeation flux while maintaining high rejection. This study provides a new approach for fabricating high-
performance composite NF membranes with precisely aligned nanochannels.

Keywords: Nanochannels; lon, lonic Sieving, Nanofiltration Membrane, Interfacial Polymerization
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ABSTRACT

The use of membranes for separation and purification applications is growing significantly. Poly(lactic acid)
(PLA), a bio-source and biodegradable in compost, but not biodegradable in water, is expected as a
potential membrane material for water treatment [1], but, the important relation between molecular structure
(branch structure, molecular weight, and so on.) and phase separation structure (i.e., pore structure) has
not been investigated. In this study, we synthesized PLAs (via ring opening polymerization) with different
number of branches and molecular weight, and prepared ultrafiltration membrane with these PLAs by
nonsolvent induced phase separation (NIPS) method. We investigated effect of molecular structure of PLA
on porous structure and degradation behavior under the accelerated condition. We synthesized liner and
star branched PLAs (branch number 4 or 8) with weight average molecular weight (Mw) approximately
95,000 and narrow dispersity (Mw/Mn < 1.2) by using organic catalyst. PLA membranes with different
branch number were prepared by NIPS method. Molecular weight cutoff (MWCO) of these membranes
evaluated by poly(ethylene glycol) increased with increasing branch number (liner: MWCO 15,000, 4
branches: 17,000, 8 branches: 52,000). The factor of this MWCO increasing is considered that increasing
of branch number causes increasing of PLA molecule’s mobility, and enhances phase separation (i.e.,
expansion of pore diameter). These membranes were soaked in pH9, 65°C buffer solution for accelerated
hydrolysis test. After soak for 88 h, the order of molecular weight reduction rate was follows: 4
branches(37%) > 8 branches(24%) > liner(10%). It is considered that branch structure enhances hydrolysis
at early stage, but so many branches increase PLA density around branch point, and this prevent from
water penetration and hydrolysis.

Keywords: PLA Membrane, PLA Molecular Structure, Porous Structure, Phase Separation, PLA
Degradation
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ABSTRACT

This study investigates the potential of incorporating nanocellulose derived from goosegrass into Pebax®
(polyether block amide) membranes to enhance their performance in CO2 gas separation. Nanocellulose
was extracted from goosegrass through sulfuric acid hydrolysis, a cost-effective and sustainable approach.
To improve its compatibility with the Pebax matrix and increase its affinity for CO2, the extracted
nanocellulose was subsequently modified via esterification. Hybrid membranes were then fabricated by
blending varying loadings of this modified nanocellulose with Pebax. The resulting membranes were
characterized in terms of their morphology, thermal stability, mechanical properties, and CO2 permeability
and selectivity. Scanning electron microscopy (SEM) was employed to examine the dispersion of
nanocellulose within the polymer matrix. Differential scanning calorimetry (DSC) and thermogravimetric
analysis (TGA) were used to assess the thermal behavior of the hybrid membranes. Tensile tests were
conducted to evaluate their mechanical strength and flexibility. The gas separation performance was
evaluated using a gas permeation system with a single feed gas for CO2 and N2. The influence of
nanocellulose loading on both CO2 permeability and CO2/N2 selectivity was systematically analyzed. The
results demonstrate that the incorporation of modified nanocellulose significantly improved the CO2
separation performance of the Pebax membrane, likely due to enhanced CO2 solubility facilitated by the
modified nanocellulose and altered membrane microstructure. This research highlights the promising
application of sustainably sourced and modified nanocellulose as a filler material for developing high-
performance CO2 separation membranes.

Keywords: CO2 Separation, PEBAX, Nanocellulose, Goosegrass, Hybrid Membrane
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ABSTRACT

A symmetric, rough-surfaced membrane supports consistent vapor transport and enhanced surface
interactions, resulting in higher flux, better wetting resistance, and lower temperature polarization (TP), all
of which are crucial for long-term MD efficiency. Therefore in this study, morphology of polysulfone (PSf)
support membrane was tailored was tailored through variation of air gap distances during phase inversion
and surface etching treatments to produce a membrane with balanced structural symmetry and enhanced
surface roughness. The PSf support membrane was spun with different air gap lengths (40 cm, 50 cm, and
60 cm), followed by an etching process using 20 wt.% N, N-dimethylacetamide (DMAC) with varied etching
duration from 30, 60, 90, 120, 150, 180, and 210 seconds. The support membrane was further
characterized both morphologically and physically prior to performance evaluation. The findings revealed
that the PSf support membrane was best fabricated at an optimal air gap length of 60 cm, which produced
a symmetrical structure featuring finger-like voids with an average length of 139 ym. Additionally, the
optimal etching condition was achieved by treating the membrane with 20 wt.% DMAc for 180 seconds.
Under these conditions, the hydrophobicity of the PSf membrane was enhanced, resulting in a water contact
angle of 96.82° and a surface roughness (Ra) of 41.37 nm. The formation of a symmetrical structure and
rougher surface is expected to improve clogging resistance by promoting a more uniform dispersion of
incoming materials across the membrane. Overall, the tailored morphology and surface properties of the
PSf support membrane are anticipated to enhance membrane distillation performance by improving vapor
transport, reducing wetting risks, and minimizing TP effects.

Keywords: Symmetric Membrane, Finger-Like, Roughness, Air Gap, Etching, Membrane Distillation
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ABSTRACT

Water scarcity is an important issue worldwide, especially in arid regions. The situation is getting worse in
the next decades. The lack of water has severe impacts on food production, industrial productivity and
domestic needs. To deal with water scarcity, many efforts have been made to safely discharge and reuse
the reclaimed wastewater. In this study, inner-selective hollow fiber nanofiltration membranes have been
developed for effective removal of pollutants, such as heavy metal and dyes from wastewater. While using
chemically stable materials polyethersulfone (PES) and sulfonated polysulfone (SPSf) to form the
membrane substrate, two different techniques, including interfacial polymerization and functioning bore fluid
have been investigated to reduce the membrane pore size to nanofiltration level. Possible methods in
simplifying fabricating procedures of hollow fiber membranes have been learnt as well. By optimizing hollow
fiber spinning conditions and modification parameters thereafter, membranes with good rejection to heavy
metal ions or dye solutes could be achieved. The study may provide useful insights in designing hollow
fiber nanofiltration membranes that are suitable for large-scale production.

Keywords: Hollow Fiber Membranes, Nanofiltration, Water Treatment,
Interfacial Polymerization, Functioning Bore Fluid
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ABSTRACT

Developing advanced membranes for efficient wastewater treatment is crucial to addressing global water
scarcity and pollution challenges. This study presents the fabrication and characterization of a dual-layer
hollow fiber membrane (DL HFM) with an inner layer of yttria-stabilized zirconia (YSZ) and an outer layer
of yttria-stabilized zirconia/nickel oxide (YSZ/NiO) composite. The inner YSZ layer provides exceptional
mechanical strength and chemical stability, while the outer YSZ/NiO composite layer offers enhanced
photocatalytic activity for pollutant degradation. The membrane was fabricated using a phase inversion and
sintering technique, with optimized composition and sintering temperature to ensure a defect-free interface
and high porosity. Comprehensive characterization using SEM-EDX and XRD analysis confirmed the
uniform distribution of YSZ and NiO phases, along with excellent mechanical properties. The photocatalytic
performance of the membrane was evaluated under UV and visible light for the degradation of persistent
organic pollutants, demonstrating high removal efficiency and reusability. The membrane also exhibited
superior fouling resistance and water flux, making it a promising candidate for industrial wastewater
treatment. This work highlights the potential of dual-layer YSZ/YSZ-NiO hollow fiber membranes as a
sustainable and multifunctional solution for addressing complex wastewater challenges.

Keyword: Photocatalytic Membrane, Ceramic Membrane, Dual-Layer Hollow Fiber Membrane, Water
Treatment, Nickel Oxide
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ABSTRACT

Carbon deposition or coking remains a critical issue affecting the durability and efficiency of solid oxide fuel
cells (SOFC) when operating on hydrocarbon fuels such as methane and syngas. This review summarizes
an experimental investigation on the formation mechanisms of carbon deposition on Ni-based anodes in
different operating conditions. Additionally, various technique including scanning electron microscopy
(SEM), X-ray diffraction (XRD), and thermogravimetric analysis (TGA) were highlighted to monitor and
characterise the initial phase of carbon deposition on the anode utilising methane and syngas fuels. To
determine which conditions were most prone to coking, the effects of several parameters, such as
temperature, steam-to-carbon ratio, and current load, were discuss in details. In addition, several mitigation
strategies were also deliberated, including steam reforming, CO, co-feeding, as well as alternative anode
material whereby it can enhance both cell stability and performance. This review aims to give a practical
insight into operational guidelines and material design for enhancing the carbon tolerance of SOFC systems
in real-world applications.

Keywords: SOFC, Carbon Coking, Hydrocarbons, Carbon Mitigation, Fuel Cell
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ABSTRACT

The growing shortage of farmland caused by climate change and population growth led to efforts to cultivate
crops on wastelands through urban agriculture and film farming. However, these approaches faced
significant challenges, such as limited space and high irrigation costs. On the other hand, marine farming,
which eliminates the need for farmland and directly utilizes seawater, was largely impractical due to salt
stress, which inhibited plant growth and reduced crop yields. Here we developed an ion-selective
membrane-based ion filter inspired by the salt-tolerant roots of mangroves, allowing plants to filter salt
through root pressure. The nanoporous ionized membrane demonstrated excellent biocompatibility and
mechanical durability, effectively filtering sodium ions using a high negative zeta potential based on the
Donnan mechanism. By adjusting the membrane’s surface potential and nanoporosity, we controlled
desalination rates and water supply to make the system suitable for a wide variety of plants. This study
showed that high-surface-potential membrane filters enabled energy-free marine farming, providing a
sustainable and innovative solution to agricultural challenges.

Keywords: Desalination, Marine farm, lon-filter, Membrane, Polyelectrolyte
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ABSTRACT

"Blue" hydrogen is considered a promising short-term solution for achieving Net Zero Emissions due to its
high energy efficiency, economic value, and zero carbon emissions. However, its production via the water-
gas shift reaction (WGSR) generates a high concentration of CO, (~48%) as a by-product, which reduces
the heating value of hydrogen. Therefore, an efficient H,/CO, separation technology is essential for
purifying WGSR products. In this study, mixed matrix membranes (MMMs) were selected due to their good
separation performance, low production and maintenance costs, and ease of fabrication. Modification of
zeolite composite carbon (ZCC) by adding ZnO as filler was expected to enhance the interaction between
the MMM and H,, which potentially increasing H, permeability. This research studied the effects of ZnO
addition to ZCC on the enhancement of gas separation performance in PSf membrane. ZCC/ZnO was
synthesized in-situ using polyvinyl alcohol (PVA) as the carbon precursor, Zeolite 13X as the structural
template, and Zn(NO3), as the metal source, followed by carbonization at 800 °C with a heating rate of 2
°C/min. Membranes containing a low filler content (1.5 wt%) were fabricated by the phase inversion method.
X-ray diffraction (XRD) analysis showed a reduction in zeolite pore structure, indicated by the decrease of
the diffraction peak at 26 ~ 6°, while diffraction peaks characteristic of hexagonal ZnO were observed. SEM
images of ZCC/ZnO revealed slight particle agglomeration, leading to broader particle distribution.
However, SEM images of PSf/ZCC and PSf/ZCC/ZnO membranes showed good filler dispersion, void-free
surfaces, and asymmetric cross-sections. The PSf/ZCC/ZnO membrane exhibited the highest H,/CO,
separation performance, improving H, permeability and ideal H,/CO, selectivity by 18444% and 276%,
respectively, compared to the PSf neat. The performance was positioned close to the Robeson 2008 upper
bound, indicating that the addition of ZCC/ZnO significantly enhanced H2/CO:2 separation performance.

Keywords: H»/CO,, MMM, Polysulfone, ZCC, ZnO
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ABSTRACT

Carbon-based materials have attracted attention as next-generation organic solvent nandofiltration (OSN)
membrane materials due to their excellent resistance to organic solvents, high permeance, and cost-
effectiveness. Among these, one-dimensional carbon nanomaterials such as multi-walled carbon
nanotubes (MWNTs) and graphene nanoribbons (GNRs) stand out for their highly porous bundle structures,
which can greatly enhance membrane permeability and separation performance. In this study, we reported
a one-pot synthesis method for producing a MWNT/graphene oxide nanoribbon (GONR) hybrid material.
By carefully controlling the oxidation and unzipping conditions of MWNTs, we obtained MWNT/GONR
hybrid that disperse readily in a variety of solvents and forms a hydrogel in water at concentrations of 40
mg/mL. This hydrogel exhibits viscoelastic shear-thinning properties, making it suitable for fabricating large-
area MWNT/GONR coatings on polymeric porous supports using scalable slot-die coating techniques. The
resulting MWNT/GONR membrane demonstrates outstanding nanofiltration capabilities in water, achieving
a molecular weight cut-off of 300 Da. Notably, it exhibits superior dye/salt separation with a separation
factor of 1000 and a water flux of 367.8 LMH, significantly exceeding the performance limits of current
diafiltration membranes. Furthermore, we developed a MWNT/GNR(H) membrane that shows excellent
permeability for alcohol-based solvents, attributed to the removal of oxygen-containing functional groups
via an additional reduction (hot-press) process. This hot-pressed membrane also displays remarkable
stability and selectivity, maintaining consistent performance in organic solvent even after 1,315 hours of
continuous cross-flow operation, thanks to the welding effect induced by the reduction process. Finally, the
membrane's capability for mixed molecule separation was confirmed by its outstanding performance in
completely separating binary dye mixtures.

Keywords: Graphene Nanoribbon, Hybrid Hydrogel, Organic Solvent Nancfiltration, Long-Term
Operation, Mixture Fractionation
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ABSTRACT

Switchable superwetting membranes have emerged as a promising solution for the efficient treatment of
oily wastewater, but challenges remain in achieving facile fabrication and high permeance under practical
conditions. Herein, we report a straightforward approach to fabricate symmetric Torlon membranes
featuring macro/nano-structured porous surfaces and highly interconnected bulk. These membranes exhibit
unique superamphiphilic properties in air, underwater superoleophobicity, and underoil
superhydrophobicity, enabled by the synergistic effect of their hierarchical surface structure and molecular
reorganization in liquid environments. Molecular dynamics simulations further reveal the selective
interaction of hydrophilic and hydrophobic polymer segments, which drives the switchable wetting behavior.
The membranes demonstrate ultrahigh permeance and separation efficiency for oil-in-water, water-in-oil,
and crude oil/water emulsions in a gravity-driven process, requiring no external energy. Additionally, the
membranes show excellent antifouling and self-cleaning properties, maintaining stable performance across
multiple cycles. This study not only provides a scalable method for designing superwetting membranes but
also offers insights into creating next-generation materials for efficient and sustainable oil/water emulsion
separation.

Keywords: Hierarchically Porous Structure, Oil/Water Separation, Polyamide-Imide Porous Membrane,
Surface Composition Reorganization, Switchable Superwettability
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ABSTRACT

Membrane chromatography offers a promising platform for efficient protein separation and purification.
Among various strategies, ion-exchange membrane chromatography is recognized as the most mature and
widely applied technique. However, balancing antifouling performance with high ligand density remains a
major challenge in the development of ion-exchange membranes. Herein, we report a prebiotic-chemistry-
inspired aminomalononitrile (AMN) / PEI-mediated copolymerization strategy for fabricate homogeneous,
antifouling anion-exchange membranes with enhanced protein separation. A sponge-like polyvinylidene
fluoride (PVDF) substrate was fabricated via an unconventional nonsolvent thermally induced phase
separation (NTIPS) method. Spontaneous polymerization of AMN endowed the membrane with antifouling
properties, resulting in a static binding capacity (SBC) of ~20 mg/g for bovine serum albumin (BSA),
compared to ~30 mg/g for pristine PVDF substrate. The ligand density was precisely tuned by adjusting the
AMN:PEI ratio from 3:1 to 1:3. At an optimized ratio of 1:2, the membrane achieved a maximum SBC of
105.8 mg/g for BSA, a 10% dynamic binding capacity of 106.13 mg/g, and a recovery rate of 70.9%.
Moreover, the membrane exhibited a high water permeance of 4857 L/m?-h-bar, and low protein rejection
(<4%). Further increasing the PEI ratio to 1:3 led to a decrease in capacity, likely due to ligand
oversaturation. In separation tests using a BSA/lysozyme mixture, the 1:2 membrane achieved a separation
efficiency of 79.7% based on SBC experiments. This work provides a versatile approach for balancing
antifouling performance and ligand density, offering valuable insights into the design of next-generation
chromatographic membranes for bioprocessing.

Keywords: Anion-Exchange Membranes, Membrane Chromatography, Protein Purification, Antifouling
Modification, Ligand Density Optimization
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ABSTRACT

Omniphobic surface has gained popularity in membrane industry. Its presence facilitates the properties of
both polymer and ceramic membrane in capturing CO:2 especially in biogas upgrading industry. The wetting
and fouling problem that has been experienced by these membranes will be countered by incorporating
omniphobic on the membrane surfaces as it exhibits excellent liquid repellency in broad range of surface
tension. One of the strategies to incorporate omniphobic on the membrane surface is by lowering the
surface free energy and liquid contact area on the membrane surface. To achieve this strategy, the liquid
contact angle of the membrane become higher by increasing the roughness on the membrane surface.
This mini review will be highlighting the type of surface roughness and methodology used by researchers
to increase the surface roughness on the membrane. This review will discuss the effect of each roughness
method on wetting and fouling resistance, absorption capacity on CO:2 capture and durability of membrane
during biogas upgrading process. This review hopes to encourage researchers in expanding membrane
technology field as they will encounter new discovery to increase omniphobicity of membrane especially
ways of roughening membrane surface with low cost, simple methodology and environment friendly.

Keywords: Omniphobic, Surface Roughness, Biogas Upgrading, Membrane, CO; capture
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ABSTRACT

MOR-type zeolite membrane has been widely studied for dehydration of acetic acid because of its superior
acid resistance. In this study, we shed light on the separation mechanism for H2O/acetic acid. In particular,
the effect of crystal orientation in MOR-type zeolite membrane on its permeation and separation property
for water/acetic acid mixtures was studied. The crystal orientation of MOR membrane was tuned by the
water content of the synthesis gel for hydrothermal treatment. The orientation gradually changed from c-
orientation to random orientation with increasing water content. The fluxes of water and acetic acid through
MOR membranes were evaluated in unary and binary systems. Though the c-oriented MOR membrane
showed a large water flux in the unary water system, the water flux decreased in the binary mixture,
suggesting that acetic acid in the 12-ring along the c-axis hindered water permeation in binary systems. In
contrast, a randomly oriented MOR membrane maintained a relatively large water flux even in the binary
system because acetic acid was unable to enter the 8-ring along the b-axis. Regardless of their crystal
orientations, both membranes exhibited extremely high separation performances (a > 10000). The
microstructure inside a membrane was evaluated by vapor adsorption tests for MOR powder and
membranes. From the results of the adsorption test, the adsorbed amount of acetic acid on the randomly
oriented membrane was 30 % less than that on MOR powder, suggesting that acetic acid cannot access
the entire of 12-ring in the membrane layer. The region inside the membrane, where acetic acid cannot
enter, contributes to its extremely high separation performance.

Keywords: Zeolite, MOR, Orientation, Microstructure, Acetic Acid

258


mailto:saka.moto@aoni.waseda.jp

AMS15

e

Paper ID: A141

Pressure-Driven Conversion of CO2 in a Zeolite-based Catalyticn Membrane Reactor for
Direct Dimethyl Ether Production

Nurina Adriana Abdul Razak!, Muhammad Hakimi Khairuddin', Nur Hidayati Othman2,Muhammad
Shafiq Mat Shayuti!, Wei Kian Soh?, Farahdila Kadirkhan3, Nur Hashimah Alias'*, Norazah Abd Rahman’,
Nurul Syazana Fuzil', Nur Ain Shazwani Roslee Ab. Jamal', Fauziah Marpani' and Ahmad Fauzi Ismail*

"Department of Oil and Gas Engineering, School of Chemical Engineering, College of
Engineering, Universiti Teknologi MARA, 40450 Shah Alam, Selangor, Malaysia
2Hydrogen Program, R&D Department, Group Research & Technology (GR&T), Project
Delivery & technology (PD&T), PETRONAS Research Sdn Bhd, Block E, Lot 3288 & 3289, off Jalan

Ayer Itam, Kawasan Institusi Bangi, Kajang 43000, Malaysia
3Carbon Capture, Utilization and Storage (CCUS), R&D Department, Group Research &
Technology (GR&T), Project Delivery & technology (PD&T), PETRONAS Research Sdn Bhd, Block
E, Lot 3288 & 3289, off Jalan Ayer Itam, Kawasan Institusi Bangi, Kajang 43000, Malaysia
4Advanced Membrane Technology Research Centre (AMTEC), School of Chemical and Energy
Engineering, Universiti Teknologi Malaysia, 81310 Skudai, Johor, Malaysia

ABSTRACT

The direct conversion of CO2 to dimethyl ether (DME) offers a sustainable pathway for fuel and chemical
production. However, conventional fixed-bed reactors (FBR) often face equilibrium limitations and water
accumulation, which deactivate catalysts and reduce DME vyield. To address these issues, membrane
reactor technology has emerged as a promising solution, enabling in situ water removal and shifting the
reaction equilibrium toward DME formation. Coating membranes onto supports improves structural integrity
and facilitates water removal, enhancing overall performance. This study investigates the influence of
operating pressure on a zeolite-based catalytic membrane reactor for direct CO2-to-DME conversion. A
ZSM-5 membrane was integrated into the reactor to enable in situ water removal and enhance methanol
dehydration. Experiments were conducted at 200 °C, with an H2/CO2 ratio of 3:1 and a GHSV of 507 mL-h-
1-g-1. Reaction pressures were varied from 20 to 40 bar to evaluate their effects on CO2 conversion, DME
selectivity, yield, and methanol formation. In general, increasing pressure enhances CO2 conversion and
DME yield by shifting the equilibrium towards product formation. In this study, CO2 conversion ranged from
37.23 % to 47.29 %, while DME yield increased from 34.93 % to 45.46 %. DME selectivity remained above
95 % across all conditions, with minimal methanol formation, indicating efficient ZSM-5 catalytic membrane
reactor. Compared to a conventional FBR under identical conditions, the catalytic membrane reactor
demonstrated significant improvements, which are about 9.75 % higher CO2 conversion and 9.89 % greater
DME yield. This enhancement is attributed to the membrane’s ability to continuously remove water, thereby
shifting the equilibrium and promoting DME formation. These findings highlight the potential of ZSM-5-
based catalytic membrane reactor for efficient DME production from CO2, demonstrating its ability to
overcome equilibrium and water-related limitations of conventional systems while offering improved
conversion and product selectivity.

Keywords: ZSM-5, Catalytic, CO2 Conversion, Dimethyl Ether, Membrane Reactor
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ABSTRACT

Nanofiltration (NF) offers a scalable and energy-efficient method for lithium extraction from salt lakes.
However, the selective separation of lithium from magnesium, particularly in brines with high magnesium
concentrations, remains a significant challenge due to the close similarity in their hydrated ionic radii. The
limited Li*/Mg?* separation selectivity of current NF membranes is primarily attributed to insufficient control
over pore size and surface charge. In this study, an interlayered thin-film composite membrane
incorporating functionalized sulfonated carrageenan was developed to regulate the interfacial
polymerization process. This integrated interlayer plays a crucial role in controlling the diffusion and spatial
distribution of amine monomers, leading to the formation of dense, nano-striped polyamide networks. These
structural improvements including refined pore size and reduced negative charge significantly enhanced
Li*/Mg?* selectivity (133.5) and increased permeance by 2.5 times compared to pristine membranes.

Keywords: Nanofiltration, Polyamide Membrane, Sulfonated Carrageenan Interlayer, Lithium Extraction
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ABSTRACT

In this study, MOF-303/reduced graphene oxide (MOF-303/rGO) nanofiltration membranes were
successfully prepared using the polyelectrolyte sodium polystyrene sulfonate (PSSNa) as a dispersing
agent. This PSS-assisted strategy promotes a more uniform dispersion of MOF-303 within the rGO
membrane, thereby enhancing its structural stability during membrane separation. The fabricated
membranes demonstrate exceptional performance in the selective separation of rare earth elements
(lanthanum) and radioactive contaminants (Strontium). A detailed investigation of the separation
mechanism revealed that size sieving and electrostatic interactions are the primary factors driving
selectivity. Compared to rGO membranes, the PSS-MOF-303/rGO membrane exhibits approximately four
times higher water permeance while achieving a modest improvement in selectivity. Furthermore, the PSS-
MOF-303/rGO membrane maintains excellent separation performance under varying pressures, different
feed concentrations, diverse La/Sr mass ratios, and long-term stability tests. These findings highlight the
potential of PSS-MOF-303/rGO membranes for the efficient separation of rare earth ions from radioactive
wastewater.

Keywords: Reduced Graphene Oxide, MOF-303, Selective Separation, Lanthanum
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ABSTRACT

Porous organic polymers (POPs) have been considered promising materials for membrane-based gas
separation technology. POPs incorporated with CO2-philic media have been demonstrated to be effective
in improving CO2 permeance and CO2/Nz selectivity. Herein, an ionic liquid (IL)-assisted polymerization
method was developed to in-situ incorporate CO2-philic ILs on POP networks. In this structure, an ionic
liquid with high CO: affinity is stabilized within the pores and interlayers of POP networks based on
experimental and simulated results. Owing to the synergistic effect of the controllable formation of the POP
structure and the incorporation of the CO2-philic IL, sufficient CO2-philic channels were created in the
membranes. After optimization of the membrane synthetic parameters and the IL loading amount, the as-
prepared IL-POP-120 min membrane presented a CO2 permeance of 186 GPU and CO2/N2 selectivity of
39.1 at 120 °C. Furthermore, the prepared IL-POP membranes demonstrated long-term stability with great
resistance to temperature (up to 120 °C) and transmembrane pressure (4 bar), which could realize the CO2
separation directly at high temperatures.

Keywords: Porous Organic Polymer Membranes, lonic Liquids, Polymerization, CO, Separation
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ABSTRACT

In downstream biopharmaceutical purification, traditional resin column chromatography has a production
bottleneck due to its high pressure drop, harsh cleaning and sterilization conditions, and long operation
cycles. These limitations hinder its ability to meet the increasing demand for higher productivity and
throughput driven by advancements in upstream processes. Membrane chromatography (MC),
characterized by rapid and efficient mass transfer, has emerged as a promising alternative, offering
enhanced productivity and throughput with reduced resource consumption and shorter processing times.
Among various membrane modules, flat-sheet membrane modules have been extensively investigated.
Valuable insights into optimizing flow conditions can be derived from these studies, offering important
guidance for the future design of membrane module systems. Therefore, this work systematically analyses
the extensive research on the design and optimization strategies of flat-sheet membrane modules. Key
findings indicate that achieving uniform flux and residence time across the membrane necessitates the
alignment of the hydraulic flow directions on both the feed and permeate sides. Flow resistance changes
on both sides should primarily attributed to uniform distribution of feed flow across the membrane, implying
that the channel resistance should be significantly lower than the membrane resistance. Furthermore,
pressure drop and velocity variations on the two sides should be equal in magnitude but opposite in
direction. A smaller pressure drop gradient along the channel correlates with better flow distribution and
overall performance. Through a critical review of the state-of-the-art, this work aims to summarize a general
theoretical framework for optimizing flow conditions based on research on flat-sheet membrane modules,
highlighting the trends of hydrodynamic resistance variations across flow channels, an aspect that has been
largely overlooked in previous studies, to guide future module design and enhance membrane application
in biopharmaceutical purification.

Keywords: Biopharmaceutical Purification, Membrane Chromatography, Flow Distribution, Hydrodynamic
Optimization
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ABSTRACT

The effective separation and purification of antibiotics from fermentation broth is challenged by the presence
of salts such as NaCl [1,2]. When these salts accumulate to high concentrations, they can interfere with
antibiotic recovery and stability. Nanofiltration membranes provide an energy-efficient approach for
antibiotic desalination, but improving selectivity while maintaining high permeability remains critical [3,4]. In
this study, a novel NF membrane was fabricated via interfacial polymerization process using piperazine and
choline hydrogen tartrate (CHT), an ionic liquid, as aqueous monomers, reacting with trimesoyl chloride.
The hydroxyl-rich CHT functioned as both a co-monomer and a polymerization regulator, leading to the
formation of a thinner, looser polyamide—polyester selective layer with enhanced hydrophilicity. The optimal
membrane exhibited a water permeance of 14.2 L-m2-h-'-bar (twice that of the control membrane) while
achieving >99% antibiotic rejection and maintaining low NaCl rejection (~0.5%). The antibiotics/NaCl
selectivity was significantly improved, with a tetracycline/NaCl selectivity of 111, a 1.6-fold increase over
the control membrane. Furthermore, multi-stage filtration experiments (pre-concentration, diafiltration, and
post-concentration) successfully demonstrated the potential for antibiotic enrichment while ensuring high-
purity separation. This study provides a novel and effective NF membrane fabrication strategy, offering
valuable insights into the development of high-performance antibiotic desalination membranes.

Keywords: Polyamide-Polyester Nanofiltration Membrane, Antibiotic Desalination, lonic Liquid, Interfacial
Polymerization
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ABSTRACT

This study presents the development and evaluation of a novel photocatalytic membrane reactor (PMR) for
the efficient removal of tetracycline (TC) from water. 8-Manganese dioxide (6-MnQO,) nanoparticles with a
unique flower-like morphology were synthesized and characterized to confirm their structure and surface
properties. These nanoparticles were then used to modify polyvinylidene fluoride (PVDF) membranes
fabricated via a wet immersion process, aiming to enhance their photocatalytic performance. Performance
testing revealed that 6-MnO,-modified membranes significantly improved TC rejection efficiency, though
increased 6-MnO, loading led to a reduction in pure water flux due to higher frictional resistance. The
membrane with the highest catalyst concentration (M5) achieved a TC rejection rate of 96.1%. Further
investigation into the photocatalytic mechanism under UV light identified the generation of reactive oxygen
species such as hydroxyl radicals (*OH) and singlet oxygen (*O-), which contributed to TC degradation.
LC/MS analysis confirmed effective degradation of TC, with decreasing TC concentration and increasing
formation of intermediates as 6-MnO, loading increased. Notably, the permeate from the M5 membrane
showed complete removal of TC, achieving 100% elimination from wastewater. These findings demonstrate
the potential of this integrated PMR system, combining membrane filtration and photocatalytic degradation,
as a promising strategy for water purification and removal of emerging pharmaceutical contaminants.

Keywords: Photocatalyst, Degradation;, Membrane Filtration, Photocatalytic Membrane Reactor (PMR)
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ABSTRACT

The development of cation exchange membranes (CEMs) with high monovalent/divalent cation selectivity
has great potential for enhanced salt separation for wastewater reclamation. Polyelectrolyte-based films
with high monovalent selectivities among cations have expanded their applications. However, the structure—
property relationship for constructing such polyelectrolyte-based films with enhanced separation
performance remains poorly understood [1]. To make an insightful investigation to unveil the underlying
mechanism, a series of polyelectrolyte-based CEMs were introduced: (1) A novel CEM was engineered by
coating a [polyethyleneimine/polystyrene sulfonate (PEI/PSS)]n alternate electro-deposition multilayer on
a polyacrylate substrate membrane. The newly developed CEM exhibited a monovalent selectivity of 4.59
for Li*/Mg?* with an optimal permeation of 1.60 mol m=2-h~" for Li*, demonstrating a competitive separation
property compared to state-of-the-art permselective membranes [2]. (2) A novel class of membranes was
developed by ionically crosslinking sulfonated (poly[ether ketone]) and quaternalized poly (2,6-dimethyl-
1,4-phenylene oxide) via ionic crosslinking. 1(b). The CEM exhibited a high ionic permeation (1.20 mol
m~2-h~"for Li*) and high cationic selectivity of 4.61 for Li*/Mg?*, which were comparable with the commerecial
monovalent cation permselective CIMS membrane [3]. A detailed quantitative investigation provides the
underlying insights into the monovalent selectivity for each CEM. The results indicate negligible interface
impedance toward monovalent cations but strengthened repulsion against divalent cations, thereby
promoting a quick passage for monovalent cations while imposing temporal retardation on divalent cations
during the electrodialysis (ED) process. Therefore, this study elucidates the characteristic reason for the
enhanced monovalent ion permselectivity of polyelectrolyte-based CEMs in electro-driven separation
processes.

Keywords: Electrodialysis, Polyelectrolyte Membrane, Mono/Multivalent lon Separation, Nanochannel
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ABSTRACT

Organic solvent nanofiltration (OSN) membranes are widely used for organic solvent treatment due to their
high efficiency, affordability, energy efficiency, and strong separation capabilities, attracting significant
research interest. Polyamide (PA) membranes are commonly used in OSN because of their excellent
selectivity, but their dense structure results in low permeability, limiting their efficiency. As an alternative,
sulfonated polyaniline (SPANI) has attracted attention for its loose network structure and high potential for
achieving both permeability and selectivity. Despite these advantages, SPANI doping solution tends to
penetrate into the porous substrate during spin-coating process, leading to an ill-defined selective layer and
diminished membrane performance. To overcome this challenge, we propose the fabrication of a composite
selective layer by incorporating halloysite nanotubes (HNTs) into the SPANI matrix. The synergy between
HNTs and SPANI not only prevents the undesirable infiltration of the polymer into the porous substrate but
also facilitates solvent transport via the tubular channels of HNTs. Owing to the transport channel, the
SPANI-HNTs-4 membrane exhibited ultra-high permeance, with values of 32.2 L m2 h-' bar for n-hexane
and 13.8 L m2 h-! bar' for methanol. Meanwhile, the SPANI-HNTs-4 membrane also showed a relatively
high methyl orange rejection rate (Mw = 327 g-mol-') of 90%, attributed to both the sieving effect and charge
interactions. Notably, this is the first study to discuss the charge effect in organic solvents in detail. This
study underscores the potential of synergistic material design in developing high-performance OSN
membranes through composite-layer engineering.

Keywords: Halloysite nanotube; Composite selective layer; Organic solvent nanofiltration; Synergistic
solvent transport channel; Charge effect
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ABSTRACT

Ethanol is a promising renewable resource for replacing fossil fuels and serving as an industrial feedstock.
Although fermentation of biomass is a sustainable method for ethanol production, it yields ethanol at low
concentrations. Pervaporation is an energy-efficient separation technique capable of overcoming
azeotropic limitations to enhance ethanol concentration. Sodium alginate (SA), a hydrophilic polymer, can
be employed as a membrane material for ethanol dehydration. The performance of SA membranes can be
improved by incorporating fillers and enhancing the hydrophilic properties of the membranes. Hydrophilic
activated carbon (HAC), a carbon-based material containing hydrophilic functional groups introduced
through sodium hydroxide and ammonium persulfate treatment, shows potential for enhancing membrane
performance in ethanol dehydration. This study investigated the enhancement of SA membrane
performance through the incorporation of HAC as a filler. HAC was added at varying concentrations (0.4,
0.8, and 1.2 wt%) to SA membranes with alumina tubular support. The hybrid membranes were
systematically characterized in terms of morphology, structural properties, mechanical strength, and
thermal stability. Results indicated that HAC incorporation significantly altered the membrane structure and
improved hydrophilicity, as shown by a decrease in water contact angle. The hybrid membrane containing
0.8 wt% HAC exhibited the best performance for dehydrating a 90/10 wt% ethanol/water mixture at 60 °C,
achieving a permeation flux of 106 g/m#-h and a separation factor of 1704. Additionally, the SA/HAC
membranes demonstrated good thermal and mechanical stability under operational conditions. These
findings highlight the potential of SA/HAC membrane for efficient ethanol dehydration via pervaporation.

Keywords: Sodium Alginate, Hydrophilic Activated Carbon, Hybrid Membrane, Ethanol Dehydration,
Pervaporation
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ABSTRACT

Membrane distillation (MD) is a thermally driven separation process that employs hydrophobic membranes
to exploit vapor pressure gradients across a temperature differential, enabling effective treatment of
hypersaline and contaminated waters. Despite its inherent advantages, including moderate energy
demands and high rejection rates, the scalability of MD is constrained by membrane fouling and pore
wetting. These limitations have catalyzed the development of advanced membrane materials such as
MXene and silicon oxide-modified composites and the integration of photothermal conversion strategies to
enhance thermal efficiency and mitigate limitation of membrane distillation performance. Therefore, this
study aims to explore the potential of silicon oxide-intercalated MXene-coated photothermal membranes to
optimize the performance of membrane distillation for desalination. In this study, silicon oxide-intercalated
MXene was coated on polyvinylidene fluoride (PVDF) membrane via polydimethylsiloxane (PDMS). The
prepared photothermal membranes were characterized their physicochemical and thermal properties using
FESEM, EDX, XRD, FTIR, and contact angle analysis. The separation performance of the fabricated
photothermal membranes demonstrated a significant enhancement in water flux when treating simulated
seawater (35 g/L NaCl), compared to uncoated membranes. Furthermore, the membranes maintained
consistently high salt rejection (>99%) throughout the 3-hour operation, indicating stable desalination
performance under continuous photothermal-driven membrane distillation. These excellent membrane
performances are due to presence of silicon oxide intercalated MXene coating that helps in enhancing the
localized heating, flux and membrane stability. This photothermal membrane also exhibited high
hydrophobicity, thus improved the fouling resistance of the membranes. These results highlight a potential
pathway toward high performance solar-driven photothermal membrane distillation for freshwater
production from seawater.
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ABSTRACT

Membrane distillation (MD) is increasingly recognized as a viable pretreatment technology for seawater-
fed electrolyzers, offering a compact, energy-efficient, and scalable method for producing high-purity water,
even under conditions with elevated total suspended solids. As the hydrogen economy accelerates, the
integration of MD units upstream of electrolysers offers a strategic approach to enhance operational
efficiency and extend system durability, particularly in coastal or offshore settings where direct seawater
utilization is both practical and beneficial. Despite its advantages, MD system performance could be
significantly compromised by membrane wetting and fouling, particularly in the presence of low surface
tension constituents such as dissolved organic matter and surfactants commonly present in seawater. To
address these limitations, this study has focuses on evaluating the performance of omniphobic
polyvinylidene fluoride (PVDF) hollow fiber membranes under real seawater conditions. Whil