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Design and fabrication of nanofiltration membranes for high salinity wastewater treatment
Shichao Feng ?, Fangfang Li? Zixu Wang ® Yinhua Wan ***
% State Key Laboratory of Biopharmaceutical Preparation and Delivery, Institute of Process Engineering,
University of Chinese Academy of Sciences, Chinese Academy of Sciences, Beijing 100190, China
® Ganjiang Innovation Academy, Chinese Academy of Sciences, Ganzhou 341119, China
* Corresponding author: yhwan@ipe.ac.cn

With the rapid development of industrialization, the efficient treatment and resource recovery of high-salinity
wastewater has become an urgent issue in environmental management. Nanofiltration-based salt separation
technology has attracted increasing attention due to its low energy consumption and high selectivity. However,
current commercial nanofiltration membranes still suffer from a trade-off between permeability and selectivity,
and their performance is often compromised by membrane fouling during practical applications. In this work,
three kinds of nanofiltration membranes were prepared by regulation of the interfacial polymerization process or
post-treatment of commercial membrane. First, the negatively enhanced nanofiltration membranes were fabricated
using N-[Tris(hydroxymethyl)methyl]-3-aminopropanesul-fonic acid sodium (TAPS-NA) and piperazine (PIP) as
mixed monomers, which were reacted with trimesoyl chloride (TMC) via interfacial polymerization (IP). The
optimal membrane demonstrated a pure water permeance (PWP) of 25.39 +2.17 Lm *h *bar %, a high Na,SO,
rejection (i.e., ~97.96%) and a low NaCl rejection (i.e., ~25.41%). Second, nanofiltration membranes with a
positively charged interlayer and a negatively charged selective layer were fabricated through interfacial
polymerization on an interlayer formed by the co-deposition of polydopamine (PDA) and polyethyleneimine
(PEI). The results indicate that the charge characteristics and pore size of the nanofiltration membranes can be
effectively modulated by varying parameters such as temperature, concentration, deposition time, and the
PDAVJ/PEI ratio during the interlayer deposition process. Moreover, the nanofiltration membranes prepared by this
method exhibit excellent antifouling properties and long-term stability. Third, the high-performance nanofiltration
membranes were obtained by post-treatment of a commercial nanofiltration membrane using a chlorination—
grafting technique. Compared to the original membrane, the modified membranes exhibited a 180% increase in
water permeance, a 22% decrease in NaCl rejection, and a 3% increase in Na2SOa rejection. This work provides
several novel approaches to fabricate or modify the membrane with controllable properties for the treatment of
high-salinity wastewater. These methods not only offer new strategies for optimizing the performance of
nanofiltration membranes but also demonstrate feasibility for industrial applications, holding significant potential
for advancing the development of nanofiltration technology.
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Mechanistic Insights into Competitive Adsorption-Enhanced CO:/N: Separation by Monolayer Fullerene
Membranes
Ruirui Han, Yuanyuan Qu*
School of Physics, Shandong University

Efficient CO2/N2 separation is critical for advancing carbon capture technologies and addressing climate
challenges posed by industrial flue gases. This study employed first-principles calculations and molecular
dynamics simulations to investigate the separation mechanism of CO: and N: using monolayer fullerene
membranes with funnel-shaped nanochannels. The unique pore geometry induces a synergistic separation
mechanism: competitive adsorption preferentially enriches CO: at the membrane surface, while a stark contrast in
free energy barriers (15.66 kJ/mol for CO: vs. 41.56 kJ/mol for N;) enables selective permeation. This dual
mechanism yields exceptional performance, achieving a CO2/N: selectivity of 3564 and a CO: permeance of 2.11
x 107° mol m™ s Pa™', surpassing conventional membrane benchmarks. Rotational density of states analysis
further reveals that weaker rotational constraints on CO: during transport enhance its diffusion kinetics. These
findings demonstrate the potential of monolayer fullerene membranes as high-performance, sustainable solutions
for gas separation.

Al12-P03
Strain-Induced Geometric Modulation of Nanopores for Enhanced Hydrogen Isotopologue Separation via
Quantum Sieving
Huiru Zhang, yuanyuan Qu*
School of Physics, Shandong University
The exploitation of quantum effects in light isotopologue separation represents a pioneering advancement in
isotopic purification technologies. This study employs first-principles calculations to explore the mechanisms
underlying the separation of hydrogen isotopologues facilitated by strain-engineered nanopores, emphasizing that
the geometry of these nanopores, critically governs separation efficiency through the intricate interplay between
guantum tunneling and zero-point energy (ZPE) effects. We demonstrate that the application of directional strain
to carbon nitride membranes, specifically N-graphyne (r-N-GY) and N-graphdiyne (r-N-GDY), results in distinct
nanopore geometries with profound separation efficiency. The strained r-N-GY membrane with quasi-circular
nanopores achieves industry-grade performance across a wide strain range (14%-18%) along the armchair (AC)
direction, effectively separating multiple hydrogen isotopologue pairs (D,/H,, DT/H,, To/HD, etc.). In contrast,
the strained r-N-GDY membrane with slit-like nanopores exhibits limited utility, selectively sieving isotopologue
pairs only under specific strain condition of 3.5% applied along the zigzag direction. This discrepancy arises from
the strain-induced geometric transformations that AC-strained r-N-GY develops quasi-circular nanopores that
amplify ZPE effects, thereby enhancing isotopologues selectivity. These insights establish geometric modulations
as a critical design principle for quantum sieving materials and advance the frontier of strain-engineered
membranes for isotopic separation. The work provides both theoretical insights into quantum-driven separation
mechanism and practical guidelines for developing high-performance isotopic purification systems.

Al12-P04
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Al12-P08

Enhanced desalination by multilayered r-N-GDY membrane through oriented interlayer sliding and

interlayer spacing modulation
Wenfeng Wu, Yuanyuan Qu*
Shandong University

Advancements in the development and design of two-dimensional (2D) nanomaterials have ushered in
promising avenues for revolutionizing seawater desalination technologies, particularly in enhancing the efficiency
of reverse osmosis membranes. In this study, we employ molecular dynamics simulations to investigate the
desalination performance of a three-layer r-N-GDY membrane under two regulation strategies involving oriented
interlayer sliding and interlayer spacing modulation. Our results reveal that precisely controlled interlayer sliding
can induce the formation of ordered one-dimensional water chains within the nanochannels, leading to a
substantial enhancement in water permeance, reaching approximately 31.05 L/cm=day/MPa, nearly five times
higher than that of the initially synthesized ABC-stacked configuration. Furthermore, modulating the interlayer
spacing profoundly impacts transport behavior by altering the state of confined water molecules. Notably, while
increased interlayer spacing reduced confinement, it paradoxically decreases water permeance beyond an optimal
threshold (5.0 A), underscoring the critical role of spatial confinement in maintaining efficient transport. This
study demonstrates two viable physical strategies for optimizing the performance of multilayer membrane systems
and offers novel perspectives for innovative nanotechnology, aiming at efficient and sustainable water resource
management.
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