significant potential for recovering nutrients from wastewater-derived anaerobic digestates for
agricultural fertilizers.

This study introduces a novel computational framework for process-structure-property modeling
and optimization of membrane-based nutrient recovery processes. The framework integrates
three components: membrane manufacturing, structure-property modeling, and systems-level
optimization. A quantitative structure-property relationship links the crosslinking density of
glutaraldehyde (GA) to the rejection performance of NH4" and K* ions in surface-modified
nanofiltration membranes. Data-driven modeling is used to address the lack of mechanistic
models and understand the influence of GA concentration on membrane separation properties.

Building on this, we design and optimize a continuous membrane-based intra-nutrient separation
process. Key considerations include mass balances, selective separation driving forces,
permeance as a function of GA concentration, membrane cost correlations, and nutrient flow rate
targets. A superstructure network representation of membrane modules (parallel, sequential, and
hybrid configurations) enables systematic exploration of design alternatives. A mixed-integer
nonlinear optimization model minimizes membrane surface area costs while meeting operational
and performance constraints. The objective function also addresses membrane manufacturing
parameters and trade-offs between numbering-up and scaling-up strategies. This work advances
sustainable wastewater management and circular economy goals by transforming nutrient
recovery into an environmentally and economically viable process.

Investigating the Impact of Temperature and Concentration on Membrane-Assisted
Crystallization of Lithium Fluoride Solution

Giuseppe Prenesti (University of Calabria)*; Mustafa Ali (University of Calabria); Alessio
Caravella (University of Calabria); Francesca Macedonio (ITM-CNR); Alfredo Cassano
(ITM-CNR); Elena Tocci (ITM-CNR)

Lithium fluoride (LiF) is a versatile compound widely used in optics, ceramics, nuclear
technology, and lithium-ion batteries due to its excellent electrochemical stability and ionic
conductivity. In batteries, LiF forms stable solid electrolyte interphases (SEI), improving
performance, efficiency, and longevity. However, the extensive use of batteries raises
sustainability concerns due to waste and pollution, driving attention to recycling as a solution for
environmental and economic challenges (Ramirez et al., 2024; Battaglia et al., 2022).
Recovering critical metals like lithium and cobalt has become essential, with reactive
crystallization techniques emerging as key solutions. Membrane-assisted crystallization (MAC)
has shown great promise in lithium recovery, utilizing hydrophobic membranes like
polypropylene (PP) to selectively transport water vapor while retaining lithium salts, enabling
controlled supersaturation and crystallization. This process enhances recovery efficiency and
aligns with circular economy principles (Alessandro et al., 2024). Our study uses molecular
dynamics (MD) simulations to explore LiF crystallization behavior in MAC systems (Prenesti et
al., 2025). Simulations conducted with GROMACS 5.1.4 (Abraham et al., 2015) and VMD 1.9.3
(Humphrey et al., 1996) modeled water using the SPC/E model and ions with the OPLS force
field. Systems at varying concentrations were equilibrated under NPT ensembles, followed by
300 ns production runs at different temperatures and 1 atm. Results highlight how hydrophobic
membranes influence nucleation and crystal growth under different supersaturation conditions,



demonstrating their role in stabilizing nuclei and shaping crystal morphology. These insights
pave the way for efficient and sustainable lithium recovery technologies.

Ethanol Vapour-Induced Morphological Influences on the Water Barrier Performance of
PLA Films: A Multi-component Study.

Sean Mclntyre (surface measurement systems)*; Dian Xu (Michigan State University);
Samantha Adjetey (Imperial College London); Rafael Auras (Michigan State University); Daryl
Williams (Surface measurement systems); Paul lacomi (Surface measurement systems)

Poly-lactic acid (PLA) is a widely used biopolymer in the healthcare industry due to its inherent
biocompatibility and good mechanical properties. In healthcare applications, PLA can come into
contact with water/ethanol mixtures during sterilization or be exposed to humid environments
which favor PLA degradation. In this work, a multi-component permeation study to investigate
the permeation of water/ethanol vapor mixtures through the PLA films at varying concentrations
and temperatures, in order to reproduce real-world conditions. Vapors were introduced to the top
of the membrane and the permeate measured underneath. Further studies were undertaken using
dynamic vapor sorption — Raman techniques to study water and ethanol vapor uptake, and the
associated changes in crystallinity.

Preliminary results are consistent with those reported by Auras et al. where the water vapor
permeability coefficient (WVPC) decreases through PLA with temperature, which was attributed
to the relaxation of the rigid amorphous fraction (RAF) present at the boundaries of crystalline
and amorphous domains. When the WVPC is analyzed in the presence of 25% ethanol, we
observe an overall increase in the WVPC (~40-60%) and a shift in the temperature at which the
RAF contributes to a decrease in permeability (from 35 °C to 45 °C). This shift in the
temperature effects is also seen in Iniguez-Franco et al. where the addition of an ethanol fraction
of 25% resulted in a reduction of the glass transition temperature from >50 °C to >43 °C. The
reduction of the Tg was attributed to solvent-induced crystallinity over long periods, whereas in
this study it is likely to be a swelling effect over the smaller time scales. Investigations into the
partition coefficients revealed a decrease (~25%) in the water partition coefficient with
increasing ethanol concentrations, suggesting that ethanol decreases the solubility of water in
PLA which results in a lower permeability.

Metallic Membrane Reactors for Blue Hydrogen Production
Hani Hawa (Precision Combustion, Inc.)*; Subir Roychoudhury (Precision Combustion, Inc. )

Inorganic membrane technology is being investigated to perform many of the separations
needed for H2 generation from fossil fuels reforming or gasification while simultaneously
concentrating and capturing CO2. This talk will focus on high temperature, metallic-based,
hydrogen permeable membrane materials, such as palladium (Pd) or Pd-alloys and their
integration in catalytic membrane reactors.

Pd and its alloys are the most widely studied due to their high H2 permeability, their
chemical compatibility with many hydrocarbons containing gas streams, and their



