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ALL-POLYMER ELECTROCHROMIC DISPLAY

Electrochromic displays (ECDs) offer a promising alternative to emissive technologies, featuring low
power consumption, superior outdoor readability, and reduced eye strain. However, conventional
ECDs suffer from complex multi-layered architectures and limited flexibility due to the reliance on
rigid, brittle transparent conductors such as indium tin oxide (ITO). Here, we report a flexible, fully
polymer-based electrochromic display platform utilizing an n-doped poly(3,7- dihydrobenzo[1,2-
b:4,5-b'|difuran-2,6-dione) (n-PBDF) as a dual-function material that serves both as a transparent
conductor and ion-storage layer.[1,2] The n-PBDF film exhibits high mixed ionic-electronic
conductivity, minimal color change across electrochemical cycling, and excellent optical transparency
across the visible spectrum, allowing it to replace multiple functional layers in conventional ECDs.
lts solution processability and mechanical flexibility enable facile integration into passive-matrix,
see-through, full-color displays on flexible substrates. Using in situ photolithographic patterning,
we constructed 8% 8 pixelated displays with four functional photopatterned layers: electrochromic
polymers (ECPs), ion-conducting polymer electrolyte, and n-PBDF layers as both working and
counter electrodes. The localized patterning of both ECPs and electrolyte layers effectively suppresses
crosstalk, a common challenge in passive-matrix display architectures. These displays demonstrated
high bistability, excellent electrochromic efficiency, and extremely low power consumption, making
them highly suitable for applications with infrequent content updates. Moreover, the displays retained
their electro-optical performance under repeated mechanical deformation and harsh environmental
conditions, showcasing their robustness and practical viability. The flexible platform further enabled
the realization of wearable, segmented, and full-color displays, including graphics on plastic bands
and human skin. Our findings highlight the potential of n-PBDF as a next-generation capacitive
transparent electrode that not only simplifies fabrication but also broadens the applicability of
electrochromic displays to wearable, foldable, and transparent electronics. This work lays the
groundwork for scalable manufacturing of energy-efficient, lightweight displays across emerging
optoelectronic and electrochemical device platforms.
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SEPARATION OF TRIVALENT METAL IONS VIA SUPPORTED LIQUID
MEMBRANE WITH STRIP DISPERSION: ROLES OF ION HYDRATION

The selective removal of metal ions from impure mixtures is crucial in various chemical processes,
including ore processing, radiochemistry, post-synthetic purification, environmental remediation,
wastewater treatment, and the recovery of precious metals and rare earth elements from industrial
and waste streams. Supported Liquid Membrane with Strip Dispersion (SLMSD) is an emerging
technique for metal recovery from waste sources. Theoretically, simultaneous extraction and stripping
through a hydrophobic membrane could greatly enhance separation efficiency and allow for high
metal concentrations in the receiving phase.

This presentation will explore the mechanisms influencing the permeability of trivalent metal ions
during SLMSD, especially the roles of ion hydration. It will also highlight the effects of the dissociation
mechanisms of metal aqua ion complexes. In addition, we will report suitable operating conditions
for efficient separation of various trivalent metal ions.
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DIGITALIZATION AND Al FOR DYNAMIC PROCESS INTENSIFICATION

Dynamic Process Intensification (DPI) is a model-based approach to chemical process design that
improves efficiency by intentionally introducing dynamic changes instead of relying solely on steady-
state operation. Chemical processes based on the DPI technologies are cyclic distillation, cyclic
adsorption, simulated moving bed chromatography, and oscillatory baffled reactors (OBRs). Design
of the intensified dynamic process requires simultaneous consideration of equipment structure and
unsteady operation, beginning with conceptual design, where goals, levers, and constraints are
hypothesized. Based on these, a dynamic model stack is developed.

This keynote presents the development and application of dynamic models using conceptual design
of OBRs as an example. OBRs are advantageous for reactions requiring long residence times,
avoiding impractically long conventional plug flow reactors. This DPI technology is also effective for
multi-phase flows where precise control of mass and heat transfer is needed. Design parameters for
OBRs include tube diameter, baffle spacing, and free baffle area. Performance is often evaluated
using dimensionless numbers such as net flow Reynolds number, oscillatory Reynolds number,
Strouhal number, and velocity ratio. In our prior work on the three-phase hydrogenation of 3-butyn-
2-ol using a Pd/Al,O; catalyst, OBRs outperformed packed bed reactors. At the same oscillatory
Reynolds number, lower amplitude of oscillatory flow achieved higher conversion, suggesting
that frequency and amplitude influence internal flow patterns and reaction behavior. This insight
motivated the development of dynamic model stacks for distributed parameter systems to guide OBR
structural design.

Efficient simulation of unsteady flows for the OBR design was pursued via a systems approach
integrating reduced-order modeling (ROM) with machine learning [1]. ROM methods such
as principal component analysis and proper orthogonal decomposition (POD) reduce the
dimensionality of complex data. POD applied to flow pattern data from particle image velocimetry
identified modes and time-varying mode coefficients useful for predicting flow patterns with neural
networks. Fourier series expansion of time-varying mode coefficients improved reduced-order model
formulation. While this black-box modeling approach showed promise, its reliance on purely data-
driven methods limits generalizability across reactor conditions. Bridging machine learning with first-
principles models based on idea of multiple model fidelities is proposed.

Finally, | discuss the challenges of digitalization and Al application in process design based on
DPI technologies from the perspective of multiple model fidelities. Although computational fluid
dynamics (CFD) can analyze unsteady flows, it demands high computational resources. To address
this, lumped ODE models and 1D/2D PDE distributed models incorporating reaction kinetics and
mass transfer are effective alternatives. Parameter estimation is essential for these models, especially
under uncertainty, where Bayesian estimation methods can be applied.
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DIGITAL CHEMISTRY AND ENGINEERING OF NANOPOROUS
MATERIALS

Digital Chemistry, an emerging frontier in chemical science, integrates computational methods, data
science, and automation to accelerate chemical research and applications. By leveraging automated
workflows and data-driven insights, this approach optimizes important industrial processes such
as drug discovery, materials design, and chemical synthesis, bridging theoretical innovation with
practical implementation.

Nanoporous materials, including zeolites, metal-organic frameworks (MOFs), and porous organic
polymers (POPs), hold transformative potential for tackling global challenges related to energy
and the environment, such as hydrogen storage, carbon capture, and water harvesting. However,
the extensive chemical and structural diversity of these materials presents significant challenges in
identifying optimal candidates for specific applications.

In this presentation, | will demonstrate how our research group employs a Digital Chemistry
framework, integrated with chemical engineering processes, to streamline the discovery,
characterization, and evaluation of nanoporous materials. First, | will highlight the impact of the
Computation-Ready, Experimental (CoRE) MOF database, demonstrating how open-access datasets
enabled accurate prediction of high-surface area MOFs and accelerated the identification of high-
performing materials for hydrocarbon separations.

Next, | will present a crystal graph convolutional network (GCN) model that we developed which
could rapidly estimates DFT-derived partial atomic charges and band gaps in MOFs. This method
has been applied to the newly updated CoRE MOF database, enabling large-scale accurate
computational screening for carbon capture scenarios.

Finally, 1 will discuss the importance of multi-scale modeling in the real-world performance of
nanoporous materials, particularly in complex multi-component gas separations. By coupling
macrostate probability distributions (MPD) obtained from transition matrix Monte Carlo (TMMC)
simulation with process modeling, we enhance both the efficiency and accuracy of mixture
predictions.
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INTEGRATING INFORMATION THEORY INTO PROCESS
INTENSIFICATION FOR COMPLEX CHEMICAL PROCESS SYNTHESIS

Process intensification (Pl) for sustainable production requires process design approaches that
integrate flow, reaction, and separation phenomena as interconnected functional modules rather
than isolated unit operations [1]. Designing new processes represented by such functional modules
requires accurate transmission of information—such as concentration, structure, and temperature—
between modules. However, uncertainties inherent in the process, along with external noise and
fluctuations (disturbances), can leave ambiguity in the transmitted information. As a result, process
designs often become redundant to tolerate errors, which limits the realization of ultra-compact
processes with highly integrated functions. To address this challenge, we propose a methodology that
quantifies noise and uncertainty in process information transfer via metrics such as entropy, coding,
and quantization, combined with the nonlinear characteristics of process elements [2]. By exploring
the interaction between noise and nonlinearity, we seek conditions where stochastic resonance and

related effects enhance transport, mixing, and reaction performance beyond conventional design
limits [3].

The study addresses two challenges:

1. Reaction control in imperfectly mixed fields: Lagrangian tracking and CFD of Taylor-Couette
flows and oscillatory baffled reactors (OBRs) quantify information gain of fluid elements in spatially
distributed fields (temperature, viscosity, density), revealing beneficial noise effects on transport [1,3].
2. Flow/reaction control in hysteretic processes: Laminar vortex flows are perturbed with periodic/
aperiodic noise to induce nonlinear transport enhancement, with hysteresis quantified using fractal
analysis [4].

Acknowledgment
This work was supported by JSPS KAKENHI Grant Number JP24H00396.
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PROCESS SYNTHESIS OF MEMBRANE-ADSORPTION HYBRID CO2
SEPARATION BY USING MACHINE LEARNING MODEL

Carbon dioxide capture and storage (CCS) technology has become important to reduce carbon
dioxide emissions. Adsorption and membrane separation processes for CO, capture have
gained attention as they are considered more energy efficient than gas absorption using amine.
However, the capture efficiency of these processes is low and their application to CCS has not yet
progressed1). While combining these two processes is one way to improve separation performance,
research on the configuration of these combinations or multi-stage processes is still insufficient.

Membrane separation is operated in a steady state and adsorption separation is in an unsteady
state, which makes the design a hybrid process complex2). Recently, the use of machine learning
for process design has been proposed3). We have applied machine learning to the design of multi-
stage CO, separation processes.

Models were developed for each adsorption and membrane process with variables such as
operating pressures of compressors and vacuum pumps, CO, composition in the feed gas, and
flow rates. This data was used to build statistical models with neural networks to perform multi-
objective optimization. Adsorption and membrane separation processes were optimized and found
that neither process could achieve the CCS requirements. Adsorption has a higher separation
performance than membrane, but it also consumes more energy. Next, a two-step process was
developed by combining statistical models of the adsorption and membrane processes.

In the multi-objective optimization performed for this process, it was shown that the combined
membrane and adsorption process meets the CCS requirements and reduces the energy
consumption of the compressor and vacuum pumps compared to the single-stage process. This
research indicated the potential of using statistical models to synthesize multi-stage processes.
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OPTIMIZING INTER-REGIONAL CO, CAPTURE, TRANSPORT, AND
STORAGE NETWORKS IN TAIWAN: COST, LEAKAGE RISK, AND LIFE
CYCLE ASSESSMENT PERSPECTIVES

The roadmap of achieving carbon neutrality in Taiwan demonstrates that we should have CO2
reduction amount of 40 MT/yr from CO2 capture, utilization and storage (CCUS) technology by
2050. Given the significant potential identified for CO2 storage in both onshore and offshore saline
aquifers around Taiwan, developing an optimized CO2 capture, transport, and storage (CCTS)
network is of critical interest. To understand how to cost-effectively achieve this goal, a network
connecting the CO2 emission large sources to the storage sites is discussed and optimized by using
mixed-integer linear programming (MILP) in this study. Geological data were used for selection
of suitable saline aquifers, both offshore and near-shore, as primary storage options. Large fossil
fuel power plants in Taiwan are targeted, and the evolution of emission amount as energy structure
changes according to Taiwanese government’s roadmap up to 2050 will be also considered.
Given Taiwan'’s high seismic activity, an essential part of this research is to include the estimation
of appropriate monitoring systems to minimize leakage risks associated with geological storage.
While site locations dominantly affect the cost, this study aims to also discuss the monitoring cost
corresponding to the characteristics of different storage sites, reflecting the risk-related cost in
seismic regions. Finally, a life cycle impact assessment (LCIA) is performed for the optimal scenarios
to understand the consequences or alternative environmental impacts of implementing CCS
technologies to address the excessive amount of COz2 in the atmosphere.
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MULTIPHASE PROCESS SIMULATIONS USING CFD-DEM

Most processes are multiscale and multiphase, and involve multiple physical quantities. Recent
advances in computational power have enabled the application of Computational Fluid Dynamics
(CFD) and Discrete Element Method (DEM) numerical simulation methods to analyse fluid and
particle motion, respectively. By coupling CFD and DEM, most multiphase flow dynamics can be
reasonably approached. Besides, CFD-DEM can further couple reaction kinetics, heat (and mass)
transfer equations, and thermodynamics, comprehensive information such as power consumption,
reaction rate distribution, product yield, and phase changes can be predicted satisfactory. In this
talk, we will show our recent advances in designing several processes using CFD-DEM simulation
technique. Also, we recently used Micron-scale Computed Tomography (u-CT) to unveil the internal
structure of the object. The comprehensive flow patterns, heat and mass transfer phenomena, as

well as the intricate details of reaction behaviors inside a catalytic reactor are initially conducted by
our CT-CFD-DEM method.
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EFFORTS TO ACCELERATE COMMERCIALIZATION THROUGH CAE
FOR SUSTAINABLE MANUFACTURING

To realize a sustainable society, the manufacturing industry is increasingly required to reduce
environmental impact and develop products more efficiently. In response to these demands,
Computer Aided Engineering (CAE) plays a vital role in improving the accuracy of design and
evaluation, as well as shortening development cycles. It contributes to the efficient use of resources
and the reduction of energy consumption by reducing the number of prototypes and experiments,
making it a key technology for lowering environmental impact. Due to its various benefits, CAE has
been increasingly adopted across various industries, including chemical manufacturing.

Our company is a chemical manufacturer that handles a wide range of products, including organic
solvents, polymers, films, and explosives. We have a wide range of processes, from the manufacture
of raw materials to final product assembly. In various areas, we utilize CAE-based simulations to
support product design, process optimization, quality improvement, and safety evaluations, thereby
contributing to the resolution of various technical challenges.

The introduction of CAE at our company has led to a shift from conventional experiment-based
development processes to simulation-driven evaluations. By applying it in the early stages of
development, we aim to enhance the accuracy of evaluations and enable faster decision-making
while minimizing rework. To promote its effective use, we are actively promoting internal awareness
initiatives. In addition to establishing a foundation for simulation-based development, we are
also working to improve engineers’ skills and enhance the analysis environment to maximize the
benefits of CAE. These efforts have contributed to accelerating commercialization by enabling faster
problem-solving and reducing the number of experiments required. In this presentation, we will
introduce use cases from our company to illustrate how CAE is being utilized to address technical
challenges in manufacturing.
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THEORY-DRIVEN ENGINEERING OF METAL-NITROGEN-CARBON
ARCHITECTURES FEATURING SINGLE AND DUAL ATOM SITES FOR
ENHANCED ELECTROCATALYTIC PERFORMANCE

Atomically dispersed single and dual metal sites in metal-nitrogen—carbon (M—N-C) catalysts are
crucial for driving redox reactions in CO2 utilization and fuel cells. However, fine-tuning atomic
coordination environments remains a key challenge, as it directly affects intermediate adsorption.

To address this, we developed a theory-guided design framework that tunes metal nuclearity and
coordination geometry.! High-throughput DFT screening revealed coordination and orbital control
as central strategies, identifying Fe, Co, and Ni single-atom sites as effective for CO2 reduction.? Ni—
Ny activity was further boosted by mesoporous, graphitic carbon supports,3 while Cu-N,Cg sites in
micropores reached 96% CO selectivity via orbital modulation.4

We expanded this approach to dual-atom systems, where Feo,—N-C doubled CO,RR turnover
frequency,® and FePd-N-C¢é and FeCo-N-C7 achieved superior ORR activity compared to Pt/C.

These results highlight atomic coordination as a key design parameter and demonstrate a unified
strategy—merging computation, synthesis, and machine learning—for accelerating catalyst
development across clean energy technologies.

1. J. W. Han*, Computational Screening of Single-Metal-Atom Embedded Graphene-Based
Electrocatalysts Stabilized by Heteroatoms. Front. Chem.10, 873609 (2022).

2. J. W. Han*, Effective Screening Route for Highly Active and Selective Metal-Nitrogen-Doped
Carbon Catalysts in CO, Electrochemical Reduction. Small 17, 2103705 (2021).

3. J. W. Han*, Rational Design of Nitrogen-Doped Porous Carbon Support on Single Atom Catalysts
for Efficient CO, Electroreduction. J. Mater. Chem. A 13, 4861-4869 (2025).

4. J. W. Han*, Tailoring Local Structures of Atomically Dispersed Copper Sites for Highly Selective
CO, Electroreduction. Carbon Energy 6, e419 (2024).

5. J. W. Han*, Precisely Constructing Orbital Coupling-Modulated Dual-Atom Fe Pair Sites for
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THE USE OF MIXING TECHNOLOGY FOR PROCESS IMPROVEMENT
TOWARD ENERGY SAVING

Since the latter half of the 1980s, Japanese petrochemical manufacturers have been focusing on the
production of high-performance and high-value-added plastics. Sumitomo Heavy Industries Process
Equipment as one of the leader companies in mixing business has developed the large blade
impeller, MAXBLEND [1], and supported to the chemical manufacturers. By means of unique impeller
shape, MAXBLEND can provide an ideal flow that cannot be realized with other conventional
impellers. A variety of mixing purposes e.g. single-phase blending and multi-phase mixing, such as
solid suspension, gas absorption/dispersion have been applied with our MAXBLEND and received
great satisfaction from customers with over 2,000 units around the world.

In recent years, the direction of world chemical industries is toward the reduction of energy
consumption. In addition to the modification from chemistry point of view, engineering design of the
equipment is one of the keys to improve the production process. By selecting an appropriate design
of agitator and internals, proper operation could be achieved resulting in the reduction not only
agitation power, but also energy saving due to the deplete in removal/recovery process of waste and
solvent. Likewise, challenge conditions in chemical process could be overcome by modification of
conventional equipment with suitable design, uncovering the sustainable research and enhancing
feasibility in scaling up to larger scale production. In this presentation, the comparison study of
mixing performance between conventional type impeller and our SHI mixing technology “MAXBLEND”
in all process types: liquid-liquid, solid-liquid, and gas-liquid mixing will be described emphasizing
on the total energy reduction.

@ Strong drag-in from interface

@® Smoothly upward
flow along wall

@ Subdivision and
fragmentation through grid _

® Strong discharge
from bottom nozzle
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Prof. Hyunjoo Lee is a full professor in the Department of Chemical and Biomolecular Engineering
and a director of Heterogeneous Atomic Catalysts Research Center, KAIST, South Korea. She received
Ph.D. from Chemical Engineering, Caltech, USA (2005). Her research interest is to understand
the fundamentals of heterogeneous catalysts and develop the catalyst for sustainable chemical
industries. She published ~180 papers trying to elucidate how the surface of heterogeneous
catalysts can be controlled to have better activity, selectivity, and durability. She had ~50 registered
patents about fuel cell, water electrolyzers, CO, electrolyzers, and automobile exhaust treatment.
She currently serves as an associate editor of JACS Au and has served as an editorial board member
of various journals of ChemSusChem, Nano Letters, Molecular Catalysis, Catalysis Today, etc.
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Mina Okochi received the Ph.D. degree in Technology, Tokyo University of Agriculture and
Technology, Japan, in 1998. After conducting DC2 and PD research as a Research Fellow of the
Japan Society for the Promotion of Science, she became an Assistant Professor in the Department
of Biotechnology at Tokyo University of Agriculture and Technology; subsequently, she served
as a Lecturer and then an Associate Professor in the Department of Biotechnology at Nagoya
University, Japan. In 2014, she became a Professor at the Tokyo Institute of Technology, which is
now the Institute of Science Tokyo. The lab focuses on biotechnology, including the design and
biofunctionalization of functional peptides, as well as their applications in biosensing, medicine, and
bioengineering. In addition, the group is focusing on cell-cell interactions mediated by extracellular
vesicles such as migrasomes.
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