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Development of High-Quality k-Ga,O3 Crystal Growth for Realizing Low Power
Consumption High-Frequency Devices

Roy Byung Kyu Chung, Assistant professor, Electronic Materials Science and Engineering Department,
Kyungpook National University
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Development of Catalyst Filled Type Fluidized Bed Plasma Reactor
for Direct Methanol Production from CO,

Nobusuke Kobayashi, Faculty of Engineering, Gifu University, Professor

Kenji Kamiya, Faculty of Engineering, Tokyo University of Agriculture and
Technology, Assistant Professor

Zhang Baigiang, School of Energy and Power Engineering Zhengzhou University of
Light Industry, Vice Professor

Naruse Ichiro, Institute of Materials and Systems for Sustainability, Professor

Ueki Yasuaki, Aich Institute of Technology, Faculty of Engineering, Professor

1. Research Objectives

In response to global warming concerns, the promotion of regionally distributed renewable
energy utilization is being pursued as a future energy system. However, the effective use of
renewable energy requires integration with energy storage technologies to ensure stable supply
and utilization. To address this challenge, this study focuses on the development of an innovative
PCS (Plasma Catalysis System) capable of synthesizing methanol from CO. with a simple on-off
switching mechanism, allowing for flexible operation in response to fluctuating renewable energy
supply and demand. For this purpose, a fluidized-bed PCS system was employed instead of a
conventional fixed-bed PCS system. This system enables catalyst fluidization using reaction gases
activated by plasma, allowing efficient decomposition of CO. and the synthesis of methanol
through plasma-driven reactions with CO. and H.. The study investigates the feasibility and
performance of this plasma synthesis process.

2. Research Content and Achievements
Figure 1 shows a schematic diagram of the Fluidized-bed

PCS. In this system, reaction gases (CO. and H.) are Fatticle trap
introduced through a nozzle at the bottom of the reactor, while !
avoltage is applied between the electrodes to generate plasma. Quartz —J
Additionally, argon (Ar) gas, which facilitates plasma fube |:.|

generation, was introduced along with the reaction gases. In
this experiment, conductive carbon particles with a size range
of 150-212 um, which previously identified in prior studies
to significantly enhance CO: conversion efficiency, were
introduced into the reactor and fluidized between the
electrodes. The applied voltage, frequency, and gas flow rate
were kept constant at 11.5 kV, 20 kHz, and 7 L/min,
respectively. The effect of varying particle loading on gas
conversion efficiency and product gas yield was evaluated.
During the gas reaction experiments, gas sampling was
conducted 10 minutes after plasma initiation, once the plasma Fig.1 Schematic diagram of
and bed temperature had stabilized. The sampled gas was fluidized bed type PCS
analyzed using gas chromatography. Additionally,




temperature measurements were performed
using a thermal camera, current measurements
were taken with an oscilloscope, and plasma
intensity was monitored using a hyperspectral
camera.

Figure 2 shows the plasma state inside the
reactor under different carbon particle loading 0[g/cm3] 0.015[g/cm?] 0.184[g/cm*]
conditions. The presence of carbon particles i i st
significantly affected plasma behavior. When no ) ) )
particles were introduced, a stable glow plasma Fig.2 Plasma in a bed at different
was observed. However, with the introduction amounts of packed particles
of carbon particles, streamer discharges were generated, and their characteristics varied
dynamically depending on the particle behavior within the fluidized bed.

Figures 3 and 4 illustrate the effect of carbon particle loading on CO: conversion efficiency
and CHa production. Due to the high temperature inside the reactor, CH4 was produced instead of
methanol in this reaction. The CO: conversion efficiency varied significantly with the carbon
particle loading, showing a marked increase compared to the no-loading condition. Furthermore,
the addition of Hz further enhanced the conversion efficiency. As expected, CHa was not generated
in the absence of H.. However, CH. production varied considerably with different carbon particle
loadings, indicating the existence of an optimal particle loading condition for plasma-induced gas
reforming reactions.
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[Status of Research Achievements]

<Original Papers>

* Francis Maina, Kobayashi Nobusuke, Robert Masumbuko, Akira Suami, Baigiang Zhang,
Influence of Particle Distribution on CO. Dissociation and Discharge Behaviour in a
Fluidized-Bed DBD Reactor, Plasma Chemistry and Plasma Processing (Accepted)

<International/National Conferences>

e Francis Irungu Maina, Nobusuke Kobayashi, Akira Suami, Understanding the effects of
frequency to discharge power and CO, decomposition in a fluidized bed DBD reactor,

International Workshop on Environmental Engineering 2025 (IWEE2025) Hokkaido, Japan,
July 18-21, 2025
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Pricing Strategy Optimization of Demand-Responsive Commuter Buses
Considering Passenger Loyalty Decay Characteristics

+ Jiangbo Wang, Dalian University of Technology, China, School of Economics and
Management, Associate Professor

+ Kai Liu, Dalian University of Technology, China, School of Economics and
Management, Professor

* Yuying Guo, Dalian University of Technology, China, School of Infrastructure
Engineering, Master student

* Toshiyuki Yamamoto, Nagoya University, Institute of Materials and Systems for

Sustainability, Professor

1. Research Objectives

This study aims to conduct an in-depth exploration of the profitability and market impact of
introducing long-term tickets in demand responsive transit (DRT) services. It will systematically
compare the optimality of three distinct ticketing strategies—single-period tickets, long-term
tickets, and a hybrid strategy that combines both—by analyzing key performance indicators
across different market scenarios. The research seeks to identify the core exogenous variables that
influence DRT operators’ pricing decisions, and clarify how these variables quantitatively and
qualitatively affect optimal pricing, market share allocation, and overall profit outcomes.

A critical objective is to develop a robust theoretical optimization framework, it will be built
on a modified Hotelling model to address the unique characteristics of DRT services, filling the
gap in existing literature lacking tailored economic models for ticketing strategy design in DRT
systems. Finally, the study intends to translate theoretical findings into guidance for DRT
operators, providing concrete recommendations on differentiated ticket design, dynamic pricing
adjustments in response to market changes, and strategies, supporting operators in enhancing
financial sustainability and passenger satisfaction.

2. Research Content and Achievements

+ This research focuses on the ticketing strategy of commuter-oriented DRT services, exploring
the profitability and market impact of introducing long-term tickets. It first clarifies the
characteristics of DRT with ticket prices higher than traditional buses, points out the practical
demand for long-term tickets amid repeated booking costs and stable commuting needs.

+ The research constructs a theoretical framework rooted in the Hotelling model, as shown in
Figure 1. Key factors integrated into the model include passengers’ heterogeneous expected
subscription durations, influenced by employment stability, commuting regularity, and
residential patterns, time discount rates, unit satisfaction deviation costs which is arising from
mismatches between preferred and actual ticket validity periods, and linear operational costs.
It assumes passengers’ preferred subscription durations follow a uniform distribution—



validated by empirical fitting of 21 months of subscription data from a Dalian DRT system—
and establishes generalized utility functions, incorporating basic travel utility, ticket price costs,
and satisfaction deviation costs, as well as profit functions.

Single-period ticket users  Long-term fickef users

(desired duration near T;)  (desired duration near T})

| |
T 1

|
0 1
l I I
T, 7 T,
Single-period ticket Undifferentiated Long-term ticket

user’s utility position

Fig.1 User’s subscription duration preferences and ticket choice under the Hotelling model

* Three ticketing strategies are compared: single-period tickets only, long-term tickets only, and
a hybrid strategy (combining both). For each strategy, the study derives optimal pricing, market
share, and profit under partial and full market coverage scenarios through mathematical
modeling and optimization. It further analyzes how exogenous variables (basic travel utility,
discount factor, satisfaction deviation cost, operational cost, long-term ticket usage length)
affect strategy outcomes, and explores passenger utility distribution differences across
strategies.

+ Additionally, the research discusses the robustness of findings under alternative distributions
and cost structures, and extends the theoretical framework’s applicability to traditional public
transportation systems, providing theoretical supplements and practical guidance for DRT
operators’ ticketing decisions.

[Status of Research Achievements]
<Original Papers>
+ Jiangbo Wang, Yuying Guo, Jiyan Wu, Kai Liu*, Anthony Chen, Toshiyuki Yamamoto, Should
Customized Bus Services Offer Long-Term Tickets? An Analysis of Profitability and Market
Impact, Transportation Research Part E: Logistics and Transportation Review, 205: 104457
(2026-1).

<International/National Conferences>
+ Jiangbo Wang (Invited Lecture) , Yuying Guo, Jiyan Wu, Kai Liu, Toshiyuki Yamamoto,
Analysis of Pricing Strategies and Profit Models for Long-Term Tickets in Customized Bus
Services , International Conference on Materials and Systems for Sustainability 2025, Nagoya

University, December 12-14, 2025.

<Projects>
* Optimization of Carbon Emission Management Policy and Low-Carbon Travel Induction
Strategies for Demand-Responsive Transportation Systems, NSFC-JSPS Bilateral Workshop
Project, 2025.04-2027.12
(Note: Form 2-1 should be one A4-sized page, and Form 2-2 should be two A4-sized pages, including
figures and tables.)
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+ S. Ito, S.-I. Sato, M. Bo¢kowski, M. Deki, H. Watanabe, S. Nitta, M. Kushimoto, A. Tanaka,
K. Yoshida, H. Minagawa, Y. Honda, and H. Amano, “Room temperature electroluminescence
of Pr-implanted GaN p-n junction diode,” 15" International Conference on Nitride
Semiconductors, Malmg, July 6-11, 2025.

+ S.-I. Sato, E. Yokozuka, S. Entani, N. Nagasawa, H. Saitoh, T. Tsuji, D. Matsumura, S. Ito, M.
Deki, Y. Honda, H. Amano, S. Nitta, and M. Bockowski, Coordination Geometry of
Praseodymium lons Implanted in Gallium Nitride and Its Sensing Application, International
Conference on Materials and Systems for Sustainability 2025, Nagoya, Dec. 12-14, 2025.

+ S. Ito, S.-I. Sato, M. Bo¢kowski, M. Deki, H. Watanabe, S. Nitta, M. Kushimoto, A. Tanaka,
K. Yoshida, H. Minagawa, Y. Honda, and H. Amano, Room temperature electroluminescence
of Pr-implanted GaN p-n junction diode, International Conference on Materials and Systems
for Sustainability 2025, Nagoya, Dec. 12-14, 2025.
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Large scale ordered assembly of functional nanomaterials for energy
conversion and flexible energy storage devices.

Sunita Srivastava, Department of Physics, Indian Institute of Technology Bombay,
Associate Professor

Gayathri Madhavankutty,, Department of Physics, Indian Institute of Technology Bombay,
PhD student

Chandan Kumar, IMaSS, Nagoya University, Researcher

Miho Tagawa, IMaSS, Nagoya University, Professor

1. Research Objectives

The objective of this project is to establish a transferable strategy for fabricating large-
area, ordered and homogeneous nanomaterial assemblies at soft interfaces, and to identify the key
physicochemical parameters that govern their structural organization and functionality. In the
original concept, nanostructured building blocks were expected to provide advantages such as
stress accommodation, shortened transport lengths, and increased interfacial contact area, thereby
enabling improved reaction rates and electrochemical performance in next-generation energy
systems.

To ensure broad applicability across nanomaterial classes, we focus on bottom-up self-
assembly at two-dimensional (2D) interfaces created by Langmuir layers, where interfacial
fluidity can facilitate particle rearrangement toward long-range ordering. A central goal is to
develop structure—process relationships by systematically controlling interfacial interactions (e.g.,
ionic strength and pH of the subphase) and quantifying how these controls regulate adsorption,
clustering, thickness, and roughness of the assembled films.

Methodologically, we aim to combine in situ Langmuir monolayer measurements with
advanced structural characterization, including X-ray reflectivity (XRR) and related interface-
sensitive probes, complemented by AFM for morphology, to obtain both in-plane and out-of-plane
descriptors of the assembled nanomaterial layers. These objectives provide a robust materials-
agnostic foundation for future translation to ordered hybrid architectures and device-oriented
assemblies envisioned in the proposal.

2. Research Content and Achievements
In this collaborative research, we developed an interface-guided assembly route
to create laterally organized nanomaterial films under two-dimensional confinement at the air—
water interface. A positively charged DMTAP (1,2-dimyristoyl-3-trimethylammoniumpropane)
monolayer was used as a soft template, and the adsorption/organization of dispersed
nanomaterials was tuned by controlling the ionic composition of the aqueous subphase (water,
saline, and basic).
The interfacial assembly process was quantified in situ using Langmuir compression
(P—A) isotherms and mechanical response (elastic modulus), where systematic shifts in lift-off
area and increased rigidity provided a direct metric for adsorption and incorporation of
nanomaterials at the interface. Experimental control was achieved by preparing three subphases—
water (pH ~7), saline (1 mM NaCl; pH ~7), and basic (pH 10)—and by varying nanomaterial

13



concentration in the subphase.

Film morphology and vertical structure were evaluated ex situ after transfer to silicon
substrates via the Langmuir—Schaefer method, followed by AFM for in-plane morphology and
synchrotron-based X-ray reflectivity (XRR) for out-of-plane thickness, density profiles, and
roughness.

A key achievement is the demonstration of robust, general “control knobs” for
nanomaterial ordering at charged interfaces. The basic subphase (pH 10) produced the highest
adsorption, attributed to stronger -electrostatic attraction between negatively charged
nanomaterials and the cationic monolayer, while saline showed moderate adsorption and water
showed minimal particle—surface interaction. AFM revealed that films on water became relatively
uniform with increasing concentration, whereas saline and basic conditions generated
increasingly heterogeneous structures at higher concentrations. Mechanistically, heterogeneity
arose via cluster-growth dominated processes in saline but via density-driven aggregation under
strong adsorption in basic conditions. XRR corroborated these trends, showing increased
thickness/roughness under conditions that promote aggregation and confirming a nanomaterial
layer thickness on the order of a few nanometers.

These insights are directly relevant to energy conversion and flexible energy storage
devices, where performance is often governed by interfacial charge/ion transport and
mechanically robust electrode—clectrolyte contact. By enabling tunable, large-area nanomaterial
films with controlled roughness, thickness, and aggregation state, this interfacial assembly
strategy provides a practical pathway to engineer functional layers and hybrid interfaces for future
device-oriented architectures.

[Status of Research Achievements]

<Original Papers>

[1] Mishra, A.; Roychowdhury, R.; Tagawa, M.; Srivastava, S. Structural morphology of nanoclay
films at the air—water interface under varying ionic compositions of the subphase medium.
Nanoscale Advances 2026, Advance Article, DOI: 10.1039/D5SNA00689A, Publisher: Royal
Society of Chemistry.

<International/National Conferences>
NA

<Industrial Property Rights>
NA

(Note: Form 2-1 should be one A4-sized page, and Form 2-2 should be two A4-sized pages, including
figures and tables.)
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* Principal Investigator's Name, Aftiliated Institution, Department, Position: HO, Chinh

Quoc, University of Sydney, Institute of Transport and Logistics Studies, Associate
Professor

+ Collaborating Researchers' Names, Aftiliated Institutions, Departments, Positions

- SATO, Hitomi, Nagoya University, Institutes of Innovation for Future Society,
Designated Associate Professor

- YAMAMOTO, Toshiyuki, Nagoya University, Institute of Materials and
Systems for Sustainability Division of Systems Research (DS) Professor

- HUAN, Ning, Institute of Materials and Systems for Sustainability Division of
Systems Research, Research Fellow

- ZHU, Yuanfang, Institute of Materials and Systems for Sustainability Division
of Systems Research, Research Fellow

1. Research Objectives

Mobility as a Service (MaaS) is a central component of the Smart Mobility Challenge
initiative, which aims to address regional challenges and revitalise economies through
transport services enabled by digital technologies such as loT, Al, and automation (METI,
2021). Within this policy context, the primary objective of this collaborative research is
to generate robust empirical evidence on how MaaS can be scaled beyond pilot projects
to achieve both commercial viability and sustainable transport outcomes. The project
adopts an international comparative framework using stated preference (SP) data
collected in Australia and Japan to examine the behavioural, institutional, and contextual
factors influencing Maa$S adoption. Extending MaaS beyond a transport-only concept, the
research focuses on multiservice platforms that bundle mobility with non-mobility
services such as entertainment, delivery, and digital subscriptions. This approach enables
assessment of whether multiservice designs can better align consumer appeal with public
policy objectives related to travel demand management and emissions reduction.

2. Research Content and Achievements

During the current fiscal year, the research progressed from survey design and pilot
analysis to full-scale international data collection, comparative modelling, and
dissemination of joint findings. The main research content focused on completing the
Japanese stated preference (SP) survey, integrating it with the Australian dataset, and
undertaking a rigorous cross-country empirical analysis of multiservice MaaS adoption.

A large-scale SP survey was successfully conducted in Japan, collecting responses from
approximately 1,000 participants. The survey was designed to be fully comparable with
the Australian survey developed in the previous year, while adapting non-mobility service
attributes to the Japanese consumption and institutional context. Both surveys examined
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user preferences for MaaS bundles combining mobility services (public transport, car-
sharing, micromobility, and ride-hailing discounts) with non-mobility services such as
entertainment, delivery, and reward schemes. This parallel design enabled robust
international comparison of behavioural responses and willingness-to-pay across two
distinct cultural and regulatory environments.

Using the combined Australian and Japanese datasets, a joint econometric analysis was
undertaken to identify commonalities and differences in MaaS adoption drivers. The
analysis focused on the role of pricing structures (pay-as-you-go versus subscription
models), cross-subsidisation between mobility and non-mobility services, and context-
specific factors such as commuting arrangements, car ownership constraints, and lifestyle
consumption patterns. The results show that while flexible pay-as-you-go models are
preferred in both countries, the relative valuation of mobility and non-mobility services
differs substantially across contexts, highlighting the importance of context-sensitive
bundle design for scaling MaaS.

The main findings from this comparative analysis were synthesised into a joint research
paper and presented at the Transport Demand Management Conference held in Sydney in
early December 2025. The presentation generated strong interest and constructive
feedback from an international audience of researchers and practitioners. Building on this
feedback, the research team is currently developing a full journal manuscript based on the
joint Australia—Japan analysis, with the intention to submit it to a leading international
journal for peer review and publication.

International/National Conference
* Ho C.Q, Militao A. M., Sasaki Y, Sato H., Yamamoto T. (2025) Scaling Mobility as a Service
through Multiservice Platforms: Evidence from Australia and Japan, 12th International
Symposium on Travel Demand Management, Sydney, Australia, 9 — 11 December 2025.
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