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Room-temperature thermal energy harvesting based on hybrid PEDOT:PSS/carbon nanotube

films enabling remarkable improvement of power factor
En-Chi Tsao, Chia-Yun Chen*
Department of Materials Science and Engineering, National Cheng Kung University, Tainan 701, Taiwan.
*Correspondence: timcychen@mail.ncku.edu.tw
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Abstract

The rapid proliferation of Internet of Things (IoT) devices and wearable electronics has triggered an urgent demand for
self-powered, sustainable energy sources. Flexible organic thermoelectric (TE) materials, particularly PEDOT:PSS-based
nanocomposites, offer a highly promising green energy solution for low-temperature waste heat recovery due to their intrinsic
flexibility, low toxicity, and elemental abundance [1, 2]. However, their practical commercialization is severely hindered by
a relatively low phonon-to-electricity conversion efficiency. This critical limitation fundamentally stems from the inherent
and strong trade-off materials characteristics between electrical conductivity and Seebeck coefficient, rendering it an extreme
challenge to optimize both factors simultaneously. To break this performance bottleneck, this work presents a synergistic
"successive immersion™ approach to effectively decouple the electrical and thermal transport phenomena in
PEDOT:PSS/multi-wall carbon nanotube (MWCNT) nanocomposites. By sequentially optimizing polar solvent (dimethyl
sulfoxide, DMSQ) post-treatment and chemical reduction (NaBH.), the microstructural conformation and the oxidation states
of the engineered composite are effectively tailored. The DMSO treatment selectively depletes the insulating PSS
constitutions to form a highly dense conductive network with extended quinoid conformations [3, 4]. Subsequently, the
NaBH4 reduction accurately converts the spinless bipolarons to paramagnetic polarons, thereby maximizing the
thermodynamic entropy and significantly boosting the Seebeck coefficient. Furthermore, the constructed PEDOT/MWCNT
interfaces induce a strong energy-filtering effect that scatters low-energy carriers, effectively overcoming the traditional trade-
off Seebeck/conductivity constraints. Simultaneously, the acoustic impedance mismatch at the rigid carbon nanotube/soft
polymer interface strongly scatters medium-to-long wavelength phonons, suppressing the total thermal conductivity to a
remarkably low 0.49 W-m™'-K™'. Consequently, the optimized nanocomposite film achieves an outstanding room-temperature
power factor of 7693.8 yW-m™-K™2 and a ZT value of 0.40. This methodology provides a highly scalable pathway for
developing high-performance flexible organic thermoelectric devices for practical thermal energy harvesting.
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Figure 1. (a) Variation of PSS content in PEDOT:PSS/MWCNT thermoelectric films after different post-treatments. The
inset SEM images show (i) surface morphology of PEDOT:PSS/IMWCNT, (ii) cross-section of the pristine film, (iii) cross-
section of the DMSO-treated film, and (iv) cross-section of the film treated with both DMSO and NaBHa.. (b) XPS spectra of
PEDOT:PSS/IMWCNT thermoelectric films before post-treatment and after immersion in NaBHa solutions with different
concentrations. (c) Spectral binding-energy analysis of the S 2ps/> peak in PEDOT via NaBH, treatment.
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Figure 2. (a) Full integrated 1D GIWAXS scattering profiles of PEDOT:PSS/IMWCNT thermoelectric films. (b) 1D
GIWAXS scattering profiles obtained from the line integration over 90°-120°. (c) 1D GIWAXS scattering profiles obtained
from the line integration over 150°-180°. (d) Evolution of the relative fraction of face-on and edge-on crystallite orientations
in thermoelectric films subjected to different post-treatment conditions. (e) 2D GIWAXS patterns of PEDOT:PSS/IMWCNT
nanocomposite films under different post-treatment conditions.
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Figure 3. (a) Thermal conductivity of PEDOT:PSS/MWCNT thermoelectric films under different post-treatment conditions.
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(b) Electrical conductivity of PEDOT:PSS/MWCNT thermoelectric films under different post-treatment conditions. (c)
Correlation between Seebeck coefficient and electrical conductivity of PEDOT:PSS/MWCNT thermoelectric films after
various post-treatments. (d) ZT values of PEDOT:PSS/IMWCNT thermoelectric films under different post-treatment
conditions.
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Since the First Industrial Revolution, the advancement of steam power and mechanical manufacturing has driven the
development of shipbuilding and maritime transportation, establishing the ocean as a critical domain for global trade and
military activity[1]. During the Second Industrial Revolution, the introduction of internal combustion engines and steel
shipbuilding technologies further enhanced vessel size and navigation capabilities, leading to a rapid increase in shipping
volume and fleet size. With continued global population growth and economic expansion, the demand for international
maritime transport has steadily increased. Coastal urbanization and port infrastructure have become increasingly dense,
offshore oil and gas exploration has expanded, and in recent years, the implementation of renewable energy policies has
driven the large-scale deployment of offshore wind and wave energy facilities. Within this developmental context,
anthropogenic sound sources in the ocean have evolved from sporadic and short-term activities into persistent and
widespread background noise. Low-frequency sounds generated by commercial vessels, drilling operations, and sonar
systems are not only high in intensity but also significantly overlap with the auditory frequency ranges of large marine
mammals and certain fish species. Due to the low attenuation of low-frequency sound waves in seawater, such signals can
propagate over long distances, extending their impact far beyond the immediate vicinity of the source. As anthropogenic
noise persists and elevates ambient noise levels, essential biological signals related to communication, foraging, and
navigation may be masked, thereby altering behavioral patterns and population distributions of marine organisms. This
overlap in frequency and intensity constitutes a key basis for recognizing underwater noise as a significant ecological
stressor[2], as illustrated in Figure 1, which summarizes the major natural and anthropogenic sound sources and their
propagation behavior in marine environments.

The increase in anthropogenic underwater noise not only alters the structure of the marine soundscape but may also
interfere with key ecological behaviors in fish that rely on acoustic cues. Previous studies have indicated that low- to mid-
frequency noise with relatively low intensity but long duration and wide spatial distribution can exert multifaceted impacts
on fish through mechanisms such as signal masking, behavioral modification, and physiological stress
responses[3] .Compared with high-intensity but short-duration sound sources, such as explosions or pile driving,
continuous background noise generated by vessel traffic, although lower in intensity, persists over extended periods and
across large marine areas. This results in prolonged exposure for a greater number of individuals, thereby potentially
leading to cumulative effects at both the population and ecosystem levels [4]. Among these mechanisms, acoustic masking
is considered one of the most representative forms of interference. It is known that more than 800 species of fish are
capable of sound production, with most acoustic signals concentrated below 500 Hz, often associated with mating,
spawning aggregations, and social interactions. When anthropogenic noise overlaps with biological signals in both
frequency and amplitude, the signal detection threshold increases. The effective communication range (active space) is
consequently reduced, impairing acoustic recognition. Experimental studies have shown that under vessel noise conditions,
the detection distance of conspecific sounds in fish can be significantly reduced. Such interference may disrupt mate
attraction and spawning synchronization, ultimately reducing reproductive success. In addition, fish may rely on the overall
soundscape for environmental orientation and habitat selection, and elevated noise levels may diminish the availability of
these acoustic cues [5].
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Figure 1. Schematic diagram of natural and anthropogenic sound sources and their sound wave propagation in the

ocean

Driven by the aforementioned concerns, the overall experimental workflow is illustrated in Figure 2. In this study,
nickel sphere/polyurethane (PU) composites were employed as a model system to systematically investigate the influence
of structural design on underwater acoustic absorption behavior. The acoustic performance of hollow nickel spheres and
EPS-filled nickel spheres was compared under both ordered (single-layer) and random packing configurations to elucidate
the role of internal architecture and spatial arrangement.Material fabrication and acoustic characterization were carried
out in conjunction with the electroless nickel plating process illustrated in Figure 3, enabling precise control over shell
formation and internal structure. The results indicate that hollow nickel spheres induce multiple internal reflections within
the cavity, effectively extending the propagation path of incident sound waves and promoting energy dissipation. In
contrast, EPS-filled nickel spheres exhibit enhanced acoustic attenuation due to the compressibility and porous nature of
the polymeric core, which facilitates structural deformation and internal friction during wave transmission.

Particle arrangement also plays a critical role in determining acoustic performance. Ordered configurations facilitate
efficient coupling of incident sound waves into the particle interior, allowing structural features to be fully utilized,
whereas random arrangements increase interfacial reflections and hinder wave penetration, thereby reducing overall
absorption efficiency. These observations suggest that both internal structure and spatial distribution must be considered
simultaneously to optimize acoustic performance.The acoustic absorption performance was evaluated using an underwater
impedance tube system, providing quantitative characterization of frequency-dependent absorption behavior. The results
establish a clear structure—function correlation between composite architecture and acoustic response, offering a rational
design strategy for high-performance underwater acoustic materials. With appropriate control over particle morphology
and arrangement, the developed composites demonstrate strong potential for scalable implementation in underwater noise

mitigation applications.
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Figure 3. Schematic Illustration of Electroless Nickel Plating on Polystyrene Microspheres
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Abstract

Taiwan’s offshore wind industry is central to its energy transition and localization strategy. Achieving sustainable
localization requires breakthroughs in functional metal materials, particularly in corrosion resistance, fatigue life, and
coating technologies. This paper synthesizes 30 recent international theories (2021-2026), references 35 authoritative
documents, and analyzes 20 success and failure case studies from Taiwan, Denmark, Japan, China, and the UK. Results
highlight that material innovation is not only a technical necessity but also a strategic enabler of supply chain resilience,
energy security, and global competitiveness. The findings demonstrate that Taiwan’s localization will succeed only if
functional metal materials innovation is prioritized, supported by policy incentives, and integrated into a coherent supply
chain.

1. Introduction

1.1 Taiwan has positioned offshore wind power as a cornerstone of its energy transition strategy. Under the

Renewable Energy Development Act (REDA) and subsequent policy frameworks, the government set ambitious targets

to achieve 20 GW of offshore wind capacity by 2035. These targets align with Taiwan’s broader commitments under the

Global Ocean Treaty and its national pledge to reach net-zero emissions by 2050. Offshore wind is particularly strategic

because Taiwan’s geography offers strong wind resources along its western coast, while its industrial base provides potential

for supply chain localization.

The Round 1 and Round 2 tenders (2018-2022) successfully attracted international developers such as @ rsted, CIP, and

wpd. However, these projects relied heavily on imported materials, particularly high-strength steels, corrosion-resistant

alloys, and advanced coatings. The government’s Round 3.3 policy (2025-2027) introduced stricter localization

requirements, mandating that turbine towers, foundations, and key components be manufactured domestically. Yet, industry

reports (InfoLink, 2023; MOEA, 2025) reveal that localization has often been “pseudo-localization,” with assembly

occurring in Taiwan but critical functional materials still imported.

1.2 Functional metal materials—defined here as alloys, coatings, and composites engineered for corrosion resistance,

fatigue life extension, and structural reliability—are the linchpin of offshore wind localization. Offshore turbines operate

in harsh marine environments characterized by salt spray, humidity, and cyclic loading. Failures in materials

manifest as corrosion of foundations, fatigue cracks in towers, and erosion of blade coatings. These failures not only

increase maintenance costs but also undermine localization goals, as domestic manufacturers struggle to meet

international standards without access to advanced materials.

1.3 Taiwan’s localization challenges can be grouped into three categories:

1.  Technical Gaps: Domestic steel producers lack experience in manufacturing high-entropy alloys and nanostructured
coatings. Failures in Round 2 projects highlight fatigue cracks in locally fabricated towers.

2. Supply Chain Fragmentation: While Taiwan has strong shipbuilding and steel industries, integration into a coherent
offshore wind supply chain remains incomplete.

3. Policy Inconsistencies: Localization requirements have sometimes conflicted with project timelines, leading to delays
and reliance on imported materials.

1.4 International comparisons show Denmark’s success through alloy innovation and policy support, the UK’s mixed

success resolved by R&D investment, Japan’s failures due to coating issues, and China’s mixed record with fatigue resistance.

Taiwan’s experience remains ongoing, with partial successes and notable failures.

This paper addresses the research gap by synthesizing 30 recent international theories, referencing 35 authoritative documents,

and analyzing 20 success and failure case studies to demonstrate that functional metal materials innovation is the decisive

factor in Taiwan’s offshore wind localization.as shown Figure |
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Figure 1 Radial Concept Map:Offshore Wind Localization
2. Experimental Method

This study adopts a mixed-method approach, combining systematic literature review, case study analysis, and
comparative policy evaluation.
2.1 Theoretical Foundations (30): Identified through IEEE Xplore, MDPI, Elsevier, and Springer (2021-2026). Criteria:
relevance to functional metals, direct application to offshore wind, and recency. Examples include corrosion models (Zhang,
2024), fatigue life prediction (Ding et al., 2025), and supply chain resilience frameworks (Chen, 2022). References (35):
Balanced mix of peer-reviewed articles, government reports (MOEA, 2022-2025), industry white papers (InfoLink, 2023),
and academic theses (NSYSU, 2023; NTU, 2024).
2.2 Case Studies (20): Ten successes and ten failures across Taiwan, Denmark, UK, Japan, and China.
Successes include Denmark’s alloy innovation and Taiwan’s Round 2 tower fabrication. Failures include
Taiwan’s pseudo-localization in Round 3.3 and Japan’s coating failures as shown in Table 1 Table 1.

Comparative Case Studies of Offshore Wind Localization

Country Case Type |Key Technical Focus Outcome Enabling / Limiting Factors
Corrosion-resistant steels; Full localization Strong R&D incentives; integrated
Denmark Success - N ; - .
fatigue modeling integration |achieved supply chain; government support
United Mixed — |Alloy innovation; coating Early failures resolved,; Goyernmeptjf_unfjgd R&D programs;
. L policy flexibility; industry
Kingdom Success upgrades durable localization .
collaboration
Taiwan . Fatigue cracks in localized |Partial localization Technical gaps in alloy innovation;
Failure . .
(Round 2) towers undermined fragmented supply chain
Taiwan i Coating technology failures; Superficial compliance Punltlvedmanda.tels;. rlellincfe on
(Round 3.3) Failure pseudo-localization only imported materials; lack o
' incentives
. Coating failures in marine  |Localization Weak domestic coating R&D;
Japan Failure . . : .
environment undermined reliance on imports
. . Fatigue resistance failures in |Rapid scale-up but Strong supply chain integration;
China Mixed . ETRGR : : . .
localized alloys reliability issues technical gaps in alloy innovation
Hyb“q alloy _mnovatlon; - Long-term R&D investment; circular
Germany Success corrosion-resistant Durable localization . .
. economy integration
foundations
Netherlands | Success Composite-metal hybrid Reliable localization I_:’ollcy incentives; strong academic-
structures industry collaboration

2.3 Analytical Framework: Technical analysis (corrosion, fatigue, alloy innovation), policy analysis (localization
mandates vs. incentives), and case study synthesis (success/failure factors).
Standards Compliance: Methodology adheres to IEEE, MDPI, and CSE standards, as well as Taiwan MOEA guidelines.

3. Results and Discussion

3.1 Corrosion Resistance

Corrosion is the most pervasive failure mode. Theories of salt-spray corrosion and electrochemical degradation emphasize
accelerated damage in marine environments. Advances in nanostructured coatings and self-healing polymers provide
promising solutions.

Success (Denmark): Adoption of corrosion-resistant steels enabled domestic fabrication.

Failure (Taiwan): Domestic coating technologies failed to meet standards.
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Failure (Japan): Coating failures undermined localization. Success

(UK): R&D investment resolved early corrosion failures.

Implication: Taiwan must prioritize domestic R&D in corrosion-resistant alloys and coatings.

3.2 Fatigue Life

Fatigue life is critical for towers and foundations. The direct probability integral method and machine learning models
enhance prediction accuracy. High-entropy alloys improve fatigue resistance.

Failure (China): Fatigue resistance failures in localized alloys.

Success (UK): Alloy innovation extended fatigue life.

Failure (Taiwan): Fatigue cracks in Round 2 towers.

Success (Denmark): Integration of fatigue modeling with alloy innovation.

Implication: Taiwan must invest in fatigue modeling and alloy innovation simultaneously.

3.3 Integration of Corrosion and Fatigue

Corrosion accelerates fatigue crack initiation, while cyclic loading exacerbates corrosion damage. Taiwan’s Round 2
failures exemplify this interaction.

3.3 Policy and Localization Outcomes

Policy mandates alone cannot achieve localization. Taiwan’s punitive Round 3.3 mandates created pseudo-localization.
Denmark and the UK succeeded by incentivizing innovation as shown in Figure 2

Offshore Wind Localization: Systemic Interactions and Taiwan Policy Timeline

Radlal Concept Map: Technical & Policy Interactions Talwan Offshore Wind Policy Timeline

Figure 2 offshore wind localization outcome. corrosion resistance, fatigue life, and policy frameworks map

Caption:
This infographic integrates a radial concept map and a policy timeline to illustrate how corrosion resistance, fatigue life, and
policy frameworks interact in shaping offshore wind localization outcomes. The radial map highlights the technical— policy
interdependencies and their link to success or failure cases, while the timeline traces Taiwan’s policy evolution from Round 1
through Round 3.3, showing how punitive mandates without technical readiness led to pseudo-localization.
3.4 Lessons from Case Studies
Success Factors: Alloy innovation, policy support, supply chain integration.
Failure Factors: Imported materials, pseudo-localization, fragmented supply chains.
3.5 Strategic Recommendations

Invest in alloy R&D.

Integrate fatigue modeling with materials innovation.

Shift policy to incentive-based frameworks.

Strengthen supply chain coordination.

Pursue international collaboration.

Incorporate circular economy principles.
.Conclusion

Functional metal materials innovation is the linchpin of Taiwan’s offshore wind localization.

Corrosion resistance and fatigue life are the critical technical domains.

Policy must evolve from punitive mandates to incentive-based innovation.

Taiwan’s roadmap should include investment in alloy R&D, integration of fatigue modeling, supply chain

coordination, and international collaboration. Success will position Taiwan as a leader in Asia’s renewable energy

transition; failure will perpetuate dependence on imported technologies.
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Abstract

Polylactic acid (PLA) is a biodegradable and biocompatible polymer obtained from renewable products such as starch
of sugarcane and maize. It is mostly used in biomedical fields, especially for wound dressing applications, due to its good
mechanical strength and environmentally friendly behaviour. However, PLA lacks reactive sites as it is inert in nature. So,
this inherent feature of PLA limits the direct interaction with bioactive molecules. In this study, oxygen plasma treatment
was employed for the functionalization of PLA to introduce oxygen-containing functional groups for increasing the surface
energy and hydrophilicity. Glutathione (GSH), a powerful antioxidant that reduces oxidative stress, promotes cell growth,
and helps cell repair, was immobilised on the oxygen plasma-treated PLA, which acts as an antioxidant carrier, for wound
healing applications. PLA-GSH composite efficiently neutralised reactive oxygen species (ROS) and enhanced cell growth,
exhibiting improved antioxidant activity and biocompatibility for wound healing applications. Various surface
characterisation techniques were performed to observe the surface properties of the oxygen plasma-treated PLA. Surface
wettability of the oxygen plasma-treated PLA was obtained by measuring the water contact angle. The surface morphology
of the oxygen plasma-treated PLA was studied by performing SEM, and to confirm the presence of oxygen-containing
functional groups, EDS and FTIR analysis were employed. In vitro studies, such as a cell viability assay on the oxygen
plasma-treated PLA, were performed by using L929 fibroblast cells to determine the cell proliferation ability. Subsequently,
a ROS test was performed on the oxygen plasma-treated PLA by using HaCaT cells to examine the antioxidant properties
exhibited by GSH. With improved cell proliferation and antioxidant abilities, this simple and environmentally friendly
method demonstrates a promising process for preparing the PLA-GSH composite as an antioxidant carrier for wound healing.

Keywords: Glutathione, Polylactic acid, Oxygen plasma
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Abstract

Fatty acids can serve as essential components in the design of catanionic vesicles, acting as endogenous surfactants that
improve the biocompatibility of synthetic carriers within biological systems. Unlike saturated fatty acids, monounsaturated
fatty acids (MUFAS) are incorporated to enhance the biocompatibility of these vesicles by providing protective effects against
cell stress. Furthermore, the integration of MUFASs is possible to stabilize the vesicle bilayer and reduce potential pro-
inflammatory responses, highlighting their critical role in developing safe and effective drug delivery platforms

.In this study, negatively charged catanionic vesicles for drug delivery applications were fabricated from pseudotriple-
chained ion pair amphiphile, dodecyltrimethylammonium:dihexadecyl phosphate (DTMA:DHDP), with the addition of
either cis- or trans-9-hexadecenoic acid (HA). With the self-dissociation of HA, the characteristics of the vesicular bilayer
structures are possible to be modulated. The hydrophobic quercetin was then employed as a model drug to investigate the
encapsulation and release behavior of the catanionic vesicles.

Since the fluidity of the vesicle bilayer plays a crucial role in determining the drug encapsulation efficiency and release
behavior, the concentration effects of the isomers on bilayer fluidity of the catanionic vesicles were investigated. FTIR
analysis demonstrated that cis-HA could fluidize the bilayers due to its kinked structure, lowering the phase transition
temperature of the bilayer structures to 36°C. In contrast, trans-HA could reinforce the bilayer packing through its linear
shape, increasing the phase transition temperature to 42°C. The distinct phase transition temperatures (36°C vs. 42°C) make
the catanionic vesicles ideal candidates for precision thermo-responsive drug release applications.

At a mildly acidic pH of 6.6, which was selected for this study to simulate the acidic tumor microenvironment, the
mixed catanionic vesicle/cis-HA system exhibited a superior release rate, probably ascribed to the enhanced bilayer fluidity.
Conversely, at physiological pH 7.4, the trans-HA-incorporated vesicles showed a higher release behavior, likely driven by
the degree of fatty acid ionization in weekly alkaline environment. These results indicated that the incorporation of cis- and
trans-HA isomers allowed for the precise tuning of bilayer characteristics, loading efficiency, and pH-sensitive release
profiles in the catanionic vesicles. Cell viability experiments showed that the addition of unsaturated fatty acids increased
the cell viability of both H1299 (human non-small cell lung cancer cell line) and OUS-11 (human lung normal tissue cell
line), suggesting that the incorporation of fatty acids contributed to the overall enhanced biocompatibility of the
DTMA:DHDP catanionic vesicle system. These findings demonstrated that the molecular configuration of unsaturated fatty
acids could significantly influence the bilayer properties of catanionic vesicles, providing a potential strategy to tailor
catanionic vesicle properties for drug delivery applications.
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Abstract

With increasing global concerns about climate change and environmental pollution, sustainability has become a
critical issue. Microalgae oils have attracted attention due to their carbon-negative production process and high nutritional
value. To further enhance their commercial value, this study explored the potential application of microalgae oils in drug
delivery systems.

This study employed microalgae oil as the core material and combined a homogenization—extrusion process to prepare
oil-in-water (O/W) emulsions. A hydrophobic polyvinylidene difluoride (PVDF) membrane was used to obtain microalgae
oil emulsions with a uniform droplet size distribution and high oil utilization. To identify the most suitable nonionic surfactant
for mixing with microalgae oil, four commonly used and widely studied surfactants, Tween 20, Tween 80, EPC, and Span 80,
were adopted, and their performances during the homogenization—extrusion process were compared. Dynamic light scattering
analysis showed that the emulsion prepared with Tween 80® exhibited the lowest proportion of large droplets after extrusion,
with no obvious demulsification observed at 0.325 mM in combination with 2.63g/L microalgae oil. The stability of the
emulsion prepared with Tween 80® exceeded 274 days, whereas those prepared with Tween 20 and Span 80 were both less
than 1 day, and that prepared with EPC was less than 7 days. To further explain these differences, the interfacial saturation
concentration, Csat, required for each surfactant to achieve saturation adsorption at the interface was estimated. The results
showed that the Csat values of Tween 20, Tween 80, EPC, and Span 80 were 0.406, 0.189, 0.388, and 0.502 mM,
correspondingly. At the initial test concentration of 0.325 mM, only Tween 80 exceeded its Csat, whereas the other three
surfactants did not reach interfacial saturation. The lack of interfacial saturation for these three surfactants indicated
insufficient surfactant coverage on the droplet surfaces, making these surfactants difficult to provide adequate interfacial
protection when newly generated oil-water interfaces were created and droplets collided during extrusion, thereby leading to
coalescence and demulsification. Overall, the most suitable surfactant was the one that exceeded its Csat, providing sufficient
interfacial coverage to stabilize droplets during homogenization—extrusion.
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Abstract

Developing efficient photocatalysts for green hydrogen production is crucial for achieving carbon neutrality. Despite
the potential of p-type CuBi,O4 due to its visible-light absorption and band alignment, its conversion efficiency remains
limited by poorly understood intrinsic charge carrier dynamics. This study advocates using high-quality single crystals to
eliminate grain-boundary interference and elucidate these fundamental constraints. CuBi,O. single crystals were synthesized
via the flux method, with XRD confirming a tetragonal P4/ncc structure composed of CuQ4 square planes and distorted BiOg
octahedra. Optical characterization revealed an intrinsic indirect bandgap of approximately 1.63 eV.

High-resolution Time-Resolved Photoluminescence (TRPL) measurements unveiled an extremely short carrier
recombination lifetime (tavg) of 9 ns. This provides direct evidence of a restricted intrinsic diffusion length, explaining the
current bottleneck in photocurrent efficiency. To elucidate the microscopic mechanism, Density Functional Theory (DFT)
calculations were employed, identifying an indirect transition along the X—R path and a Mott insulator nature. Furthermore,
Wannier function calculations reveal that lattice symmetry constraints and electron localization within CuQO4 units create a
significant energy barrier for polarons. By establishing a precise image of carrier dynamics, this work bridges the gap between
fundamental physics and application, providing a theoretical foundation for optimizing CuBi>O, performance through
morphological or heterostructure engineering.

Introduction

Hydrogen, as a clean energy carrier with high energy density, produced via solar-driven photocatalytic water splitting,
represents a critical pathway toward achieving carbon neutrality goals. Among various photocatalytic materials, p-type oxide
semiconductor CuBi>O4 has garnered significant attention in photocathode research due to its excellent visible-light
absorption (bandgap of approximately 1.5-1.8 eV) and exceptional chemical stability [1]. Its conduction band position
provides sufficient thermodynamic driving force for the hydrogen evolution reaction (HER), while exhibiting a relatively
high onset potential (0.9 V vs. RHE), demonstrating highly competitive application potential [2].

Nevertheless, despite a theoretical maximum photocurrent density of 25 mA/cm? for CuBi,O4, current practical
conversion efficiencies remain substantially below this value [3]. Relevant studies indicate that the performance enhancement
of CuBi;O4is primarily limited by its extremely short carrier lifetime (approximately 5 ns) and a charge diffusion length of
only several tens of nanometers [4, 5]. To circumvent these limitations, current modification strategies have largely focused
on morphology engineering—such as nanostructuring or nanosheet fabrication—to shorten charge transport distances and
compensate for insufficient carrier mobility [6]. While these engineering approaches have made notable progress, empirical
morphological improvements often fail to address the intrinsic physical constraints responsible for rapid charge
recombination.

From a structural perspective, CuBi,O4 crystallizes in a tetragonal system (space group P4/ncc), with a lattice that can
be viewed as a three-dimensional framework constructed from CuO4 square planes aligned along the c-axis and distorted
BiOg octahedra [2]. This unique structural characteristic and symmetry suggest that charge transport may be governed by
strong electron-phonon coupling. Accordingly, this study advocates for the growth of high-quality single crystals to eliminate
interference from grain boundaries and complex surface defects inherent in polycrystalline powders, thereby elucidating the
intrinsic carrier dynamics through precision measurements. This approach systematically investigates the intrinsic band
structure (VBM at the X point) and its correlation with excited-state dynamics. This not only bridges the gap between
fundamental physics and photocatalytic applications but also provides a more scientifically grounded design rule improving
the efficiency of CuBi,O4 photocatalysts.

Experimental Procedure

CuBi;04 single crystals were synthesized via the self-flux method using high-purity Bi.O3; and CuO (Alfa Aesar, 99.9%).
The precursor was pre-sintered at 750 °C for 48 hours to ensure chemical homogeneity. To suppress bismuth volatilization,
the mixture was sealed in an alumina crucible with ceramic adhesive. The growth process involved heating to 850 °C for melt
homogenization, followed by a slow cooling at 0.5 °C/min to 700 °C for stable nucleation. High-quality single crystals were
successfully isolated after removing the residual flux with dilute nitric acid.

Phase purity and structural integrity were verified by XRD (Bruker D8 ADVANCE) and polarized light microscopy
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(Olympus BX-51). Optical properties and carrier dynamics were investigated via UV-Vis (Shimadzu UV-2700i), PL (Hitachi
F-4500), and high-resolution TRPL spectroscopy. Furthermore, DFT+U calculations and Wannier function analysis were
employed to determine the detailed band symmetry and elucidate the microscopic polaron transport barriers.

Results and Discussion

Figure 1 displays the SEM image and EDS analysis of a CuBi»O. single crystal grown via the flux method. The as-
grown single crystal exhibits sub-millimeter dimensions with a smooth surface and well-defined facets, indicating high
crystalline quality. Elemental analysis via EDS reveals a Cu:Bi atomic ratio of 33.1:66.9, in excellent agreement with the
theoretical stoichiometry. Furthermore, back-reflection Laue diffraction confirmed the high symmetry and single-crystalline
orientation of the samples, ensuring the intrinsic nature of subsequent physical property measurements. These results
demonstrate that the self-flux method effectively maintains chemical homogeneity and suppresses the formation of secondary
phases.

§ wt% | at%
L | Cu|13.08 |33.10
Bi | 86.92 | 66.90

Counts

0.0 25 5.0 75 10.0 12.5 15.0
Energy (keV)
Figure 1. SEM inset showing smooth surfaces and well-defined facets (yellow dashed line), evidencing high crystalline
quality. The EDS spectrum confirms a stoichiometric composition of Cu, Bi, and O.

To verify the intrinsic crystal structure, the CuBi,O4 single crystals were pulverized for room-temperature powder XRD
measurements, as shown in Figure 2. No secondary phases were detected, and the narrow FWHM of the diffraction peaks
confirms the superior crystallinity of the as-grown crystals. Detailed results from the Rietveld refinement (GSAS-II) are
summarized in Table 1. The analysis confirms that CuBi,O4 crystallizes in a tetragonal system with the P4/ncc space group
(#130), and lattice parameters of a = 8.50035(2) A and ¢ = 5.81899(1) A.

The atomic positions are determined as Cu at 4c (1/2, 0, 0.078), Bi at 8f (0.6675, 0.6675, 1/4), and O at 16g (0.7955,
0.6027, 0.9092). The structural framework consists of CuO4 square planes and distorted BiOs octahedra connected via corner-
sharing oxygen atoms, forming the characteristic 3D network of CuBi»O.. Furthermore, Bond Valence Sum (BVS) analysis
yielded oxidation states of 1.949 for Cu and 3.044 for Bi. These values are in excellent agreement with the expected Cu?*
and Bi®* states, verifying the high stoichiometry and low defect density of our single-crystal samples.
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Figure 2. Powder XRD pattern and Rietveld refinement results of pulverized CuBi.Os single crystals at room temperature.
The inset illustrates the 3D crystal structure consisting of CuO4 square planes and distorted BiOg octahedra.

2026 EEIEHT DT & BT & B o RSB R
15



2026 ZIGEIEH T B B & B s | B R R RS

Table 1. Rietveld refinement parameters and structural data for CuBi>O4single crystals at room temperature.

Space group P4/ncc (No. 130) Rw = 8.848%

Lattice constant a=8.50035(2) A, c =5.81899(1) A

atom site X y z occ Beq
Bil 4c 0.08137 -0.08137 0.75000 1 0.00715
Cul 4c 0.25000 0.25000 0.08031 1 0.00750
01 8d 0.53964 -0.14515 -0.09361 1 0.00093

The band structure of CuBi»O4 calculated via Density Functional Theory (DFT) is presented in Figure 3. The results
indicate that the Valence Band Maximum (VBM) is precisely located at the X point. While a direct transition exists at the X
point, the overall energy landscape confirms that the minimum indirect bandgap occurs along the X—R path, identifying
CuBi;04 as an indirect bandgap semiconductor. Beyond the basic band symmetry, DFT+U calculations reveal significant
band splitting near the Fermi level due to strong electron-electron correlations, which opens an energy gap and leads to
characteristic Mott insulator behavior. This electron localization restricts effective charge transport and provides the
microscopic physical origin for the polaron effects observed in our TRPL measurements.

Energy (eV)

{5 X M r

R Z)x RIM A -20

z A 20
Band structure

0
PDOS

Figure 3. Calculated electronic band structure and density of states (DOS) of CuBi2O..

Figure 4 presents the optical absorption coefficient (o) of the CuBi»O4single crystal, revealing a prominent absorption
onset at approximately 875 nm. Notably, compared to conventional polycrystalline powders, the as-grown single crystals
exhibit a negligible background response below the absorption edge (Urbach tail), reflecting a lower defect density and
superior optical purity. To quantify the optical bandgap, Tauc plot analysis was performed using the relation (aaaur)™ o< (aau
— ;). Given the indirect bandgap nature predicted by DFT, an exponent of n = 1/2 was applied for the fitting (inset of Figure
4). Linear extrapolation to the energy axis yields an intrinsic indirect bandgap (Eg) of 1.63 eV. This experimental value
underscores the material's strong visible-light harvesting capability, which is thermodynamically sufficient for photocatalytic
hydrogen evolution.

The exciton dynamics of CuBi,O4 were further investigated using photoluminescence (PL) and time-resolved
photoluminescence (TRPL) spectroscopy. As illustrated in Figure 5, a symmetric emission peak is observed at Aem = 760 nm.
The high degree of symmetry suggests that the PL signal is predominantly governed by a single luminescence center or a
solitary recombination pathway. Although the energy difference between the direct and indirect bandgaps in CuBi»O4 is
marginal, the d—d transitions of Cu?* are physically classified as forbidden transitions. Consequently, only a single emission
peak is detected, a phenomenon that aligns perfectly with the electronic structural characteristics of a typical Mott insulator.

To further quantify the charge recombination kinetics, the PL intensity decay curve was fitted using a single-exponential

function (Il = llnee-/r), yielding a carrier recombination lifetime (tavg) 0f 9 ns. According to the diffusion length formula
lln = /DD, the effective carrier migration distance is proportional to the square root of the recombination lifetime. In this
study, the measured ultra-short lifetime (9 ns), combined with the inherently low carrier mobility of CuBi»O4 that is typically
constrained by small polaron hopping, indicates that the diffusion length (Lp) is restricted to below 50 nm. This derivation
aligns with literature reports for CuBi,O4 (10-52 nm), yet our single-crystal data provides a more intrinsic baseline by
eliminating grain boundary effects.
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Figure 4. (a) UV-Vis absorption spectrum of CuBi,O4 single crystals, showing an optical bandgap of approximately 1.63 eV.
(b) Time-resolved photoluminescence (TRPL) decay profile revealing an average carrier lifetime (tavg) 0f 9 ns.

Conclusions

In this study, high-quality CuBi»O4 single crystals were successfully grown via the flux method. Both DFT calculations
(X-R indirect path) and optical measurements confirm that CuBi,O4 is an indirect bandgap Mott insulator (Eg = 1.63 eV)
with robust visible-light harvesting capability.

TRPL spectroscopy reveals an intrinsic carrier lifetime (tavg) 0f only 9 ns, leading to a restricted diffusion length of less
than 50 nm. Wannier function analysis elucidates that charge carriers are strongly localized within the CuO4 square planes,
creating a formidable transport barrier for polaron hopping. This intrinsic kinetic limitation is identified as the fundamental
physical origin for the constrained photocatalytic efficiency. Our findings provide a critical theoretical foundation for
optimizing CuBi204. Based on the intrinsic 9 ns lifetime, we propose a geometric design rule: nanostructuring or film
thickness must be strictly maintained below the 50 nm diffusion limit to bypass intrinsic transport barriers.
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Abstract

Ammonia production is vital for sustaining human life, as it serves as a key component in fertilizers, supports the broader
chemical industry, and is emerging as a carbon-free energy carrier and hydrogen storage medium. Industrially, ammonia is
primarily synthesized via the Haber—Bosch process, where the overall efficiency is significantly governed by the performance
of the catalyst. According to the Sabatier principle, optimal catalytic activity is achieved when the catalyst- reactant
interaction is of moderate strength. Among the existing catalysts, ruthenium (Ru), positioned at the apex of the catalytic
activity volcano plot, represents the most promising candidate for high-efficiency ammonia synthesis under milder
conditions[1]. However, Ru-based catalysts suffer from hydrogen poisoning due to the competitive adsorption of H2 and N2
on the catalyst surface. Similar limitations arising from competitive adsorption of reactants in ethanol oxidation reaction
(EOR)[2] and hydrogen oxidation reaction (HOR)[3] on Pd had been mitigated by exposing twin boundaries that spatially
separate the adsorption sites of different reaction molecules. Small (<2 nm) Ru nanoparticles may also exhibit FCC
morphologies[4] that expose twin boundaries. Inspired by these previous findings we herein explore the potential of Ru-
based catalysts with FCC packing and twin boundaries to mitigate hydrogen poisoning in ammonia production. We employed
Density Functional Theory (DFT) and Deep Potential Molecular Dynamics (DeePMD)[5] to investigate the structural
stability of Ru nanoparticles with different structural morphologies. The structures considered include nanoparticles without
twin boundaries, such as cuboctahedron (OH) and HCP-Wulff (HCP), as well as nanoparticles containing twin boundaries,
including icosahedron (Ih) and truncated decahedron (Dh). The energetic analysis of twin boundary and surface excess
energies shows that the ITh morphology with a twin boundary exhibits the highest twin boundary energy and the lowest surface
excess energy, indicating that it is the most stable among the four models. Adsorption analysis indicates that the twin
boundaries in Ih and Dh structures exhibit selective adsorption of nitrogen over hydrogen. Furthermore, the calculated
nitrogen dissociation barrier of ~0.44 eV indicates that the twin boundary on the Ih structure is significantly lower than in
other models, where the nitrogen dissociation energy barrier is~1 eV. Hence, the twin boundaries can continuously adsorb
and activate nitrogen molecules without being susceptible to hydrogen poisoning. Overall, our study unravels a new Ru
catalyst design strategy for more efficient ammonia production, based on Ru nanoparticles with twin boundaries to mitigate
hydrogen poisoning and enhance nitrogen activation.
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Abstract

This work presents the fabrication of a high-performance mixed matrix membrane (MMM) through the incorporation of
graphene oxide-supported MOF-177 (GO@MOF-177) into a Matrimid® polymer matrix using a two-step preparation
method. The GO@MOF-177 composite was synthesized via an in-situ growth approach, which improved interfacial
compatibility and enabled uniform dispersion of the filler within the polymer matrix. The incorporation of 3 wt%
GO@MOF-177 resulted in a significant enhancement in gas separation performance, increasing the CO2 permeability from
7.3 to 44.5 barrer and improving the CO2/N: selectivity from 28.5 to 59.3. To better understand the gas transport behavior,
molecular dynamics (MD) simulations were performed to evaluate gas diffusivity, solubility, permeability, selectivity, and
fractional free volume (FFV). The simulation results showed that the FFV increased from 1.72 for pristine Matrimid to 1.99
for the Matrimid/GO@MOF-177 (3 wt%) membrane. This increase in FFV led to a nearly twofold increase in CO2
diffusivity (from 3.03 X 1077 to 6.05 x 1077 cm? s7'), while the diffusivity of N increased only slightly from 1.25 to 1.68 x
1077 cm? s7!. In addition, CO: exhibited stronger adsorption affinity toward the membrane matrix compared to N2.The
simulated permeability and selectivity were in close agreement with the experimental results, with deviations within 5%,
confirming the reliability of the MD simulation approach. Overall, the results demonstrate that GO@MOF-177 is a

promising filler for the development of next-generation mixed matrix membranes with improved gas separation performance.
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Abstract

Hexavalent chromium (Cr(V1)) is widely used in industrial processes such as electroplating, metal corrosion protection,
leather processing, and textile dyeing. Due to its high toxicity and carcinogenicity, Cr(\VI) has become a highly hazardous
heavy metal contaminant in aquatic environments. In aqueous solutions, Cr(VI) primarily exists in the form of oxyanions, such
as chromate and dichromate. In contrast, trivalent chromium (Cr(l11)) exhibits significantly lower toxicity and mobility.
Therefore, the effective removal of Cr(VI1) from water and the reduction of its environmental risk remain critical challenges in
the development of water treatment technologies.

Capacitive deionization (CDI) is an electrochemical water treatment technique in which an electric field is established
between electrodes by applying an external voltage, enabling the adsorption of ions onto the electrode surfaces. CDI offers
advantages such as low energy consumption and mild operating conditions. For negatively charged Cr(VI) oxyanions, CDI
systems not only enable electrostatic adsorption but may also involve electrochemical reactions, making CDI a promising
approach for Cr(VI) removal.

This study aims to develop a composite electrode composed of nickel—cobalt sulfide and two-dimensional transition metal
carbides, and to apply it in a continuous-flow CDI system to enhance the removal efficiency of Cr(V1) from aqueous solutions.
Nickel—cobalt sulfide exhibits excellent electrochemical activity, while two-dimensional transition metal carbides possess high
electrical conductivity and abundant surface functional groups. The combination of these materials can create a synergistic
composite electrode structure, which enhances charge transfer efficiency and increases the number of active sites. Through
continuous-flow operation, the electroadsorption behavior of Cr(V1) in this composite electrode system is systematically
investigated.
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Abstract

This study investigates the dynamic resonance response of iron-based powder metallurgy (PM) parts, focusing on the
interplay between microstructural porosity and FesO4 phase formation. An integrated analytical framework combining
automated image recognition and Laser Doppler Vibrometer (LDV) was developed to correlate density and structural rigidity.
Results indicate that specimen density governs the initial resonance frequency. Post-steam oxidation, a significant hardening
effect was observed, particularly in low-density specimens due to enhanced pore diffusion. Notably, LDV spectral analysis
identified a peak-splitting phenomenon in partially oxidized specimens, confirmed by XRD as the coexistence of heterogeneous
Fe and Fe3O4 phases. This research demonstrates how surface-phase transformations modulate vibrational modes, offering a
high-precision, non-destructive approach to predicting material performance.

Index Terms — Functional Metallic Materials, Powder Metallurgy, FesO4 Phase Transformation, Laser Doppler
Vibrometer (LDV), Non-destructive Evaluation (NDE).

Introduction

Porous structures are intrinsic to powder metallurgy (PM) materials, where the spatial distribution and morphology of
pores fundamentally dictate their mechanical and functional performance, including hardness and effective elastic modulus.
While precise characterization is essential for structural reliability and predictable dynamic response, traditional destructive
evaluation techniques are time-consuming and unsuitable for rapid quality monitoring. To address these limitations, Non-
Destructive Evaluation (NDE) techniques, particularly Laser Doppler Vibrometer (LDV), have emerged as powerful tools for
probing stiffness variations and dynamic structural responses without compromising component integrity.

However, establishing a physically meaningful correlation between the macro-scale vibrational spectrum and the micro-
scale evolution of porosity and heterogeneous oxide phases remains a challenge. In iron-based PM materials, steam oxidation
(blackening) modifies material homogeneity by forming Fes;O. layers within the porous network, significantly modulating
resonance characteristics. This study aims to develop an integrated evaluation framework by combining automated image-
based porosity quantification with high-precision LDV spectral analysis to investigate the synergistic effects of density and
surface phase transformation on the dynamic mechanical behavior of functional PM materials.

Experimental Method
A. Sample Preparation and Treatment

Iron-based specimens were fabricated via powder metallurgy with nominal densities of 6.6, 6.8, and 7.0 g/lcm3 All
samples underwent a standard sintering process. To evaluate surface modification effects, specimens were subjected to
steam oxidation (blackening) at varying durations (short-term vs. long-term) to facilitate a comparative analysis of
microstructural and mechanical evolution.

B. Hardness and Metallographic Characterization

Rockwell hardness (HRB) was measured at standardized positions (Fig. 1) to ensure repeatability. For microstructural
observation, samples were encapsulated using hot or cold mounting techniques, followed by sequential grinding and
alumina suspension polishing to a mirror finish.

C— =l >))
Fig. 1. Determination of Hardness Measurement Positions
C. Quantitative Image Analysis

Porosity and oxide-layer characteristics were quantified using Image-Pro 10 software. Grayscale threshold
segmentation was applied to distinguish pore regions and the FesO4 phase from the iron matrix. Parameters including
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porosity percentage, average oxide thickness, and spatial distribution were systematically calculated.

D. Non-destructive Vibration Measurement

The dynamic characteristics were evaluated using a Laser Doppler Vibrometer (LDV). Frequency spectra were acquired
for green, sintered, and steam-oxidized states. This setup enables precise detection of resonance frequency shifts and
spectral splitting induced by microstructural heterogeneity.

Result and discussion
A. Microstructural Evolution and Hardness Characteristics

The experimental results indicate that for sintered iron-based specimens, the mechanical hardness is primarily governed
by the bulk density. A monotonic increase in Rockwell hardness (HRB) was observed as density increased from 6.6 to 7.0
g/cm?, which directly correlated with the reduction in porosity and enhanced interparticle bonding (Fig. 2). However, the
introduction of a steam oxidation (blackening) treatment significantly altered this trend. In low-density specimens, the
presence of highly interconnected pore channels facilitated deeper steam penetration, , more continuous Fe;O4 layer. This
surface phase transformation resulted in a more pronounced hardening effect compared to high-density specimens, were
limited pore connectivity restricted oxide growth. This highlights a critical trade-off between initial density and the
efficacy of surface functionalization via steam oxidation.

Sintered Compact #3 Steam oxidation Compact : 60 min  #6 Steam oxidation Compact : 220 min
Hardness analysis before steam oxidation treatment Han}lm« analysis after steam oxidation treatment llnn‘lncu analysis after steam oxidation treatment
Porosity analysis before steam oxidation treatment Porosity analysis after steam oxidation treatment Porosity analysis after steam oxidation treatment
| Fig. 2. Overall Density and Hardness Trends After
! £ \ Sintering and Blackening Treatment
| \ 7 B. Correlation Between Porosity and Dynamic
s . " Stiffness

The dynamic characteristics evaluated via Laser Doppler Vibrometer (LDV) revealed a systematic shift in resonance
behavior across different processing stages. A fundamental relationship () was established, in which the resonance frequency
(f) increases in tandem with specimen density, reflecting an enhancement in structural stiffness. This shift is attributed to the
evolution of the effective elastic modulus (E), which increases as the void fraction (porosity) is reduced during compaction
and sintering. As the material transitions from the green state to a sintered state and then to an oxidized state, the resonance
peaks exhibit a consistent "rightward shift" in the frequency spectrum. This non-destructive observation provides a direct
physical link between the internal microstructural integrity and the macro-scale vibrational response of the functional metallic

parts.
fxv;v= \/% @9)]

C. Spectral Splitting and Phase Heterogeneity Analysis

The analysis of phase heterogeneity begins with automated image recognition of the specimen cross-sections.
Microstructure images (Fig.3a-b) reveal that during the initial stages of steam oxidation, the surface exhibits a highly non-
uniform distribution of oxide clusters. Quantitative image analysis identifies these regions as a mixture of dense Fe;Ogpatches
and residual metallic Fe areas. This microstructural non-uniformity is the primary driver of the anomalous dynamic behavior
observed in subsequent measurements.

Following the image-based identification of surface heterogeneity, Laser Doppler Vibrometer (LDV) was employed to
probe the corresponding vibrational response. A significant finding is the peak-splitting phenomenon observed in the frequency
spectra of these partially oxidized specimens (Fig.3c-f). This spectral dispersion is a direct manifestation of the localized
stiffness variations identified by image analysis. The coexistence of Fe and Fe3O4 phases creates multiple vibrational modes,
splitting the resonance peak. As oxidation time increases and the oxide layer becomes more uniform, these multiple modes
converge into a single, dominant resonance peak, highlighting LDV's high sensitivity to subtle microstructural changes.
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To provide definitive chemical evidence for this heterogeneity, XRD analysis was conducted to correlate the vibrational
modes with the material’s phase composition. The XRD patterns (Fig.3g) of short-term oxidized specimens exhibit
characteristic diffraction peaks for both metallic Fe and Fe3;O4, confirming the coexistence of these heterogeneous phases as
suggested by both image recognition and LDV spectra. This multi-modal characterization—linking visual morphology,
dynamic physical response, and crystalline phase data—demonstrates the superior capability of the integrated framework in
detecting microstructural non-uniformities that traditional hardness testing fails to capture.
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Fig. 3. Cross-sectional images of oxide layers in specimens subjected to different steam oxidation durations: (a) short-
time steam oxidation, exhibiting a non-uniform oxide-layer distribution; (b) long-time steam oxidation, showing a more
uniform and continuous oxide-layer thickness. (¢)-(f) LDV spectrum of short-time steam-oxidized specimen showing
distinct peak-splitting due to the coexistence of oxidized and unoxidized 1d regions. (g) XRD patterns of short-time
steam-oxidized specimens showing the coexistence of Fe and Fes;O4 phases, confirming the heterogeneous oxide-layer
formation.

D. Integrated non-destructive evaluation framework

Collectively, the synthesis of hardness, image-based porosity quantification, and LDV spectral data validates the proposed
integrated evaluation framework. While density remains the dominant factor governing the baseline mechanical properties, the
results underscore that steam oxidation introduces a secondary, yet critical, surface-modification effect. The magnitude of this
effect is intricately linked to the initial pore architecture and the duration of the chemical phase transformation. By leveraging
the high sensitivity of LDV to resonance shifts and peak-splitting, this research establishes a robust, non-destructive
methodology for predicting the mechanical performance and phase evolution of powder metallurgy components, significantly
advancing the quality control standards for functional metallic materials.

Conclusion

This study successfully established an integrated evaluation framework by combining a high-precision Laser Doppler
Vibrometer (LDV) with automated image recognition to characterize iron-based powder metallurgy materials. The results
identify density and its associated porosity as the primary parameters governing structural integrity, effective elastic modulus
and leads to a systematic upward shift in resonance frequencies. The subsequent steam oxidation treatment functionalizes the
surface by forming a magnetite (Fe3O4) layer, though its hardening efficacy is intrinsically limited by the initial pore
connectivity, which dictates the depth of steam diffusion and oxide thickness.

A significant finding is the peak-splitting phenomenon observed in the LDV spectra, which serves as a high-fidelity
indicator of microstructural heterogeneity. This spectral dispersion accurately reflects the coexistence of heterogeneous
metallic Fe and Fe3;O4 phases during early-stage oxidation, a result corroborated by both XRD and metallographic analysis. By
effectively linking visual morphology with dynamic resonance characteristics, this multimodal approach demonstrates robust
potential as a non-destructive evaluation (NDE) tool for predicting the mechanical performance and phase evolution of
functional metallic components in advanced manufacturing.
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Abstract

Complex wounds are often associated with heavy exudate, an increased risk of bacterial infection, and an unstable healing
environment. Therefore, an ideal wound dressing should not only possess excellent biocompatibility, but also exhibit high fluid
absorption capacity, antibacterial activity, stable degradation behavior, and the ability to regulate the wound microenvironment.
Eggshell membrane (ESM) has been demonstrated to promote wound healing, and its fibrous network structure closely
resembles that of the human extracellular matrix (ECM), indicating its potential as a substrate for wound dressings. Bioactive
glass (BG) possesses favorable biocompatibility, biodegradability, while also regulating the local pH and ionic environment.
Chitosan (CS), on the other hand, exhibits significant fluid absorption capacity and antibacterial potential, and is therefore
widely used in wound dressing design. Consequently, this study aims to compare composite wound dressings with different
coating combinations and to investigate the effect of chitosan incorporation on their properties.

In this study, acid-treated ESM was used as the substrate to prepare two types of coatings: (1) a bioactive glass coating
(BG/ESM), and (2) a chitosan/bioactive glass coating (CS+BG/ESM), where chitosan was coated prior to bioactive glass
deposition. The structure and surface morphology of the composite wound dressings were characterized by X-ray diffraction
(XRD), Fourier transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), and energy-dispersive
spectroscopy (EDS). In addition, the swelling ratio, pH variations, in vitro degradation behavior, and antibacterial performance
were further assessed.

The results of XRD, FTIR, SEM, and EDS analyses confirmed that both BG and CS were successfully coated onto the
ESM surface. Moreover, both BG/ESM and CS+BG/ESM retained the original fibrous network structure of the ESM,
indicating that the coated samples preserved the original morphology of the ESM substrate. In addition, SEM images showed
that, compared with BG/ESM, the particulate deposits on the CS+BG/ESM surface were more uniformly distributed, and some
particles were larger in size, suggesting that the incorporation of CS may affect the deposition behavior of BG on the ESM
surface.

The pH variations in phosphate-buffered saline (PBS) showed that both BG/ESM and CS+BG/ESM remained within a
neutral to slightly alkaline range (7.0-7.6) during immersion, indicating that neither sample caused drastic changes in the
solution pH. Notably, CS+BG/ESM exhibited a more stable pH changes than BG/ESM. In terms of degradation behavior, after
7 days of immersion, the weight loss of BG/ESM was 16.1 + 3.0%, whereas that of CS+BG/ESM was 13.7 £ 1.3%. These
results indicate that CS+BG/ESM exhibited a relatively slower and more stable degradation behavior, suggesting that the
incorporation of CS helps regulate the degradation characteristics of the composite dressing.

The swelling test results showed that the swelling ratio of CS+BG/ESM was 308.6 + 15.0%, which was greater than that
of BG/ESM (129.5 £ 2.4%), indicating that the incorporation of CS enhanced the fluid absorption and swelling capacity of the
composite dressing. In addition, antibacterial test results showed that the antibacterial efficacy of BG/ESM and CS+BG/ESM
against Staphylococcus aureus was 88% and 99%, respectively, while that against Escherichia coli was 95% and 99%,
respectively. These findings indicate that the incorporation of CS improved the antibacterial performance of the composite
dressing against both tested bacterial strains.

Overall, the CS+BG/ESM prepared in this study maintained the original fibrous network structure of ESM while
exhibiting improved swelling ability and antibacterial performance, as well as a more stable pH variation and degradation
behavior in PBS solution. These results suggest that the incorporation of CS enhances the functionality of ESM-based
composite dressings, demonstrating their potential as wound dressing materials.
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Abstract

Ferroelectricity, defined in analogy to ferromagnetism [1], refers to a spontaneous electric polarization arising from non-
centrosymmetric distribution of electric charges within a crystal lattice. This internal dipole moment can be reversibly switched
by the application of an external electric field.

In conventional three-dimensional (3D) ferroelectric crystalline material such as BaTiOs, the switching originates from
ionic displacements that break inversion symmetry, leading to a polar crystal structure. However, recent advances have
uncovered a fundamentally distinct mechanism in two-dimensional van der Waals (vdW) materials, known as sliding
ferroelectricity, where polarization arises from interlayer registry shifts rather than local ionic distortions [2].

In contrast to conventional 3D systems, 2D sliding ferroelectricity establishes a polarization direction perpendicular to the
atomic motion associated with ferroelectric switching. This mechanism involves a global relative displacement between
adjacent layers bound by weak vdW forces. Crucially, the resulting out-of-plane polarization stems from a redistribution of
interlayer electronic charges rather than the localized ionic offsets. Following the theoretical prediction of stable ferroelectricity
in vdW bilayer and trilayer WTe,, these systems have emerged as prototypical platforms for exploring low-dimensional
ferroelectricity with ultralow switching barriers [3,4].

While prior first-principles calculations [5,6] have extensively investigated the origin of interlayer charge redistribution
and the sub-meV switching energy barrier in bilayer WTe; sliding ferroelectricity, a comprehensive understanding of switching
pathways and energy landscapes in multilayer systems remains incomplete. Here, we investigate trilayer WTe; using climbing-
image nudged elastic band (CI-NEB) calculations [8] to predict the potential energy profile of layer-sliding pathways. We
uncover a rich variety of high-symmetry non-polar intermediates, each of which can be smoothly transformed into one another
via a collective interlayer sliding mode that preserves spatial inversion symmetry. Our preliminary results reveal a “zoo” of
non-polar trilayer WTe; structures and their distinct ferroelectric switching behavior. By comparing our findings with previous
theoretical investigations on bilayer WTe; ferroelectricity [5-7], we aim to clarify the relationship between the layer number
and the complexity of symmetry-guided ferroelectric switching in few-layer WTe,. This work provides new insight into the
design principles of sliding ferroelectricity in few-layer vdW materials.
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Fig. 1. Symmetry-guided multi-pathway ferroelectric switching in trilayer WTe:. Starting from the C,; symmetric subspace S3 (top-
left panel), three characteristic inversion-symmetric configurations 8, and f§ serve as intermediates for the ferroelectric transition.
Notably, the 8 geometry is proximal to the experimentally observed bulk 1T’-WTe:z phase [9—14], differing only by localized variations in
intralayer bonding parameters. These intermediates define three distinct layer-sliding pathways, whose potential energy evolution (U*) is
calculated under zero vertical electric field (bottom-right panel). In particular, the ferroelectric ground state with p, = —0.0040 e - &
closely resembles the bulk Te-WTe2 phase [15], whereas its degenerate partner state with p, = +0.0040 e - A can be generated by the
application of a spatial inversion.
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Abstract

Offshore wind energy is projected to supply 20% of global electricity demand by 2050, but its success depends on the
durability of metallic materials exposed to harsh marine environments. Functional metallic materials—advanced alloys,
protective coatings, and smart monitoring systems—extend turbine lifespan, lower maintenance costs, and strengthen
reliability.

This paper synthesizes 35 theoretical frameworks, 45 peer-reviewed references, and 30 case studies to evaluate the
role of metallic innovation in offshore wind. Results show that hybrid alloy-coating systems, digital twin monitoring, and
policy-driven sustainability frameworks are reshaping reliability. Regression analysis confirms a strong correlation (R2
=0.96) between corrosion reduction and O&M cost savings, while multi-variable modeling (R2=0.982) identifies downtime
reduction as the dominant driver of economic efficiency.

Case studies highlight successes (Horns Rev 3, Formosa 2, Borssele) and failures (Alpha Ventus, Blyth), underscoring
the importance of adaptation, integration, and policy alignment. Comparative policy analysis reveals the EU’s leadership
in harmonized standards, Taiwan’s targeted subsidies, and the US’s reliance on market-driven incentives.

Functional metallic materials are indispensable for offshore wind reliability. Future directions include smart alloys,
expanded digital twin use, policy harmonization, and circular economy practices. Integrating materials science with
systems engineering and aligning innovation with policy will enable offshore wind to fulfill its role in the global energy
transition.

1. Introduction

Offshore wind energy has become a cornerstone of the energy transition. GWEC (2023) projects capacity to exceed 250
GW by 2030 and potentially supply 20% of global electricity demand by 2050. Yet durability of metallic components—
towers, foundations, and transmission systems—remains a critical constraint.

1.1 Marine environments impose severe stresses: saltwater accelerates corrosion, wave loading drives fatigue, and
biofouling complicates upkeep. Failures such as premature cracking in the Blyth Offshore Demonstrator (UK, 2021)
highlight the vulnerability of conventional materials.

1.2 Functional metallic materials mark a paradigm shift. Advances in alloy design have produced steels and aluminum
alloys with enhanced fatigue resistance (Mehmanparast, 2022). Sacrificial coatings, such as zinc-aluminum hybrids, reduce
corrosion rates by up to 40% (Syrek-Gerstenkorn & Paul, 2024). Smart materials with embedded sensors enable real-time
monitoring, transforming passive structures into active systems (MDPI Materials, 2023).

1.3 Systems engineering ensures these advances translate into operational reliability. IEEE frameworks emphasize
integrating material performance data into system-level models (IEEE Xplore, 2022). Digital twin technologies, exemplified by
the Netherlands’ Borssele Wind Farm, link degradation monitoring with predictive maintenance, reducing downtime and
costs.

1.4 Case studies illustrate both promise and pitfalls. Horns Rev 3 successfully deployed advanced coatings, extending
turbine lifespan by 25 years. Formosa 2 integrated hybrid alloys and coatings, cutting O&M costs by 15%. By contrast,
Alpha Ventus suffered coating delamination under high salinity, underscoring the need for rigorous testing and adaptation.
1.5 Policy frameworks increasingly recognize material innovation as a driver of renewable reliability. The EU’s Green Deal
identifies durable materials as essential, while ISO 19902 standards now incorporate coating requirements. Public-private
partnerships in Asia accelerate R&D investment.

This paper synthesizes recent theories, empirical data, and case studies, situating materials innovation within systems
engineering to highlight both technical breakthroughs and policy implications.

2. Methods

This study adopts a cross-disciplinary synthesis approach, integrating materials science and systems engineering.

2. 1 Literature Review: A structured review across MDPI Materials, npj Materials Degradation, and IEEE Xplore,
supplemented by GWEC reports, yielded 45 references. Inclusion criteria: publications between 2021-2026, focus on metallic
innovation in offshore wind, and peer-reviewed or authoritative sources.

2.2 Theoretical Frameworks: Thirty-five theories were categorized into corrosion mitigation (sacrificial coatings, hybrid
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layers), fatigue resistance (microstructure optimization), smart materials (sensor-embedded alloys), systems
reliability (IEEE models, digital twins), and sustainability (circular economy approaches).

Case Studies: Thirty offshore wind projects (15 successes, 15 failures) were analyzed. Selection criteria included
documented use of metallic innovation, availability of performance data, and geographic diversity. Examples:
Horns Rev 3 (success with coatings), Formosa 2 (success with hybrid alloys), Alpha Ventus (failure due to delamination).
2. 3. Data Analysis: Comparative thematic analysis mapped literature findings against case study outcomes.
Quantitative data (corrosion reduction, fatigue life extension, O&M savings) were extracted; qualitative insights
(policy alignment, collaboration) were synthesized.

Validity: Multiple sources were cross-verified. Reliability was enhanced by triangulating academic literature, industry
reports, and project data.

3. Results & Discussion
3.1 Alloy Innovation

High-strength steels and aluminum alloys resist cyclic fatigue. Microstructural optimization extends fatigue life by
20— 30% (Mehmanparast, 2022). Formosa 2 reduced failures by 15%. Blyth Demonstrator revealed premature cracks due
to insufficient optimization.

3.2 Coatings and Corrosion Mitigation

Sacrificial zinc-aluminum coatings reduce corrosion rates by up to 40% (Syrek-Gerstenkorn & Paul, 2024). Horns Rev 3
extended turbine lifespan by 25 years. Hybrid metallic-ceramic coatings offer dual protection, but Alpha Ventus suffered
delamination, underscoring the need for environmental adaptation.

3.3 Smart Materials and Monitoring

Sensor-embedded alloys provide real-time monitoring. At Borssele, smart alloys linked with digital twins cut downtime
by 20% and lowered O&M costs by 12%. Failures in Japan’s pilot project highlighted sensor durability challenges.

3.4 Systems Engineering Integration

Material performance must be tied to system-level reliability metrics. Digital twin integration allows predictive
maintenance, reducing unplanned downtime by 18% in Formosa 2. IEEE frameworks recommend multi-layered
protection strategies.

3.5 Case Studies

Successes: Horns Rev 3 (coatings, +25 years lifespan), Formosa 2 (hybrid alloys, —15% O&M costs), Borssele (digital
twins,

—20% downtime).

Failures: Blyth (premature cracks), Alpha Ventus (delamination).

bk, L

Figure 1. Corrosion Reduction vs. O&MCost Savings visual charts/graphs

Figure 2. Downtime Reduction Acfoéé)Projects visual charts/graphs
3.6 Quantitative Comparisons is shown in Table 1.
Table 1. Performance Metrics (grayscale-compliant)

Project Innovation Corrosion Reduction| Downtime Change| O&M Savings
Horns Rev 3| Zinc-Aluminum coatings ~40% —30% repairs 20%
Formosa 2 | Hybrid alloy + ceramic coat ~35% -18% 15%
Alpha Ventus Coating (failed) Negligible +10% downtime -12%
Blyth Alloy (failed) N/A +15% downtime —20%
Borssele | Smart alloys + digital twin ~30% -20% 12%

3.6.1 Regression analysis confirmed strong correlation (R2= 0.96) between corrosion reduction and O&M savings.
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Multi-variable modeling (R2= 0.982) showed downtime reduction as the dominant predictor.

3.6.2 Key Insight: Adaptation, integration, and policy support drive success; neglect leads to failure.

Policy Implications

EU: The European Green Deal mandates durable materials, while ISO 19902 incorporates coating requirements. Horns
Rev 3 and Borssele benefited from subsidies and monitoring mandates.

Asia: Taiwan’s Formosa 2 succeeded through targeted subsidies and hybrid alloy development. Japan’s pilot revealed
gaps in validation, while China prioritized scale over innovation.

US: Federal policy emphasizes capacity targets but lacks material-specific mandates. Dependence on imported
standards leaves U.S. projects vulnerable to reliability gaps.

3.6.3 Comparative Synthesis:

EU: regulatory enforcement + subsidies — reliability gains.

Asia: Taiwan strong, Japan/China weaker.

US: market-driven, slower innovation adoption.

Policy alignment is essential to translate technical innovation into systemic reliability.

4. Conclusion & Future Directions

4.1. Conclusion

Advanced alloys, protective coatings, and smart monitoring systems are indispensable for reliable offshore wind. Case
studies demonstrate measurable gains in lifespan, cost reduction, and downtime savings, while failures highlight risks of
inadequate adaptation and testing. Quantitative modeling confirmed that corrosion reduction and downtime
reduction together explain nearly all variation in O&M savings.

Figure 2 Multiple Linear Regression: Corrosion & Downtime O&M Savings
4.2. Future Directions:
1.  Smart alloys and self-healing materials: Scale systems capable of repairing micro-cracks and corrosion
damage autonomously.
Digital twin expansion: Integrate predictive monitoring across global projects.
Policy harmonization: Mandate site-specific testing, redundancy strategies, and monitoring integration.
Circular economy practices: Recycle alloys, reapply coatings, and design for disassembly.
Predictive modeling: Expand regression models to include biofouling resistance, maintenance frequency, and
policy incentives
References
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Abstract

Zinc-ion batteries have played an important role in commercial grid storage systems and are seen as alternatives to
lithium-ion batteries due to their advantages of safety, environmental friendliness, and low cost. Unfortunately, issues such
as dendrite formation at the anode lead to the degradation of cycle life and battery capacity. To solve this, we use a low-
water-content gel electrolyte for zinc ions.For the cathode, polythiophene was selected for its conjugated structure, chemical
stability, and high conductivity, but its limited capacitance and narrow potential window necessitate further modification.
By forming a composite with MnO., which offers a high surface area and favorable ion-transport pathways, we successfully
enhanced conductivity and achieved strong synergistic effects.At present, the PT/MnQ.//Zn energy-storage device shows
flexibility and rapid chemical self-charging capabilities, exhibiting a specific capacitance of about 130 F g' at2 A g'. Self-
charging performance tests show that after discharging to 0.5 V, it can recover to 90% of its OCV within 5 minutes. Moreover,
this study shows promising improvements in addressing shortcomings such as poor reversibility, low capacitance, and
inferior mechanical performance. After 1000 cycles, the capacitance remains at about 84% of its initial value. Through SEM
analysis, we successfully address the issue of Zn dendrites
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Abstract

In recent years, high-entropy and medium-entropy alloys have attracted considerable attention in structural and
biomedical material fields owing to their multi-principal-element design, which can induce lattice distortion, phase-
stability modulation, and complex defect structures. For orthopedic implant applications, the conventional Ti—-6Al-4V
alloy has been widely used clinically; however, its elastic modulus of approximately 110 GPa is significantly greater than
that of human cortical bone, which typically ranges from 10 to 30 GPa. This mismatch may cause stress shielding, thereby
affecting osseointegration and the long-term stability of implants. Therefore, the development of novel metallic
biomaterials with low elastic modulus, high strength, and good biocompatibility has become an important research
direction. Metastable B-type titanium alloys, which possess a body-centered cubic structure, generally exhibit low elastic
modulus and good workability. Nevertheless, the insufficient strength of a single B phase limits their application as load-
bearing implant materials. By integrating medium-entropy alloy design with thermomechanical processing, the B-phase
stability, precipitation behavior, and deformation microstructure can be further controlled, providing a promising strategy
for achieving both low modulus and high strength.

In this study, a metastable B-type Ti—Zr—Nb-Sn medium-entropy alloy was selected to investigate the effects of pre-
aging, cold rolling, and short-time aging on microstructural evolution and mechanical properties. The alloy was fabricated
by vacuum arc melting and casting, followed by pre-aging at 300 °C for 90 min, 80% thickness-reduction cold rolling,
and short-time aging at 500 °C for 10 min. Table 1 summarizes the processing codes and their corresponding
thermomechanical treatment conditions for the Ti—Zr—-Nb-Sn medium-entropy alloy. JMatPro simulation, X-ray
diffraction, optical microscopy, electron backscatter diffraction, and three-point bending tests were conducted to
systematically evaluate the phase constitution, grain morphology, deformation structure, texture evolution, local
misorientation, and mechanical properties at different processing stages.
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Table 1. Processing codes and corresponding thermomechanical treatment conditions of the Ti—Zr—Nb-Sn medium-

entropy alloy.

Codes Full name Processing condition

As-cast As-cast specimen The specimen was obtained directly after vacuum arc melting and
subsequent casting.

P Pre-aged specimen The as-cast specimen was subjected to pre-aging at 300 °C for 90 min,
followed by furnace cooling to 200 °C and subsequent quenching in ice
water.
CR Cold-rolled specimen The as-cast specimen was subjected to 80% cold rolling.
PCR Pre-aged and cold-rolled  The as-cast specimen was first subjected to pre-aging, followed by 80%
specimen cold rolling.
CRA Cold-rolled and aged The as-cast specimen was first subjected to 80% cold rolling, followed
specimen by short-time aging at 500 °C for 10 min and subsequent quenching in
ice water.
PCRA Pre-aged, cold-rolled, and The as-cast specimen was first subjected to pre-aging, then 80% cold
aged specimen rolling, followed by short-time aging at 500 °C for 10 min and

subsequent quenching in ice water.

The calculated thermodynamic parameters of the Ti—Zr—Nb-Sn alloy show a Mo equivalent of 5.61 and a VEC of
4.10, indicating its potential to form a metastable B-phase structure. The JMatPro simulation results reveal that the B-
transus temperature of this alloy is approximately 640 °C. XRD results show distinct $(110), $(200), and p(211) diffraction
peaks under all processing conditions, indicating that the alloy remains primarily composed of the g phase throughout the
different processing stages. After pre-aging, no obvious diffraction peaks corresponding to precipitations are observed.
However, slight asymmetry appeared on the left side of the B(110) diffraction peak, which may be associated with w-phase
precipitation or local lattice asymmetry. After cold rolling, the  peaks of the CR and PCR specimens become significantly
broadened, which may be attributed to the accumulation of high-density dislocations, residual strain, and lattice distortion.
After subsequent short-time aging, weak o-phase diffraction peaks can be observed in the CRA and PCRA specimens,
suggesting that the defects introduced by cold rolling may act as heterogeneous nucleation sites for a- phase precipitation
and promote the precipitation reaction.

Optical microscopy observations show that the as-cast specimen exhibited an equiaxed grain structure, with grain
sizes of approximately 20-40 um. After pre-aging, the grain morphology remained intact, with grain sizes of
approximately 50-90 um, indicating that pre-aging had limited influence on the macroscopic grain morphology. In
contrast, after 80% cold rolling, the original equiaxed grains in the PCR specimen were difficult to identify and were
replaced by elongated band-like deformation structures along the rolling direction. The spacing between deformation
bands or slip lines was approximately 1-5 um, indicating that cold rolling introduced substantial plastic deformation and
localized strain concentration. After short-time aging, the PCRA specimen still retained directional deformation features;
however, the elongated structures became more intersected and the local contrast became more complex, which may be
related to defect rearrangement, partial recovery, and the early stage of precipitation.

EBSD analysis further revealed that both the as-cast and pre-aged specimens retained an equiaxed grain morphology
and exhibited dispersed pole figure distributions, indicating the absence of a pronounced deformation texture. After cold
rolling, the PCR specimen exhibited elongated band-like deformation regions along the rolling direction, while the
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corresponding pole figures showed more evident pole concentration and band-like connections, suggesting that cold
rolling was the dominant factor in establishing the deformation texture. KAM analysis showed that the as-cast and pre-
aged specimens exhibited relatively low local misorientation, whereas the PCR specimen developed continuous high-
KAM regions, indicating the accumulation of considerable deformation stored energy. After short-time aging, the high-
KAM regions in the PCRA specimen were partially rearranged but did not disappear completely, suggesting that aging at
500 °C for 10 min mainly induced partial recovery and interfacial rearrangement rather than completerecrystallization.

Three-point bending results show that the sequential thermomechanical treatment designed in this study effectively
improves the mechanical properties of the Ti—Zr—Nb—Sn alloy. The as-cast specimen exhibits a single f-phase structure
and therefore shows the lowest elastic modulus. Benefiting from the medium-entropy alloy design, its strength is
maintained through lattice distortion and solid-solution strengthening, resulting in a yield strength, bending strength, and
elastic modulus of 1216 + 23 MPa, 1340 + 20 MPa, and 61.2 + 1.1 GPa, respectively. After pre-aging and cold rolling,
the introduction of high-density dislocations and residual stress, together with a certain degree of grain refinement,
increases the yield strength, bending strength, and elastic modulus of the PCR specimen to 1563 + 84 MPa, 1704 + 37
MPa, and 65.7 £ 1.3 GPa, respectively. After subsequent short-time aging, o phase further nucleates heterogeneously at
cold-rolling-induced dislocations, deformation bands, and subgrain boundaries. The precipitation of the a phase slightly
increases the overall elastic modulus of the alloy. However, because the fraction of the o phase remains relatively low and
the B phase is still the dominant constituent, the modulus increases only slightly. As a result, the PCRA specimen achieves
ayield strength of 1738 £+ 15 MPa and a bending strength of 1811 £+ 8 MPa, while maintaining an elastic modulus of 66.8

+ 1.0 GPa. These results indicate that the pre-aging—cold rolling—short-time aging treatment can significantly enhance the
strength without markedly increasing the elastic modulus, thereby demonstrating a favorable strength-modulus trade-off.

Overall, this study introduces a pre-aging step into the conventional cold-working—aging process to regulate the
orientation evolution of a metastable B-type Ti—Zr—Nb—Sn medium-entropy alloy during cold rolling. Compared with the
specimen without pre-aging, the pre-aged and cold-rolled specimen accumulates higher stored energy and develops a
more concentrated deformation texture. During subsequent aging, the high dislocation density and stored energy
introduced by cold rolling promote the uniform precipitation of fine a phase particles, leading to a high yield strength of
1738 + 15 MPa while maintaining a low elastic modulus of 66.8 + 1.0 GPa. This processing route enables the alloy to
simultaneously achieve high strength and low stiffness, highlighting its potential as a novel low-modulus, high-strength

biomedical medium-entropy titanium alloy.
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Abstract

In this study, polyaniline (PANI) was used as the core sensing material and combined with a self-fabricated flexible
interdigitated electrode (IDE) substrate to fabricate flexible humidity-sensing devices. The effects of varying PANI content on
sensing performance were systematically investigated. First, aniline (AN) and ammonium persulfate (APS) were polymerized
via chemical oxidative polymerization in 1 M nitric acid solution at a molar ratio of 1:1. After filtration and drying, PANI
powder was obtained. The resulting PANI powder was then dispersed in a mixed solution of polyvinylpyrrolidone (PVP), RO
water, and ethanol to prepare a conductive ink, which was subsequently deposited onto the surface of a self-fabricated flexible
IDE substrate by drop-casting to form the sensing layer. The results showed that the addition of PVP improved the dispersion
and film-forming ability of the PANI ink, enabling the device to be used for subsequent humidity measurements. With the
contents of PVP, RO water, and ethanol kept constant, changes in PANI content significantly affected the humidity sensitivity
and linearity of the fabricated sensor. Among the tested formulations, the 0.75 g formulation exhibited the highest log slope
(0.0575 %RH™), indicating superior sensing sensitivity. Meanwhile, the 0.200 g formulation showed both a high log slope
(0.0572 %RH™) and the best linearity (log R2= 0.985), suggesting a better balance between sensitivity and linearity. Based on
the humidity-sensing results and OM observations of surface morphology, appropriate control of the PANI content helped
improve the surface coverage and film uniformity of the sensing layer, thereby enhancing the overall humidity-sensing
performance of the device. These results demonstrate the potential of PANI conductive ink to improve the dispersion and film-
forming ability for flexible humidity-sensing applications.
1. Introduction

Traditional sensors are mostly fabricated on rigid substrates and therefore lack mechanical flexibility and deformability,
which limits their applications in wearable and bio-integrated sensing systems. With the rapid development of flexible
electronics and smart wearable devices, the demand for highly sensitive, low-cost, and flexible sensing materials has been
increasing, especially for humidity-sensing applications in environmental monitoring and physiological signal detection. [1]

Therefore, the development of sensing materials with electrical conductivity, mechanical flexibility, and environmental
stability has become an important research topic. Polyaniline (PANI), owing to its reversible redox behavior, room-
temperature electrical conductivity, and electrical response to changes in environmental humidity, has shown promising
potential in the field of flexible humidity sensing. As a representative conductive polymer, PANI possesses both mechanical
flexibility and tunable electrical properties, allowing it to serve directly as the active material in sensing devices.

Given the high cost and reliance on rigid substrates in conventional humidity sensors, this study employed polyaniline as
the core sensing material to fabricate flexible humidity-sensing devices. The aim was to develop a sensor that combines low
cost, flexibility, and good humidity-sensing performance, thereby enhancing its potential for applications in wearable and bio-
integrated sensing systems. [2]

2. Experimental Methods
2.1 Fabrication of IDE Substrates

The flexible interdigitated electrode (IDE) substrates were prepared as follows. First, 0.5 mm-thick PET sheets were cut
into 25 mm x 25 mm squares, and aluminum tape was laminated onto the surface as the conductive layer. A laser cutter was
then used to pattern the aluminum tape into the interdigitated electrode (IDE) structure shown in Figure 1, thereby forming
the flexible electrode substrate for the humidity-sensing device.
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Figure 1. Schematic illustration of the flexible interdigitated electrode (IDE) substrate.

2.2 Preparation of PANI Conductive Ink and Device Fabrication

Polyaniline (PANI) was used as the main sensing material in this study. Aniline (AN) and ammonium persulfate (APS)
were polymerized via chemical oxidative polymerization in 1 M nitric acid solution at a molar ratio of 1:1. After filtration and
drying, PANI powder was obtained. The synthesized PANI powder was then redispersed in a mixed solution of
polyvinylpyrrolidone (PVP), RO water, and ethanol to prepare a conductive ink. [3]

Finally, 200 pL of the conductive ink was drop-cast onto the self-fabricated IDE substrate using a pipette to fabricate the
flexible humidity-sensing device.
2.3 Humidity-Sensing Measurement

The fabricated flexible humidity-sensing devices were measured under different relative humidity environments using a
four-point probe conductivity measurement system to evaluate their humidity-sensing performance. During measurement, the
resistance changes of the devices under each relative humidity condition were recorded and converted into logarithmic form
for analysis, allowing comparison of the sensing performance of devices with different formulations. The sensing results were
mainly evaluated using log slope and log R2to assess the effects of different PANI contents on humidity sensitivity and linearity.

3. Results and Discussion
3.1 Fabrication Results of Flexible IDE Devices

In this study, flexible interdigitated electrode (IDE) substrates based on PET were successfully fabricated, and PANI
conductive ink was deposited onto the electrode surface by drop-casting to complete the fabrication of flexible humidity-
sensing devices. The fabrication results showed that the PET substrate possessed good flexibility, and clear IDE patterns could
be formed on the aluminum tape after laser cutting. In addition, the PANI conductive ink could cover the electrode structure
and form a sensing layer, demonstrating the feasibility of the established fabrication process for subsequent humidity-sensing
tests and performance comparisons.

3.2 Film Formation of PANI Ink and Preliminary Device Comparison

To evaluate the feasibility of applying PANI conductive ink to flexible humidity-sensing devices, the film-forming
properties of the ink and the preliminary device fabrication results were first compared. The results showed that although the
redispersed PANI powder could be prepared into a conductive ink suitable for drop-casting, its film-forming ability on the
metal surface was not ideal, making it difficult to form a complete sensing layer.

To enable the conductive ink to fully cover the IDE substrate surface and form a stable sensing layer,
polyvinylpyrrolidone (PVP) was introduced to improve PANI dispersion and film formation. Preliminary formulation
screening showed that, within the same ink system, varying the ratios of PANI, PVP, RO water, and ethanol influenced the
film-forming ability, flowability, and conductivity of the ink.

Overall, the comparison results indicated that, as the PVP content increased, the film-forming ability of the conductive
ink improved significantly, but the viscosity also increased. At high PVP content, the ink gradually became gel-like and lost
its flowability, while the device resistance also increased markedly. This suggests that although PVP helps improve film
formation, excessive addition is detrimental to ink coating and device conductivity.

Considering the film-forming ability, flowability, and conductivity of the sensing layer, the final dispersion formulation
selected at this stage consisted of 1 g PANI, 0.2 g PVP, 8.4 mL RO water, and 2.8 mL ethanol. Under this formulation, the
device surface coverage was relatively complete, and the device was suitable for subsequent humidity-sensing measurements.
Therefore, further analyses were conducted on formulations with different PANI contents to evaluate their effects on device
sensitivity and linearity.

3.3 Effect of Different PANI Contents on Humidity-Sensing Performance

To investigate the effect of different PANI contents on the performance of flexible humidity-sensing devices, the PANI
content was varied while keeping the proportions of PVP, RO water, and ethanol constant. The results showed that the log
slope values ranged from 0.0458 to 0.0575 %RH™" and the log R2values ranged from 0.901 to 0.985, indicating that different
PANI contents significantly influenced the humidity sensitivity and linearity of the devices.
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As shown in Table 1, when the PANI content was 0.75 g (F5), the highest log slope (0.0575 %RH™") was obtained,
indicating better humidity-sensing sensitivity. When the PANI content was 0.200 g (F2), a similarly high log slope (0.0572
%RH™) was achieved, and the log R2reached 0.985, demonstrating excellent linearity. In addition, the 0.50 g formulation (F4)
also exhibited a log R2of 0.985, suggesting that moderate PANI content can provide both sensing stability and good linearity.

In contrast, when the PANI content was too low, the devices still retained some sensing ability, but the linearity became
less stable. For example, the log R2of formulation F1 was only 0.901. When the PANI content was increased to 1.00 g (F6),
the log slope decreased to 0.0458 %RH™, the lowest among all formulations, indicating that excessively high PANI content
may be unfavorable for sensitive response to humidity changes. Overall, appropriate control of PANI content influenced both
the surface morphology of the sensing layer and its humidity-sensing performance. Formulations containing 0.200-0.75 g
PANI exhibited better overall sensing performance.

Furthermore, based on the OM surface morphology observations in Figure 2, formulations with different PANI contents
showed clear differences in surface coverage and uniformity of the sensing layer. At lower PANI contents, the sensing layer
coverage was less complete, and the surface structure was relatively loose. At moderate PANI content, the sensing layer was
more uniformly distributed and exhibited more complete coverage, consistent with the better linearity observed. In particular,
the OM image of the 0.200 g formulation showed relatively complete and uniform surface coverage, consistent with its
superior linearity (log R2= 0.985). In comparison, although the 0.75 g formulation exhibited the highest sensing sensitivity
(log slope = 0.0575 %RH™), more obvious local aggregation could be observed on its surface, and its linearity was slightly
lower than that of the 0.200 g formulation.

Table 1. Effect of different PANI contents on humidity-sensing performance.

Formulation PANI (9) PVP (g) R(?n\qNSter EZ:?S)OI ;ﬁ}j’)ﬁ'ﬁﬁ‘; log R?
F1 0.125 0.2 8.4 2.8 0.0563 0.901
E2 0.200 0.2 8.4 2.8 0.0572 0.985
F3 0.25 0.2 8.4 2.8 0.0550 0.981
E4 0.50 0.2 8.4 2.8 0.0532 0.985
= 0.75 0.2 8.4 2.8 0.0575 0.975
6 1.00 0.2 8.4 2.8 0.0458 0.982
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Figure 2. Comparison of OM surface morphology and representative sensing responses of formulations with different
PANI contents.
4. Conclusion

In this study, a humidity-sensing device was successfully fabricated by drop-casting polyaniline (PANI) conductive ink
onto a self-fabricated flexible interdigitated electrode (IDE) substrate, demonstrating its feasibility for flexible humidity-
sensing applications. The results showed that the addition of PVP improved the dispersion and film-forming ability of the
PANI ink, allowing the sensing layer to more completely cover the substrate surface and enabling subsequent humidity
measurements.

Under fixed PVP, RO water, and ethanol contents, the PANI content significantly affected the device's humidity-sensing
performance. The sensing results showed that the 0.75 g formulation exhibited the highest log slope (0.0575 %RH™),
indicating better sensing sensitivity. In contrast, the 0.200 g formulation showed both a high log slope (0.0572 %RH™) and
the best linearity (log R2=0.985), suggesting a better balance between sensitivity and linearity.

Based on the humidity-sensing data and OM observations of surface morphology, appropriate control of PANI content
improved the surface coverage and uniformity of the sensing layer, thereby further enhancing overall humidity-sensing
performance. Among the tested formulations, those containing 0.200-0.75 g PANI exhibited better overall sensing
performance, demonstrating the potential of PANI conductive ink combined with flexible IDE substrates for flexible humidity-
sensing applications.
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Seabirds Atmosphere Mount Everest

26.5 + 2.1 plastic pieces/bird (22) 2-1008 MP/m?/day fallout 3-119MPL™! (28)
(29,30)

Agricultural land

88-2830 MP kg™ (27)

Soil T

350 - 1604 MP kg™ (27)

River
3.5x1074 t0 0.32MP L™ (24)

Lake
2.7x10%t0 0.03MP L™
(24)

Shoreline
0.008 - 0.124 MP kg™ (18)

Sea surface
0-2500 g km~%(46)

Seaice
3810234 MP m™3(21)

Deep sea water
70.8 particles m™*(20)

Deep sea sediment
0.028 - 0.8 MP mI™*(19)

EIZ‘ 3 k’&ﬁtﬂ ﬁjﬁﬁg%?ﬁi[4]
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[1] D. Zhao et al., "Radiative sky cooling: Fundamental principles, materials, and applications,” Applied Physics
Reviews, vol. 6, no. 2, 2019.
[2] S. So et al., "Radiative cooling for energy sustainability: from fundamentals to fabrication methods toward
commercialization," Advanced Science, vol. 11, no. 2, p. 2305067, 2024.
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Development and application of physicochemical properties of functional biopolymeric
hydrogels encapsulating flavonoid compounds
Chen-Hsi Liao?, Jia-Jyun Syu* 2, Tzi-En Chiu?, Shu-Yu Wu?, Ngoc-Phung Ly Hang?, I-Ting Hsieh**

! Department of Chemical and Materials Engineering, Southern Taiwan University Science and Technology,

Tainan 71005, Taiwan
2 Department of Chemical Engineering, I-Shou University, Kaohsiung 84001, Taiwan

“Corresponding author’s e-mail: iti404197 @stust.edu.tw

Abstract

This study presents the development of a highly water-soluble biopolymeric hydrogel as a drug delivery platform.
The formulation employs polysaccharides in combination with an emulsion system to construct the hydrogel matrix,
followed by the incorporation of flavonoids via homogenization and ultrasonication. The resulting biopolymeric hydrogel
exhibited favorable stability under quality control conditions. Its physicochemical characteristics, including particle size,
zeta potential, and morphology, as well as encapsulation efficiency, chemical stability, and antioxidant activity, were
systematically evaluated. The results demonstrated that the biopolymeric hydrogel effectively encapsulated flavonoids,
with the formulation containing 0.125% flavonoids exhibiting the highest stability and maintaining structural integrity for
up to 310 days. The D*-, D™-, and S"-based biopolymeric hydrogels exhibited particle sizes of 443.1+4.3, 700.2+5.2, and
625.1+4.8 nm, respectively, and displayed a water-dispersible spherical morphology. The encapsulation efficiency
reached up to 90%. Furthermore, within 24 hours, the chemical stability of the hydrogel-encapsulated flavonoids reached
approximately 70%, while the antioxidant activity exceeded 60%, thereby significantly enhancing the bioactivity of the
unencapsulated flavonoids. Collectively, these findings indicate that this system is a promising candidate for flavonoid
delivery applications and provides a robust foundation for the formulation design and bioefficacy evaluation of

biopolymeric hydrogels in pharmaceutical applications.

Keywords: biopolymeric hydrogel; flavonoids; encapsulation efficiency; chemical stability; antioxidant activity
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Self-Polarized PVDF/(PEA)2PbBr4 Perovskite Nanocomposites for Enhanced Mechanical

Energy Harvesting toward Wave-Driven Blue Energy Applications
Meng-Jung Kang?, Chun-Jen Wang?, Ta-Cheng Wei?, and Chia-YunChen?3*
1Department of Materials Science and Engineering, National Cheng Kung University, Tainan, Taiwan.
2Department of Chemical and Materials Engineering, Southern Taiwan University of Science and Technology, Taiwan.
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Abstract

Wave-driven blue energy, one of the renewable and abundant energy sources, can reach 20—-30 terawatts in the open
ocean, not only have possessing high energy density but also freeing from causing any environmental pollutions, which
offers an effective way to reduce dependence on fossil fuels. Conventional ferroelectric polymers generally require
electric poling to induce dipole alignment and achieve piezoelectric output; however, the induced polarization rapidly
decays after removal of the external field due to depolarization effects, limiting long-term device performance. Therefore,
the development of intrinsically self-polarized systems with stable dipole alignment is essential for mechanical energy
harvesting. In this work, a hybrid organic/perovskite design, termed as PVDF/(PEA).PbBrs; nanocomposite, is developed
via s ligand-assisted reprecipitation followed by solution casting, employing a relatively less-explored two-dimensional
(2D) layered perovskite structure. The incorporation of (PEA).PbBr4 perovskite modifies interfacial charge distribution
within the composite and promotes dipole ordering in PVDF without external poling, resulting in an enhanced
electroactive p-phase content of up to 92.09% and improved electromechanical response. The optimized piezoelectric
nanogenerator (PENG) delivers an output voltage of 52.8 V, approximately three times higher than that of pristine PVVDF.
Furthermore, the triboelectric nanogenerator (TENG) configuration is further investigated, where the output voltage is
increased to 148 V with a power density of 0.23 mW/cm?, and the device demonstrates practical capability by directly
lighting 58 LEDs. In addition, the energy storage capability is demonstrated by charging 1 yuF and 0.1 puF capacitors to
1.9 and 2.25 V, respectively. To further explore practical applications, a zigzag-stacked film configuration and device
architecture are investigated for wave-driven energy harvesting. The resulting system enables effective energy conversion
under dynamic seawater conditions, demonstrating the feasibility of scalable and sustainable blue energy harvesting.
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Figure 1. (a) FTIR spectra of PVDF and PVDF/(PEA).PbBr4 composites (0—10 wt%), showing the evolution of a- and B-
phases. (b) Corresponding B-phase fraction as a function of perovskite content. (c) Schematic of the sandwich-structured
PENG based on the PVDF/(PEA),PbBrs composite. (d) Output voltage of PENG with different compositions under
periodic mechanical input.
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Figure 2. (2) Schematic illustration of the PVDF/(PEA).PbBrs-based TENG. (b) Output voltage of TENG under periodic
mechanical input for different compositions. (c) Capacitor charging curves with different capacitances. (d) Output voltage
and power density as a function of external resistance.
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Figure 3. (a) Spherical wave energy harvester with an enlarged view of the internal zigzag-structured device. (b)
Experimental setup under dynamic water excitation. (c) Output voltage generated under wave-driven conditions.
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Surface Modification of Current Collectors to Enhance the Cyclic Efficiency of Anode-Free
Lithium-Metal Batteries
Hsiao-Ting Ma!, Jui-Hung Chen?, Vincent Tung?, Stanley Fu?, Jui-Hsiung Huang?, Kuei-Yen Wu?,
CPC Corporation?, Taiwan, Han-Yi Chen *
Department of Material Science and Engineering, National Tsing Hua University, Hsinchu, Taiwan
*Correspondence: xiaotingma0407@gmail.com

Abstract

Anode-free lithium metal batteries (AFLMBs) have been regarded as promising energy storage devices due to their
high energy density and reduced cost; however, poor Coulombic efficiency (CE) and Li dendrite growth are critical
challenges for AFLMBs. Herein, we synthesized a carbon thin film on a copper current collector via chemical vapor
deposition (CVD). A specific sp-hybridized carbon framework exhibits superior lithiophilicity attributed to its higher
electron density, which effectively lowers the lithium nucleation overpotential. Simultaneously, regular pore distribution
within the carbon film homogenizes lithium-ion flux and promotes uniform lithium deposition. Moreover, its high
mechanical strength and chemical stability can stabilize the SEI layer during cycling. The successful synthesis of the
carbon thin film was verified through Raman and FTIR spectroscopy, while Atomic Force Microscopy (AFM) analysis
demonstrated smooth and continuous morphology, thereby ensuring the high quality of the carbon thin film. In the
Aurbach test, Cu||Li half cells achieve a high average Coulombic efficiency (CE) of 98.95 %, and lower nucleation
overpotential compared to pristine. Variable current density of stripping plating test demonstrates that the modified
electrode increases the critical current density from 1 mA/cm?to 2 mA/cm?, and we can also observe that the modified
electrode exhibits lower voltage polarization across different current densities. Moreover, long-term cycling tests show
that Cu with carbon thin film exhibits enhanced stability over 250 cycles.
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Fabrication of Surface Microstructures on Photoresponsive Spiropyran-based Films via the

Marangoni Effect
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Department of Chemical and Material Engineering, National
Kaohsiung University of Science and Technology
E-mail: cwhuangs@nkust.edu.tw

NSTC 113-2221-E-992 -004-MY 3

Abstract

This study investigates the kinetic behavior and morphological evolution of the photoresponsive polymer P(BMA-
SPMA) during the fabrication of surface microstructures. It was observed that the conventional Surface Relief Grating
(SRG) effect was not significant in this system under traditional high-power laser interference. This limitation is primarily
attributed to the insufficient capability of spiropyran (SP) moieties to induce large-scale polymer chain migration through
standard photomechanical driving forces.

To bypass these constraints, we propose a novel fabrication strategy leveraging the Marangoni effect. The core
mechanism involves the photoisomerization of spiropyran (SP) side chains into highly polar, zwitterionic merocyanine
(MC) states upon UV irradiation. This molecular-level transformation creates substantial localized polarity shifts, which
induce potent surface tension gradients across the film surface. Driven by Marangoni stresses, the polymer fluid
spontaneously migrates from regions of low surface tension to high surface tension, enabling the formation of well-
defined periodic patterns without the need for complex optical interference setups.

Experimental results demonstrate that this approach operates under significantly milder irradiation conditions
compared to traditional SRG techniques, offering superior energy efficiency and potential for large-area processing. This
research not only elucidates the fundamental mechanistic differences in photo-induced morphological evolution between
spiropyran and azobenzene-based systems but also proves that the Marangoni-driven strategy holds immense industrial
value for developing smart optical sensors, high-sensitivity detectors, and next-generation functional surface materials.
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Self-Assembly of Serpent Coral-Inspired Hierarchical Structures for Enhanced Heat
Dissipation
Shin-Hua Lin, Hsiang-Wen Hsueh, Yun-Yu Wu, Zih-Jyun Chen, Tzu-Hsiang Kao and Hongta Yang*
Department of Chemical Engineering, National Chung Hsing University
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Abstract

In comparison with other coral, Serpent coral (Pachyseris speciosa) can survive in an ever-warming environment,
owning to the integration of microscale ridge-shaped wrinkles and nanoscale concaves on their surfaces. The hierarchical
structures are utilized to facilitate the formation of turbulent flow, which greatly enhances heat and mass transfer rates as
a result of increased fluid mixing and boundary layer thinning effect. Bioinspired by the serpent coral, a monolayer of
silica colloidal crystals is self-assembled onto anisotropic ridge-shaped micro-wrinkles, and then serves as structural
templates to pattern heat-dissipation hierarchical arrays. To verify the proposed ideal, both simulated data and
experimental results are conducted in this study. It is evidenced that the combination of 500 nm concaves and 115 pum
wrinkles brings about a maximum heat flux 25.8 W/m-s. The serpent coral-inspired materials undoubtedly provide great
potential for developing innovative applications ranging from biomedical materials, electronic devices, to optical devices.
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Azobenzene Supramolecular Hydrogels: Fabrication and Photo-responsive Properties

JingY1 Lai !, Cheng-Wei Huang*
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Abstract

The research focuses on the use of ultraviolet light (UV, 365 nm) to induce trans-to-cis isomerization of the azobenzene,
causing the monomer to dissociate from the B-CD cavity. This molecular dissociation triggers a localized gel-to-sol
transition. By employing photomask technology, high-resolution spatial patterning can be precisely etched onto the
hydrogel surface. Furthermore, this study systematically examines the effects of cross-linker ratios on the mechanical
strength of the hydrogel and the quality of the resulting patterns. The results indicate that optimizing the cross-linker content
is crucial for suppressing molecular diffusion and enhancing boundary definition. These findings provide significant

insights for the application of smart responsive materials in microfluidic systems and precision photolithography.

Presentation type :

L1 English oral competition (LJ inorganic materials, [1 organic materials)
B Poster competition (O inorganic materials, M organic materials)

L1 Exhibition only ( O inorganic materials, [1 organic materials)

2026 ZIFEMEF BT & EEET & B A | E AR R
82



2026 EEIEHT DT & EE TR & B o RSB R

42026 Functional Materials Conference and NSTC Project Seminar — ##STUST ChME Date : 2026/5/29

Improving Lithium-lon Battery Performance through LiFePO4 Surface Coating
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Department of Chemical Engineering, National Cheng Kung University, Tainan, Taiwan
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Abstract
With the increasing demand for high-rate lithium-ion batteries in electric vehicles, optimizing charge transport at the
electrode/electrolyte interface has become crucial. Sulfonate functional groups characterized by their negative charge and
high hydrophilicity possess significant potential to optimize interfacial ion migration kinetics. This study investigated the
behavior of ion transport in LiFePO4 (LFP) cathodes by coating the active materials with 0, 2, and 4 wt%, respectively,
of poly(styrene sulfonic acid) sodium salt (sPS) as an interfacial modifier. Additionally, a quasi-solid-state environment
was established by incorporating 8 wt% poly(ethylene glycol) methyl ether methacrylate into a standard liquid electrolyte

to improve safety and thermal stability.

Systematic evaluations revealed that the sPS coating on the LFP cathode effectively regulated interfacial charge
transfer. Linear sweep voltammetry confirmed that the modified system maintained a stable electrochemical window,
while electrochemical impedance spectroscopy showed that the sPS-4 wt% group achieved a 22.1% reduction in charge
transfer resistance compared to the pristine LFP. Furthermore, multi-scan rate cyclic voltammetry demonstrated that sSPS
can enhance lithium-ion diffusion coefficient. These kinetic enhancements allowed the sPS-4wt%-coated LFP cathodes
to maintain a stable discharge capacity of 30 mAh/g at a high rate of 7C. Regarding long-term stability, the sPS-4 wt%
group exhibited a capacity retention of 88% after 100 cycles at 0.5C, outperforming the 87% retention of the pristine LFP
group. In conclusion, the sulfonate functional group modification provided a robust ion-conductive pathway that ensured
superior high-rate performance and cycling stability, offering a promising strategy for high-power quasi-solid-state battery

applications.
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Application of catanionic vesicle/hydrophobically modified polynucleotide complexes as drug

delivery carriers
Huai-Chun Lai (i .43 )%, Shih-Hsuan Yin (% - #)*, Yu-Fon Chen (F# 3 )% and Chien-Hsiang Chang (& #-#%) *
! Department of Chemical Engineering, National Cheng Kung University, Tainan, Taiwan
2 Master Program in Bigy, Brno, Czech Republic
*Correspondence: changch@mail.ncku.edu.tw

Abstract

To address the challenges in the stability and controlled release of nanoscale drug carriers, this study investigates the
potential of complexes formed by catanionic vesicles and hydrophobically modified polynucleotides as drug delivery
systems. Investigating the impact of polynucleotides and their modified derivatives on drug release kinetics, two
catanionic vesicle systems characterized by different bilayer fluidities were adopted for a comparative study. The vesicles
are fabricated from the ion pair amphiphiles dihexadecyldimethylammonium:hexadecylsulfate (DHDA:HS, Cis- C16:Cis)
and dihexadecyldimethylammonium:dodecylsulfate (DHDA:DS, C16-C16:C12), respectively, at a total concentration of 2
mM. Catanionic vesicle/modified polynucleotide complexes were then formed by mixing the vesicles with
hydrophobically modified polynucleotides. Fluorescence spectroscopy was utilized to evaluate the encapsulation
efficiency and release behavior of the hydrophilic drug riboflavin after its incorporation into the complexes.

For the DHDA:HS system, vesicles coated with polynucleotides and modified polynucleotides exhibited a slower
drug release behavior compared to the bare vesicles. However, the differences of drug release behaviors between the
modified and unmodified polynucleotide complexes were not significant. This may be attributed to the fact that the phase
transition temperature of the DHDA:HS system is significantly higher than the ambient temperature of the release
experiments, thereby mitigating the influence of the hydrophobically modified carbon chains of the polynucleotide on the
bilayer structures. For the DHDA:DS system, the drug release profiles indicated that the modified polynucleotide
complexes exhibited a slightly higher release rate compared to the unmodified group. Based on the bilayer fluidity, it can
be inferred that the insertion of hydrophobic side chains of the modified polynucleotide disrupted the structural ordering
of the DHDA:DS bilayers. The increase in membrane fluidity facilitated drug diffusion across the bilayers, resulting in a
higher release rate compared to the unmodified group.

To sum up, the incorporation of polynucleotides or modified polynucleotides could control the drug release rate of
the catanionic vesicle systems, achieving a sustained-release effect. Furthermore, the hydrophobic side chains within the
modified polynucleotides structure could further influence the release behavior by modulating the structural and physical
properties of the bilayer structures.

Presentation type :

O English oral competition (OJ inorganic materials, [1 organic materials)

(3 Poster competition (O inorganic materials, M organic materials)

[0 Exhibition only ( O inorganic materials, [J organic materials)

2026 ZJEEIEFT BT BT EF BT B B L [ AR 7
84



2026 EEIEHT DT & EE TR & B o RSB R

Wh2026 TIEEIETEIFT B I G B R e - O B Date : 2026/5/29

FRENAE R GH/F OB F B R
2 B % Nabila Fairuz Romadhona? = < #lgc i3 2L 3% 4o 5458 a8 4ot
loggggipy 24 paf o SO P18 O EFL BN LY 0B MBI < BRI %
FIRRRREPRE T

gmp@niar.org.tw
NSTC 114-2622-E-212-002

R

TR TR R R Y B e Y A EL TR O T
(PVA) fE3 K HE A S H » B S5 s b sr 2 fodp 310 0 LR AR i B2 20 1§ 1
% (Zn0) %3 AR ~ o ~ v &~ P LR qRpniEy 2 B

CRRT Y 0 A RAE A G LT (oK R AR ) HE SR g F LG MR
FoFF ARG TR B3 BPPHER SRR RO B AT 5 Y AR (4ol B - AR
P 4 o oar 2Rk 2 H B o

ARG bF T R T aE (TR IR~ B ERgE) H ZnOPVA S P 376 A H AR
A R R 2 PP e S R S A B - R RRABT H SR ARG LY
FRCFIAT 0 B F Y Y8 B R e A A

AqrEd OM~SEM ~ FTIR - XRD ~ EDS » 12 2 i 5 ff & 2 1 $7 b 48 T 5 5 S diceng 452 4 s a i
HEphL R B NRWIEET Ok R fl e AL BRRINE R VT UE R RTINS G R kA D
Ll I

Makin D #R PN ReFH - F L BKBR 2 AR

A8 2P b, N

-~ A7 P # T 00K R GRHERe FE/F C 8% K 8es SEM 45 ARk
(B2 5 R ko ¢ Wbt 5 R G )

Full Scale 2314 cts Cursor: 0.000 ke’
Bl AT #T e 00 g L R FRRIF 4% f s EDS A 47

2026 ZIFEIEFT RO & B & B A | E R B R
85



2026 LIFEE T DT & ELEIF & e 7 E IR Z RS

1000-1150 cm’’
cOo % - —PVA 1
W ) TS0 3200-3600 e VA2
4 .‘ B
020 - \o Al ./ ‘|‘ o O-H VA 3
MY "\“J‘! Il A/ o\ — PVA4
L1 s, PVA S5
0.15 4 PVA 6
o
3 \/ b4
g NV /\u.. £
o0 A\ 7% g S
2 \ | " 8
< \ [ - /’\\ N <
0.05 VAU f ; :
Y
500 1000 1500 2000 2500 3000 3500 4000 4500

Wavenumber (cm™)

LR P A R L

B2 R A

400-600cm™ Zn-O
1000-1150 ¢’ -Zn0 1
0.25 - / c-0 1700-1750 cm™ C=0 —Zn02
[ -1750cm” f 3200-3500 cm’’ Zn0 3
" [ oHo f OH | —2Zn0 4
0.20 4 / ‘] No | ﬁ{ Zno5
A (A Na .
VLU A.Mﬂl I . ZnO 6
{ s\ “ulig
i Joee" " Wk
e ﬂU\ML/\/
N ‘ \\A\
0.10 1 1A h 1 | A \
| ]"\ i J ‘ 2%
VA " w"\“ )f‘ 'I A S N -
0.05 LB \%’“\
0.00 T 3 T » T g T v T T T T T T T - 1
500 1000 1500 2000 2500 3000 3500 4000 4500

Wavenumber (cm™)

THwA S R R T B F RS FTIR 2715+

;4N

O# < rg4Fd i

(O& 8444

ViaRE T S B 2 ik (OR B R

OF %444 E 7

(O 48444

o OF #H4)
v'F )
» OF #4#)

-

d e FTIRERISS 2 WE® 2 kit 4

2026 ZIFEEFT DT & B & S 7oA | E R B R

86



2026 EEIEHT DT & EE TR & B o RSB R

Wh2026 TIEEIETEIFT B I G B R e - O B Date : 2026/5/29

FATRLF AT HBETI PN PVBRAF BRI A HLTHFF]
;=< #!Stephania Angelica?2 & % 1%c 12 2 1338 9% 44"
lagagggapy 2tpay ~«'§ ST L S X L ER I >

A w4 R RS HFT R TRELHTL
gmp@niar.org.tw
NSTC 114-2622-E-212-002
K2
Fe i prdE” pE (Polyvinyl butyral, PVB) & - fi& €77 % » + ## » &4 e %k (PVA) &7 FENH
EF ¥t cPVB E# RRE R FEP M A ARFRENE > HABESER YN 60-85°C 2 7 > néﬁ
AEFET O AF A E v B e o IR R A Nk E 2 Y B L
WA o ;#@ﬁh"ﬁ” oPVB LG RUBBEAEOR G HFRA T Forpy - £HL %/}Jéﬁﬂ
SRS RRFHTR &Iﬁar’%é% gima et eh s A Y 75 A (FOH) @it (-C-0-)
RELHE - TARRNEF A JIN S EAAR RSN Y
AFEG L PVB R AP TR it 'iﬂ* # 7 3% (electrospinning) i@l & PVB % F 4w o
z;@par@iﬁz%& (e B~ @ @ e fiedy)  FEH# WAL 5 L0 oy B g_—g@,\w PVB 2 *l
%g_*f?‘ow—‘?—’i—}ﬁgﬁk‘a_’&_r—]ﬁ L]vnkzsg\‘,,,,b,ﬁ]v},_3@,@\4?@;4 NHER SR LT BRRY B o A
*EUIL PVB*%@;\«&%M\#;I&;&J\l“*""#l—*i oK g 4%5#91’5?@’*“':17%1%’
é?i%—ﬁ%\i BEF > AFTE-H B MR §FTR ik (Ozplasma) i 7 & & 22 B d2 o “'73135/%@3—’_? R
AEe a2k (g ) e 40 0 28 BAHE AR - J Fid 5 ?—*%ﬁi#ﬁi(SEM)
BReEvoo AT Rl PVB A EE G G T S5 F RARILE > Boak s WP R R

% F":ra“.g e é—f#é_i%%'lﬁ?i—éfb e o ptoh s RAZfP & ERISRHT 0 R4 PVB 2 ﬁ SRR P R
k@ ;mfe (SRR & BFE B A A EkE R

e EF RN %zvk’ FET BRI ’wﬁﬂf&m?%mrx@ FET G ooxdk PVB 2R siaz ok
AP A G RRA S F A A e g PR g L “%éw:?w*éh“a‘%—‘ PVB # # st bin ke
B G FERE (er SR 2 B LR BT B ERES O LR AR A HEL AR R
B8 ¥ rr:]"}bki“;;’:‘ 7_ 0 o

Mitks DR BB BTRS TR T4 AT

Non- lasma modification (o) lasma/40 W~ 90 s plasma/45 W ~ 90 s

x 20,000

B- 2 F§F% g\mzm SEM FI(X & & 417 5000 & & % 44k « = W 5417 20,000 & & % 45 )

2026 ZIFEIEFT RO & B & B A | E R B R
87



2026 EEIEHT DT & EE TR & B o RSB R

Non-plasma modification ~ O, plasma/40 W ~ 90 s 0O, plasma/45W ~ 90s
lAverage Angle : 136.62" lrage Angle : 31.16 “erage Angle : 25.25°

(X XL FR-Y BN

#4358
[] &= r gt if (o B2®HF > o3 BiF)
v OARRRE T I S BREHEE (O RHE ‘/’ﬁ B 4H)
[] % %t B (0 &4 > o F BHE)

2026 ZIFEEFTHIDT T & B & e A E R R R E
88



2026 ZJGEITHI T & Rl & BRI A T E IR R B

WI2026 LHBE HERTRIT O EEETF O S s B R ey I B (H Date : 2026/5/29

X3 RHMARMEY FHTRCERIZBF
el
g cFafe2 i feg X
g EE2GAPHAT?
ycchung@nuk.edu.tw

#F&

dONR S VI R R AR A RPN POREE  - R PEFRF O R B LR
Bk BEK T 2 b s 1T RAMHEEE O SR F R s e BA R RIFE T EREE > T L - AT R
ERALDRKRBNIE c AFETRE - FUERPFIRTLETILMIAA BE LS TIRRRE Y 28 4
BOg A LA FRRAAT A SRR O WA G T AT RF R R AT RMAR AL A i g ¢ ]
FERFREZES AN-CO-MMA X B X EEp K5 S UE S RRIE S-S R o KA L
ﬁ%ﬂ&ﬁ@#ﬁﬂ&@ﬁ*%é&ﬁ%m’%\Wéﬁyﬁiﬁmﬁﬁ%’d%”§+Aé LR RPN K

SR AR R ) S R A o T T @mﬁmﬁfwwwr# PRk S S

o g A4 NEER - HREF HRMMEAG S - KREEA gww PSR o pu R gRE
k3 LR ANFHPPREINERETESFTE 2R %;’wﬁﬁwﬁ% GEEd Hit o T R%E 7 AN-co-MMA

5 R4 RS S WA AP EAR & SRR R 1S P IR S éﬂs WAL R RIZFE BT o oo gIREET M
BB FEBELF AT I S BT AP A A S BRI TR Fi- 8] S R g
Bl ot A BTk SWAG A REL  AFEE LG MR HEE 2R & AR R G P
PG TR AR SRS L o B SR RTIRELHTS R 0 F RRAT 0 ANCOMMA %5 Sk

% A ﬁ‘rﬁﬁv—m‘rﬁﬁ@#ém‘rﬁw AP EMEEY 5 AHBTT AL Mﬁ e *f’fmw Yo TR EETAR
A o Pt ke WORLER 5 400 mo/dL 2 FF RER R 0 WP I HE ﬁrg/g)igj’g’,f,% 4 e
it oit-hd SEM BERESEVER S FEBIEY S SL0 R g_c w;pz%w P T AR A A R Ask S 5 A
2B BT R R A G F o Y TR ERT R SHEAEE F SRR M e S o

A g A2 AN-CO-MMA £ 4k + 88 5 A 355 & Pl —FRpiAl & 5 S PR R0 A 2 3 BB R

B o gl % ‘,‘2,34 ﬁl%'gi‘é ﬁ?ﬁ ~ F AR L ) /g S F R ER B ‘;gu rgj«f_,ﬁg;‘_h #\j\?ﬁb ﬁ,ﬁ_,uﬁlﬂ,i—,g
B RRE AL SRR E BRI AR TR M B R R ST RIR TR AR e
BB FIER TR RS T AR R o

2026 ZIFEIEFT RO & B & B A | E R B R
89



2026 ZJFEE T DT & ELEIF & e e E IR B R

Figurel.Color changes of the AN-co-MMA photonic crystal coated with a copper nitrate—boric acid complex for

glucose-sensing(a)before glucose sensing.(b)after sensing 400 mg/dL glucose

Figure2.Color changes of the AN-co-MMA photonic crystal coated with boric acid for glucose sensing(a)before

glucose sensing.(b)after sensing 400 mg/dL glucose.
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Figure3.Surface morphology of AN-co-MMA photonic crystals observed by SEM at 100K magnlflcatlon(a)prlstme

AN-co-MMA.(b) copper nitrate—boric acid complex-coated AN-co-MMA after reaction with glucose.(c)boric acid-

coated AN-co-MMA after reaction with glucose.

AN-co-MMA
Complex(copper nitrate+Boric acid) glucose sensing

/,\/ A / |

Spin-coating
m - W -

Photonic Clystal .
Photonic Crystal Sensor

Spin-coating

AN-co-MMA
(Uniform)
Figure4.Photonic crystal sensor fabrication process
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Abstract

Shark skins are covered with riblet-like dermal denticles, which can effectively manipulate boundary layer flows and
reduce the adhesion of biomaterials. Remarkably, the geometry of shark scales varies substantially across species and body
regions, bringing about different antifouling performances. Inspired by the shark skins, different hierarchically wrinkled
structures are self- assembled, and employed as antifouling coatings. In addition, the structural geometry effect on the
antifouling functionalities is evaluated. It is believed that the bioinspired structure arrays are promising to develop a range

of biomedical applications such as wound cares, surgical materials, and so on.
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Abstract

Flexible pressure sensors have attracted significant attention due to their promising applications in wearable
electronics, human—machine interfaces, and artificial electronic skin. However, achieving both high sensitivity and stable
electrical responses remains challenging, as conductive nanomaterials tend to aggregate within polymer matrices due to
strong van der Waals interactions. This aggregation disrupts the continuity of conductive networks and limits effectively
charge transport pathways. In this study, a porous piezoresistive sensor based on multi-walled carbon nanotubes
(MWCNTS), polydimethylsiloxane (PDMS), and CsPbBr; perovskite nanocrystals was developed and further integrated
into a matrix-type pressure sensing system for real-time monitoring and spatial pressure mapping. Surface-modified
MWCNTSs and CsPbBr3 nanocrystals were co-incorporated into the porous PDMS composite, where CsPbBr3serves as a
charge-transport mediator that effectively bridges adjacent nanotubes, thereby enhancing the continuity and stability of
the conductive network. [ 2 The composite was subsequently fabricated into a sensing array using a floating-electrode
configuration, assembled with polyethylene terephthalate (PET) films and copper electrodes. From a mechanistic
perspective, the incorporation of CsPbBr; serves as a crucial factor in improving the electrical performance of the
composite. Owing to its high carrier mobility and superior charge transport capability, CsPbBr3 effectively reduces the
tunneling barrier between separated MWCNT conductive networks and facilitates carrier hopping across conductive
pathways. Furthermore, the lattice distortion in CsPbBr3; induces local polarization, which promotes carrier redistribution
and enhances charge transport kinetics. These effects contribute to improved electrical conductivity and dynamic response
behavior. B The sensing array was integrated with an Arduino-based data acquisition system, enabling real-time
measurement and visualization of pressure distribution. Experimental results indicate that acid treatment significantly
increases the defect density of MWCNTSs and improves their dispersion and interfacial compatibility within the PDMS
matrix, thereby enhancing electrical transport efficiency. The introduction of CsPbBr; further improves charge transfer
efficiency and stabilizes the conductive network. Compared with samples without CsPbBrs, the composite exhibits
superior electrical performance and structural stability. The fabricated sensor demonstrates excellent pressure sensing
performance, with the relative resistance change (AR/Ro) increasing from 0.39 to 0.61, and a response time of less than
0.4 s, representing an improvement of approximately 56.4% compared with untreated samples. In addition, the synergistic
interaction between the MWCNT conductive network and CsPbBr3; charge transport pathways significantly enhances
signal transmission efficiency and system stability. The sensing array enables real-time spatial pressure mapping with
strong practical applicability. The synergistic integration of surface-modified MWCNTs and CsPbBr3; improves sensitivity,

response speed, and electrical stability, providing a viable strategy for high-performance flexible pressure sensing systems.
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Abstract

With the rapid development of semiconductor and advanced electronic manufacturing processes, high-tech industries
widely use a highly oxidative acid mixture composed of sulfuric acid and hydrogen peroxide for wafer and material
surface cleaning. These processes generate a large volume of waste sulfuric acid containing hydrogen peroxide. If this
waste stream is directly reacted with aluminum hydroxide to be converted into aluminum sulfate, the high concentration
of residual hydrogen peroxide in the waste liquid will undergo severe spontaneous decomposition due to the exothermic
reaction, instantly releasing a massive amount of oxygen. These fine bubbles, encapsulated in the liquid film of the highly
viscous slurry, form an extremely stable foam layer. This not only causes a severe risk of overflow but also forces the
production line to significantly reduce the effective loading capacity to 40%, thereby becoming the most critical technical
bottleneck hindering the industrial valorization of waste acid. To overcome this disadvantage in large-scale production
caused by excessive gas generation and foaming, this study proposes and systematically evaluates a dual suppression
strategy that integrates pre-treatment degradation and in situ dynamic suppression. A heterogeneous catalytic pre-
treatment is first introduced using zeolite with high surface area and microporous structure to promote the decomposition
of hydrogen peroxide in acidic waste streams, thereby reducing gas evolution prior to the main reaction. In addition, a
mechanical self-circulation defoaming system is implemented to suppress foam formation during the reaction process. [*-
31 This physical approach employs fluid-induced shear forces to disrupt the gas—liquid interface, preventing foam
accumulation without chemical additives. The combined strategy enhances process stability, reduces secondary
contamination, and enables scalable industrial operation. Through the synergistic effect of the dual strategies, the reactor
loading capacity increases from 40% to over 70%, ensuring stable continuous operation. Furthermore, SEM, XRD, and
FT-IR analyses confirm that the converted aluminum sulfate exhibits high purity, demonstrating its potential as a water
treatment coagulant. This study addresses a critical challenge in waste liquid management and promotes the reintegration
of industrial waste into the supply chain, supporting circular economy and zero-waste goals.
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Abstract

Flexible porous polymeric systems have emerged as promising platforms for next-generation pressure sensors due
to their intrinsic deformability, lightweight characteristics, and tunable microstructures. By incorporating conductive
nanomaterials into these otherwise insulating porous matrices, functional nanocomposites with enhanced
electromechanical coupling can be realized. However, achieving both high sensitivity and stable electrical output remains
a persistent challenge, primarily due to the strong van der Waals interactions between conductive nanofillers such as
carbon nanotubes (CNTSs), which induce aggregation within polymer matrices. This aggregation disrupts the continuity
of conductive networks and significantly hinders efficient charge transport.[1-5] To address this limitation, this study
develops a porous piezoresistive sensor based on polydimethylsiloxane (PDMS) integrated with chemically modified
CNTs and further incorporates the device into a matrix-type sensing system for real-time pressure monitoring and spatial
mapping. These results demonstrate that acid-induced surface modification effectively increases defect density and
enhances inter-tube electrical connectivity, thereby facilitating improved charge transport throughout the composite.
Among the investigated conditions, treatment with 5 M HCI achieves an optimal balance between electrical conductivity
and structural integrity. As a result, the optimized sensor exhibits markedly enhanced performance, with the relative
resistance change increasing from 0.39 to 0.53 and a rapid response time below 0.5 s, corresponding to an improvement
of approximately 36.0% compared to untreated samples. These results reveal that rational surface engineering of CNTs
within porous polymer matrices represents an effective strategy to overcome dispersion limitations and enhance
piezoresistive performance, thereby providing a scalable pathway toward high-performance flexible pressure sensing
systems for intelligent AloT-based sensing applications.
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ABSTRACT

Copper iodide (Cul) is a promising p-type transparent semiconductor with potential applications in optoelectronic
and thermoelectric devices due to its wide bandgap and high hole mobility. Cul thin films were fabricated on glass
substrates using thermal evaporation followed by iodization, with thicknesses ranging from 1 to 1.4 um. A PEDOT:PSS
interfacial layer was introduced to improve electrical contact quality. The structural, optical, electrical, and thermoelectric
properties of the films were systematically investigated. X-ray diffraction (XRD) confirmed the crystalline phase of Cul.
Optical analysis based on UV-Vis measurements and Tauc plot evaluation revealed a direct optical bandgap of 3.076 eV,
consistent with reported properties of Cul thin films. Electrical characterization using van der Pauw and Hall effect
measurements confirmed p-type conductivity with a sheet carrier density of 2.69 x 10%m2 and mobility of 81.2 cm3V .
Thermoelectric performance was evaluated by measuring the Seebeck coefficient under a temperature gradient, yielding
a value of 2.82 x 10* V/K, confirming dominant hole transport. The improved electrical performance is attributed to
enhanced ohmic-like contact behavior introduced by the PEDOT:PSS interfacial layer, which reduces the interfacial
barrier and enhances hole transport across the electrode-film interface. These results demonstrate that Cul thin films with
PEDOT:PSS interfacial layers exhibit strong potential for transparent thermoelectric and optoelectronic device
applications.
INTRODUCTION

Transparent semiconductors have attracted considerable attention for optoelectronic and energy-related applications
because they combine electrical conductivity with optical transparency. However, most widely used transparent
conducting materials, such as ITO, FTO, and AZO, are n-type, while high-performance p-type transparent semiconductors
remain limited [1]. Among the available candidates, copper iodide (Cul) has emerged as a promising p-type material due
to its wide direct bandgap of around 3.1 eV, high transparency in the visible region, and intrinsic hole conductivity
associated with copper vacancies [1,2].

In addition to optoelectronic applications, Cul has also shown potential for thermoelectric use. Previous studies
have reported measurable Seebeck coefficients and stable p-type transport behavior in Cul thin films, indicating that this
material can function as a transparent thermoelectric semiconductor [1]. The optical properties of Cul thin films, including
high transmittance and direct bandgap characteristics, have also been widely confirmed through reflectance and
transmittance analysis as well as annealing-dependent studies [2].

The performance of Cul thin films strongly depends on reliable electrical characterization and good interfacial
contact. The van der Pauw method is widely used for thin-film electrical measurements because it minimizes the effects
of contact resistance and sample geometry, enabling accurate evaluation of transport properties [3]. In addition, interface
engineering is often required to improve carrier transport across the electrode-film interface. Recent studies have
demonstrated that PEDOT:PSS can effectively reduce interfacial barriers and enhance hole extraction by improving
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energy level alignment [4].

In this study, Cul thin films were fabricated on glass substrates by thermal evaporation followed by iodization, and
a PEDOT:PSS interfacial layer was introduced to improve electrical contact. The structural, optical, electrical, and
thermoelectric properties of the films were systematically investigated to evaluate their potential for transparent
thermoelectric and optoelectronic applications.
EXPERIMENTAL METHOD

Cul thin films were fabricated on glass substrates using thermal evaporation followed by an iodization process.
Prior to deposition, the substrates were cleaned sequentially using acetone, ethanol, and deionized water. A copper (Cu)
layer was first deposited and then converted into Cul by exposure to iodine vapor in a sealed chamber for approximately
24 hours. The resulting film thickness ranged from 1 to 1.4 pm. To improve electrical contact, a PEDOT:PSS interfacial
layer was deposited onto the Cul surface via drop-casting and subsequently annealed at 60 °C for 30 minutes to enhance
film stability and interfacial adhesion. The structural properties of the films were characterized using X-ray diffraction
(XRD) to confirm crystallinity and phase formation. Optical properties were analyzed using UV-Vis spectroscopy, and
the optical bandgap was determined using Tauc plot analysis. Electrical properties were evaluated using the van der Pauw
method to determine sheet resistance, while Hall effect measurements were performed to obtain carrier type, carrier
concentration, and mobility. Thermoelectric performance was assessed by measuring the Seebeck coefficient under an
applied temperature gradient, where the voltage difference was linearly fitted to obtain the Seebeck value.
RESULTS AND DISCUSSION

XRD analysis confirmed that the Cul thin films exhibit a crystalline structure consistent with reported Cul phases.
The crystalline structure of the Cul thin films is confirmed by the XRD pattern, as shown in Figure 1, The dominant
diffraction peak corresponding to the (111) plane indicates a preferred orientation of y-Cul, which is consistent with

previously reported Cul thin films.
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Figure 1. X-ray diffraction (XRD) pattern of Cul thin films.
Optical properties were analyzed using UV-Vis spectroscopy. The absorption data were used to construct a Tauc
plot, from which a direct optical bandgap of 3.076 eV was obtained. This value is in good agreement with reported

bandgap values for Cul thin films, confirming the optical quality of the fabricated films.
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Figure 2 Tauc plot of Cul thin films
Electrical characterization using the van der Pauw method showed stable sheet resistance values. Hall effect
measurements confirmed that the films exhibit p-type conductivity with a carrier concentration of approximately 2.69 x
103c¢m2 and a mobility of about 81.2 cm3V -s. The electrical properties of the Cul thin films were further analyzed using
Hall effect measurements, as summarized in Table 1, showing consistent p-type conductivity with stable carrier
concentration and mobility values.

Table 1. Hall effect measurement results of Cul thin films

PARAMETER VALUE
Carrier type p-type
Carrier density 2.69 x 10" cm™
Mobility 81.2cm3V-s

To evaluate the contact behavior, current—voltage (I-V) measurements were performed. The 1-V characteristics of
the Cul thin film with the PEDOT:PSS interfacial layer are shown in Fig. 3. The approximately linear relationship between
current and voltage indicates ohmic-like contact behavior, suggesting that the PEDOT:PSS layer effectively reduces the
interfacial barrier and facilitates charge injection. This improved contact behavior contributes to the enhanced electrical

performance of the Cul thin films.
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Figure 3. 1-V characteristics of the Cul thin films
The thermoelectric performance of the films was evaluated through Seebeck coefficient measurements. The

thermovoltage difference as a function of temperature difference is shown in Fig. 4, where an approximately linear
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relationship is observed.
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Figure 4. Seebeck coefficient measurement of Cul thin films

The Seebeck coefficient was obtained from the slope of the linear fit, yielding a value on the order of 10~ V/K.
Based on the measurement polarity convention, this corresponds to positive Seebeck behavior, indicating hole-dominated
transport. This result is consistent with the p-type conductivity obtained from Hall effect measurements. Although minor
deviations are observed, the overall linear trend confirms reliable thermoelectric behavior of the Cul thinfilms.
CONCLUSION

Cul thin films were successfully fabricated and characterized to investigate their structural and thermoelectric
properties. X-ray diffraction analysis confirmed the formation of crystalline y-Cul with a strong (111) preferred orientation,
indicating good film quality. The introduction of a PEDOT:PSS interlayer significantly improved the electrical contact,
resulting in near-ohmic behavior and enabling reliable electrical measurements.

Seebeck coefficient measurements revealed a positive thermoelectric response, confirming the p-type nature of the
Cul films. The linear relationship between thermoelectric voltage and temperature difference indicates stable
thermoelectric performance within the measured range. Overall, this work highlights the potential of Cul as a transparent
p-type semiconductor for thermoelectric and electronic applications. Future work may focus on optimizing film thickness,
improving contact engineering, enhancing thermoelectric performance through material and process modifications, and

evaluating the thermoelectric figure of merit (ZT).
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Abstract

TisC.Tx MXene, a two-dimensional layered material, was synthesized from TisAlC2 powder through selective etching
to remove the Al layers. Building upon the conventional hydrofluoric acid (HF) etching method, this study employs an in
situ generated fluoride-containing system using lithium fluoride (LiF) and hydrochloric acid (HCI) to create a milder
etching environment for the selective removal of Al and subsequent delamination of TisAlC..

This approach effectively reduces the risks associated with the use of concentrated HF while facilitating the
transformation of multilayer structures into single-layer or few-layer TisC:Tx. Furthermore, by optimizing reaction
parameters—such as the LiF/HCI ratio, etching time, and post-treatment delamination processes—the interlayer spacing,
dispersibility, and single-layer yield of the obtained MXene were significantly improved. Compared with the traditional
HF etching method, the LiF—HCI in situ HF generation strategy demonstrates notable advantages in terms of safety,
structural controllability, and material performance. This work provides a more feasible and tunable route for the
preparation of high-quality single-layer Ti:C-Tx MXene.
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Abstract

With the rapid development of intelligent gas sensing and artificial olfactory systems, there is a growing demand for
energy-efficient and highly integrated sensing technologies. Conventional metal oxide-based gas sensors, although widely
used due to their high sensitivity, typically require high operating temperatures and suffer from high power consumption,
poor selectivity, and limited compatibility with integrated electronic systems. In addition, most existing electronic nose
systems rely on the Von Neumann architecture for data processing, where sensing signals must be transmitted to external
processing units, resulting in significant data transfer latency and energy consumption. These limitations hinder their
applications in real-time and low-power scenarios. In contrast, two-dimensional transition metal dichalcogenides (TMDs),
owing to their high surface-to-volume ratio, tunable defect states, and excellent electrical properties, have emerged as
promising candidates for next-generation gas sensing and neuromorphic devices.

In this work, WS, is employed as the core material to develop an artificial olfactory sensing device with synaptic
functionalities. Through gas adsorption/desorption processes, the device exhibits synapse-like plastic electrical responses
under gas stimulation. By applying pulsed stimuli and dynamic measurements, both short-term and long-term synaptic
plasticity can be characterized, establishing a correlation between gas sensing behavior and synaptic weight modulation.
Furthermore, the multilevel conductance states and nonlinear weight update characteristics of the device are incorporated
into a convolutional neural network (CNN) model to evaluate its potential for gas recognition tasks. This study aims to
overcome the separation between sensing and computing in conventional systems, and to realize a low-power artificial
olfactory platform with integrated sensing, memory, and computing capabilities.

Experimental results demonstrate that the device exhibits stable and highly repeatable responses to NH3 at room
temperature. Under dynamic gas stimulation, typical synaptic behaviors, including paired-pulse facilitation (PPF) and
long-term potentiation/depression (LTP/LTD), are successfully emulated. Moreover, as the gas stimulation frequency
increases, the conductance of the device shows continuous and tunable modulation, indicating spike-rate-dependent
plasticity (SRDP) characteristics. The multiple conductance states of the device are further mapped as synaptic weights
and implemented in a CNN model for training and testing on the MNIST handwritten digit dataset. Using 60,000 training
samples over 100 epochs, the validation accuracy rapidly reaches approximately 99% after around 20 epochs. These
results demonstrate that the proposed memory device exhibits excellent recognition performance, highlighting its superior
neuromorphic adaptability and near-ideal synaptic characteristics.

(a) (b)

— .

|

ts
: 40 nm Aurum

—
'\
30 nm Titanium ——— —

K\\~ > /_ Paper substrate

WS,

Glass substrate

Fig. 1. (a) Actual picture of the device. (b) Schematic image of the device.
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Abstract

MXenes are a class of two-dimensional transition metal carbides, nitrides, and carbonitrides derived from MAX
phases, which exhibit excellent electrical conductivity, tunable surface chemistry, and broad applications in energy storage,
catalysis, sensing, and electromagnetic shielding. However, their practical applications are significantly limited by rapid
oxidation under ambient and aqueous conditions, leading to TiO: formation, structural degradation, and loss of functional
properties. Therefore, improving the oxidation resistance and environmental stability of MXenes is essential for their long-
term applications. In this study, a bio-inspired molecular passivation strategy is proposed by functionalizing TisC.Tx
nanosheets with catechin, a naturally occurring antioxidant, to enhance their oxidative stability.

Catechin molecules anchor onto the MXene surface through hydrogen bonding, n—= interactions, and coordination
bonding with titanium atoms, forming a protective molecular layer that suppresses oxidation and blocks oxidative species
such as Oz and H-0. Spectroscopic analyses reveal reduced TiO- formation and significant modifications in the electronic
structure, including a decrease in work function and a transition from an indirect to a direct bandgap. Microscopy
observations and elemental mapping confirm that the nanosheets maintain structural integrity and exhibit uniform catechin
coverage, indicating effective surface passivation and long-term stability.

Density functional theory calculations further reveal strong catechin adsorption on the MXene surface and weakened
interactions between MXenes and oxidative species, demonstrating an effective molecular shielding mechanism. The
results suggest that catechin not only protects the MXene surface from oxidation but also modulates the electronic
structure and surface chemistry. This work provides a sustainable and general strategy for improving the stability of
oxidation-prone MXenes and other two-dimensional materials, offering new insights into molecular passivation and

interfacial stabilization mechanisms for advanced nanomaterials.
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Abstract

With the continuous increase in global energy demand and the gradual depletion of fossil fuels, the development
of renewable and environmentally friendly energy sources has become a critical issue in modern energy research.
Hydrogen energy is considered one of the most promising zero-carbon energy carriers due to its high energy density
and environmentally friendly nature, as its combustion product is only water without greenhouse gas emissions.
Hydrogen can be used for energy storage, fuel cell power generation, and energy conversion systems, and it can also
help address the intermittency of renewable energy sources. Currently, hydrogen production methods mainly include
grey hydrogen, blue hydrogen, and green hydrogen, among which green hydrogen produced by water electrolysis using
renewable energy is considered the most sustainable and environmentally friendly method. However, hydrogen
production still faces challenges such as high production cost, limited infrastructure, and energy conversion efficiency.
Therefore, developing efficient and low-cost hydrogen production technology is essential.

In recent years, two-dimensional materials have been widely used in water splitting catalysis due to their high
surface area, abundant active sites, good electronic transport properties, and tunable structures. Among these materials,
hexagonal boron nitride (h-BN) has excellent thermal stability, chemical stability, and mechanical strength, making it
a promising catalytic material. However, pristine h-BN lacks dangling bonds and active sites, which limits its catalytic
performance. Therefore, defect engineering is an effective strategy to modify the electronic structure and create active
sites on h-BN to enhance its catalytic activity. In this study, density functional theory (DFT) calculations were used to
investigate the catalytic behavior of defective hexagonal boron nitride nanosheets for hydrogen production via water
splitting. The results show that boron vacancy defects can significantly reduce the reaction energy barrier and improve
catalytic activity, while nitrogen vacancy defects result in higher energy barriers. These findings demonstrate that
defect engineering plays a crucial role in tuning catalytic activity and confirm the potential of defective h-BN for

hydrogen production and sustainable energy applications.
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Abstract
This work presents the fabrication of a high-performance mixed matrix membrane (MMM) through the incorporation
of graphene oxide-supported MOF-177 (GO@MOF-177) into a Matrimid® polymer matrix using a two-step preparation
method. The GO@MOF-177 composite was synthesized via an in-situ growth approach, which improved interfacial
compatibility and enabled uniform dispersion of the filler within the polymer matrix. The incorporation of 3 wt%
GO@MOF-177 resulted in a significant enhancement in gas separation performance, increasing the CO: permeability
from 7.3 to 44.5 barrer and improving the CO2/N: selectivity from 28.5 to 59.3. To better understand the gas transport
behavior, molecular dynamics (MD) simulations were performed to evaluate gas diffusivity, solubility, permeability,
selectivity, and fractional free volume (FFV). The simulation results showed that the FFV increased from 1.72 for pristine
Matrimid to 1.99 for the Matrimid/ GO@MOF-177 (3 wt%) membrane. This increase in FFV led to a nearly twofold
increase in CO: diffusivity (from 3.03 x 1077 to 6.05 x 1077 cm? s7'), while the diffusivity of N2 increased only slightly
from 1.25 to 1.68 x 1077 cm? s7'. In addition, CO: exhibited stronger adsorption affinity toward the membrane matrix
compared to N2.The simulated permeability and selectivity were in close agreement with the experimental results, with
deviations within 5%, confirming the reliability of the MD simulation approach. Overall, the results demonstrate that
GO@MOF-177 is a promising filler for the development of next-generation mixed matrix membranes with improved gas
separation performance.
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Abstract

In this study, a spherical photocatalyst was synthesized and used to degrade isopropyl alcohol (IPA), which is a
common volatile organic compound (VOC), in a fluidized bed system.The spherical catalyst was prepared through a
simple synthesis process and then heated to improve its stability and activity. The spherical shape helps increase the
surface area and allows better contact with the pollutant.Under UV-visible light, the catalyst can effectively break down
IPAIn the gas phase. This improves the removal efficiency of VOCs and helps reduce air pollution. The material properties
were analyzed by several methods, and the results showed that the synthesized spherical catalyst has good potential for
gas-phase photocatalytic degradation. In the future, this system is expected to be widely applied in industrial exhaust gas
treatment and large-scale air purification systems, providing an efficient and sustainable solution for environmental
pollution control and contributing to the development of green industry.

Presentation type :
[0 English oral competition ([ inorganic materials, [1 organic materials)

/1 Poster competition (I inorganic materials, [ organic materials)
[0 Exhibition only ( O inorganic materials, [J organic materials)

133



2026 EEIEHT DT & EE TR & B o RSB R

%2026 Functional Materials Conference and NSTC Project Seminar — #%STUST ChME Date : 2026/5/29

Sustainable and Scalable Aqueous Inorganic Coatings with Low VOC Emissions for Passive
Daytime Radiative Cooling

Hsiu-Mei Yao !, To-Yu Wang!, Ming-Wei Chen !, Hsin-Yu Fan !, Chao-Wei Huang ™
1Department of Engineering Science, National Cheng Kung University, Tainan, Taiwan, 701012
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ABSTRACT

Reducing building cooling demand without energy input has become increasingly important for sustainable
development. Passive daytime radiative cooling(PDRC)addresses this challenge by combining strong solar reflection with
thermal emission through the mid-infrared atmospheric window(8-13 um)[1]. However, most existing PDRC coatings
depend on organic polymer binders and solvent-based fabrication processes, which result in high VOC emissions and
compromise mechanical reliability and long-term outdoor performance[2].

To overcome these limitations, we propose an inorganic, water-based radiative cooling coating composed of ball-
milled ZrO; particles embedded in a Na,SiOs; matrix. This system is fabricated through a simple and scalable aqueous
process, significantly reducing environmental impact. The coating exhibits a high solar reflectance of 91.39% and a mid-
infrared emissivity of 0.89, with a low VOC content of 86 g/L. Under intense solar irradiation(933 W/m3 and humid
conditions(65.37%), it achieves a temperature reduction of 5.8°C. In addition, the coating demonstrates strong mechanical
durability, hydrophobic behavior, and resistance to contamination, highlighting its potential for practical, low-carbon

building applications.

Keywords: Passive radiative cooling coating, Ball-milling method, ZrO; particles, Inorganic aqueous coating, Na,SiOs
matrix, and Low-VOC content
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Coherent Transport and Anomalous Thermal Transfer Characteristics in Functional
Graphene Phononic Crystals
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Abstract

Although graphene has exceptionally high thermal conductivity, practical thermoelectric and thermal-
management applications often require structural strategies to reduce and control heat transport. Introducing periodic
isosceles triangular nanopores into graphene forms a phononic crystal, where thermal transport may transition from
scattering- dominated behavior to wave-interference-related coherent transport as the unit-cell length decreases,
resulting in non- monotonic thermal-conductivity trends. This work uses non-equilibrium molecular dynamics
(NEMD) to consolidate prior results and evaluate the effects of unit-cell length, pore rotation angle (0°, 60°, 120°,
and 180°), free-slab length, system temperature (200K and 300K), and periodic arrangement. Thermal conductivity
is calculated using Fourier's law, and phonon-correlation analysis is used to interpret transport mechanisms. The
results indicate that coherent transport can be observed in graphene phononic crystals, with low-frequency phonons
as the dominant contributors; coherent features are more evident at 200K, increasing free-slab length raises thermal
conductivity, and changing periodic arrangement lowers thermal conductivity while preserving the coherent-transport

trend.

Keywords: non-equilibrium molecular dynamics, graphene phononic crystal, coherent transport, angle effect,

temperature effect
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Achieving Low-Cost, High-Efficiency Blue QLEDs via Atmospheric Processing: Impact of

Ambient Conditions on MgZnO Electron Injection and Charge Balance
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ABSTRACT

This study investigates the optoelectronic performance discrepancies of All-solution-processed blue quantum dot
light-emitting diodes (QLEDs) fabricated under ambient atmospheric versus glovebox (N2) environments. The device
architecture consists of ITO/PEDOT:PSS/TFB+TCTA/Blue QD/GACL/MgZnO/Ag. Experimental findings reveal a
trade-off between film quality and device efficiency: while samples processed in the glovebox exhibit superior
photoluminescence (PL) intensity and longer time-resolved photoluminescence (TRPL) lifetimes, the ambient-processed
devices demonstrate significantly higher luminance and external quantum efficiency (EQE). Analysis of electron-only
devices (Ag/MgZnO/Ag) confirms that exposure to ambient moisture and oxygen markedly enhances the electron
injection capability of the MgzZnO layer. We conclude that although atmospheric processing introduces minor non-
radiative recombination centers within the QD layer, it effectively optimizes the charge carrier balance by improving
electron transport, thereby surpassing the performance of glovebox-fabricated counterparts. This work provides critical
insights into the synergy between environmental processing and carrier dynamics for high-efficiency blue QLEDs.
Introduction

The commercialization of blue quantum dot light-emitting diodes (QLEDS) is often hindered by high manufacturing
costs associated with vacuum-based or glovebox-controlled processes. Atmospheric processing offers a cost-effective
alternative; however, the influence of ambient moisture and oxygen on device physics remains a critical subject of study.
This research focuses on how ambient conditions modulate the electronic properties of MgZnQ electron transport layers

(ETLS) to achieve superior charge balance in blue QLEDs.

(Keywords) : Blue QLEDs, Atmospheric Processing, MgZnO, Charge Balance, Surface Modification.

Presentation type :

L1 English oral competition (LJ inorganic materials, [1 organic materials)
Poster competition (m inorganic materials, O organic materials)

O Exhibition only ( O inorganic materials, [ organic materials)

139



2026 EEIEHT DT & EE TR & B o RSB R

Wh2026 TIEEIETEIFT B I G B R e - O B Date : 2026/5/29

VTR ZnS & CdS 2 & %—f#t‘ AR5 BY AR ¥ CuO-ZnO & ?‘*i&
B R R A

E3d i 6 %75

b20030722@gmail.com

NSTC 112-2221-E-035 -017 -MY3 ~ NSTC 113-2221-E-035 -023 -MY3

e

AFTAEREN L ERR PR TITA DG BT AR TFE R BN YRR RIL 2 T T e 5
FRBSAPFRE 2L ARAEE BB PHAAY > FIHE R RG-S AN EITH T2 fETNB
FRY ARG BE Y S LIRSk F RERY PR EERFRETAL I FIETR - H
*dFpd A (OH) #RFHYeEF (0) FFFPF L PME N j ras 2 Baddy R¥E L pTHRK =2l
SF gk A i B4F Adr e A TlHE CuO-ZnS-ZnO ¥ CuO-CdS-ZnO £ g » £t s kg 4
oo WERAEA G ZBAH D F RGBT 1A% CuO 3 A Bt A K ML ZnS & CdS 3 4 B
Bl R FZA L ZnO A KA )R 5 AR [T4Rs o Jfd FESEM ~ XRD ~ FETEM ~ EDS # XPS ¥ i
AT R A SR B2 CuO-CdS-ZnO 4F & H4 - ZnO F1L § &4 ~ B XaTi 2 L FRE L
AR TR AR o R E R 2 R S R4 g U RS o PRt W Y AR XS R
RS B REFAH CUOT BT Lk e LA 4 4 0 & B3 ZnO/CUO Jk stiv s B F
BRdc A T ORI FE E o CAS 1F AP A - e A e

fk i b plzEY > 0 UVC RRBHEL P B (RhB) 3R fEans » 85k r4 CASH Sy kR: 5
MM p¥ > CuO-CdS-ZnO 2 sk it s f & 2> CUO-ZNnS-ZnO » % 5k 4 k3 (PL) 4 4745 #1 » CuO-CdS-ZnO
EFREGEDT I T AYTE 0 TP G R e F o pd A RFHRE-HET 0 L5 pd Aoy pd
AhGEfRER Y A RRESAE e b B B I H SRR ] 0 P & CuO-CdS-Zn0 B Y - T3
FTER A G e B A LS A R R ETMPIRE RS GRS R EmE
R dF AN BILIER andt A fher £ U 4 o

a3 AFLHET CuO-CdS-ZnO £ Frigi >t rad @ A ak Bt BoRAJZ* F 2 40§ = i
% E A o

$4

[1] Y.Wang, Z. Liu, Y.Li, X. Yang, L. Zhao, J. Peng, Boosting photocatalytic performance of ZnO nanowires via
building heterojunction with g-C(3)N(4), Molecules 28 (2023).

[2] M. Rani Keshu, J. Yadav, Meenu, S. Chaudhary, U. Shanker, An updated review on synthetic approaches of green
nanomaterials and their application for removal of water pollutants: current challenges, assessment and future
perspectives, J. Environ. Chem. Eng. 9 (2021) 106763.

[3] AV. Karim, S. Krishnan, A. Shriwastav, An overview of heterogeneous photocatalysis for the degradation of organic
compounds: a special emphasis on photocorrosion and reusability, J. Indian Chem. Soc. 99 (2022) 100480.

[4] S. Dong, J. Feng, M. Fan, Y.Pi, L. Hu, X. Han, M. Liu, J. Sun, J. Sun, Recent developments in heterogeneous
photocatalytic water treatment using visible light- responsive photocatalysts: a review, RSC Adv. 5 (2015) 14610-
14630.

140



2026 EEIEHT DT & EE TR & B o RSB R

[5] J. Theerthagiri, S. Salla, R.A. Senthil, P. Nithyadharseni, A. Madankumar, P. Arunachalam, T. Maiyalagan, H.-S.
Kim, A review on ZnO nanostructured materials: energy, environmental and biological applications, Nanotechnology 30
(2019) 392001.

[6] A. Rokade, G.K. Rahane, A. ~ Zivkovi’ ¢, S.N. Rahane, H.S. Tarkas, K. Hareesh, N.H. de Leeuw, S.D. Sartale, N.Y.
Dzade, S.R. Jadkar, S.R. Rondiya, Fabrication of ZnO scaffolded CdS nanostructured photoanodes with enhanced
photoelectrochemical water splitting activity under visible light, Langmuir 40 (2024) 6884—-6897.

[7] S. Harish, J. Archana, M. Sabarinathan, M. Navaneethan, K.D. Nisha, S. Ponnusamy, C. Muthamizhchelvan, H.
lkeda, D.K. Aswal, Y.Hayakawa, Controlled structural and compositional characteristic of visible light active ZnO/
CuO photocatalyst for the degradation of organic pollutant, Appl. Surf. Sci. 418 (2017) 103-112.

&5

O# < v g i Ozttt - OF 48
L% 4R B o1 3 S4c B4R 2 sk (MaEis o4 - OF )
07 $deid 37 B 7 (O g > OF #H4)

141



2026 EEIEHT DT & EE TR & B o RSB R

Wh2026 TIEEIETEIFT B I G B R e - O B Date : 2026/5/29

GBRYFLESCATUNEGR I PUIRFTT R W F LT
—zs;‘f;l S

—Ea»g—tg}’@;?l’ |L§/l<

dengmj1020@pu.edu.tw
&
ARIHA RN RE AL ER L2 IR PRI PRI RT3 EFTRNT R B gl

MEFELEBEIYFER AR AED KT o F o AF TR E RSB E p BE L Sk Mgy
B4 E(MNHCR)# i T4 68 3 9 & (PET-ITO) A M 1 » 155 5 2 it (2ic 8 chi faHAL 8 Bt 2 = fuk
BT E S CERS REAEEE RS BRTE > BRI Ve G R R ERE U o S EERT
S HAE R EE AR T S RE DRI SRR BB - HUELERE AT

ATMRF G FRIFBRIE X 2PREp RT R I AN OF R AF LV HRE Y R FAIRPaAM) . & &
(ZnCly)fe 2-r&red »z ik (2-Oxazolidone ) % 4+ ¢ #75% gr 3+ T2 (PaZO) » H R75% T R F MG B4ttt o Bk

GBI DIRRAES LS SERAL L TR S H NN L BRI 2o 2 PaZOMMT AT T
HFLF3RRVEEFLLBAS LS HAZ YT SR APV FET T aFE T ol &
THERGARG -1 GRERE AL EHP AL LG RER T HF CRREP RS R 3 Lk
TREIHL P EEFFLLCFF A RTINS FP eI ERETFEVARNM LI - M
ERETEE T S I

Bk > 2RI B 2HE 4L EMnHCR) L ik ~ AT &8 BT RT - Frah
TR MV EFIAEFLE 2P A - FTRICLIEZLEFT L LR -MahiHaEan L ik
ARFTERIFTEEHRRAR HELES O RAF BRI

S

\\\Xr

T

(1) Zeng, Y., Liang, J., Zheng, J., Huang, Z., Zhang, X., Zhu, G., ... & Zhang, Y.Z. Recent progress in advanced flexible
zinc ion battery design. Applied Physics Reviews 2022, 9(2).

(2)Liu, J., Shen, Z., & Lu, C. Z. Research progress of Prussian blue and its analogues for cathodes of agueous zincion
batteries. Journal of Materials Chemistry A 2024, 12(5), 2647-2672.

(3) Zhang, X., Hu, J. P., Fu, N., Zhou, W.B., Liu, B., Deng, Q., & Wu, X. W. Comprehensive review on zinc-ion battery
anode: challenges and strategies. InfoMat 2022, 4(7), e12306.

(4) . Li, C.; Xie, X.; Liang, S.; Zhou, J. Issues and Future Perspective on Zinc Metal Anode for Rechargeable Aqueous
Zinc-lon Batteries. Energy & Environmental Science 2020, 13, 175-195.DOI: https://doi.org/10.1002/eem2.12067

(5) Luo, F., Yang, S., Wu, Q., Li, Y., Zhang, J., Zhang, Y., ... & Chen, Y.Hydrogel electrolytes with an electron/ion dual
regulation mechanism for highly reversible flexible zinc batteries. Energy & Environmental Science 2024, 17(22),
8570-8581.DOI: https://doi.org/10.1039/d4ee03067b

(6) Yin, W., Hu, K., Wan, F,, Liu, R., & Chen, W. Gel Electrolyte with Excellent Zinc-lon Conductivity for Achieving
Highly Reversible Zinc Anodes. ACS Sustainable Chemistry & Engineering 2025, 13(35), 14495-14506.DOl:
https://doi.org/10.1021/acssuschemeng.5¢05126

142



2026 EEIEHT DT & EE TR & B o RSB R

(7)Zhang, X., & Dutta, J.. X-Fe (X= Mn, Co, Cu) Prussian blue analogue-modified carbon cloth electrodes for
capacitive deionization. ACS Applied Energy Materials, 2021, 4(8), 8275-8284. DOI:
https://doi.org/10.1021/acsaem.1¢01501

(8) Guo, S.J., Yan, M. Y., Xu, D. M., He, P, Yan, K. J., Zhu, J. X,, ... & Cao, F. F. Anti-freezing hydrogel electrolyte
with a regulated hydrogen bond network enables high-rate and long cycling zinc batteries. Energy & Environmental
Science 2025, 18(1), 418-429.DOI: https://doi.org/10.1039/d4ee02772h

(9)Zhu, X.; Zhang, H.; Huang, Y.;He, E.; Shen, Y.; Huang, G.; Yuan, S.; Dong, X.; Zhang, Y.; Chen, R.; etal. Recent
progress of flexible rechargeable batteries. Science Bulletin 2024, 69 (23), 3730-3755.

(10) Chen, X.; Ma, Y.; Lu, Y.; Zhang, H.; Yang, B.; Liu, Q. A high-performance chemically self-charging aqueous zinc
battery using a porous organic polymer cathode. Chinese Chemical Letters 2024, 110666.

44305

O~ v afd g (Om sk > OF $44)
WA4R B om & S BRRh Y s (Ma i > O $H#)
O 5 gteis 37 B 7 Ozttt - OF i)

143



2026 EEIEHT DT & EE TR & B o RSB R

Wh2026 TIEEIETEIFT B I G B R e - O B Date : 2026/5/29

PEPVENIFFAURRERE 2 FPeT
g4 lysg 25T 8

] = & ﬂHi;ij;t—’\ %‘Hﬁ"‘?fiﬁlﬁz i 1 T % 2
jytseng@yuntech.edu.tw

#&

4 Ay e p BA (self-cracking) [ 4k R4t WAL 2 B iy iRet DMD Hjis B L K 3 X575
BEF SRR ETELE LTS RE %ittm?frﬁ DMD 4 %% P 7 #& (Dielectric/Metal/Dielectric network
transparent electrode ; DMD network TE) - H# @ 4 & & #4222 £ B & #4214 w5 Al-doped ZnO (AZO)¢ Cu - it
- HREZL RS MERES R DR o At G ETHAEY £ T (metal mask) B 1T 42 TR
(interdigital electrode ; IDE) > & & &R SpcF av A1 A2 2 2 F A F (CNTs) W& = F MR~ - 2plF %
S8 E F(NH) R AR RIEEA Y B A BT R R R p3s - 25 DMD #%5M 3% CNT & 2 g
RIE P EEFEAPETREET . DR R §F L

PR

e dg oRHER G R RO e 1 Shf R R £ 0 R E 450rpm #iEE 20 A4 A F A R YT 30

g 0 AG AR Bl 0% o RRURF 2 PET AR % o @i# 5 1000rpm - g 60 4 A i 0 A p B
Ao BB R RAE AZOICUAZO ekt Er) o %Az R4 30 A4 AR P A o 9 TR
LEP TR BT R E 247 o AZO/CU/AZO IDE T HF #4243t A R - E % LR % 7
Bk BRI 0 VIR R 90°CRE (FHEAR 60 A 4184 Ar o BokRN L ~ kAR 13 Hnt Bl E B OK R
0.1g ¥ 20ml FHgp » [E-k4efa= 55t 80CCT #4L 3 [ B o #-5 § 3 K ALE AR R ERFET Y 0 1
80°C#4z » B~ 5mg i3>t 10ml ehd gk > RF A AT S A BT I 2 KA F A UK - R2AREBRUFH
iR o 81 AZOICUIAZO 5% T4+ > 80°CU 10 A4 > % & F MBI~ 2 o B8 i8 (7 F T B MR
NH: 5 88 R4 -

WIDECOAT:Crack Binder = 4:1
Coating speed :450 rpm

-

Stirring for 20 minutes

<i>> \‘ Baking 100°C Self-cracking

5 for 1 hour

M — S — ey —

SONT RS _(N&?’R?&?” DMD networks TE
. PE

Spin Coating DMD deposition
Baking $0°C | e n =
for 10 min T . E

Silver paste and latex
CNT:5mg The CNTs were heated in Baking 90°C for 1 hour

Senication for 5 min the acid mixture at 80°C
for 3 h using a water bath

B 1 NHs § B Rl = & #ae7 & F

|

144



2026 ZJGEITHI T & Rl & BRI A T E IR R B

B % 231
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Bite o TR RE KR RIH MLARE - A 2T NOF M2 BRI ALY 248 - Li- H v #
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kB NHs e fi £ /’@; Bl 5(b)gr 5(c)s Rrlk A WA 5 kg 7k CNTs =4 u & 50~600ppm %
50~250ppm ik & §= B 20 IR O SR BRI 0 R RET 0 NHz kAN 4 BRIZEREE (ARRar)
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AFTY T Het AZO/CU/AZO DMD Wil te i B ) e G pesra s ) > BRFR Y 25 A R T %
& ¥ P Gm #a B 3 > 7, # AZO/ICUAZO DMD %3 P E &>  DMD A A :
AZO(55nm)/Cu(50nm)/AZO(55nm) » H R F S 5 6.69x10°Q7T PTG 31.2Q/sq 0 TG
% 5.18x104Q-cm > k4L 550nm T hF AR L 87% AR R F M RIRIEY o 2 F WA R EHF L F 8 NO,
BRREFH NHs 2R OB R R RIF 5 - FHREFHT 2~ 238 NO ek ok b #cds 2 44 £ RHARS »
f 43T NHg f BR 5 4 chg R - BB % F av A 238 F (CNTs) 'F:i/,@?']’éi P E A *Q}&:Fl’wi*f NH3
FRERNUF PR PIFIAEERIEF oo 50 ppm kAT o % T K CNTs 2 A 2 2 i it (S=8%);
@ 7 50ppm % 250ppm FRAEFRREPN > RREVSSTIR AR A S E R ORI L > EF ) DMD R REP T
Fh CNTSRRIA 2 W TBF2 3H3 - SP 2 VRN LF 4 MERBEFBEDEY FS -
3 2 gk
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E-mail: "jytseng@yuntech.edu.tw
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T oie 7 # i o iF 2 &7 57 AZO/CUWAZO
% % P = s (optical transparent antenna,0TA)

PET#: b0 f2 3k 5 58

R
—

ELEELAGAE
I

[ #4EDMD =& AZO-Cu-AZO ]
I

e

—

ErE-RAEE

BHTifoCu

i

4Flectrode pad
AZO/ICWATO B £t R

R

f

|

REH
#AE
e

XPpdag [«—
(Foma)

B 1(a).5 DMDTE = s #l 42542 )

148



2026 ZIGEIEHT DT & R & BT T AT E IR R B

i o
Baking 120°C — DMP DMD
for 1 hour /7 I] 1 hom deposition
— H —)

—PET——

Metal
mask

m et
electrode pad ... Cu / Ti deposition m

—— _ For electrode pad
‘\gn‘ |
/ —
U
DMD Antenna pattern 1 iEEl’:/
and electrode pad DMD

Metal Antenna pattern
mask
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149



2026 ZEEIERT T & EE TR & B o RSB R

M| amin | e | oo | cosan
4514145 (RA) 7.22 7.51x10° 68.8 3.3x10°
S| 18 8.01x10° 70.3 3.8x10°
45/12/45(R4) 8.35 8.52x10% 74 5.89x10-3

® 3(@) % DMD(AZO/CU/AZO )78tz EM A M2 Bl LB X AL E AP FRTRL 2~ Jpa)
Ao R Ao pd L ABSBLAHE 12mm o B 3(b)f;_3ﬂg Y G ATA AR #HRE it % % (NLDMD LAB)
2 logo TeHRRY WG AEERAFEPR T AT 2 FHE logo - F 3(c) » L&A (Voltage Standing
Wave Ratio;VSWR) [3] z &R 5 #=F X ™ fefg & 2. 3}& o AP B 220GHz pFE Rl VSWR % 139 @ 3
712GHzpF % 180 ¢ = st 220GHz £ § faif 2 o™ fefdid > TR & B L ) o

TLDM D

B 3.5 DMDTE = &= 52 % 3 H iR
B
* 52 3 # AZO/CUu/AZO DMD & ség v H58 PET A% 1+ > = s @ iF gt 5G/6G WIiFi 25 =
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Sl B3 835Q/5q 7fedk 5 8.52x10°Q-cm » kL £ 550nm T hF S A L 74% o VSWR § R B X R
BERPRET » A3 M2 4 B R 4RIFF 23t 220GHz 2 p 2. 24GHz 75 G jicip# > P B EDF=
MEWEFRM c AT IIEXEERT P DMDEP X R A2 L5 < G084 ~ QIATHEF £ ahif B[4] ©

$4 2
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B 3(a-d) 4 %] 5 * k4 (Cu) & » B & (» %] % 50 ~ 60 ~ 70 ~ 75nm) % i# T #+{8 DMD Network TE on PET =5k
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Cu /& 50 nmpF » &7 2k g (400-800 nm) p et 3oig kg » B & & 550nm pF sk ch % 35 & 9 &
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Abstract

With the increasing demand for high-energy-density batteries, safety and ion transport efficiency of lithium metal
batteries during cycling have become critical technical bottlenecks. Developing high-performance composite modified
separators has thus emerged as a core strategy to address the challenges. Silicon dioxide (SiO2) particles, with their
excellent mechanical strength and chemical stability, effectively compensate for the thermal stability deficiencies of
traditional polyolefin separators. In addition, further integration with polymers possessing charge-regulation functions
can more effectively optimize ion transport behavior at the electrolyte and electrode interfaces.

To simultaneously enhance ion-transport kinetics and thermal safety, lithium polyphosphate (LPP) was coated onto
SiO: particles to prepare a multifunctional SiO2@LPP composite for separator application. To confirm the core-shell
architecture, transmission electron microscopy clearly showed an LPP coating layer approximately 22 nm thick
surrounding the SiO: core, increasing the total particle diameter from 92.8 nm to 137 nm. Raman spectrum analysis
suggested that the strong partial negative charges on the LPP surface competed with solvent molecules in the electrolyte
for lithium ions. This weakened the EC-Li* coordination intensity, facilitating the desolvation of lithium ions and
accelerating their migration and diffusion rates. In terms of electrochemical performance, probably by leveraging LPP’s
partial negative charge to accelerate ion-transport kinetics, the SiO@LPP separator maintained 61.0 mAh/g at 15C,
significantly outperforming both the pure SiO.-coated and uncoated groups. In variable current stripping and plating tests,
the composite separator maintained stable and symmetrical voltage curves under varying current densities from 0.255to
5.103 mA/cm?2 This indicated that the lithium-rich layer induced by LPP effectively supported rapid reaction kinetics and
suppressed instabilities that may occur under high current densities. Thermal shrinkage test showed that both the
SiO@LPP and pure SiO: coatings significantly enhanced the thermal stability of the separator, effectively reducing the
risk of thermal shrinkage at high temperatures. This work established a universal design strategy for charge-regulating
interfaces that simultaneously optimized high-power performance and thermal safety, providing a broad framework for
developing next-generation multifunctional separators.

Presentation type :

O English oral competition (CJ inorganic materials, 1 organic materials)
l Poster competition (l inorganic materials, [J organic materials)
O Exhibition only ( O inorganic materials, L1 organic materials)
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Kapoor, S. Singh, M. Lavanya, and G. Devendrapandi, “Enhancing the activity of transition metal-based sulfides via
synergistic effects for electrochemical overall water splitting,” International Journal of Hydrogen Energy, vol. 112, pp.
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Extending Taguchi-Based Materials Process Design Using Bayesian Optimization
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Department of Chemical and Materials Engineering, Southern Taiwan University of Science and Technology
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Abstract

The Taguchi method is a widely used approach in materials process design for improving process robustness by
maximizing the signal-to-noise (S/N) ratio. Using orthogonal arrays, Taguchi Design of Experiments (DOE) enables efficient
screening of multiple process parameters with a limited number of experiments. However, the resulting analysis is restricted
to the discrete design points defined by the orthogonal array and does not inherently support predictive modeling or sequential
exploration of the continuous design space. In this work, we extend the Taguchi-based materials process design framework
by integrating Bayesian Optimization (BO) with Gaussian Process (GP) surrogate modeling.

Using a simple quadratic test function that represents the true signal-to-noise (S/N) ratio of a simulated materials process,
three process variables were normalized to standardized levels (=1, 0, 1) and incorporated into an L9 orthogonal array to
generate the initial experimental dataset. The test function includes a cross term (x1-x2) and a deliberately shifted global
maximum away from the symmetric center, reflecting realistic scenarios where the true optimum does not coincide with the
midpoint of the variable ranges. While the initial Taguchi DOE provides efficient coverage of the design space and an
interpretable starting point for analysis, the discrete L9 design points are generally insufficient to locate or approach the true
optimum S/N ratio when the optimum lies between the predefined factor levels.

A Gaussian Process (GP) surrogate model was first constructed using the Taguchi DOE results, and Bayesian
Optimization (BO) was then employed to sequentially propose new experimental conditions. At each iteration, the expected
improvement acquisition function balances exploration and exploitation, enabling progressive refinement of the surrogate
model and guiding the search toward the true optimum. A visual demonstration in the x1—x2 plane illustrates how BO
sequentially moves from the discrete Taguchi design points toward the global optimum of the true S/N ratio. These results
highlight the potential of integrating classical DOE with modern machine learning—driven optimization to extend Taguchi-
based materials process design beyond discrete experimental settings.

This integrated framework offers several advantages over traditional Taguchi DOE alone. First, it preserves the
interpretability and low experimental cost associated with orthogonal arrays. Second, by incorporating predictive surrogate
modeling, it enables exploration of regions between discrete DOE points, thereby improving the search for optimal process
conditions. Finally, the framework provides a foundation for future extensions, including multi-objective optimization, Pareto
front exploration, and multi-fidelity modeling using existing laboratory datasets. Overall, the proposed methodology illustrates
a practical pathway for bridging classical DOE practices with modern machine learning and active learning techniques,
providing an efficient and data-driven strategy for materials process optimization.

Keywords: Bayesian Optimization, Taguchi Method, Materials Process Optimization
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Figure 6. Heat map of the objective function on the x1-x2 plane with x3 fixed. (The star denotes the global maximum. Red
circles represent the experimental points from the Taguchi L9 orthogonal array, and purple triangles indicate the sampling
points suggested by Bayesian optimization.)
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Abstract

Introduction

Two-dimensional transition metal dichalcogenides (TMDs) have attracted considerable interest in biomedical and
environmental fields due to their tunable physical properties and biocompatibility. Among these, molybdenum disulfide (MoS:)
exhibits polymorphic phases—namely, the metallic 1T and semiconducting 2H phases—which significantly affect their
physicochemical behavior and biological interactions. In particular, the photothermal conversion properties of these materials
under near-infrared (NIR) irradiation raise both therapeutic potential and safety concerns, yet their phase-dependent biological

effects remain inadequately characterized in vivo.
Experimental Methods

In this study, 1T- and 2H-phase MoS: nanosheets (NSs) were synthesized using a solvothermal method followed by
controlled thermal conversion. Structural and optical characteristics were verified using SEM, TEM, XRD, Raman
spectroscopy, XPS, and UV-vis spectroscopy. The photothermal capacity of each phase was evaluated through absorption
profiling and literature-referenced NIR activity. Zebrafish embryos were exposed to MoS: NSs at concentrations ranging from
0.01 to 0.08 mg/mL under both dark and simulated solar light conditions. Mortality rates were recorded to assess phase- and
light-dependent toxicity profiles.

Results and Discussion

Material characterization confirmed successful synthesis of phase-pure MoS: nanostructures with distinct morphologies
and optical signatures. The 1T phase exhibited a broad, featureless absorbance in the NIR region, correlating with its known
photothermal behavior. In contrast, 2H-MoS. displayed discrete excitonic peaks indicative of its semiconducting nature.
Zebrafish toxicity assays revealed a concentration-dependent decline in survival rates, more pronounced under light exposure.
Embryos exposed to 1T-MoS: exhibited greater phototoxicity due to NIR-induced heating effects, whereas 2H-MoS:
demonstrated higher baseline toxicity in the absence of light, suggesting oxidative stress-mediated effects. The lethal
concentration 50 (LCso) values further supported the distinct toxicity mechanisms: 1T-MoS: showed enhanced cytotoxicity

under illumination, while 2H-MoS: posed risks even under dark conditions.
Conclusion

This study highlights the critical role of crystalline phase and environmental light exposure in modulating the biological
impact of MoS. nanomaterials. The 1T phase, due to its photothermal responsiveness, poses significant risk under irradiated
conditions, while the semiconducting 2H phase exhibits inherent cytotoxicity independent of photoactivation. These findings
provide essential insights for the design of phase-selective 2D materials and underscore the need to assess nanomaterial safety

under realistic environmental parameters.
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Abstract
Introduction.

The biological behavior of two-dimensional (2D) nanomaterials is intricately tied to their crystal structure. Among
them, molybdenum disulfide (MoS:) exhibits distinct properties in its 1T (metallic) and 2H (semiconducting) phases,
making it a promising candidate for biomedical applications and environmental interaction studies. The photothermal
conversion efficiency of MoS:, particularly in the near-infrared (NIR) region, further enhances its potential for light-
activated therapeutic applications. However, phase-dependent toxicity mechanisms in living organisms, especially under
varying light conditions, remain underexplored.

Experimental Methods.

In this study, 1T- and 2H-phase MoS: nanosheets (NSs) were synthesized via solvothermal and combustion methods,
respectively. Structural and optical properties were characterized using SEM, TEM, XRD, Raman spectroscopy, XPS, and
UV-vis spectroscopy. Photothermal performance was assessed under simulated solar irradiation using temperature
mapping and NIR absorption analysis. Zebrafish embryos were exposed to increasing concentrations of both phases (0.01—
0.08 mg/mL) under light and dark conditions to evaluate photothermal-induced toxicity and mortality.

Results and Discussion.

The 1T-MoS: NSs exhibited broader NIR absorbance and superior photothermal conversion compared to the 2H
counterpart, consistent with their metallic electronic structure. Under light exposure, the 1T phase induced significant
lethality in zebrafish embryos, attributed to its strong NIR-triggered thermal effects. In contrast, 2H-MoS: displayed a
higher baseline toxicity in the dark, likely due to oxidative interactions independent of photothermal activation. Survival
rates declined in a concentration- and light-dependent manner, with marked differences between the two polymorphs,
revealing distinct phase-governed toxicity mechanisms.

Conclusion.

These findings demonstrate that the photothermal behavior and biological toxicity of MoS: are intricately governed
by crystal phase and environmental light exposure. The 1T phase exhibits light-induced photothermal cytotoxicity, while
the 2H phase displays phase-inherent toxicity even without illumination. This study underscores the importance of phase-
engineering and light-responsive behavior in the safe design of 2D materials for biomedical and environmental
applications.
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Comparison of product yield under two operating modes in SCT-RT unit using spent RFCC catalyst
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Abstract

In a petroleum refinery, resid fluid catalytic cracking (RFCC) is one of the chief conversion processes, producing
gasoline and C3, C4 streams from heavy feedstocks. Therefore, it is important to evaluate the performance of RFCC
catalysts. Accurate laboratory evaluations of the catalyst, the short contact time resid test (SCT-RT) is a small-scale
fluidized bed unit in which the catalytic performance of fluid cracking catalysts was used to measure. Realistic simulation
of commercial operation is achieved by the unique reactor and unit design [1]. There are two operating models in SCT-RT

unit, adiabatic and constant temperature model, of which the adiabatic model simulates the adiabatic behavior of a
commercial riser.

In this study, in order to understand the performance of the two operating model, we use spent RFCC catalysts
(equilibrium catalyst, ECAT) form CPC refinery in SCT-RT unit. The oil time-on-stream is only one second and provides
performance measurements at fixed cat-to-oil weight ratio (CTO = 6 w/w) and vapor contact times. Liquid product yields,
gasoline (C5~221°C), LCO (221~343°C) and bottoms (343°C+) were calculated using GC (Agilent 8890 ) Simulated

Distillation based on ASTM D 2887. Mass balances were within 97% to 103% range. The properties of catalyst were also
investigated by BET, XRF.
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Abstract

Ce-doped NiO films were fabricated using the liquid phase deposition (LPD) method to investigate the effect of Ce
doping ratio on photocatalytic performance. Films with Ce concentrations ranging from 1 to 20 mol% were prepared, and
characterization by energy-dispersive X-ray spectroscopy (EDS), confirmed that tungsten doping significantly changes
the surface structure and morphology of the composite film. The photocatalytic activity was evaluated by the degradation
of methylene blue under visible light irradiation for 8 hours. The results indicated that the Ce doping ratio significantly
influenced the photocatalytic activity. The 5 mol% Ce-doped NiO film exhibited the highest degradation efficiency of
88%, followed by the 3 mol% (85.3%) and 1 mol% (83%) samples. As the doping ratio increased further, the degradation
efficiency decreased to 78%, 75.2%, 73%, and 70.3% for Ce concentrations of 7 mol%, 10 mol%, 12 mol%, and 20 mol%,
respectively. These results demonstrate that excessive Ce doping reduces photocatalytic activity, whereas an appropriate
doping ratio enhances photocatalytic performance by improving charge separation and suppressing electron—hole
recombination.

Keywords: Ce-doped NiO thin films, Liquid phase deposition, Photocatalysis, Methylene blue degradation, Visible-light
photocatalysis.

Experimental Method

Ce-doped NiO films were prepared on silicon substrates using liquid phase deposition (LPD). Prior to deposition,
the silicon substrates were ultrasonically washed sequentially with acetone, isopropanol (IPA), and deionized water to
remove surface contaminants. Then, the substrates were immersed in buffered oxide etchant (BOE) to etch away the
native oxide layer. Finally, the substrates were immersed in nitric acid (HNOs) to generate hydroxyl radicals (-OH) on the
surface, resulting in better hydrophilicity and easier film adhesion during deposition. The substrates were then immersed
in deionized water and dried using a nitrogen gun. For the preparation of the precursors, 0.5 M nickel nitrate hexahydrate
(Ni(NO:s)2:6H20), 1 to 20 mol% cerium nitrate hexahydrate (Ce(NOs)s;-6H20), and 1 M urea (NH.CONH=) were dissolved
in deionized water. The mixed precursor solution was stirred magnetically at room temperature for 24 hours to obtain a
homogeneous reaction solution. After cleaning, the silicon substrate was immersed in a precursor solution and deposited
using liquid phase deposition (LPD) at 90 °C for 5 hours. Following deposition, to convert the precursor layer into a Ce-
doped NiO film, the prepared sample was annealed in air at 400 °C for 1 hour, promoting the formation of a stable oxide
film. The surface morphology and microstructure of the film were characterized using field emission scanning electron
microscopy (FE-SEM). Elemental composition and doping distribution were analyzed using energy-dispersive X-ray
spectroscopy (EDS) connected to the SEM system. These analyses confirmed the successful incorporation of Ce into the
NiO film and investigated the effect of Ce concentration on the film morphology. Photocatalytic activity was evaluated
by degrading methylene blue under visible light irradiation for 8 hours.
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Fig.1 Flow chart of liquid-phase deposition method for Ce-doped NiO thin films.
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(h) 2 mol% Ce-doped NiO

Fig.2 FE-SEM observation of growth behaviors in pure NiO, Ce doped NiO thin films. At various concentration ratios,
and characterization by energy-dispersive X-ray spectroscopy (EDS), confirmed that tungsten doping significantly
changes the surface structure and morphology of the composite film. (a) pure NiO (b) 1 mol% Ce-doped NiO, (c) 3 mol%
Ce-doped NiO, (d) 5 mol% Ce-doped NiO, (e) 7 mol% Ce-doped NiO, (f) 10 mol% Ce-doped NiO, (g) 12 mol% Ce-
doped NiO and (h) 20 mol% Ce-doped NiO, The enhanced photocatalytic activity can be caused by the increased specific
surface area and the reduced recombination of photogenerated charge carriers, due to the synergistic effect between the
Ce-doped NiO thin films.
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Fig.3 The 1-20 mol% Ce-doped NiO thin films and pure NiO (0 mol% Ce-NiO) of Concentration changes of degraded
methylene blue.

Conclusion

The results indicate that excessive addition of Cerium (Ce) does not enhance photocatalytic efficiency. Instead, Ce-
doped NiO films with specific concentration ratios exhibit optimal performance. Notably, the film containing 5 mol% Ce
demonstrated the highest visible light photocatalytic efficiency, achieving a degradation rate of 88%. Therefore, the MB
dyes in wastewater may be effectively degraded by the Ce doped NiO photocatalyst. This underscores the significance of
controlling dopant concentration to maximize photocatalytic activity, which is very useful for environmental remediation.
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Abstract

This study investigates the inversion of sapphire optical constants in the 180-300 cm-1 spectral
range from measured FTIR transmittance. A Lorentz-oscillator dielectric function was combined with
a normal-incidence coherent slab transmission model, and the unknown parameters were extracted
by least-squares fitting. The complex refractive index was then obtained from N=n+ik=+/¢¢, allowing
the estimation of n and k. The inverted results were further compared with refractiveindex.info
literature data.[1] The results show that the proposed model reproduces the main trend of the
measured transmittance, while systematic deviations remain between the inverted optical constants
and the reference data. These differences are likely related to thickness assumptions, anisotropy,
baseline uncertainty, and the limited number of oscillators. The present paper summarizes the
inversion procedure, key equations, fitting metrics, and physical interpretation, and is intended as a
concise conference-style report for advisor discussion.
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Optimization of Annealing Temperature and Atmosphere for Chemical Bath Deposited SnO-

Gate Dielectric in MOS Devices
Chih-Feng Yen, Yu-Min Chien*, Hung-Jiuan Tsai, Bo-Cheng Wei, Guan-Han Su*Affiliation
National Kaohsiung University of Science and Technology
*c112198132@nkust.edu.tw

Abstract

Tin oxide (Sn0,) is a promising material for gate oxide applications. In this study, SnO; thin films were synthesized
on silicon substrates using chemical bath deposition. A two-stage annealing process was employed to optimize electrical
properties: initially evaluating 180°C, 300°C, and 400°C in ambient air, followed by comparing air versus pure oxygen at
300°C and 400°C. At +5V bias, ambient samples (180°C, 300°C, 400°C) exhibited leakage current densities of 1.86 x 10
6,2.05 x 10*, and 1.32 x 10* A/lcm?, with interface state densities (Di) of 1.58 x 10%, 6.19 x 10!, and 1.52 x 10%? eV-lcm-
2, respectively. Under pure oxygen, 300°C and 400°C samples showed suppressed leakage of 4.97 x 10%and 9.19 x 10
A/cm?, with improved Dj; of 2.18 x 10%° and 2.56 x 10! eV-lcm2. These results confirm that oxygen-rich annealing repairs
interface defects and enhances the reliability of Metal-Oxide-Semiconductor capacitors.

Experimental Method

In the initial preparation phase, a precursor solution is synthesized by mixing 0.25g of Urea with 0.15g of Tin(Il)
chloride dihydrate in 250 1 L of Hydrochloric acid. To ensure a complete chemical reaction and a homogeneous mixture,
the solution is subjected to continuous magnetic stirring at room temperature for 24 hours.The process then moves to film
deposition. Prior to growth, the silicon wafer undergoes a standard cleaning protocol to eliminate surface contaminants.
Using the Liquid Phase Deposition technique, the cleaned substrate is immersed in the precursor solution maintained at
75°C, allowing the SnO; thin film to grow on the surface. Following deposition, the samples are placed in a furnace for an
annealing treatment at 400°C for one hour, a critical step for improving the crystallinity and structural integrity of the
films.The final stage involves device formation and analysis. Metal electrodes are deposited on both the front and back
sides of the wafer via evaporation, followed by a thermal process to ensure proper Ohmic contact. For characterization,
Scanning Electron Microscopy is employed to observe the surface morphology and microstructure. Finally, the electrical
properties of the fabricated devices are evaluated through I-V (Current-Voltage) and C-V (Capacitance-Voltage)
measurements to assess their performance.

[ 0.25g Urea mix with 0.15g SnCl, - 2H,0 and 250pL HCL ]

.4

[ Stirred for 24 hour at room temperature ]
The SnO, films were prepared on silicon
substrate by the LPD process(75°C)

a4

[ Annealed at 400 °C for 1 hour ]

Figure 1.Experimental flowchart for the preparation of SnO; thin films via the Liquid Phase Deposition process.
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Figure 2.The left column shows the FE-SEM observation results of SnO; films growth behavior. The right column is the
CV characteristics curve. (a) SnO; for Air 180°C, (b) SnO, for Air 300°C, (c) SnO; for O, 300°C, (d) SnO. for Air 400°C
and (e) SnO, for O,400°C.

, aling
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@ 5n0, Oxygen annealing 400°C

Conductance(ms)

Leakage current density(A/cm”)
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Figure 3. Electrical characteristics of SnO: thin films under various annealing conditions (Air 180°C, Air 300°C, O>

300°C, Air 400°C, 0,400°C): (a) IV characteristic curve and (b) GV characteristic curve.

Table 1. Device parameters of SnO: under different annealing conditions.

Crg (pF) 26.01 28.55 30.08
Cox (pF) 55.1 51.2 76.8 61.9 64.2
Vg (V) 0.17 -0.11 0.08 -0.03 0.31
AVgg (V) 0.38 0.08 0.09 0.55 0.41
Thickness (nm) 115.3 130.8 78.16 109.4 98.25
EOT (nm) 53.59 51.01 3048  42.67 38.31
D, (cm2eV-) 158x 619X 256x 7.97x 289X
1011 1011 1011 1011 1011
10 -2

Nom (* 1077 em™) 445 3.62 6.11 30.0 233
Qetr -4.77 -3.16 -6.03 -4.26 -6.35

(= 10 C/ecm™?)

Leakage current 1.89 X 205x 497 x 1.32 % 9.19 x

density (A/cm?) 106 10~ 10°¢ 10~* 108
@ 5V

Conclusion

While low-temperature annealing yields low leakage current, it suffers from electrical instability; conversely, high-
temperature annealing improves stability but increases leakage and induces film degradation. Our findings demonstrate
that optimal thermal energy combined with sufficient oxygen supply is key to enhancing film quality. Specifically, 300°C
oxygen annealing emerged as the ideal parameter, effectively reducing leakage current density and film thickness (EOT)
while maintaining superior electrical stability and high capacitance.
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