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Snail-Inspired Oral Repair Dressing Design:
Conchiolin/Keratin/GelMA Composite

Han-Yi Yu !, Zih-Yang Lin !, Ren-Jei Chung "*»*, Hung-Pin Lin 356",
Yang Weil->*

! Department of Chemical Engineering and Biotechnology, National Taipei
University of Technology, Taipei 10608, Taiwan
2 High-value Biomaterials Research and Commercialization Center, National Taipei
University of Technology, Taipei 10608, Taiwan
3 Department of Nursing, MacKay Junior College of Medicine, Nursing and
Management, Taipei 112021, Taiwan
4 Department of Stomatology, MacKay Memorial Hospital, Taipei 104217, Taiwan
3 School of Dentistry, College of Oral Medicine, National Defense Medical
University, Taipei 104201, Taiwan
% Department of Nursing, School of Nursing, National Taipei University of Nursing
and Health Sciences, Taipei 112303, Taiwan

Abstract

Thermosensitive hydrogels offer promising solutions to a wide range of clinical
challenges. Keratin serves as a natural cellular scaffold that promotes cell adhesion
and proliferation. In this study, human hair—extracted keratin was incorporated with
chitosan and f-glycerophosphate (5-GP) to fabricate thermosensitive hydrogels.
These hydrogels gelled at 37°C and exhibited a porous structure, which is favorable
for cell adhesion. Notably, keratin-incorporated hydrogels demonstrated
approximately 100% cell viability, indicating favorable biocompatibility. These
findings confirm that the incorporation of keratin improves the clinical applicability

of these hydrogels.

Keywords: Keratin; Chitosan; Thermosensitive hydrogel.
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Development and biomedical applications of polyglutamic

acid/silica organic-inorganic hybrid materials

Susaritha Ramanathan !, Huey-Yuan Wang %, Ren-Jei Chung !*
! Department of Chemical Engineering and Biotechnology, National Taipei
University of Technology (Taipei Tech), Taipei 10608, Taiwan
2 Department of Stomatology, MacKay Memorial Hospital, Taipei, Taiwan

Abstract

Chronic and complex skin wounds pose a persistent clinical challenge due to their
multifaceted pathophysiology and high susceptibility to infection, inflammation, and
delayed wound healing. To address these limitations, a next-generation photothermal-
responsive composite scaffold that integrates sodium alginate (SA), bioactive glass
(BG), and reduced graphene oxide (rGO) was engineered to achieve synchronized
antibacterial action and tissue regeneration under 808 nm near-infrared (NIR)
stimulation. The scaffold was strategically designed to harness the moist-retentive and
biocompatible nature of SA, the ion-mediated regenerative potential of BG, and the
photothermal and antibacterial properties of rGO within a single, synergistic platform.
Morphological analysis revealed a highly porous, interconnected network enabling
efficient nutrient diffusion and cell infiltration. Under NIR irradiation, rGO endowed
the scaffold with precise, power-tunable photothermal conversion, achieving controlled
mild hyperthermia (42-43°C) conducive to cellular proliferation and migration, while
higher temperatures (>50°C) effectively eradicated bacteria. In vitro studies confirmed
excellent cytocompatibility with fibroblasts and endothelial cells, alongside
pronounced antibacterial efficacy against Staphylococcus aureus (S. aureus) and
Escherichia coli (E. coli). This study establishes a multifunctional, NIR-activated
bioactive scaffold that seamlessly integrates moist healing, photothermal therapy, and
regenerative stimulation, offering a transformative strategy for accelerated and

infection-free skin wound repair.

Keywords:Photothermal-responsive scaffold; Sodium alginate; Bioactive glass;

Reduced graphene oxide; Near-infrared irradiation; Wound regeneration
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A Machine Learning—Based Sarcopenia Prediction Model
Integrating Inertial Sensor and Grip Strength Data in
Taiwanese Older Adults

Yu-Chi Lee ! Ya-Hsin Cheng?

! Department of Industrial Engineering and Management, National Taipei University of
Technology, Associate Professor

’Department of Rehabilitation, Hsinchu Mackay Memorial Hospital, Technical Director

Abstract

This study is based on inertial measurement units (IMUs) for human gait analysis and
gender classification modeling. A total of 27 healthy older adults participated in the
experiment. During a 6-meter walking test, data were collected using nine IMU sensors at
a sampling frequency of 60 Hz. The sensors were placed on the left and right wrists, upper
arms, toes, shanks, and the sacral region. Gait events were detected using a foot-mounted
gyroscope threshold method, enabling segmentation of complete gait cycles. In addition,
non-steady-state segments, including in-place stepping and transitional walking phases,
were excluded to improve data quality and analysis accuracy. For each gait cycle, multiple
gait features were extracted, including temporal parameters such as Stride time and
Cadence; spatial parameters such as Stride length and Gait speed; as well as dynamic
stability and signal-based features, including RMS acceleration, Jerk, Harmonic ratio,
Sample entropy, and Zero-crossing rate, to provide a comprehensive description of human
gait behavior. Statistical analysis revealed that most gait features exhibited significant
differences between males and females (p < 0.05). Among them, cadence and several
stability-related features demonstrated moderate effect sizes, indicating their practical
significance in distinguishing between groups. For machine learning modeling, this study
employed Support vector machine (SVM), Random forest (RF), and XGBoost classifiers.
Group K Fold cross-validation was applied, treating each subject as a grouping unit to
avoid data leakage. The results showed that the SVM model achieved the best performance
(accuracy = 0.974, ROC-AUC = 0.992), followed by RF. Although XGBoost showed
relatively lower accuracy, it still demonstrated satisfactory discriminative capability.
Overall, the findings of this study demonstrate that gait features extracted solely from IMU
data are sufficient for effective human motion analysis and gender classification. The
proposed approach establishes a reliable predictive model and highlights the high potential
of IMU-based systems for clinical assessment and health monitoring without the need for
additional physiological signals. Furthermore, this work provides a feasible technical
foundation for future gait analysis and early disease screening applications.

Keywords: IMU, Grip strength, Gait analysis, Sarcopenia
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Study on slippery Liquid-infused Porous surface coatings
with low glass transition temperature polymers for extra-

corporeal circulation.

Ning-Kai Yang! and Chih-Yu Kuo'
! Department of Chemical Engineering and Biotechnology, National Taipei

University of Technology, Taipei City, Taiwan.
E-mail: allen.2002910128@gmail.com

Abstract

Inspired by the pitcher plant, this study employs the slippery liquid-infused porous
surface (SLIPS) technique to fabricate an anti-fouling coating aimed at reducing red
blood cell damage during blood transport in extracorporeal circulation tubing. The
coating is constructed by forming a special structure composed of carboxymethyl
chitosan and silica nanoparticles on the substrate, thereby creating a porous surface
without the use of surfactants. Biocompatible silicone oil is infused into the pores via
capillary action to form a stable SLIPS structure. The coating exhibits excellent sliding
performance against various liquids such as water, alcohol, milk, and coffee, with a
water contact angle of approximately 105.3° and a sliding angle below 10°, indicating
superior liquid repellency. In addition, the coating demonstrates multiple functionalities,
including anti-icing, anti-protein adsorption, and self-healing properties, effectively
preventing the adhesion of contaminants and biomolecules. The core feature of this
study lies in achieving anti-fouling performance comparable to fluorinated materials
without the use of fluorine-containing compounds, while maintaining biodegradability,
facile fabrication, and environmental friendliness. The coating constructed from
carboxymethyl chitosan and silica nanoparticles can be applied to low-surface-energy
PVC materials used in extracorporeal circulation tubing, showing great potential in

anti-fouling, biomedical device, and surface modification applications.

Keywords : Slippery Liquid-Infused Porous Surface (SLIPS), chitosan, coating, anti-

adhesion, extracorporeal circulation tubing
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Research on Obstructive Sleep Apnea Using Electronic

Medical Record Systems

Shih-Min Shen, M.D.!, Li-chen Cheng®*, Fu-Tsai Chung, M.D.'3, Yen-Fen Lee*

"Department of Thoracic Medicine, New Taipei City Municipal Tu Cheng Hospital,
Managed by Chang Gung Medical Foundation, Physician

’Department of Information and Finance Management, National Taipei University of
Technology, Professor

3Department of Thoracic Medicine and Department of Respiratory Care, New Taipei
City Municipal TuCheng Hospital, Managed by Chang Gung Médical Foundation,

Director

*Department of Information and Finance Management, National Taipei University of
Technology, Postdoctoral Researcher

Abstract

Artificial intelligence (Al), particularly large language models (LLMs), has
demonstrated substantial potential to optimize clinical workflows, support
clinical decision-making, and enhance patient—clinician communication, and may
ultimately transform care models in sleep medicine. In recent years, several studies
have explored the application of LLMs in obstructive sleep apnea (OSA), including
patient education, clinical reasoning, and data processing. However, the existing
literature is largely limited to proof-of-concept studies or single-scenario
investigations, and the overall evidence remains fragmented, lacking an integrative
framework to clarify the practical roles and limitations of LLMs in OSA care. This
study aimed to synthesize and analyze the current literature to identify the major
application domains, potential benefits, and associated risks of LLMs in OSA care,
and to propose directions for future research and clinical implementation. A
systematic literature search was conducted in accordance with the PRISMA
guidelines. PubMed, Scopus, and ISI Web of Science databases were searched for
studies published between 2020 and 2025 that examined the application of LLMs in
clinical contexts related to OSA. Studies involving non-LLM artificial
intelligence or purely technical developments without clinical scenarios were
excluded. Two independent reviewers performed study screening and data
extraction. Both quantitative and qualitative synthesis approaches were employed
to analyze study characteristics, application scenarios, and outcomes.
A total of seven studies were ultimately included, primarily published between 2024
and 2025. The findings were categorized into three major themes: (1) patient
support and education: LLMs were able to provide clear and understandable
responses to patient inquiries regarding OSA and its treatments, potentially

reducing treatment-



related anxiety and improving treatment adherence; (2) clinical reasoning and decision
support: LLMs demonstrated high agreement with sleep medicine specialists in
standardized scenarios; however, performance declined in cases involving complex
comorbidities or treatment intolerance, and there was a tendency toward over-
recommending diagnostic tests; and (3) clinical documentation and data interpretation:
LLMs showed potential for integrating multiple physiological datasets and electronic
medical records, although validation using real-world data remains limited, and
concerns regarding data privacy, model transparency, and regulatory compliance
remain significant challenges.Overall, LLMs demonstrate considerable potential to
enhance patient—clinician communication, support preliminary clinical judgments, and
manage high-volume clinical data in OSA care. However, at the current stage, LLMs
should be positioned as supportive tools rather than replacements for professional

clinical decision-making.

Keywords: obstructive sleep apnea; large language models; clinical decision support;

patient education; systematic review



No.6

SEEABHTIENT S AR B AR R
Pl % ol B

Sundaresan Ruspika' ~ Saranvignesh Alagarsamy’ ~ Tse-Wei Chen' ~ Shen Ming
Chen'* ~ Ramachandran Balaji' ~ Elayappan Tamilalagan' ~ Chen-Chi Wang? ~
Narendhar Chandrasekar® ~ Ming-Chin Yu*’ ~ Heng-Yuan Hsu*?

EE TS ST ST SN T ER
Hh e A B B RS
PR G RIS L RTAEE TIHENL RS}
FEHD 2 LB F R
CEALE
g

BET - @At RS AngdR P FERE N SRy L 28D
frd BB A K& B REW@GO) % f-it » %ﬁw SRR R
ﬁmemﬂ°m@¢ﬁﬁ%ﬁ%?ﬁm H LA A6 R T
#7% o REWRIGOZ | enth o e 4= 0 % il r.tsb RS 0.01-723
UM 5S4 3R] 5 B~ 1.3406 pA pM cm® 08 FACR 0 42 0.0039 pM
MR (LOD) ~ 2t e HPx Ao FHRDL T I HBES > g3
ROBIBg AR o pdt 2% 4P > A3 REW@rGO Hip B B E - B 8 »ceh
T oo TN ELARR R P 2R L DTEAT o

MAET: Ff LEF  fp2 D BRT CERY  RE 2 R CHERE



Detection of Anticancer Drugs in Urine Samples Using an
Electrochemical Sensor with a Modified Electrode

Sundaresan Ruspika', Saranvignesh Alagarsamy’, Tse-Wei Chen', Shen Ming
Chen'*, Ramachandran Balaji', Elayappan Tamilalagan', Chen-Chi Wang?,
Narendhar Chandrasekar®, Ming-Chin Yu**, Heng-Yuan Hsu**®

'Department of Chemical Engineering and Biotechnology, National Taipei University
of Technology, Taiwan
2Department of Greenergy, National University of Tainan, Taiwan
3Department of Electronics and Communication Engineering, Koneru Lakshmaiah
Education Foundation, India
“Department of Surgery, New Taipei Municipal Tucheng Hospital, Taiwan
5Chang-Gung University, Taiwan

Abstract

A novel and cost-effective electrochemical sensor was developed for the rapid and
sensitive detection of mesalamine using a nanocomposite of rare earth tungstate
incorporated with reduced graphene oxide (REW@rGO). The nanocomposite was
synthesized and characterized through various analytical and spectroscopic techniques
to confirm its successful formation. The synergetic effect between REW and rGO
significantly enhanced the electrocatalytic performance, offering a broad linear
detection range of 0.01-723 uM, a high sensitivity of 1.3406 pA pM™ cm? and a low
detection limit (LOD) of 0.0039 uM. The enhanced electron transfer rate attributed to
the large interfacial area of nanocomposite contributed to the sensor's superior
performance. These results demonstrated that the REW@rGO-based sensor is a highly
efficient platform for the real-time analysis of mesalamine in pharmaceutical and

clinical applications.

Keywords: Anti-inflammatory drug, Rare earth tungstate, Reduced graphene oxide,

Voltammetry, Electrochemical sensor
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Establishment of a real-time bed exit monitoring and alert

system using imaging technology

Ming-An Chung', Wei-Hsun Yang?, Kai-Xiang Chen', Ming-Chun Hsieh!, Shang-Jui
Huang!, Chia-Chun Hsu', Sung-Yun Chai!, Yi-Ju Yao!, Zhi-Xuan Zhang!, Jun-Hao
Zhang', Chai-Wei Lin
"Department of Electronic Engineering, National Taipei University of Technology

’Department of Neurosurgery, New Taipei City Tucheng Hospital

Abstract

The aging population in today's society brings significant challenges, especially
for older adults who are at higher risk of falls. When older individuals fall, it can lead
to a loss of independence and may cause various complications, including serious
illness or even death. As people age, their physical abilities decline, which increases
the need for medical care and raises healthcare costs. In hospitals, patients with
conditions like physical injuries, strokes, or dementia are even more likely to fall. If a
fall happens, it can easily turn into a serious medical incident. To reduce this risk,
hospitals usually have caregivers, family members, or volunteers to help patients move
around. Medical staff also regularly assess patients for fall risks. When a patient is
found to be at higher risk, the medical team may work with rehabilitation specialists to
teach safe movement techniques or provide assistive devices to lower the chance of
falling. However, problems can occur when caregivers are not present, such as when
they step out to buy supplies, eat, or use the bathroom. Falls can also happen at night
when caregivers are resting, or when medical staff are busy helping other patients. If a
patient tries to get out of bed on their own during these times, the lack of assistance,
combined with a dark room, poor vision, and reduced physical coordination—
especially after waking up—can increase the risk of a fall. A real-time monitoring
system could help solve this problem by detecting when a patient tries to leave the bed
and alerting medical staff early. This would allow for faster intervention, preventing
falls and reducing the risk of further complications. In this trial, we plan to use computer
vision technology to monitor these events. By placing high-resolution cameras and
Time-of-Flight (ToF) depth cameras in patient rooms, we will be able to capture and
record patient movements. The recorded data will then be used to develop an early-
warning system that can help reduce falls and ensure that patients receive assistance

when needed.

This project aims to develop an advanced bed-exit fall monitoring system applied to

elderly care and hospital patient fall prevention. The system has high application value,



and after completion, it can be extended to high-risk groups such as stroke patients and
postoperative rehabilitation. The project intends to develop an automated fall
monitoring and alert system, using 2K RGB cameras and ToF depth sensors for patient
posture monitoring and abnormal movement analysis, and integrating IMU sensors to
track patient activity in real time. This will enable precise monitoring and timely alerts.
It is expected that this project will significantly improve fall prevention effectiveness

and promote advanced care techniques for elderly and patient care.

Keywords: Fall monitoring, Clinical diagnosis, Fall prevention, Monitoring,
Artificial intelligence, Medical services, Sensors, Internet of Things (IoT), Smart

sensors, Internet of Things (IoT)
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Development of a Reinforcement Learning-Based Breast
Reconstruction AI Decision Support System with Prompt
Injection Mitigation Features

Sheng-Shan Chen!, Yan-Yu Chen'!, Chiehfeng Chen*?, Chin-Yu Sun!,
'Department of Computer Science and Information Engineering, National Taipei University
of Technology
Division of Plastic Surgery, Department of Surgery, Wan Fang Hospital, Taipei Medical
University
3Department of Public Health, School of Medicine, Taipei Medical University

Abstract

In recent years, generative artificial intelligence and large language models have
gradually been applied to medical consultation and health education assistance scenarios.
However, if medical dialogue systems lack security control, they may be affected by prompt
injection attacks, causing the model to generate inappropriate responses and further affecting
the quality of medical decision-making and data security. Therefore, this study takes
preoperative consultation for breast reconstruction as the application scenario and constructs
a locally executable prompt injection defense framework to improve the safety and
controllability of medical dialogue systems.

This study adopts a dual-model division-of-labor design, separating “input safety
judgment” and “medical content generation” into two tasks. At the front end of the system, a
fine-tuned safety classification model is used to identify whether user input contains prompt
injection attacks, further distinguish attack types, calculate risk scores, and combine a user
credit mechanism for graded control. Only when the input risk falls within an acceptable
range will it be passed to the back-end medical consultation model to generate a response,
thereby reducing the possibility that the generative model is maliciously interfered with.

The experimental results show that the safety classification model achieves an F1 score
0f 0.97 in the binary classification task and an F1 score of 0.91 in the five-class attack
identification task. The medical question classification module also improves from 0.74 in the
original system to 0.88. The results demonstrate that, under limited computational resources,
task separation, risk quantification, and a credit control mechanism can effectively improve
the safety, controllability, and practical applicability of generative artificial intelligence in
medical scenarios.

Keywords: Prompt Injection Defense, Local Deployment, Safety Classification, Risk
Governance, Breast Reconstruction Consultation
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FFA-Net: Fast Frequency-Aware LiDAR Point Cloud

Compression for Machine Vision

Hongpeng Gao', Jin Wang', Mu-En Wu?, Yunhui Shi'
!College of Computer Science, Beijing University of Technology
’Department of Information and Finance Management,

National Taipei University of Technology

Abstract

Efficient point cloud compression is essential for applications such as autonomous
driving and robotic vision navigation. Recently, point cloud data has received
significant attention in machine vision tasks that rely on accurate geometric
representations. However, most existing point cloud compression methods are designed
for human visual perception rather than specifically for machine vision tasks, and their
decoding processes are often computationally expensive, limiting applicability in fast-
processing scenarios. To better support machine vision tasks that depend on global
geometric structure, we propose a Fast FrequencyAware Network (FFA-Net) for point
cloud compression, with large-scale 3 object detection serving as a representative
evaluation scenario. We observe that high-frequency components are less critical than
low-frequency components for preserving global shape information in geometry-driven
perception tasks, which typically rely on stable structural cues rather than fine-grained
local details. Based on this observation, FFA-Net employs graph filtering to separate
point clouds into high-frequency and low-frequency components. It then applies an
adaptive quantization strategy, using a larger step size for high-frequency points and a
finer step size for low-frequency points to preserve structural details. Furthermore, a
lightweight adapter is introduced to adaptively adjust the high-to-low frequency ratio
and enhance low-frequency representations. Experimental results demonstrate that the
proposed method effectively preserves task-relevant geometric structures that are
fundamental to geometry-driven machine vision tasks, while significantly improving

processing speed.

Keywords: Point cloud compression, Machine vision, Frequency aware, Adaptive

quantization
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Research on Ophthalmic Image Fusion Analysis Technology

for Auxiliary Diagnosis of Various Diseases

Yo-Ping Huang', Jiangang Li%, Redina An Fadhila Chaniago', Thanh Trung Do', and
Wei-Chi Wu'*
'Department of Electrical Engineering, National Taipei University of Technology,
Taipei 106344, Taiwan
2Faculty of Information Technology, Beijing University of Technology,
Beijing 100081, China
3Department of Ophthalmology, Chang Gung Memorial Hospital, Linkou 33305,
Taiwan
*College of Medicine, Chang Gung University, Taoyuan 33305, Taiwan

Abstract

Retinopathy of Prematurity (ROP) is a preventable cause of childhood blindness
resulting from abnormal retinal vascular development in premature infants. Clinical
assessment requires accurate identification of retinal zones, detection of early-stage
lesions, and evaluation of plus disease characterized by posterior pole vessel tortuosity
and dilation. However, ROP screening remains largely subjective and time-consuming,
with inter-observer variability that can delay referral and treatment. Motivated by
ICROP-3 guidance, this study aims to develop an automated and standardized
framework for ROP screening and monitoring with anatomically grounded analysis.

We propose a multi-task pipeline integrating optic disc and macula localization
using a BiRefine-YOLO model to support consistent Zone I delineation, demarcation
line and ridge detection using YOLOv8 with Double-CLAHE enhancement to highlight
subtle lesions, YOLO-based stage classification for clinically monitored categories,
artery-vein segmentation using AG-MoE Swin-UNet, and tortuosity quantification
using the curvature vessel tortuosity index (CVTI) for objective analysis of vascular
distortion. As a supplementary experiment, we further explore label-efficient vascular
severity estimation through a zero-shot vascular severity score (VSS) framework using
deep feature embeddings and cosine similarity.

Experiments on public datasets and other test datasets (Chang Gung Memorial
Hospital, Taiwan; Osaka University, Japan; Aravind Eye Hospital, India) demonstrate
that the proposed modules provide reliable anatomical referencing and robust detection
of clinically relevant features. Optic disc localization achieved mAP@50-95 of 0.889
(bbox) and 0.836 (mask), while demarcation line/ridge detection achieved mAP@50 of
0.953. Stage classification achieved strong separability with AUC values above 0.92
for all classes. Artery-vein segmentation achieved IoU/Dice of 0.809/0.894 for arteries
and 0.830/0.907 for veins. Overall, this study supports objective and reproducible ROP



assessment and provides a computational foundation for quantitative clinical decision

support in screening and monitoring.

Keywords: Retinopathy of Prematurity (ROP), deep learning, automated image

analysis, plus disease, vascular tortuosity



B etk e AARES TSR B2 B P

R E I ERT o
LIRS

{
24§ s o

#FE

MEFGRBOPE 2R CHFAEFIHEF IS > LB T AT R
(Flood Hazard Map, FHM ) © = Z {202 R s fip~ - 8 B 5 @ # —%"1&{171\ SR
HEL DT R E o RA ML - RIES FHM FARE R4 B R 45
RGEeie? > L 52 it F F LR A4 iz FIUL AT 7 R B I
FTab o HAHEEBRLIANAARTRS S PR EFRHIP R 240 2% JF’
FRIFENRZ FRARERE (F U ~d URle) e & 2Ry L2z
ﬁuﬁiif\a bR AT dhd BREE

FLesgdh H LaWLRFHHe SERAFREFFTRAL LR
B & (ﬁi«""" tM=388; FH 1 M=385) c bARFREERY > [ Fhpmpd | -
T4 ppdrpy S ba A WHAR TG vl BihiF? LB BE Y HERKE
FigpAsp o N E AR F B AMB mehe s PR T o HEA Ca(F ke
S AR BRARMLRFPETEAY RE RS Ao LHEMLRIFA
PZAREZL > BT R es A V3 v? kU o

ek sz AR w2 TR IS Spearman AR AT o R —%"jﬂ‘
kX pFrGROERRTEIRGELG LB DRE S R A kD
FHM B2 iC 303540 0 % B 1k el B Ay 38 ek e o 4 £ M % 3
BEAR SR BTG SR LEY R R o RABFETR G

iiﬁ’l‘?xf_%q\;és:o

B

MaEF kXA AGR S KTFRREL 2t LR HHE

No.11



Research on the Effects of Visual Variables and
Perception Mechanisms of Flood Hazard Map

in a Cross-Cultural Context

Meng-Cong Zheng !, Jian Liu?
! Department of Industrial Design, National Taipei University of Technology
2 Department of Industrial Design, Beijing University of Technology

Abstract

Due to climate change, global flood frequency has risen significantly, and Flood
Hazard Maps (FHM) are vital tools for governments and the public in flood risk
communication. However, lacking consistent visualization standards leads to cognitive
biases during transnational collaboration due to cultural differences. Therefore, this
study surveyed 240 participants from representative countries—Taiwan, China, the UK,
and the Czech Republic—to evaluate the objective and subjective impacts of visual
variable combinations (color schemes, color levels) on understanding, aesthetics, and
risk perception.

The research results found that participants in both Europe and Asia tend to seek
flood risk information through published information such as heavy rain forecasts
(Europe: M = 3.88; Asia: M = 3.85). Among the performances of visual variables,
combinations such as the "blue-red color scheme" and "4-level color steps"
demonstrated significant superiority in subjective preferences across various perception
dimensions in both continents, generally being high-performing combinations in scale
assessments. In contrast, although sample Ca (yellow-red color scheme + 4 levels)
received the highest scores in various scales from European participants, it performed
worst in Asia, showing the limitations of this combination in cross-cultural design.

Furthermore, Spearman correlation analysis reveals that users' objective cognition
and subjective aesthetics of FHMs have independent logics. This suggests future cross-
cultural FHM standards must, besides optimizing visual forms, consider map structure
and information hierarchy to enhance the practical effectiveness of international risk

communication.

Keywords: Flood Hazard Map, Hazard Information Visualization, Cultural
Differences, Group Perception
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Quasi-2D Perovskite with Ligand Engineering to Improve the

Stability of Phototransistor Memory with a Floating Gate

Chia Yang Kao', Ye Zhou?*, Chi Ching Kuo!”
"nstitute of Organic and Polymeric Materials, National Taipei University of Technology, Taipei
10608, Taiwan
2No. 3688 Nanhai Ave, Nanshan District, Shenzhen, Guangdong, China.

Abstract

This study investigates ligand-modified quasi-2D perovskites combined with polymers
containing long alkyl chains or aromatic side groups for photomemory applications. PEABr and
PDMA were used to construct RP- and DJ-phase perovskites, which were further integrated with
polymers bearing benzene or pyrene groups to examine their effects on microstructure and
optoelectronic properties.

The RP-phase perovskite paired with a pyrene-functionalized polymer exhibits improved
crystal orientation, reduced grain boundaries, and enhanced charge transport due to favorable
ligand—polymer compatibility and controlled pyrene aggregation. Consequently, the photomemory
devices demonstrate a high ON/OFF ratio, low operating voltage, fast response, and good thermal
stability. These results highlight ligand steric effects and polymer functionality as effective
strategies for optimizing perovskite microstructure and device performance.

Keywords: Quasi-2D perovskite, phototransistor
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The Study on Elasto-Inertial Migration of Exosomes in

Infinite Oscillatory Microflows

Po-Yu Chen'!, Cheng-Chuan Lin?, Sheng Yen®, Yong Liu*
!Graduate Institute of Manufacturing Technology, National Taipei University of
Technology
“Department of Mechanical Engineering, National Taipei University of Technology
3Institute for Advanced Study, Shenzhen University
*Institute for Advanced Study, Shenzhen University

Abstract

Microfluidic technology leverages microscale fluids for the manipulation and
sorting of exosomes, offering an effective technological approach for early cancer
screening. However, current sorting techniques rely heavily on precise flow control,
significantly hindering the miniaturization of microfluidic sorting platforms. This
project combines the research expertise from Sheng Yan’s research group at Shenzhen
University and Cheng Chuan Lin’s research group at National Taipei University of
Technology and proposes the infinite oscillatory microfluidic technology for elasto-
inertial sorting of exosomes. Focusing on the pivotal issue of the elasto-inertial
manipulation mechanism of exosomes in oscillatory flows, we aim to develop a pump-
free infinite oscillatory microfluidic chip and elucidate the migration mechanism of
exosomes in oscillatory flows. This study begins by employing a coupled CFD-DEM
numerical approach to compute the various forces acting on particles. These force
calculations are then incorporated as boundary conditions into Newton’s equations of
motion and the Navier—Stokes equations. By integrating a Lagrangian particle tracking
method, the trajectories of particles within the flow channel are accurately resolved.
The numerical results are subsequently validated against experimental data, and the
framework further enables a detailed analysis of the rheological behavior of particle

motion.

Keywords: Oscillatory flow, Exosome focusing, CFD-DEM, Solid-liquid two-phase

flows



B* 2RI FREALZETE CET PREPULZHA
LB ey

Chinmai Bhat!, % 15722 Zhongpu Zhang?, M 3k #*", Wojasinski Michal®, = & 326"
VR G A SR AR T e
REBP AL AT FE ) e
EEEE EE T RS R e
YR B PR T KR
SEEI A B e B8R ki
SRz A EE R g ks B

e
EEFIRCPEEFRE O NEmBHMI AR TSR A EHEST DR
Fe BAIFTORE RS o e AL A RMERR[E > - KA B2 E
B3 g B o ATy Y $eimk g2 (Digital Light Processing, DLP ) H it %
F BT PRES o 7 PRES A BRI YA BT PR N LRk
B Tk T A L BT PR Y ARl TR AR WAL
oo A B SRS OFIRER o d RS B AREE (9 04mm) > ’é_%%“fi:}%
e 352 (greenbody) % % A2 H W& G o Flt o AR &N - BATHE D
;u@wﬁiwig,ku%ﬂﬂ&ﬁ&ﬁww%wﬁ%@aﬂﬁ%ot%ﬁ%ﬂ*
?f:#i (slurry) ZBR 1% 5 2542 38 L #0484 > R R QB A ghkF
(pseudo-floating) ;x fi « F B SR » Z R T F ek £ 0 S > #LIE
KBANXDZE L o Ty B WUFERMIT 036mm g g 7 FLREF 2 AR
SRR o gttt B RRE P B RN A F 2 B E 1t 2 0.5mm >
- HHDL AR HARAASTESET > HEREPERS CAD H3) A X
BY $h e iimh A A B 1.70% & 0.84% o AR ik sk (microfiber
polishing) 5 > s A ¥ L i&— H M o TR E 2 7 FRES T 28 TER
e R AR Ha<g e E (HV) 43 1190-1255 2 [ -

MAEZ: § 48 7 Bpk bk i

No.14



Design for Additive Manufacturing Using the Contactless
Support Strategy for the Fabrication of Ultrathin Zirconia

Dental Veneers

Chinmai Bhat!?, I-Chiang Chou®*, Zhongpu Zhang>, Zhangwei Chen®", Wojasifiski
Michat’, Cho-Pei Jiang!>"*
! Department of Mechanical Engineering, National Taipei University of Technology,
Taiwan.
2 High-value Biomaterials Research and Commercialization Center, National Taipei
University of Technology, Taiwan.
3 Department of Dentistry, National Yang Ming Chiao Tung University, Taiwan.
* Department of Stomatology, Yangming Branch, Taipei City Hospital, Taiwan
3 Centre for Advanced Manufacturing Technology, School of Engineering, Faculty of
Engineering, Computing and Science, Western Sydney University, Australia.
6 Additive Manufacturing Institute, Shenzhen University, China.
7 Faculty of Chemical and Process Engineering, Warsaw University of Technology,
Poland.

Abstract

The rapid globalization, along with significant growth in the hospitality and
aviation industries, has set a new standard for aesthetics. Nowadays, physical
appearance has become an indicator of self-confidence, boosting the global aesthetics
market. In this study, zirconia dental veneers were fabricated using the digital light
processing technology. Dental veneers are a widely used prosthodontic option that
serves as a minimally invasive restorative option to enhance tooth appearance. The
traditional fabrication of dental veneers requires extensive physical supports while
printing, which increases the post-processing challenges. Due to the thickness of the
veneers (~0.4 mm), support removal resulted in cracks and damage to the green bodies.
Thus, this study employs a novel contactless support strategy that increases printing
accuracy while eliminating post-processing steps. The novel strategy utilizes the
slurry's viscosity as a contactless support, with the sample in a pseudo-floating state
during fabrication. Using this strategy successfully resulted in enhanced appearance
without striations/cracks. The ultrathin dental veneers, with a thickness as low as 0.36
mm, were fabricated without failure. Further accuracy enhancement was achieved by
optimizing the distance between the veneer and the contactless support to 0.5 mm. The
precision analysis showed that the fabricated samples deviated by 1.70% (X-axis) and
0.84% (Y-axis) from the CAD model. This deviation is further reduced with microfiber
polishing. The fabricated veneers also demonstrated satisfactory hardness values of
1190-1255 HV at different locations. Abstract

Keywords: Dental Veneer, ceramic additive manufacturing, contactless support,
biomaterials, customization
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Fabrication of 0D/2D ZnMn2O4 Nanospheres/g-CsN4 Nanosheets
Heterostructure for Electrochemical Detection of Furaltadone in
Environmental Samples

Thilak Sabareesh Malayalam Amarnath?, Mahalingam Agalya®?, Subramanian Sakthinathan®?,
Te-Wei Chiu'?" and Naratip Vittayakorn®"
!Department of Materials and Mineral Resources Engineering, National Taipei University of
Technology, No.1, Section 3, Chung-Hsiao East Road, Taipei 106, Taiwan.
2Institute of Materials Science and Engineering, National Taipei University of Technology, No. 1,
Section 3, Chung-Hsiao East Road, Taipei 106, Taiwan.
3Advanced Materials Research Unit, School of Science, King Mongkut's Institute of Technology
Ladkrabang, Bangkok, 10520, Thailand
Abstract
Furaltadone (FLD), a veterinary antibiotic belonging to the nitrofuran class, is known for its
carcinogenic and mutagenic metabolites, which provide significant hazards to environmental and
human health via water-related contamination. In consequence of this issue, we have developed, cost-
effective, and highly precise electrochemical sensor utilizing zinc manganese oxide/graphitic carbon
nitride (ZnMn204/g-C3N4) nanocomposites for the efficient detection of FLD in environmental
samples. The ZMO nanospheres were synthesized using a simple one-pot co-precipitation approach.
In parallel, GCN nanosheets were synthesized via thermal polymerization of urea. The structural and
morphological properties of ZMO, GCN and ZMO/GCN nanocomposite were thoroughly studied
using physicochemical analysis. The engineered ZMO/GCN nanocomposite-modified glassy carbon
electrode (GCE) was utilized for the electrochemical detection of FLD, employing electrochemical
impedance spectroscopy (EIS), cyclic voltammetry (CV), and differential pulse voltammetry (DPV)
methodologies. The sensor demonstrated remarkable sensitivity (0.4652 uA uM™! cm™2), extensive
linear detection range (0.01 to 747 uM and 867 to 2187 pM), and an exceptionally low detection limit
(0.007 uM) under optimal conditions. Moreover, the sensor exhibited outstanding performance in
actual water, milk, and tetracycline samples, validating its practical utility. These findings emphasize
the potential of ZMO/GCN nanocomposite as an effective electrode modifier for precise and

dependable electrochemical measurement of FLD in environmental monitoring.

Keywords: Environmental samples; Electrochemical sensing; Furaltadone; 2D composites
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Investigating the Reaction Mechanisms of Proton-Coupled Electron
Transfer in the Oxygen Evolution Reaction Using Cobalt-Based
Catalyst

Dang Thi Thuy Tien!, Tawan Sooknoi?, Yu-Hsu Chang*

Yinstitute of Mineral Resources Engineering, National Taipei University of Technology, Taipei,
Taiwan
Department of Chemistry, King Mongkut’s Institute of Technology Ladkrabang, Thailand

Abstract

The oxygen evolution reaction (OER) is the primary kinetic bottleneck in water splitting
due to its sluggish four-electron transfer kinetics. To circumvent high-energy intermediates
and scaling-limit constraints, recent research has pivoted toward catalysts capable of proton-
coupled electron transfer (PCET) mechanisms. Herein, we report the rational design of an iron
and phosphate co-decorated cobalt oxyhydroxide (CoixFexOOH-Pi) synthesized via a
hydrothermal method and fabricated into working electrodes using a facile drop-casting
approach on nickel mesh. The integration of Fe3* ions into the CoOOH lattice lower the
activation energy through the formation of highly active Co-Fe oxyhydroxide motifs, while
phosphate ions serve as proton-accepting relays to facilitate PCET. Operando Raman
spectroscopy was utilized under real-time OER conditions at different potentials to monitor
the structural phase transformations and dynamic behavior of iron and phosphorus species on
the surface. The synergy between cationic Fe-centers and anionic phosphate relays
fundamentally alters reaction energetics, decoupling the binding energies of key intermediates
to achieve significantly reduced overpotentials and accelerated reaction kinetics.

Keywords: oxygen evolution reaction, cobalt oxyhydroxide, operando Raman
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Development of Sustainable Advanced Oxidation Processes
for Degrading Bio-Recalcitrant Pharmaceutical Pollutants

Li-Pang Wang?!, Yan-Fu Chen?
! Institute of Environmental Engineering and Management, National Taipei
University of Technology
2 Institute of Environmental Engineering and Management, National Taipei
University of Technology

Abstract

Pharmaceutical and medical wastewaters contain bio-recalcitrant drug pollutants,
among which chlortetracycline (CTC), a widely used tetracycline antibiotic, poses
significant environmental risks due to its toxicity and pseudo-persistence, contributing
to antibiotic resistance. Advanced Oxidation Processes (AOPS), which generate highly
reactive hydroxyl radicals, are effective for degrading such contaminants. Common
AOPs include UV/H-0., Fenton and photo-Fenton reactions, ozonation, photocatalysis,
and sonolysis, though they often involve high costs and energy consumption. Nanoceria,
as a heterogeneous Fenton-like catalyst, offers advantages over conventional Fenton
systems, including high stability, a wider pH operating range, and easy recovery
without producing iron sludge, making it promising for sustainable AOP development.
However, its synthesis typically relies on costly cerium precursors. Utilizing cerium-
containing waste as a raw material could reduce costs, minimize landfill, and promote
resource recycling.

This study aims to recover nanoceria from glass polishing waste and apply it as a
catalyst in catalytic wet peroxide oxidation (CWPO) for CTC degradation. A bottom-
up approach involving acid leaching, precipitation, and calcination will be used to
prepare the catalyst. The physicochemical properties of nanoceria at different
calcination temperatures and its catalytic performance in degrading CTC will be
systematically evaluated.

Keywords: Advanced Oxidation Processes, Pharmaceutical Pollutants, Catalytic Wet
Peroxide Oxidation, Nanoceria, Glass Polishing Waste
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Flexible transparent electrode for the advanced energy storage device
using biomass derived porous carbon via ultrasonic coupled
supercritical-CO2 method

Angelin Rubavathi Panneer Selvam, Sabarison Pandiyarajan, Ho-Chiao Chuang”
Department of Mechanical engineering, National Taipei University of Technology

Abstract

Supercapacitors (SCs) are most promising energy storage devices owing to their high specific
power, fast charge—discharge characteristics, and long cycle life, enabling applications in electric
vehicles, pulse power systems, and portable electronics. However, despite progress in flexible
electronic technologies, most SCs still rely on rigid device architectures, which limits their
integration into next-generation flexible energy systems. In this study, we report a cost-effective
approach for the fabrication of flexible SC electrodes and a practical device using iron (Fe)-doped
biomass-derived activated carbon (Fe-AC). The prepared materials were systematically characterized
to examine their phase composition, surface morphology, and functional features. Flexible electrodes
were fabricated on aluminium-grafted polyimide (AI-PI) substrates, and their electrochemical
performance was evaluated using standard electroanalytical techniques. The Fe-AC@AI-PI
electrode exhibited predominantly surface-controlled capacitive behavior (61.17%), with a smaller
contribution from diffusion-controlled processes (38.82%). A high specific capacitance of 200.84 F
g ! was achieved at a current density of 0.5 A g!, along with a low charge-transfer resistance of 7.14
Q. A symmetric flexible supercapacitor device was further assembled and operated over a wide
potential window of 1.2 V, delivering an energy density of 14.89 Wh kg! and a power density of 250
W kg!. Practical feasibility was demonstrated by illuminating a 1V LED using series-connected
devices. In addition, the device retained stable electrochemical behavior under bending angles of 45°,
90°, and 180°, with no noticeable distortion in the CV profiles. These results indicate that Fe-AC/Al-
PI electrodes are promising candidates for flexible energy storage applications.

Keywords: Activated carbon; Flexible electrode; Iron dopant; Supercapacitor.
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Development of a metal-organic framework Mg-MOF-
74/CuCl2 nanocomposite material for application in a self-
powered humidity sensor

Shih-Feng Tseng?, You-Ren Chen?
! Department of Mechatronic Engineering, National Taipei University of Technology

2 Department of Mechatronic Engineering, National Taipei University of Technology

Abstract

Humidity is a critical environmental parameter whose accurate monitoring is
essential for semiconductor manufacturing, agriculture, and biomedical applications.
Conventional humidity sensors typically require external power sources, which limits
their applicability in power-free or remote environments. In this study, a novel voltage-
type self-powered humidity sensor based on galvanic cell behavior is developed. The
sensing layer consists of CuClz-modified Mg-MOF-74, in which post-synthetic
modification increases the density of surface active sites, thereby enhancing water
molecule adsorption. This layer is integrated with multi-walled carbon nanotubes
(MWCNTSs) and UV laser-induced graphene (LIG) to construct a high-performance
conductive composite network. A non-symmetric electrode configuration employing
copper and aluminum enables spontaneous voltage generation driven by humidity
variations, eliminating the need for external power. Optimization results indicate that
the MWCNT concentration plays a critical role in determining both the output voltage
and dynamic response. At an optimal concentration of 100 ug/mL, the sensor achieves
a maximum output voltage of approximately 0.74 V at 94 %RH, along with a fast
response time of 5.92 s and a recovery time of 35.68 s. This performance is attributed
to the well-developed conductive network, which facilitates efficient charge transport.
Furthermore, the device exhibits stable and reversible voltage output over a wide
humidity range of 11 — 94 %RH, with both hysteresis and 15-day voltage decay
maintained below 10 %, demonstrating excellent reproducibility and long-term stability.
By synergistically integrating the porous structure of MOFs, conductive composite
networks, and electrochemical self-powering mechanisms, this study provides a
promising strategy for the development of flexible, low-power, and non-contact
humidity sensors for next-generation wearable and loT applications.

Keywords: MOF-74, CuCly, Laser-induced graphene, Multi-walled carbon nanotubes,
Self-powered humidity sensor
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Advanced MXene Nanocomposites for Superior SERS Enhancement
and Sensing Technologies

Yi-Chen Tseng,! Santhiyagu Sahayaraj Rex Shanlee,? Ja-Hon Lin,® Cheunkar Sarawut,*
!Department of Electro-Optical Engineering, National Taipei University of Technology, Taipei 1086,
Taiwan (student)
2Department of Electro-Optical Engineering, National Taipei University of Technology, Taipei 106,
Taiwan (postdoc)
3Department of Electro-Optical Engineering, National Taipei University of Technology, Taipei 106,
Taiwan (prof.)

“Department of Biotechnology, King Mongkut's University of Technology Thonburi, Bangkok
10140, Thailand (asst. prof.)

Abstract

This study aims to develop a highly sensitive and flexible surface-enhanced Raman scattering
(SERS) substrate by integrating biomimetic microstructures with a two-dimensional transition metal
carbide, TisC2Tx (MXene). The fabrication process employs the high-density periodic nanopillar arrays
of cicada wings as a primary template, transferred via a Soft-lithography replication (“first molding”)
technique. Furthermore, single- and few-layer MXene nanosheets were prepared by a liquid-phase
exfoliation method and blended with a poly(vinyl alcohol) (PVA) matrix to form a stable 1 wt%
composite colloidal solution, followed by a secondary replication (“second molding”) process to obtain
a flexible MXene/PVA biomimetic film. Under 532 nm laser excitation, the substrate exhibits
significantly enhanced Raman signals, attributed to a dual mechanism: electromagnetic (EM)
enhancement from the biomimetic nanostructure and chemical enhancement (CE) via charge transfer
in MXene. Moreover, PVA encapsulation improves mechanical flexibility and chemical stability,
effectively suppressing MXene oxidation and degradation. This work establishes a low-cost, highly
reproducible flexible SERS platform, with strong potential for pesticide detection, biomarker sensing,
and wearable biosensing applications.

Keywords: Surface-enhanced Raman scattering(SERS), TizC2Tx (MXene), Biomimetic cicada wing,
Soft-lithography replication, Synergistic enhancement effect
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Next-Generation Upgrading H2 using MOFs-Composites for
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Abstract

Due to increasing greenhouse gas emissions, hydrogen has attracted significant
interest as a sustainable energy source. This study investigates the adsorption capacities
of CO: and H> on metal-organic frameworks (MOFs), including pristine ZIF-8, UiO-
66, and the composite ZIF-8@choline chloride (ChCl)-monoethanolamine (MEA), for
hydrogen purification via Pressure Swing Adsorption (PSA). Equilibrium adsorption
experiments were conducted at temperatures from 263.15 to 323.15 K and pressures
between 1 and 50 bar. Mixed-gas adsorption experiments of H»/CO. were also
performed to evaluate competitive adsorption behavior. The results showed that CO-
exhibited significantly higher adsorption capacities than H> under all conditions. At
263.15 K, ZIF-8@ChCI-MEA showed the highest CO: adsorption capacity (41.19
mmol/g), compared with ZIF-8 (34.06 mmol/g) and Ui0-66 (37.45 mmol/g), indicating
strong potential for PSA applications. The experimental data were well fitted by the
Langmuir model, and the obtained equilibrium and kinetic parameters were
implemented in Aspen Adsorption V14 for PSA simulation. Process optimization using
a genetic algorithm in MATLAB achieved hydrogen purity above 97% and recovery
above 60% for a CO2:H: feed ratio of 0.2:0.8, with an estimated hydrogen production
cost of approximately 0.7 USD/kgH>

Keywords: ZIF-8, ZIF-8@ChCI-MEA, Adsorption, Langmuir isotherm, Hydrogen
storage
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Cost-effective real-time in vitro electrochemical
immunosensing of CA-125 in ovarian cancer cells using 3D
Flower-like M0S2/ZnSe-FeSe2 nanostructures derived from

metal-organic framework
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Ren-Jei Chung 1~
! Department of Chemical Engineering and Biotechnology, National Taipei University
of Technology (Taipei Tech), Taipei 10608, Taiwan
2 Department of Physics, University of Malaya, Malaysia

Abstract

Early detection of ovarian cancer is difficult due to the absence of clear symptoms.
Diagnosis through internal examination, ultrasound, and the cancer antigen 125 (CA-
125) tumor index test is crucial. The conventional chemical fluorescence immunoassay
is typically utilized to measure the levels of CA-125. However, its lowest detection
limit is merely 35 U mL™%, which may not be sufficient to detect early symptoms.
Therefore, an urgent need exists for a method to extract information about CA-125 for
the diagnosis of ovarian cancer. The demand for rapid, precise, user-friendly, and non-
invasive diagnostic tools is a subject of great interest among research groups worldwide.
As a result, we propose the development of a new nanostructured immunosensor for
the early detection of CA-125, a cancer biomarker.

In this study, we will design a low-cost, rapid, and disposable electrochemical
immunosensor technique for label-free detection of CA-125 using an antibody (Ab)-
molybdenum disulfide/zinc selenide-iron selenide (MoS2/ZnSe-FeSez) bioconjugates.
Chitosan-glutaraldehyde cross-linking chemistry is used to adsorb anti-CA-125
antibodies onto the surfaces of MoS./ZnSe-FeSe, modified glassy carbon electrodes
(GCE). Subsequently, non-specific binding sites will be blocked by treating with
bovine serum albumin (BSA-1%). The BSA/Anti-CA-125/Glut/Chit/MoS,/ZnSe-
FeSe> bio-conjugates on GCE will be utilized to check the presence of CA-125-Ag
concentrations by analyzing the change in peak current response due to the antigen-
antibody complex formation. To evaluate the electrochemical performances of the
modified electrodes, cyclic voltammetry (CV), electrochemical impedance
spectroscopy (EIS), and differential pulse voltammetry (DPV) techniques are used. We
anticipate that the MoS2/ZnSe-FeSe,/GCE shows good electrochemical
immunosensing performances for CA-125 detection, including selectivity, stability,
reproducibility, and repeatability. To demonstrate the practical feasibility of the
electrochemical immunosensor, human biological samples such as serum will be used,
and the recovery results will be compared to those of the commercially available ELISA
Kit. Nevertheless, we will utilize OVCAR-3 ovarian cancer cell lines for in vitro cell
culture. Continuous monitoring of cancer cell growth will be done using immuno-



sensing techniques for CA-125 concentrations. Additionally, cell imaging experiments
will be conducted with confocal laser scanning microscopy. This research has the

potential to expand its biomedical applications based on sensing devices that use
MoS2/ZnSe-FeSes.

Keywords: Electrochemical immunosensor; CA-125 detection; Ovarian cancer cells;
MoS2/ZnSe-FeSez nanostructures; Metal-organic framework Keywords,
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Ni-Decorated Cu:Y20s Nanofiber Coated Electrodes for
High-Performance Oxygen Evolution Reaction

Aishwarya Naik™2, Akhila Chappagattil*?, Thilak Sabareesh M. A.1?,
S. Sakthinathan?*, Te-Wei Chiul? ", Shu Yin3*"
!Department of Materials and Mineral Resources, National Taipei University of
Technology
2Institute of Materials Science and Engineering, National Taipei University of
Technology
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University, 2-1-1 Katahira, Aoba-ku, Sendai, 980-8577, Japan
*Advanced Institute for Materials Research (WPI-AIMR), Tohoku University,
Katahira 2-1-1, Aoba-ku, Sendai, 980-8577, Japan

Abstract

Efficient oxygen evolution reaction (OER) electrocatalysts are required for water
electrolysis—based hydrogen production. In this work, Cu2Y20s nanofibers were
synthesized via electrospinning-assisted thermal treatment and subsequently integrated
with Ni nanoparticles to form composite-coated electrodes. X-ray diffraction (XRD)
confirms the formation of crystalline Cu2Y20s, while SEM—EDAX analysis shows a
continuous nanofiber network with well-dispersed Ni species. Electrochemical
measurements indicate improved OER performance compared to individual
components. Linear sweep voltammetry shows a lower overpotential at 10 mA cm™2,
and Tafel analysis indicates enhanced reaction kinetics. Electrochemical impedance
spectroscopy (EIS) reveals a reduced charge-transfer resistance, consistent with
improved conductivity from Ni incorporation. Chronopotentiometry demonstrates
stable operation under constant current conditions. The observed performance is
attributed to the nanofiber morphology, which increases accessible surface area, and
the presence of Ni active sites that facilitate OER kinetics and charge transfer. These
results support the use of Ni-decorated Cu.Y20s nanofiber composites as OER
electrocatalysts.

Keywords: Cu.Y:0s nanofibers, Oxygen evolution reaction (OER), Electrospinning,
Electrocatalysis, Composite electrodes
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Feasibility and Interfacial Phase Stability of Al-Cu-Fe
Quasicrystal Particles for Fabrication of Metal Matrix
Composites
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Abstract

Integrating quasicrystal reinforcements into aluminum matrix composites (AMCs) presents a
promising route for enhancing structural performance. This study investigates the manufacturing
feasibility and mechanical properties of Al-Cu-Fe (Qcp) reinforced aluminum composites produced
via a combined approach of Ultrasonic Consolidation (UC) and Friction Stir Processing (FSP). The
influence of reinforcement type (Qcp vs. AL:Osp), processing parameters and volume fraction on the
FSP integrity were systematically examined.

Microstructural analysis via SEM and EDS revealed that Qcp provides superior wettability and
metallic bonding compared to traditional AlOsp ceramic particles, resulting in a denser reinforcement
layer. FSP mechanical testing demonstrated that an optimized 3° tool tilt angle and a rotational speed
of 1400 rpm significantly improved material consolidation and particle dispersion. Results exhibited
that a volume fraction of 13% yielded the highest tensile strength and a peak microhardness of 140
HYV, which is 40% higher than the base metal. In contrast, exceeding this limit to 39% volume fraction
led to particle clustering and a substantial drop in strength.

These findings highlight the potential of Al-Cu-Fe quasicrystals in developing high-strength
aluminum matrix composites through plastic flow processing.

Keywords: Friction Stir Processing, Ultrasonic Consolidation ,Aluminum Matrix Composite, Al-Cu-Fe
Quasicrystal.
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Biomass-Derived Catalysts for Electrochemical Energy and
Environmental Modeling

Manjula Natesan?, Ying-Chu Chen?”
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University of Technology
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Abstract

Biomass residues offer sustainable precursors for advanced electrocatalysts. In this
work, garlic peel is converted into defect-rich mesoporous carbon and used to host single-metal
(Ni/C, ColC, Fe/C) and bimetallic (NiFe/C, CoNi/C, and CoFe/C) nanodomains for the alkaline
oxygen evolution reaction (OER). Carbonization/activation yields a turbostratic sp? carbon
framework with accessible mesoporosity, while metal incorporation promotes additional pore
development through catalytic activation. The structure and surface chemistry were
systematically examined by XRD and XPS, while morphology and dispersion were evaluated
by FESEM and TEM. N adsorption—desorption (BET) confirms increased surface area and
mesopore volume after metal loading, supporting improved mass transport. Electrochemical
tests in 1 M KOH show that all metal-carbon composites outperform bare carbon; among
single-metal catalysts, Ni/C exhibits the lowest overpotential, and Fe promotes the Ni redox
transition in bimetallic systems. The NiFe/C catalyst delivers the best kinetics (lowest
overpotential 290 mV cm for 25 mA cm~2) and stable cycling, attributed to the in-situ formation
of Ni(Fe)OOH nanophases strongly coupled to the conductive carbon scaffold. This study
demonstrates a simple, scalable route to transform waste biomass into efficient and robust OER
anode materials via high-density single- and dual-metal oxyhydroxide nanodomains with
strong interfacial coupling.

Keywords: Biomass-derived catalysts, Oxygen Evolution Reaction, OER , Mesoporous carbon, Metal
oxyhydroxides, Interfacial coupling.
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Design of an interpretable machine learning approach to evaluate

the fatigue response of 3D printed tessellation lattice structures
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Abstract

This project aims to develop a machine-learning model to predict the fatigue response of
surface-based tessellation lattice structures. These nature-inspired structures are categorized into
Edge-to-Edge (ETE), Non-Edge-to-Edge (NETE), and overlapping types, each affecting load
transfer and structural performance differently. The focus is on using a multi-layer perceptron
(MLP) model to optimize four key design parameters - unit cell height, unit cell width, shell
thickness, and tessellation distance - to achieve the highest elastic modulus. Elastic modulus is
crucial because it inversely relates to crack-tip opening displacement (CTOD) under fatigue,
affecting the structure's resistance to crack growth. The project involves generating a large dataset
by varying these parameters and using it to train the MLP model. This model will then be tested
on a separate dataset (test data) to evaluate its accuracy compared to finite element analysis (FEA)
results. Shapley additive explanations (SHAP) will be used to understand the impact of each
parameter on the predictions. Finally, the best-performing designs will be fabricated using laser-
powder bed fusion technology with IN-718 material and subjected to experimental fatigue tests.
The goal is to enhance the design and performance of tessellation lattice structures by providing a
reliable tool for predicting and optimizing their fatigue resistance. In addition, the relationship
between the fabrication process parameters, fatigue resistance, and fracture surface topography
will be investigated. Parameters characterizing fracture and providing support in the search for
cracking mechanisms under various load conditions will be discovered.

Keywords: Lattice structures, machine learning, crack-tip opening displacement, finite element
analysis, Inconel 718



TR TANKERF S HPENEE £ 40 PF
o2 2 L H R PR
BEE Yspupd 2 fldee 3 BE ¥ 4 Lukasz Pawlowski S ~ = g i ©78
HCEE ok ok % AL LT
2@ %—’}Léiﬁ § = ?* 7L ﬁ?r-r"Lﬂ""Eﬁ’l &/{ﬂ;t“gl,:rm
R A S ;Sﬁ - &1 ﬁ_bﬁ: 3Lk S BT BT g
TREBP AR 9 FH R v e d PR ] R
SRR AT A B BRI e e e R R T s B
LI S
SR A EHAE CH e R B
TREL AP FELFHEFLAF RS e
"RRFLF IR AP FF IS A FEFL N FF LR
E-Mail:hwfang@ntut.edu.tw

=

&

o~ Bl i R A AR~ A FPL R R IR
’f'}i #mbﬁl%a%grﬂbﬂ}m;r%briﬁ% EV 4%57]%«} dpt 3 g &

T A AT o 2 #4Y Ti-13ND-13Zr & £ 4 5 WE S0 RpE r.
3“i%i—é'b‘_iﬁ~f%,’% F 43 (MBGNPs) % 422 # 45 (AgNPs) % A#2 % #
feAE &% K > T & w4~ Eudragit E100 (EE100) ¢ poly(4-vinylpyridine)
(PAVP) & f6% & F ## » Ui 2 it gt rd by - 7 2%k
70 7% 2. MBGNPs £ § 523 kA, 213 g4 > o % K+ ) E\-E’—f‘i.s-] 10
UM~ 393 2 E5vdehd G » X B AFHES - 1945 A 472 %% > CS/
EE100 % & & ai-kit > @ CS/PAVP % K RI% G w3 Mok2Edaks »&a
BAHTEEM G T B 4 o 3T BRI T 0 CSIPAVP k xiat ﬁ‘ri'tt
%ﬁTiém*ﬁﬁﬁéﬁ&€’F%ﬂﬂfﬂﬁéﬁﬁﬁécﬁﬁa
FoSRERCHASRAEET S FEHAS %#mmx%’ﬁﬂﬁﬂw
L Frd ks & o e Ap 3 LRI AE T 0 CS/IPAVP/MBGNPS/AgNPs %
BB 5 R S R o i B AR 80% it 3RS o T iR A4
iéér*&f&ﬁqz\m BT HEF ST 2 AP FLE A ;‘, v 11 PAVP i A#H
ZAFE R EAEA Vg s e g L R ERRET S LG
Tahiefg P da A2 A o

MeEF S 4F £ %A ~ DA WEREF 5

No.27



Evaluation of biological properties and effects of selected
sterilization techniques on electrophoretically deposited
composite coatings on titanium alloy for bone implant

applications
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Abstract

Bacterial infection surrounding peri-implant tissues is one of the major causes of
implant failure, making the development of multifunctional antibacterial coatings with
osteointegration capability an important topic in biomedical materials research. In this
study, multifunctional composite coatings based on chitosan (CS), mesoporous
bioactive glass nanoparticles (MBGNPs), and silver nanoparticles (AgNPs) were
successfully deposited onto Ti-13Nb-13Zr alloy substrates using electrophoretic
deposition (EPD). Two different polymer systems, Eudragit E100 (EE100) and poly(4-
vinylpyridine) (P4VP), were incorporated to tailor the physicochemical and biological
properties of the coatings. The synthesized MBGNPs exhibited a uniform spherical
morphology and mesoporous structure, while both coatings formed homogeneous
porous layers approximately 10 um thick with good adhesion strength. Surface
characterization revealed that the CS/EE100 coating displayed hydrophobic behavior,
whereas the CS/P4VP coating exhibited enhanced hydrophilicity and higher surface
energy, resulting in increased electrochemical activity and ion-release capability. Ion-
release studies demonstrated controlled calcium release from MBGNPs and
significantly higher silver ion release from the CS/P4VP system under acidic conditions.



Antibacterial assays confirmed that both coatings showed strong antibacterial activity
against Escherichia coli and Staphylococcus aureus, with slightly higher efficacy
against Gram-positive bacteria. Cytocompatibility studies indicated that the
CS/PAVP/MBGNPs/AgNPs coating maintained high cell viability (>80%) despite
increased Ag" release, while also sustaining alkaline phosphatase (ALP) expression,
suggesting favorable osteogenic activity. Overall, the P4VP-based composite coating
demonstrated a superior balance between antibacterial performance, controlled ion
release, and cytocompatibility, highlighting its potential for advanced biomedical
implant surface applications.

Keywords: Composite coating * Electrophoretic method ~ Smart biopolymers ~ Implant
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Development of TPMS-Based Heat Dissipation Structures
using Laser Powder Bed Fusion: Simulation and

Experimental Study
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2 Czech Technical University in Prague, Faculty of Mechanical Engineering, Czech
Republic
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Abstract

In manufacturing processes, temperature control is a critical factor that directly
affects product quality and equipment lifespan. Conformal cooling channels, which are
fluid conduits designed to mirror the contours of a given component, offer a more
consistent mechanism for heat dissipation when compared to traditional, linear
channels. Integrating TPMS structures into cooling channels increases the contact
surface area and enhances flow turbulence, thereby improving the heat transfer
coefficient. Despite these advantages, the optimization of TPMS-based conformal
cooling channels remains challenging because it typically requires repeated CFD
evaluations for different design candidates. This iterative design—evaluation process
increases the computational cost and limits rapid design exploration. In addition, the
manufacturability limits of L-PBF for the specific thin-walled and inclined AISi10Mg
features used in conformal cooling applications remain insufficiently quantified. To
address this research gap, an optimization framework integrating CFD simulation, ANN
surrogate modeling, and L-PBF experimentation was developed at National Taipei
University of Technology. The main objective of this framework is to reduce the
computational cost of thermal-performance prediction while incorporating L-PBF
manufacturability constraints into the design process. The results demonstrate that the
ANN model can accurately predict the heat transfer coefficient, reducing the need for
repeated CFD evaluations. In parallel, L-PBF experiments and high-fidelity
measurements were conducted at Czech Technical University in Prague using 153
AlSi110Mg specimens to define manufacturability constraints for the framework. The
measurements show that a nominal wall thickness of 0.4 mm can be reliably achieved,
whereas thicknesses below 0.3 mm represent a practical limitation of the L-PBF process.

Keywords: Conformal cooling, TPMS, CFD simulation, ANN model, L-PBF
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Engineering Bimetallic Cobalt—Iron Glycerate Co-Catalysts
on Bismuth Vanadate for Improved Charge Transfer and

Photoelectrochemical Catalytic Water Oxidation

I-An Lu?, Lu-Yin Lin?, Ing. Karel Roubik®
!Department of Chemical Engineering and Biotechnology, Taipei Tech, Master
student
2Department of Chemical Engineering and Biotechnology, Taipei Tech, Professor
3Department of Biomedical Technology, Czech Technical University in Prague,
Professor

Abstract

Bismuth vanadate (BiVO4, BVO) is a promising photoanode material for the
oxygen evolution reaction (OER) in photoelectrochemical (PEC) water splitting due to
its suitable bandgap and favorable band edge positions. However, its catalytic activity
is limited by sluggish interfacial charge transfer and carrier recombination. In this work,
amorphous bimetallic cobalt—iron glycerate (CoFe-G) is introduced as a co-catalyst to
enhance the PEC performance of BVO. CoFe-G with tunable size and loading is
synthesized via a glycerol-assisted method and deposited onto BVO. Among all
compositions, the CoFel.0-G/BVO photoanode exhibits the best performance,
achieving a photocurrent density of 2.19 mA/cm? at 1.23 V vs. RHE and superior
charge-transfer efficiency. For comparison, monometallic Co-G/BVO and Fe-G/BVO
photoanodes are also prepared. The bimetallic CoFe-G/BVO system shows synergistic
advantages over single-metal systems, including enhanced carrier density, improved
charge separation, and lower interfacial resistance. Structural and spectroscopic
analyses confirm the amorphous nature of the co-catalysts and favorable interaction
with BVO. The CoFel.0-G/BVO photoanode also maintains 59% of its initial
photocurrent after 4.5 hours of continuous operation, demonstrating good operational
stability. This study highlights the potential of bimetallic glycerate co-catalysts in
boosting the PEC performance of BiVOs-based photoanodes for efficient and stable
water oxidation.

Keywords: BiVOs; bimetallic glycerate; co-catalyst; oxygen evolution reaction;
photoelectrochemical water splitting
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Heteroatom engineered using defective carbon nanostructures:
Implications for properties and advanced applications

Manjula Natesan?, Ying-Chu Chen?”
! Research Assistant Professor, Department of Civil Engineering, National Taipei
University of Technology
2" Professor, Department of Civil Engineering, National Taipei University of Technology

Abstract

Biomass-derived carbon materials provide a sustainable platform for developing
efficient and low-cost electrocatalysts for clean-energy conversion. In this work, waste garlic
peel was valorized into porous activated carbon through hydrothermal treatment, carbonization
under N2, and KOH activation to construct a hierarchical porous framework. Subsequent
nitrogen (N) and cobalt (Co) doping was employed to tune the electronic structure and generate
catalytically active sites for the oxygen evolution reaction (OER). Structural and surface
analyses revealed a partially graphitized carbon matrix with abundant defects, high surface area,
and well-developed micro/mesoporosity, all of which are favorable for electrolyte diffusion,
charge transport, and active-site exposure. Among the prepared materials, the N,Co co-doped
porous carbon exhibited the best OER performance in alkaline medium, delivering an
overpotential of 340 mV at 10 mA cm™2, a Tafel slope of 162 mV dec?, and good
electrochemical stability. The enhanced activity is attributed to the synergistic effect of N-
induced electronic modulation and Co-based active centers within the defect-rich porous
carbon network. This study demonstrates an effective waste-to-value strategy for transforming
discarded garlic peel into high-value electrocatalysts and highlights the potential of biomass-
derived heteroatom/metal co-doped carbons for sustainable alkaline water electrolysis.

Keywords: Garlic peel-derived carbon, N,Co co-doping, Hierarchical porous framework ,
Oxygen Evolution Reaction, OER, Electronic structure modulation.
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Development of Watt-level GaN Power Amplifiers and
CMOS PLLs

Yen-Ying Peng!, Huan-Jui Hsieh! and Sen Wang?
"Department of Electronic Engineering, National Taipei University of Technology,
Graduate Student
’Department of Electronic Engineering, National Taipei University of Technology,
Professor
Abstract

This project employs an 180nm CMOS process to implement a phase-locked loop
(PLL) for X-band applications. Its core circuit is a stacked voltage-controlled oscillator
(VCO) featuring gm-boosted technology. By utilizing the magnetic coupling
characteristics of transformers and a cross-coupled stacked transistor structure, it
effectively compensates for resonator losses and enhances output swing without
increasing power consumption. Simulation results for this VCO show an output
frequency of 9.02 GHz (with a tuning range of 8.8 to 9.29 GHz), a core power
consumption of only 6.9 mW, and phase noise of -110.24 dBc/Hz at a 1 MHz offset
frequency. The system integrates a high-speed current-mode logic divider (CML) and
a true single-phase clock logic stage (TSPC), with an overall phase-locked loop (PLL)
lock time of 2.7 us. This design features high frequency, low phase noise ,and low
power consumption, making it suitable as a core frequency synthesis component for X-

band radar or satellite communications.

Keywords: VCO, PLL, Negative Transconductance Enhancement, Low-Phase Noise,

Low-Power Consumption.
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Developing an activity-based ratiometric electrochemical
substrate for sensing circulating blood biomarker of
Dipeptidyl Peptidase-IV/CD26 in whole blood samples
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Tung Huang *>* Ponnusamy Arul °, Hsin-Yi Lin ¢, Ou, Min-Shin ?, Inga
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#Department of Chemical Engineering and Biotechnology, National
Taipei University of Technology, Taipei 106, Taiwan, ROC
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Abstract
Dipeptidyl peptidase (DPP-1V) is a vital circulating blood biomarker for

diagnosing pancreatic and thyroid cancers, as well as Type 2 diabetes. Currently,
DPP-1V detection methods show promise but have limitations toward whole blood
sensing without a tedious sample pre-treatment process, which makes it difficult for
real-time detection. To overcome this challenge, we designed a DPP-1V targeted
electrochemical probe DPPLPOH, coupled with electrochemical analytical method
enabling direct and convenient sensing of DPP-IV in complex biofluid whole blood
samples. DPPLPOH was selectively hydrolyzed by DPP-IV, and the probe
underwent a self-immolative reaction to eject a masked electrochemical sensitive
amino ferrocene reporter (AFOH). Our electrochemical analytical tool against DPP-
IV demonstrated excellent sensing performance, characterized by exceptional
enzyme binding properties, DPPLPOH probe offers superior sensitivity, selectivity,
and a broad linear detection range of 0.1-100 ng/mL, along with a low detection
threshold of 0.021 ng/mL. The probe accurately targeted DPP-IV without
interference from other electroactive species, enzymes, and hydrolases. Furthermore,
DPPLPOH enabled real-time monitoring of DPP-IV activity on tumour cell’s surface
and direct tracking DPP-IV activity in whole blood without a tedious separation
process. Our designed DPP-IV activity sensing method capabilities make it a
valuable tool that promises the early identification of pancreatic and thyroid cancer

and post-treatment surveillance.

Keywords: Circulating biomarker; pancreatic cancer; Dipeptidyl peptidase-1V;

redox probe; tumor cell surface; whole blood
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The development of layered double hydroxides (LDHs) as
the photocatalyst for CO: conversion and C1 chemistry

Olzhas Shalkhar!, Khoi Vinh Hoang Nguyen', Sridharan Balu' 2, Denis Sokol’,
Aivaras Kareiva®, Thomas Chung-Kuang Yang':?
"Department of Chemical Engineering and Biotechnology, National Taipei University
of Technology
?Precision Analysis and Materials Research Center, National Taipei University
of Technology
3Department of Inorganic Chemistry, Vilnius University, Lithuania

Abstract

Ni-based layered double hydroxides (LDHs) show strong potential for the CO2
reduction reaction due to the stability of surface hydroxyl groups at elevated
temperatures. In this study, LDHs with varying Ni/Fe ratios were synthesized via a sol-
gel route to investigate the role of Ni content in catalytic performance during thermal
CO2 methanation. Among the samples, NisFe exhibited the highest CH4 productivity,
outperforming materials with lower Ni content. This enhancement is attributed to
improved gas diffusion and CO2/Hz adsorption with increasing Ni incorporation. BET
and photoluminescence (PL) analyses reveal that catalytic efficiency is governed not
only by surface area and physical adsorption but also by defect-related properties,
particularly vacancy formation. Furthermore, in-situ Diffuse Reflectance Infrared
Fourier Transform spectroscopy (DRIFTS) identifies key reaction intermediates,
supporting a multistep methanation mechanism on the LDH surface. These findings
highlight the critical interplay between composition, defect chemistry, and reaction

mechanism in optimizing LDH-based catalysts for efficient CO2 conversion.

Keywords: DRIFTS, CO: reduction, Ni-based LDHs, Defect Engineering,

Methanation
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Al Principles for Ethical Governance in Financial

Technology Applications

Li-chen Cheng!”, Tom Hashimoto?
"Department of Information and Finance Management, National Taipei University of
Technology, Professor

2 Faculty of Economics and Business Administration, Vilnius University

Abstract

Artificial Intelligence (Al) has become a core technology driving the development
of financial technology (FinTech), with wide-ranging applications in algorithmic
trading, credit risk assessment, fraud detection, and portfolio management. By enabling
automated analysis of large-scale financial and behavioral data, Al enhances
operational efficiency, improves risk management, and supports the delivery of highly
personalized financial services. However, as Al becomes deeply embedded in financial
decision-making processes, significant ethical risks and governance challenges have
emerged. Issues such as algorithmic opacity, model bias, data privacy concerns, and
information security vulnerabilities pose substantial threats to regulatory compliance
and institutional trust.

This study presents a cross-national and interdisciplinary research collaboration
between Al scholars from Taiwan and experts in economics and business
administration from Lithuania. It aims to examine the impact of Al and ethical
considerations on the FinTech industry from multiple perspectives. The research
focuses on the application of Large Language Models (LLMs) in financial contexts,
with particular emphasis on their reliability, safety, and fairness in high-stakes decision-
making environments.

The study begins with a systematic literature review to synthesize existing research
on the use of LLMs in financial services. This process establishes a theoretical
foundation, clarifies key concepts, and identifies critical challenges and research gaps
in deploying LLMs within complex and high-risk financial systems. By organizing
prior findings, the study provides a structured understanding of how LL.Ms are currently
applied and where potential vulnerabilities may arise.

In addition, the study employs bibliometric analysis to examine the development
trends of LLM-related research in finance. The findings indicate a rapid increase in
publications since 2023, reflecting growing academic attention to the risks and
governance implications of Al in financial applications. Under increasingly stringent
regulatory environments, financial institutions must balance technological innovation

with regulatory compliance, ensuring that Al systems adhere to principles of fairness,



transparency, and accountability.

Overall, this research not only highlights the current landscape and evolution of
LLM applications in FinTech but also emphasizes the importance of ethical design and
human-AlI collaboration mechanisms. It further provides insights into risk management
and accountability in Al-driven financial systems. The findings offer valuable
theoretical and practical implications for financial institutions seeking to implement Al

responsibly, and contribute to the advancement of trustworthy Al in the financial sector..

Keywords: Artificial Intelligence - Financial Technology (FinTech) ~ Financial

Applications Algorithmic Governance ~ Trustworthy Al
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Nonlinear Optical Effects in Magnetic Materials Studied
with Single and Multiple Vortex Beams

Che-Fu Tsao', Andrei Sirenko?, Jung-Chen Tung" *
"Department of Electro-Optical Engineering, National Taipei University of
Technology, Student
“Department of Physics, New Jersey Institute of Technology, Professor
"Department of Electro-Optical Engineering, National Taipei University of
Technology, Associate Professor
Abstract

High-power structured beams with transverse forms as the Lissajous-curves figures
are generated by an Nd:YVOs4 laser under two-dimensional off-axis pumping. We fine-
tune the cavity length around degenerating condition and apply beam transformation
using a single-lens astigmatic mode converter. The process converts the generated
Lissajous modes into structured vortex beams whose transverse patterns are localized
on the trochoidal-curves. However, conventional methods often struggle to achieve
both high accuracy and efficiency in identifying these complex patterns. This work aims
to develop a deep learning-based method using a convolutional neural network (CNN)
for the automated image recognition of trochoidal laser patterns.

A dataset of trochoidal laser images was created through theoretical formula
simulations and optical experiments, which was then used to train a ResNet-based CNN
model capable of distinguishing between different types of trochoidal patterns and
predicting their corresponding parameters. This research demonstrates the feasibility
and efficiency of identifying complex laser optical patterns, providing a novel technical

approach for real-time inspection in related fields.

Keywords: Laser, Trochoidal, Convolutional Neural Network, Image Recognition
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High-Performance Complementary Inverters Based on a

Photo-Crosslinkable Ternary Polymer Blend

Hsiu-I Liu(*8] % - )', Qun-Gao Chen(F#t % % )!, Rou-Yi Li(%* 3 %),
Wen-Ya Lee(% = 7)1, *
"Department of Chemical Engineering and Biotechnology, National Taipei University
of Technology, Taipei City, Taiwan

E-mail: wenyalee@mail.ntut.edu.tw
Abstract

The development of stretchable and low-power electronics relies on the
fabrication of stable, high-performance digital logic circuits. A significant challenge
remains in creating both P- and N-type transistors from a single, solution-processable,
and compatible material system. To address this, our study introduces a novel ternary
polymer blend incorporating an elastomer (SBS) with P-type (PDBT-co-TT) and N-
type (NDI-2T) conjugated polymers. By employing a photo-crosslinking strategy, we
successfully fabricated both high-performance P- and N-type transistors on the same
substrate. In this work, we investigated the effect of varying P/N conjugated polymer
ratios on transistor performance. The results indicate that a P/N ratio of 4:6 yielded
optimal performance for both devices, with the P-type transistor achieving a hole
mobility (un) of 0.29 + 0.05 cm?V~'s™!, and the N-type transistor an electron mobility
(1e) of (1.3 £ 0.2) x 103 cm?V~'s™". Furthermore, both transistor types exhibited an
ON/OFF current ratio exceeding 107, demonstrating excellent switching
characteristics and stability. These complementary transistors were integrated to
construct a fundamental logic unit: the inverter (NOT gate). We conducted a detailed
investigation of the inverter's Voltage Transfer Characteristic (VTC) curve, which
demonstrated excellent performance, including high gain, low static power
consumption, and sharp switching behavior. This work establishes a robust and
scalable platform for fabricating complex digital logic circuits for future flexible
electronic applications.

Keywords: Ternary polymer blend ~ Complementary inverters ~ Photo-crosslinking
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Morphology Control in PDVT-10/DTCP Hybrid Films:
A Designable LC-like Material Platform via Meniscus-
Guided Coating for Next-Generation Bio-Sensors

Yen-Yo Ho', Xiao-Yuan Lin', Hsiu-Hui Chen'*, Aida Ebrahimi’*
"Department of Molecular Science and Engineering, National Taipei University of
Technology, Taipei 106, Taiwan

“Department of Molecular Engineering Science and Mechanics, Pennsylvania State
University, PA 16802, United States

Abstract

This research investigates a photo-responsive blend system comprising the
conjugated polymer poly{3,6-dithiophen-2-yl-2,5-di(2-decyltetra-decyl)-pyrrolo[3,4-
c]pyrrole-1,4-dione-alt-thienylenevinylene-2,5-yl} (PDVT-10) and varying weight
fractions (1, 3, 5, and 10 wt%, respectively) of the photochromic molecule
dithienylperfluorocyclopentene (DTCP) for application in organic thin-film transistors
(OTFTs). DTCP exhibits reversible isomerization between its twisted open-ring
(DTCP-0) and more conjugated closed-ring (DTCP-c) states under UV (313 nm) and
visible light (580 nm) irradiation. Highly ordered thin films were fabricated via
meniscus-guided coating (MGC) from chloroform solutions. The molecular ordering
and morphology were systematically characterized by polarized optical microscopy
(POM), ultraviolet-visible spectroscopy (UV-Vis), and grazing-incidence X-ray
diffraction (GIXRD), revealing that both DTCP isomers improved the molecular
stacking.

Electrical measurements using a source measure unit (SMU) showed that while
pristine PDVT-10 devices yielded a mobility of 2.12 cm? V™' 57, the performance was
significantly enhanced to 2.44 cm? V' s' with 10 wt% DTCP-¢, and reached the
highest mobility of 3.23 cm? V™' s7! with only 3 wt% DTCP-o. These findings highlight
that trace amounts of photo-responsive additives can effectively modulate and enhance
carrier transport, providing a new strategy for next-generation photo-controllable

organic electronics.

Keywords: meniscus-guided coating, DTCP, PDVT-10, organic field-effect

transistor, molecular alignment.
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Strain-Induced Mobility Enhancement in PDVT-10 OFETs
via Solution Shearing with SBS Additives and Process

Optimization

Han-yu Hsiao!, Wen-Ya Lee!”
"Department of Chemical Engineering and Biotechnology,
National Taipei University of Technology
E-mail: wenyalee@mail.ntut.edu.tw

Abstract

High-performance organic field-effect transistors (OFETs) are essential for
flexible electronics. However, controlling molecular orientation in solution-processed
thin films remains challenging. In this study, high-quality PDVT-10 films were
fabricated by combining solution shearing with styrene—butadiene—styrene (SBS)
additives, while investigating the effects of different coating speeds and environmental
conditions. Shear stress at the solution—blade interface induces metastable molecular
packing and lattice strain, thereby reducing the n—mn stacking distance and enhancing
charge transport, while SBS improves film uniformity.

Compared with conventional spin coating, this meniscus-guided process promotes
the formation of highly aligned crystalline domains with minimized grain boundaries.
Under optimized conditions, the devices exhibited an average mobility of 2.17 cm? V™!
s7!, representing a significant improvement over spin-coated devices. These results
demonstrate that strain-induced lattice modulation and morphological control provide

a scalable strategy for high-performance organic electronics.

Keywords: Solution shearing, Organic field-effect transistors (OFETs) , Charge
Mobility
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Characterization of high-entropy glass ceramics for LTCC

application
Anushka Sanjeewani Rathnayake'* Sea-Fue Wang', Mohamed E. Eltantawy?, Michael
Lanagan?
'Department of Materials and Mineral Resources Engineering, National Taipei
University of Technology, Taipei, 106, Taiwan, ROC
“Materials Research Institute, The Pennsylvania State University, University Park,
PA, 16802, United States
sfwang@ntut.edu.tw
Abstract
LTCC technology has emerged as a key platform in modern electronic packaging
and microelectronic integration owing to its low processing temperature, multilayer
compatibility, and suitability for high-frequency communication systems. The
performance of LTCC materials is critically dependent on achieving an optimal
combination of dielectric permittivity, low dielectric loss. This study investigates
the development of high-entropy alkaline earth borate—silicate glass-ceramics for low-
temperature co-fired ceramic (LTCC) applications for tailoring the dielectric and
thermal properties required for advanced electronic applications. In the present work,
Mg, Ca, Sr and Ba cations were incorporated into borate—silicate glass matrices to
develop high-entropy glass-ceramic compositions from Sol-gel method to enhanced
microwave dielectric performance. The prepared materials were comprehensively
characterized using X-ray diffraction (XRD), differential thermal and
thermogravimetric analysis (DTA/TGA), Raman spectroscopy, Fourier transform
infrared spectroscopy (FTIR), and high-resolution transmission electron microscopy
(HR-TEM). Microwave dielectric measurements demonstrated that the optimized
glass-ceramic composition exhibited a dielectric constant of 4.38 and a low dielectric
loss of 0.0019 at 13.47 GHz, indicating excellent dielectric stability and low-loss
characteristics suitable for high-frequency applications. The enhanced dielectric
performance is attributed to the controlled phase separation behavior and
homogeneous microstructure arising from the incorporation of multiple alkaline earth
cations within the borate—silicate framework. The findings of this study demonstrate
that high-entropy borate—silicate glass-ceramics are promising candidates for next-

generation LTCC substrates and microwave dielectric devices.

Keywords: High entropy, Dielectric, High frequency, Glass ceramics
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Spectral selective solar harvesting and photothermal energy
generation via multilayer transparent hybrid films for

energy- neutral building structures

Yu-Wen Luo, Suttinun Boonkhong, Chia Tzu Hsu, Wing Kiu Vicki Yeung
Department of Materials and Mineral Resources Engineering, National Taipei
University of Technology

Abstract

This research successfully demonstrates a comprehensive and integrated
framework that couples precision nanomaterial synthesis with the development of high-
efficiency photothermal modules for green building applications. By leveraging the
continuous-flow characteristics of a customized microfluidic platform, superior
morphological and size control over Fe3O4@Cu2xS core-shell nanoparticles was
achieved, significantly surpassing the uniformity obtained via traditional batch
synthesis methods. For thin-film fabrication, an optimal 1:4:4 mixing ratio
(nanoparticle solution: epoxy: hardener) was established, which balanced high optical
transparency with a robust thermal response when applied via precision spin-coating
techniques. Furthermore, the innovative Diffuse Light Photothermal Box (DLPB) 3D
vertical stacking design was proven to enhance multi-angle solar harvesting efficiency,
yielding a stable steady-state temperature increase of over 10.5°C under 0.1 W/cm?
simulated solar intensity. Coupled with outstanding environmental durability
demonstrated under long-term high-humidity testing (90% RH), this study not only
validates the efficacy of microfluidic-assisted synthesis but also offers a scalable, robust,
and high-performance solution for next-generation architectural energy-saving

shielding and smart window technologies.

Keywords: Microfluidic platform, Core-shell nanoparticles, Photothermal conversion
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Reaction mechanism of electrochemical nitrate reduction to
ammonia on CoP in neutral and alkaline media revealed by

in situ NAP-XPS and operando Raman spectroscopy

Supapitch Kositsarakhom!, Yi-Kai Kuo?, Chun-Kai Hsu?, Chai-Hsin Wang?",

Tsuyohiko Fujigaya*", Yu-Hsu Chang>>*

nstitute of Chemical Engineering, National Taipei University of Technology,

Taipei, Taiwan
’Institute of Mineral Resources Engineering, National Taipei University of
Technology, Taipei, Taiwan
3National Synchrotron Radiation Research Center, Hsinchu, Taiwan
“Department of Applied Chemistry, Kyushu University, Fukuoka, Japan
SDepartment of Materials and Mineral Resources Engineering, National Taipei

University of Technology, Taipei, Taiwan

Abstract

Electrochemical nitrate reduction reaction (NO3RR) has attracted increasing
interest as a sustainable approach for ammonia production while simultaneously
addressing nitrate pollution in aqueous systems. Cobalt phosphide (CoP) has been
reported as an effective electrocatalyst for NO3RR; however, its surface evolution under
different pH environments remains insufficiently understood. In this work, CoP
supported on nickel foam (CoP/NF) was investigated for NO3RR to ammonia in neutral
(pH 7) and alkaline (pH 14) media, with a particular focus on elucidating the reaction
mechanisms. The CoP/NF catalyst exhibited high ammonia selectivity, achieving
Faradaic efficiencies of up to 92.5% at —0.4 V vs. RHE in alkaline media and 76.3% at
the same potential in neutral media. X-ray photoelectron spectroscopy (XPS) reveals
pronounced pH-dependent changes in surface chemical states, indicating catalyst
surface reconstruction during NOs;RR. Furthermore, in situ NAP-XPS and operando
Raman spectroscopy provide direct mechanistic evidence for a stepwise hydrogenation
pathway involving NO3™ — NO2~ — *NO — *NH2 — NHj3, highlighting the critical
role of electrolyte pH in governing surface evolution and reaction pathways on CoP

catalysts.

Keywords: Operando Raman spectroscopy, In situ NAP-XPS, Cobalt phosphide
(CoP), Nitrate reduction reaction (NO3RR), Ammonia synthesis
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Abstract

In this study, a series of donor-acceptor-donor (D-A-D) chromophores (D-1: 2FL-
PT, D-II: 2DFL-2Tp-PT, and D-III: 2DFL-2Tp-2-C6BTAQ2Me) were employed as
gain media and doped into 4,4 ~ -bis(9H-carbazol-9-yl)biphenyl (CBP) to investigate
their amplified spontaneous emission (ASE) characteristics. A nitrogen laser (A =337.1
nm, pulse width = 3.5 ns) was used as the excitation source, and the beam was shaped
into a stripe profile on the sample surface using a cylindrical lens. The resulting ASE
emission was collected from the edge of the blended films and analyzed using a
spectrometer. Compared to the D-A-D chromophores in solution, the blended films
exhibited a significantly reduced ASE threshold. Notably, the 2FL-PT (D-I)
chromophore demonstrated a ~390-fold reduction in threshold, which can be attributed
to efficient Forster resonance energy transfer (FRET) arising from the substantial
spectral overlap between the absorption spectrum of 2FL-PT and the
photoluminescence (PL) emission spectrum of the CBP host. Furthermore, the
influence of doping concentration on ASE performance was systematically investigated.
The results reveal that a concentration of 3.0 wt% yields the lowest ASE threshold and
the highest radiative decay rate. This behavior is attributed to improved film
morphology and the effective suppression of aggregation-caused quenching (ACQ) at
this optimized concentration. In conclusion, the development of blended films
comprising D-A-D chromophores doped into a CBP host enables low-threshold solid-
state ASE and highlights their strong potential for future organic solid-state laser
applications.

Keywords: Amplified spontaneous emission ~ Organic Laser Dyes -~ solid state

film ~ Forster resonance energy transfer
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Synthesis and theoretical calculation on terpyridine based

Fe/Co metal complexes
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Abstract

Spin crossover (SCO) is a phenomenon in transition metal complexes which the
metal center reversibly switches between low-spin (LS) and high-spin (HS) states,
exhibiting potential applications in magnetic materials and molecular switches. In this
work, density functional theory (DFT) calculations were applied to illustrate the
electronic structures and intermolecular interactions in the Co(ftpy)2(BF4)2-1.5H20
complex. The exchange functional of B3LYP, LC-BLYP, CAM-B3LYP, and TPSSh
combined with various fragment models were performed to investigate ligand—metal
orbital interactions and environmental effects on spin states. The results show that the
LS state is energetically favored at low temperature, while the HS state becomes more
stable near room temperature, which is consistent with experimental observations.
Models including water molecules exhibit significantly larger energy variations during
the LS — HS transition, indicating that solvent effects enhance the spin-state energy
gap, which is demonstrated by antibonding interactions between water and the ftpy
ligand through molecular orbital analysis. Additionally, the electronic structure is
dominated by ligand-to-metal charge transfer (LMCT), which plays a key role in
determining spin-state stability.

Keywords: Spin crossover (SCO), density functional theory (DFT), ligand-to-metal
charge transfer (LMCT)



