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D15-09
High Energy Density Non-Contact Bidirectional Spinning Oscillating Float-type Triboelectric
Nanogenerators for Energy Extraction from Irregular Waves
Xianggang Dai*?, Tao Jiang™?, Zhanyong Hong"?
1. Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences
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2. School of Nanoscience and Engineering, University of Chinese Academy of Sciences

The pursuit of sustainable and self-sufficient energy solutions has become critical for the advancement of
marine Internet of Things (loT) technologies. While triboelectric nanogenerators (TENGS) have shown great
potential in harnessing high-entropy, low-frequency wave energy, their practical applications are hindered by low
power output and issues related to frictional wear. Hence, this research presents a novel non-contact bidirectional
spinning oscillating float-type triboelectric nanogenerator (OF-TENG) for efficient wave energy harvesting.
Utilizing a planetary gear and bidirectional rotation structural design, low-frequency vertical wave energy with
random and multi-directional conditions can be converted into high-frequency rotational energy. At a frequency of
0.5 Hz, the OF-TENG achieves a peak output power of 93.48 mW, and an average output volumetric power
density of 31.3 W m. Furthermore, the non-contact working mode ensures robust output stability, with no
significant performance degradation observed after 5,680,000 working cycles. An intelligent self-powered marine
ranching system for automatic feeding and water quality monitoring is further developed based on the OF-TENG.
This work not only provides an effective solution for harvesting low-frequency wave energy, but also promotes
the development of smart marine 10T technologies and marine agriculture.

D15-10
Tribo-induced Wireless Sensing, Visualized Sensing, and Tactile Sensing toward Embodied Intelligence
Yunlong zi*
1. Hong Kong University of Science and Technology (Guangzhou)

Embodied intelligence involves Al systems that have a physical presence, such as robots, which must
perceive their surroundings to make decisions and take actions. Sensors serve as the “eyes,” “ears,” and “skin” of
these systems, allowing them to capture diverse sensory data from the environment. Tribo-induced sensing
solution provides novel methods to convert the high-voltage electric signals to be wireless or optical signals,
delivering the new method of wireless sensing through the optical way. As triggered by triboelectricity, such
wireless sensing can be conducted in fully-self-powered manner through triboelectric discharge, and optical
sensing can be done through triboelectrification-induced electroluminescence. In the meanwhile, triboelectricity
can play as a new method in tactile sensing and tactile feedback as a fundamental phenomenon during touching.
These studies will pave the road for tribo-induced sensing toward embodied intelligence.

References:

[1] Science Advances, 11 (12), eadt0318 (2025).

[2] Science Advances, 10 (44), adq898 (2024).

[3] Science Advances, 10 (27), eado6793 (2024).

[4] Science Advances, 7 (39), eabi6751 (2021).
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D15-16
Triboelectric Nanogenerators Powered Hydrogen Production System Using MoS,/Ti3C, as Catalysts
Xianggang Dai*?, Tao Jiang"?, Zhanyong Hong"?
1. Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences
2. School of Nanoscience and Engineering, University of Chinese Academy of Sciences

Hydrogen energy is an alternative to carbon-based fuels due to its zero pollution and high energy density. The
electrolysis of water, driven by triboelectric nanogenerators (TENGS), is considered as a promising green method
for hydrogen production. Two-dimensional transition metal carbides/nitrides can be used as catalyst carriers,
through interface engineering to prepare molybdenum disulfide/titanium dioxide (MoS,/Ti;C,) composites for
accelerating the kinetics of hydrogen evolution reaction (HER). In this work, a multilayered rotating TENG
(MR-TENG) was designed to convert rotating mechanical energy into electrical energy for constructing a
self-powered hydrogen production system. MoS,/TisC, composites were utilized as electrodes for electrolyzing
water, which can enhance the catalytic activity in the HER. The output performance of the MR-TENG and its
managed charging performance when integrating with a constant voltage power management module were
investigated. Besides the application demonstrations of powering a digital thermometer, an anemometer, and a
commercial incandescent lamp, the power-managed MR-TENG was applied to generate electricity for water
electrolysis, and realize a hydrogen evolution rate of 7.1 mL min™ at the rotation speed of 90 rpm. This work
provides an effective approach to the self-powered production of high-purity green hydrogen based on renewable
blue energy utilization with important industrial application prospects.

D15-17
In-situ Turbulent Flow Sensing System for Aircraft Based on Airflow Induced Vibration Mechanism
Zijie Xu*, Zhong Lin Wang*
1. Beijing Institute of Nanoenergy and Nanosystems, CAS

The national demand for intelligent manufacturing in the aviation industry drives technological innovation in
key engineering materials. The era, driven by the dual engines of “domestic large aircraft” and “low-altitude
economy,” has arrived, ushering in the independent innovation and development of China’s aircraft. Compared to
various aircraft sensors that have reached high commercial maturity, research on surface turbulence flow sensing
systems remains a global challenge: the stall issue resulting from indirect/non-in-situ monitoring currently stands
as the primary cause of air disasters. This project addresses the need for monitoring aircraft safety flight
parameters and enhancing flight efficiency, exploring the self-powered sensing mechanism of aircraft surface
turbulence flow in a multi-physics open environment. It innovatively establishes a signal conversion and
transmission model, developing lightweight, in-situ, near-zero power consumption wake-up technology for
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intelligent sensing of surface turbulence flow, suitable for various aircraft. By adjusting the secondary structure of
positively charged silk fibroin materials, the modified electrodes attain high intrinsic surface charge density,
ensuring continuous operation in high-altitude open environments. The sensing system enables near-zero power
consumption operation and high signal-to-noise ratio signals for turbulence sensing arrays.
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D15-22
Synergistically Designed Carbon-based Hybrid Non-Contact Triboelectric-and-electromagnetic
Nanogenerator with Ultralong Charge Retention for Wearable and Ambient
Electromagnetic-waste Energy Harvesting and Self-powered Sensing
Xiao Peng*
1. Tsinghua university

Deformable triboelectric nanogenerators (TENGs) show great promise for wearables and human-machine
interfaces, but limited output and friction losses constrain their practical application. Here, we present a highly
efficient untethered carbon-based non-contact hybrid nanogenerator that combines triboelectric and
electromagnetic (EM) induction to convert biomechanical and ambient EM-waste energy into available electricity
while enabling self-powered non-contact sensing. It uses graphite-like powder to capture and transport
tribo-charges, and graphite-like textiles as tribo-charge reservoirs and stretchable conductors for EM induction.
Notably, the use of recycled cotton fabric as a starting material underscores a sustainable and eco-friendly
approach to material sourcing. The synergistic designs significantly enhance triboelectricity output (288 V, #+1.23
UA, 4 Hz) and extend tribo-charge retention time beyond 10,000 min, achieving EM-induced electrification (+15
V, £2.4 pA, 60 Hz). Even in non-contact condition, outputs remain 186.5 V (triboelectricity) and 29 V (EM waste)
at a 1-mm distance, effectively enabling the powering of electronic devices. To the best of our knowledge, this is
the first reported non-contact stretchable nanogenerator that can simultaneously harvest both energy types.
Moreover, the performance and tribo-charge retention time are superior to those of reported carbon (graphene,
graphene oxide, C60)-functionalized non-contact TENGs. Last, a multiplexing self-powered touchless
gesture-sensing system is demonstrated. These advancements hold significant potential for real-world applications,
such as energy-efficient wearables for health monitoring, touchless human-machine interfaces in robotics, and
sustainable self-powered sensors for environmental monitoring, offering efficient material and structural strategies
for hybrid energy harvesting and sensing in next-generation devices.

D15-23
In-Situ Precipitation 3D Printing of Hierarchical Piezoelectric Nanogenerators with
Tunable Porosity for Wearable Electronics
Hai Li', Baoyang Lu®
1. Jiangxi Science & Technology Normal University

Piezoelectric nanogenerators (PENGS) are highly desirable for sensing and monitoring biological signals in
complex environments due to their superior performance, deformability, and facile fabrication.'*! However,
conventional fabrication methods face challenges in simultaneously achieving macroscopic 3D architectures and
microscale porosity, both of which are critical for maximizing local stress concentration and electrical output in
PENGs. Here, we present an in-situ precipitation 3D printing (ISP3DP) technique to fabricate hierarchical
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polyvinylidene fluoride/barium titanate (P\VDF/BTO) nanocomposites in a single step. This approach leverages a
universal polymer-solvent-nonsolvent system, inducing phase separation through solvent exchange followed by
in-situ ink solidification. By adjusting the ink concentration, 3D microarchitectural PENGs with tunable porosity
can be readily fabricated. Finite element simulations and experimental results demonstrate that the interconnected
air-filled pores locally concentrate stress at piezoactive sites, significantly enhancing electrical output. The
optimized porous PENGs achieve a maximum peak-to-peak voltage of 50.2 V and a power density of 43.7 W
cm™. Furthermore, hollow cylinder PENG architectures printed via ISP3DP exhibit excellent flexibility and
sensitivity, enabling real-time monitoring of human motion and automotive vibrations. This cost-effective and
versatile printing strategy establishes a new paradigm for the scalable fabrication of 3D structured piezoelectric
nanogenerators, advancing their integration into next-generation wearable electronics.
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D15-25
Fully Stretchable Microbial Fuel Cell with 75% Stretchability
Shizhe Peng?, Jia Li*, Yihan Hu®, Jinwei Cao®, Ming Zhou®, Lu Lu®, Yude Su*??
1. Department of Chemistry and Materials Science, University of Science and Technology of China,
Hefei, Anhui, 230026, China
2. Department of Nano Science and Technology, Suzhou Institute for Advanced Research,
University of Science and Technology of China, Suzhou, Jiangsu, 215123, China
3. Key Laboratory of Precision and Intelligent Chemistry, University of Science and Technology of China,
Hefei, Anhui, 230026, China
4. CAS Key Laboratory of Magnetic Materials and Devices, and Zhejiang Province Key Laboratory of Magnetic
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Materials and Application Technology, Ningbo Institute of Materials Technology and Engineering,
Chinese Academy of Sciences, Ningho, Zhejiang, 315201, China
5. Key Laboratory of Polyoxometalate and Reticular Material Chemistry of Ministry of Education,
Key Laboratory of Nano-biosensing and Nano-bioanalysis at Universities of Jilin Province, Analysis and Testing
Center, Department of Chemistry, Northeast Normal University, Changchun, Jilin, 130024, China
6. State Key Laboratory of Urban Water Resource and Environment, School of Civil and Environmental
Engineering, Harbin Institute of Technology, Shenzhen, Guangdong, 518055, China

A decent stretchability is of paramount significance to operate microbial fuel cell (MFC) under mechanically
dynamic conditions. However, it remains a grand challenge to fabricate fully stretchable MFC without
compromising its power output. Here, using Shewanella oneidensis MR-1 as the model electrogenic bacteria, we
demonstrate a prototype fully stretchable MFC device which can operate with a stretchability of up to 75%. Our
design takes advantage of a stretchable and ion-conductive thermoplastic polyurethane membrane, which
encapsulates the rGO-bacteria biohybrids on the PDMS anodic current collector for synchronous stretching. We
discover that the living biohybrids can respond to the stretching/releasing stimulation by sustaining an adaptive
bio-current output. Our design also employs a stretchable air cathode, which is fabricated by embedding Ag-Pt
core-shell nanowires on PDMS substrate. The stabilized peak power density of the fully stretchable MFC device
follows a slight increasing trend with the applied strain, and reaches 5.040.7, 5.940.9, 6.241.1, 6.621.4 W cm™ at
strains of 0%, 25%, 50% and 75%, respectively. Our results provide insights to design stretchable MFCs for future
practical use.
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D15-P01
A Self-Adaptive Pendulum TENG for High-Efficiency Wave Energy Harvesting and
Marine 10T Applications
Binggi Zhao'
1. Beijing Institute of Nanoenergy and Systems, Chinese Academy of Sciences

With growing global energy demands, water wave energy has emerged as a promising renewable solution.
This study presents a soft-contact, self-adaptive ellipsoidal pendulum-structured TENG (SSEP-TENG) designed
to overcome the limitations of conventional wave energy harvesters. Unlike rigid spherical TENGs, its
spring-actuated soft-contact mechanism significantly enlarges the triboelectric interface while minimizing wear,
enabling rapid and complete contact-separation cycles for enhanced power output. The dual solid-solid
contact-separation synergy further boosts performance. As a practical demonstration, the SSEP-TENG
successfully powers a self-contained maritime 0T system capable of real-time GPS positioning, transmitting
longitude, latitude, and altitude data without external power. This work highlights the SSEP-TENG’s superior
wave energy conversion efficiency and its potential for autonomous marine monitoring applications.

D15-P02
Ultrafast and Low-Power 2D Bi,0,Se Memristors for Neuromorphic Computing Applications
Zilong Dong*
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1. Beijing Institute of Nanoenergy and Nanosystems

Artificial synapse with synaptic plasticity is a building block for opening a new era of energy-efficient
neuromorphic computing architecture, which will overcome the limitation of the von Neumann bottleneck with
the physical separation of memory and computation units. Bi,O,Se is an emerging material platform for
next-generation electronics, which is of great significance in improving the efficiency and performance of
emerging memristive devices, enabling low operation voltage, high switching speed, and ultra-dense integration.
In this work, a single heat source growth method is designed, which has the advantages of simple conditions and
stable growth. Then, 2D Bi,0,Se memristors are fabricated with excellent memristor stability and excellent
performance including ultrafast switching speed (<5 ns) and low power consumption (<3.02 pJ). Moreover,
synaptic plasticities, such as long-term potentiation (LTP), long-term depression (LTD), paired-pulse facilitation
(PPF), and spike-timing-dependent plasticity (STDP), are demonstrated in the as-fabricated Bi,O,Se memristor,
showing its potential as an artificial synapse. Furthermore, with the excellent synaptic plasticity of the artificial
synapse, the MNIST dataset recognition rate with the simulated artificial neural networks (ANN) based on the
LTP/LTD of the device could reach a high accuracy of 91% in the confusion matrix. This work provides one way
for memristors to attain ultrafast and low-power attributes, showing great potential in neuromorphic computing
applications.
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D15-P04
The Application of Gallium Nitride Power Devices in the Direction of Force-Electric Regulation
Peiran Tian®
1. Beijing Institute of Nanoenergy and Nanosystems, CAS

As a typical high-power device, the core of GaN high electron mobility transistors (HEMTS) is that a
quantum well is formed at the AlIGaN/GaN heterojunction interface, which attracts and confines electrons, thereby
creating a two-dimensional electron gas (2DEG) with high concentration and high electron mobility. Applying
stress to GaN HEMT devices can change the polarization charge distribution at the AlGaN/GaN heterojunction
interface through the piezoelectric effect, thereby improving the electrical output performance of GaN HEMT
devices. Here, dry etching process is adopted to etch the microcantilever to minimize damage to the device. When
external stress is applied to the HEMT device microcantilever, the electrical output performance of the
microcantilever device is improved by approximately 10%. Therefore, external stress regulation can be used to
control soft robots based on artificial muscles, achieving deformation processes at the millisecond level, providing
a new idea for simulating the movement of biological organisms.
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D15-P05
Effect of Barrier Layer Thickness on SCAIN/GaN High Electron Mobility Transistors on Silicon Substrate
Bingjun Wang', Wei Sha'
1. Huairou Laboratory

We report on DC performance of SCAIN/GaN high-electron-mobility transistors (HEMTSs). The ScAIN/GaN
heterostructures was epitaxially grown on a GaN template on a 4-in Si substrate by molecular beam epitaxy. The
effect of SCAIN barrier thickness is investigated, and compared it with AlGaN/GaN HEMTs with similar structure.
The thickness of SCAIN barrier layers is 10 nm and 20 nm. The fabricated SCAIN/GaN HEMTs showed clockwise
hysteretic transfer curves with a wide threshold voltage tuning range of -3.21 V and -3.88 V, respectively. Due to
the pronounced polarization gradient at the SCAIN/GaN heterojunction interface, the two-dimensional electron gas
density is relatively increased by 40% and 44.8%, respectively. The results provide a basis for the research of rare
earth element doped power electronic device.
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Gallium nitride (GaN) based high electron mobility transistors (HEMTs) are crucial candidates for
high-power devices, exhibiting advanced properties such as high-voltage, large-current, and high-frequency.
Nonetheless, the self-heating effect in GaN HEMT severely deteriorates its electrical performance, manifesting as
the significant decline of saturation current and the diminution of device’s lifetime and long-term reliability.
Piezotronics, an emerging domain within mechanical-electric coupling, offers innovative strategies for thermal
modulation in  GaN HEMT. However, the temperature regulation with piezotronics and
mechanical-thermal-electric multi-physical field coupling mechanism remain unelucidated. Herein, we
systematically delineate the modulation of device temperature characteristics introduced by piezotronic effect.
Firstly, the steady/transient thermal processes were examined, revealing that the peak temperature occurs near the
gate, primarily due to the carrier depletion effect of electric-field engendered by abrupt change in
electric-potential. Subsequently, the application of external stress successfully reduces the device temperature,
demonstrating the efficacy of temperature modulation through piezotronic effect. Furthermore, building upon
piezotronics theory and simulations, the mechanism of electric and thermal field regulated by external stress is
delved. The piezotronics modulates the device temperature by altering the two-dimensional electron gas (2DEG)
concentration, and based on this, the mechanical-thermal-electric coupling mechanism model is constructed. This
work integrates piezotronics theory with the thermal coupling field and provides novel perspectives and guidance
for mitigating operational temperature and confronting power device dissipation challenges.

D15-P07
MXene-Graphene Oxide Hybrid Aerogel Microspheres Reinforced Coated Source Electrode for
Droplet Energy Harvesting
Liang Ma', Yuxi Yang", Min Chen’, Limin Wu'
1. Fudan University

Energy harvesting technologies at the nanoscale based on the principles of friction initiation and electrostatic
induction show great potential for energy distribution at low frequencies and low densities. Nevertheless, the
choice of materials for the electrode layer is still largely limited to metals/metal oxides, and there is a need to
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develop electrode structures to achieve performance breakthroughs and expand the range of applications.
Interestingly, multiple application scenarios (e.g., building-integrated rainwater energy harvesting through
architectural coatings) require support for coating harvesting technologies and special material choices to directly
reduce dependence on conventional fossil fuels. A flexible coated electrode has been designed that employs
MXene-graphene oxide (GO) 2D nanostructured self-assembled composites with interlayer-reinforced
microsphere lamellar structures with favorable performance characteristics similar to those of metallic electrode
layers. Dielectric material polytetrafluoroethylene (PTFE) and coated source electrodes (SE) for droplet energy
generating membranes (DEGMs) achieved a short-circuit current (ls;) of 960 pA and a peak power density of 108
W m™. Development of the coated SE provides surface-coated droplet energy harvesting for deployment in green
buildings and distributed Internet of Things (1oT) systems.
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longels have great potential in the field of flexible electronic devices due to their excellent ionic conductivity
and flexibility. However, it remains the challenge to improve mechanical strength and conductivity simultaneously.
Here, an iongel with cation-minteractions are prepared via one-Step photoinitiated polymerization of
2,2,3,4,4,4-hexafluorobutyl acrylate (HFBA) and acrylamide (AAm) in a hydrophobic ionic liquid [EMIM][TFSI]
doped with polystyrene microsphere (PS). The abundant noncovalent interactions including hydrogen bonding,
ion-dipole interactions and cation-r interactions endow the ionogels with excellent mechanical strength, high
conductivity, and solvent-resistant capability. The cation-n interactions between the PS and the cation in ionic
liquid ([JEMIM]+) acts as a dynamic physical crosslinking point in the gel network, which can effectively improve
the mechanical properties and conductivity of the iongel and optimize the ion transport channel at the same time.
It is believed that the designed iongel has great application potential in wearable devices and ionotronics.

D15-P09
A Self-Powered Body Motion Sensing Network Integrated with Multiple Triboelectric Fabrics for
Biometric Gait Recognition and Auxiliary Rehabilitation Training
Chuanhui Wei', Kai Dong*
1. Beijing Institute of Nano Energy and Systems, Chinese Academy of Sciences

Gait analysis provides a convenient strategy for the diagnosis and rehabilitation assessment of diseases of
skeletal, muscular, and neurological systems. However, challenges remain in current gait recognition methods due
to the drawbacks of complex systems, high cost, affecting natural gait, and one-size-fits-all model. Here, a highly
integrated gait recognition system composed of a self-powered multi-point body motion sensing network (SMN)
based on full textile structure is demonstrated. By combining of newly developed energy harvesting technology of
triboelectric nanogenerator (TENG) and traditional textile manufacturing process, SMN not only ensures high
pressure response sensitivity up to 1.5 V kPa™, but also is endowed with several good properties, such as full
flexibility, excellent breathability, and good moisture permeability. By using machine learning to analyze periodic
signals and dynamic parameters of limbs swing, the gait recognition system exhibits a high accuracy of 96.7% of
five pathological gaits. In addition, a customizable auxiliary rehabilitation exercise system that monitors the extent
of the patient’s rehabilitation exercise is developed to observe the patient’s condition and instruct timely recovery
training. The machine learning-assisted SMN can provide a feasible solution for disease diagnosis and
personalized rehabilitation of the patients.
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D15-P10
Microfiber-Based Triboelectric Acoustic Sensors Enable Self-Powered
Ultrasonic Localization and Tracking Underwater
Xiaoxuan Fan®, Kai Dong"
1. Beijing Institute of Nano Energy and Systems, Chinese Academy of Sciences

Underwater ultrasonic detection is critical for marine security, playing a vital role in resource development,
environmental protection, and national defense. However, existing detection systems, which primarily rely on
active scanning technologies, are hindered by high costs, significant energy demands, and challenges in achieving
large-scale deployment. Here, we introduce a microfiber-based triboelectric acoustic sensor (MTAS) featuring a
core-shell hierarchical structure, offering a self-powered solution for precise measurement of underwater
ultrasound source distance. By leveraging the principles of contact electrification/triboelectrification and
electrostatic induction, the MTAS efficiently converts complex ultrasonic vibrations into real-time electrical
signals. The MTAS demonstrates rapid response times as low as 8.6 us, a high signal-to-noise ratio of 29.8 dB,
and the capability to detect ultrasonic sources with power levels above 1.6 W via time-difference-of-arrival
analysis. To address large-scale sea applications, we further propose a distributed network that integrates multiple
MTAS units capable of precise ultrasonic source localization and real-time motion trajectory visualization. This
innovation represents a transformative approach, combining self-powered operation, ease of deployment, and high
imperceptibility, paving the way for large-area, energy-efficient submarine security systems. Such advancements
redefine the paradigm of underwater target detection, aligning technological innovation with the pressing demands
of marine safety and environmental sustainability.

D15-P11
Unveiling the Contact Electrification of Triboelectric Fibers by Exploring
Their Unique Micro- and Macroscale Structural Properties
Hongxiang Xie', Renwei Cheng', Kai Dong*
1. Beijing Institute of Nano Energy and Systems, Chinese Academy of Sciences

The emerging triboelectric fibers or textiles have recently attracted widespread attention due to their unique
wearable energy supply and self-powered sensing functions. However, the unique micro- and macrostructural
effects of triboelectric fibers on contact-electrificaion (CE) have not been systematically studied, which result in
the lower charge output compared to conventional film structure. Here, in order to provide theoretical guidance
for designing high-performance triboelectric fibers with optimized structural designs, a systematic experimental
measurement and theoretical analysis method is developed to explore the influence laws and potential
mechanisms of the surface microstructural defects and overall macrostructural compositions of triboelectric fibers
on their CE behaviors. It can be found that the surface microstructure defects contribute to increasing the total
charge transfer, due to the increase in effective interface contact area. In addition, triboelectric fibers with
core-shell coaxial structure prepared by uniform coating method have higher electrical output performance, which
can ensure maximum contact between the conductive layer and the dielectric layer. This work provides a new
research paradigm for studying the CE behavior and quantifying surface charges of complex structures, and
suggests a multiscale structural design strategy for high-performance triboelectric fibers.

D15-P12
Highly Stretchable Kirigami-Patterned Nanofiber-Based Nanogenerators for
Harvesting Human Motion Energy to Power Wearable Electronics
Luo Yi', Kai Dong*
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1. Beijing Institute of Nano Energy and Systems, Chinese Academy of Sciences

Wearable electronics are advancing towards miniaturization and flexibility. However, traditional energy
supply methods have largely hindered their development. An effective solution to this problem is to convert
human mechanical energy into electricity to power wearable electronic devices. Therefore, it is greatly attractive
to design flexible, foldable and even stretchable energy harvesting devices. Herein, we use the electrospinning and
kirigami approach to develop a type of highly stretchable kirigami-patterned nanofiber-based triboelectric
nanogenerator (K-TENG). Due to its innovative structural design, the K-TENG can achieve a tensile strain of
220%, independent of the tensile properties of the material itself. When a person swings their arms, the K-TENG
fixed to the clothing can convert mechanical energy from human movement into electrical energy. The produced
electricity can directly drive 50 LED lights and a digital watch, or be stored in a lithium battery to charge the
smartwatch and smartphone, respectively. This study employs a new method to fabricate a stretchable triboelectric
nanogenerator and demonstrates its promising applications in wearable power technology.

D15-P13
From One-Dimensional to Three-Dimensional, the Criss-Crossed Fiber Materials Forge
High-Performance Lithium-Sulfur Batteries
He Jin', Kai Dong"
1. Beijing Institute of Nano Energy and Systems, Chinese Academy of Sciences

Lithium-sulfur batteries are considered the preferred system for high-performance batteries due to their high
theoretical energy capacity density, environmental friendliness, and wide range of available sources of the active
substance sulfur. However, the challenges inherent in lithium-sulfur batteries, such as polysulfide shuttling, sulfur
insulation, lithium dendrites, and volume changes, have greatly impeded their progress towards commercialization.
Fortunately, the inherent flexibility, lightweight nature, expansive surface area, and cost-effectiveness of fiber
materials offer significant potential to tackle these challenges. In cathode, the layered structure formed by stacking
fiber materials can effectively inhibit polysulfides and mitigate volume changes, thereby maintaining the stability
of the cathode. In separator, fibers can help distribute lithium ions evenly, which can prevent the formation of
dendrites and reduce the risk of puncture. In anode, the three-dimensional structure of the fiber materials can
effectively guide the uniform distribution of lithium and also enhance the mechanical properties. The fiber-based
interlayer is also present to inhibit the shuttling of polysulfides or guide the distribution of lithium ions. In this
paper, fibers are categorized based on their conductivity, and the paper elaborates in detail on the effects of fiber
types (such as carbon, metal, aramid, and glass fibers), structural designs (porous, hollow, core-shell, etc.), and
modifications (elemental doping, metal-compound modification, and synergistic modification by elemental
doping and metal compounds) on the electrochemical performance of batteries, as well as the mechanism of their
effects in various position. Finally, an outlook on the evolution direction and existing troubles of flexible batteries
are also given.

D15-P14
A Moisture-Proof, Anti-Fouling, and Low Signal Attenuation All-Nanofiber Triboelectric Sensor for
Self-Powered Respiratory Health Monitoring
Yuanwu Wang', Kai Dong®
1. Beijing Institute of Nano Energy and Systems, Chinese Academy of Sciences

Breathing is an important physiological health indicator of the human body. Real time and long-term
monitoring with low attenuation of human respiratory health status is of great significance. However, the working
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performance of respiratory sensors typically placed at the mouth and nose of the human body is greatly affected
by exhaled moisture and small pollutants. Here, an all-nanofiber self-powered respiratory sensor (ASRS) with a
multi-layer stacking structure is developed based on contact electrification or triboelectrification effect. By
spraying method to chemically graft low surface energy octadecyltrichlorosilane (OTS) small molecules onto the
surface of nanofibers, the ASRS is endowed with excellent superhydrophobicity and self-cleaning properties,
making it free from the influence of high humidity and small particle pollutants in exhaled gas. Due to the
gradient variation of contact interface with increasing pressure, the ASRS exhibits a multi-stage linear sensitivity
response trend, which has high pressure response sensitivity of 0.048 kPa™. In addition, the ASRS is further
integrated on a smart mask for real-time and long-term monitoring of respiratory health status, including age and
gender of subjects, physical activity status, and sleep apnea syndrome. This work provides an effective
self-powered sensing strategy for daily physiological monitoring, proactive healthcare, and early disease warning.

D15-P15
An Intelligent Self-Powered Life Jacket System Integrating Multiple
Triboelectric Fiber Sensors for Drowning Rescue
Junbo Zhu*, Kai Dong*
1. Beijing Institute of Nano Energy and Systems, Chinese Academy of Sciences

The inherent unpredictability of the maritime environment leads to low rates of survival during accidents.
Life jackets serve as a crucial safety measure in underwater environments. Nonetheless, most conventional life
jackets lack the capability to monitor the wearer’s underwater body movements, impeding their effectiveness in
rescue operations. Here, we present an intelligent self-powered life jacket system (SPLJ) composed of a wireless
body area sensing network, a set of deep learning analytics, and a human condition detection platform. Six coaxial
core-shell structure triboelectric fiber sensors with high sensitivity, stretchability, and flexibility are integrated into
this system. Additionally, a portable integrated circuit module is incorporated into the SPLJ to facilitate real-time
monitoring of the wearer’s movement. Moreover, by leveraging the deep-learning-assisted data analytics and
establishing a robust correlation between the wearer’s movements and condition, we have developed a
comprehensive system for monitoring drowning individuals, achieving an outstanding recognition accuracy of
100%. This groundbreaking work introduces a fresh approach to underwater intelligent survival devices, offering
promising prospects for advancing underwater smart wearable devices in rescue operations and the development
of ocean industry.

D15-P16
All-Fabric Direct-Current Triboelectric Nanogenerators Based on
the Tribovoltaic Effect as Power Textiles
Tianmei Lv*, Kai Dong*
1. Beijing Institute of Nano Energy and Systems, Chinese Academy of Sciences

The tribovoltaic effect is the direct-current (DC) output that results from sliding a p-type semiconductor on
top of an n-type semiconductor, and it is caused by the electron-hole pairs generated. However, the rigid structure
of traditional semiconductor limits its potential application in wearable fields. Here, p-type and n-type fabric with
semiconductor properties are prepared by doping small organic molecules of cetyltrimethylammonium bromide
and sodium dodecylbenzene sulfonate on the carbon atoms of single-wall carbon nanotubes (SWCNTSs), and three
all-fabric direct-current triboelectric nanogenerators based on the tribovoltaic effect (AFDC-TENG) are developed,
which exhibit high flexibility, satisfactory comfort, and stable DC output. In addition, the effects of structural
parameters and environmental factors on the electrical output of AFDC-TENG are systematically discussed. The
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output voltage, current, and power density of p-type AFDC-TENG can reach 0.2 V, 0.29 pA, and 45.5 mV m™? at a
maximum speed of 0.2 m s and a sliding frequency of 1 Hz, respectively. This work proposes a simple and
scalable design form for all-fabric DC power supply devices, which has potential applications in the future

micro/nano energy or self-powered flexible sensors.
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