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Facile and rapid synthesis of MXene-based nanomaterials and heterostructures for energy applications
Jianhua Hao*!
1. The Hong Kong Polytechnic University

MXenes have intriguing physical and chemical properties, including high electrical conductivity,
functionalized surfaces enabling MXenes hydrophilic. Concentrated HF etching is commonly used to synthesize
the MXene in the traditional synthesis route, which raises considerable safety and environmental concerns. In this
talk, I will report my group’s work on the design and fabrication of HF-free synthesized MXene compounds and
MXene-based heterostructures coupled with multiple nanomaterials. We report on a strategy for synthesizing crystal
phase-controlled 1 T or 1 T’-MoX; (X=S, Se) layers on the synthesized MXene with controlled deposition method.
Through our developed HF free-etching and annealing processes, the MXene develops surface point vacancies,
allowing the formation of stable metallic 2D materials-based vdW heterostructures. The synthesized MXenes-
heterostructures show an exceptionally enhanced capability of hydrogen evolution reaction. Since MXenes are very
attractive in sustainable energy applications, including hydrogen/oxygen production and flexible battery, the
utilization of the HF-free and facile synthesized MXene for electrocatalyst reaction and flexible devices is beneficial
to the environment protection and healthcare. The works are supported by the RGC Grant (PolyU 15303123), and
PolyU Projects of RCNN and PRI (1-CEOH and 1-CD6X).
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High-Performance Triboelectric Nanogenerator and Tribophotonics
Py

L AR (D

As the development of the Internet of Things (IoT), trillions of widely-distributed devices are integrated for
health monitoring, biomedical sensing, environmental protection, infrastructure monitoring, and security, which
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require power supplies. To provide a sustainable power solution toward the battery-free IoT, triboelectric
nanogenerator (TENG) has been developed since 2012 for high-efficiency mechanical energy harvesting from the
ambient environment. The PI’s team has made significant contributions to fundamental studies about the
triboelectric effect, discharge, and TENG output characteristics. and Multiple strategies to greatly enhance the
output performance of TENG has been demonstrated, such as the high-pressure environment and the liquid-solid
interface. On the other hand, the PI’s team also proposed and developed the concept of tribophotonics: tribo-charge
induced tuning or generation of photons toward self-powered wireless sensing, which can be achieved through
tunable liquid lens, liquid crystal, optical switch, tribo-induced electroluminescence (TIEL), and discharge. These
studies will drive the further development of TENG technology for broad applications in blue energy harvesting,
the battery-free IoT, human-machine interface, health & infrastructure monitoring, wearable & implantable
electronics, towards high-efficiency self-powered systems.
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Wearable technology is changing our life and shaping our future. Wearable electronics are expected to own a
huge market share in the next decade. The rapid development of wearable/flexible electronics raises challenges of
reliable and sustainable wearable/flexible energy sources. Facing these challenges, researchers have made great
efforts to develop various wearable energy sources involving wearable energy harvesters, wearable energy storage
devices and wearable power systems. In this presentation, our recent studies on wearable/flexible sensors and their
power systems will be presented. The challenges, future directions and potential applications will also be discussed.
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Triboelectric junction: a model for dynamic metal-semiconductor contacts
Zhengbao Yang*!
1. Hong Kong University of Science and Technology

Harnessing green energy is an effective solution for addressing the energy crisis. Semiconductor materials have
played a significant role in advancing green energy, exemplified by the well-established photovoltaic effect and the
emerging tribovoltaic effect. Solar cells, renowned for their remarkable commercial success in the energy sector,
employ semiconductors to efficiently convert solar energy into electrical energy through the photovoltaic effect.
Similarly, dynamic semiconductor generators harvest mechanical energy through the tribovoltaic effect. However,
further investigation is needed to understand the underlying mechanism of the tribovoltaic effect. While many
studies have explained this effect based on static junction theories like Schottky junction and PN junction, the effect
of triboelectric charge at the contact interface calls for further investigation. To address this issue, we have defined
a novel “triboelectric junction” model specifically for analyzing dynamic metal-semiconductor contacts. This work
provides a fresh perspective on the mechanism of dynamic metal-semiconductor contacts, paving the way for
further fundamental discoveries and potential applications.
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High-performance Coaxial Reversal Rotational Triboelectric Nanogenerator Based on Charge Pumping
Strategy Driving Tip High Voltage Breakdown
Congcong Hao*!, Zekun Wang!
1. North University of China

Triboelectric nanogenerator (TENG) is an effective approach for harvesting mechanical energy from the
surrounding environment. However, insufficient charge density and wear of friction surface materials greatly limits
its practical application. Here, a high-performance self-supplementing coaxial inverse triboelectric nanogenerator
(HSCI-TENG) based on charge pump supplementary strategy is presented, which operates in non-contact mode and
increases surface charge density with almost no friction loss. The design of coaxial reversal achieves double speed
rotation, which greatly improves the output current. In addition, four layers of 0.06 mm thick PET film were
innovatively attached to the storage electrode to increase the threshold of electrode charge storage and thus
effectively prevent electrode breakdown. At a rotation speed of 300 rpm, the peak-to-peak voltage, peak-to-peak
current, and charge transfer of HSCI-TENG are 3340 V, 360 pA and 0.97 nC, respectively. Excellent stability is
demonstrated through 10000 cycle tests on the output of HSCI-TENG. In particular, the maximum output power is
770 mW at a load resistance of 8x106 Q. The high-performance HSCI-TENG has been proven to be a stable energy
source driving high voltage breakdown sensor system. The tip high voltage breakdown exhibits high frequency and
continuity, with 14 breakdowns occurring within 10 seconds. Besides, HSCI-TENG has potential to serve as an
energy source for high-pressure sterilization, high-pressure dust removal, and water electrolysis systems.
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Theoretical models of triboelectric and tribovoltaic nanogenerators
Jiajia Shao*!-2
1. Beijing Institute of Nanoenergy and Nanosystems, CAS
2. University of Chinese Academy of Sciences

Triboelectric nanogenerators (TENGs), using Maxwell’s displacement current as the driving force, can
effectively convert mechanical energy into electricity. Accurate modeling of a TENG is an indispensable part for
revealing the relationships and interactions among physical quantities from different areas. Till now, several
theoretical models have been built including the capacitive model, Norton’s equivalent circuit model, and
mathematical and physical model, which are aimed to improve the overall output and energy conversion efficiency
through optimizing the structural design and modifying materials. Importantly, a dynamic field-circuit coupling
model and electromechanical coupling model are also built that allows us to elucidate the nature of force,
instantaneous power and energy flow during the energy conversion process based on TENGs. In addition, converting
mechanical energy into direct-current electric power based on the tribovoltaic effect is a typical characteristic of
tribovoltaic nanogenerators (TVNGs). In this talk, we will make a brief description about the theoretical model and

physical basis of triboelectric and tribovoltaic nanogenerator.
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Self-powered agricultural product preservation and wireless monitoring based on dual-functional
triboelectric nanogenerator
Jianjun Luo*!
1. Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences

The global annual vegetable and fruit waste accounts for more than one-fifth of food waste mainly due to
deterioration. In addition, agricultural product spoilage can produce foodborne illnesses and threaten public health.
Eco-friendly preservation technologies for extending the shelf-life of agricultural products are of great significance
to socio-economic development. Here, we report a dual-functional TENG (DF-TENG) that can simultaneously
prolong the storage period of vegetables and realize wireless storage condition monitoring by harvesting the rotation
energy. Under the illumination of the self-powered high-voltage electric field, the deterioration of vegetables can
be effectively slowed down. It can not only decrease the respiration rate and weight loss of pakchoi, but also increase
the chlorophyll levels (~33.1%) and superoxide dismutase activity (~11.1%) after preservation for 4 days.
Meanwhile, by harvesting the rotation energy, the DF-TENG can be used to drive wireless sensors for monitoring
the storage conditions and location information of vegetables during transportation in real time. This work provides
anew direction for self-powered systems in cost-effective and eco-friendly agricultural product preservation, which
may have far-reaching significance to the construction of sustainable society for reducing food waste.
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Methods for correctly characterizing the output performance of nanogenerators
Jie An*!

1. Tsinghua university

Nanogenerators (NGs) based on triboelectric effect, piezoelectric effect, and pyroelectric effect have rapidly
developed in applications of energy harvesting and self-powered sensing. However, a standard output performance
characterization system for NG devices is still lacking, which greatly reduces the reference and inheritance of
scientific research results, and hinders the development of NG technology. Owing to the mismatch of impedance
between the instrument and NG devices, commercial instruments have serious measurement error of up to 77.3%,
which causes some experimental phenomena violating the theories. In this work, the influencing factors of
measurement error from traditional measurement methods are systematically analyzed through Multiphysics
simulations and comparison experiments. Some methods to improve the accuracy are proposed, and a multi-
functional and high-precision instrument is designed to improve the measurement accuracy from 22.7% to 64.7%.
This discovery points out the shortcomings of the current characterization methods of NG performance, which has
important guiding meaning for the development of measurement technology and theoretical research of NGs.
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D15. TRAREIEAARL 5 334-32
Hybrid self-power sensor for ocean wave data collection: Design, Fabrication, and Evaluation
Yunzhong Wang', Youhong Tang*!
1. Flinders University

With the increment of demand of the fishing industry, high-tech products are being utilized to increase
production capability. Information technologies such as big data and Al are making agriculture more efficiency
smarter. However, to realize the benefits of these information technologies, massive sensors need to be employed
to collect data, which will increase costs significantly. To address this challenge, a hybrid self-power ocean wave
sensor has been proposed. It involves a contact-separation mode electromagnetic generator (CS-EMG) and a flexible
triboelectric nanogenerator (F-TENG). The CS-EMG consists of a circular-shaped copper coil wounding and a
spherical magnet, which serves as a magnetic flux donator. The CS-EMG generates electrical energy through the
reciprocal movement between the spherical magnet and the copper winding. This movement produces kinetic energy
due to the impact between the magnet and the copper winding. The F-TENG is positioned behind the copper coil to
convert vibration energy caused by the CS-EMG generating cycle into electrical energy. The F-TENG includes a
PVA-based hydrogel with varying weight ratios of reduced graphene oxide (rGO), silicon rubber and a copper piece
serving as two triboelectric materials and the electrode, respectively. Results show the CS-EMG can generate energy
at a frequency of only 1.5 Hz and can produce a maximum of 5.2 V at a frequency of 4 Hz and amplitude of 8.6 cm.
The F-TENG can also generate 1.4 V at a frequency of 3.0 Hz and amplitude of 8.6 cm as well as producing a 2
W/m? output power density. The F-TENG demonstrates feasibility as a sensor for detecting changes in wave
amplitude when tested in a water channel system with controllable and repeatably generated waves. The power
management system, in cooperation with the CS-EMG, enables the lighting of an LED, even under a 1.5 Hz wave
frequency, which demonstrates the hybrid low-frequency energy harvester is capable of sustainable self-power for
wave sensing. Hybrid self-power ocean wave sensor show the potential as a cost-effective solution for ocean data
collection.
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D15. THENREIEARL S8 44-33
Passive Internet of Events Enabled by Broadly Compatible Self-Powered Visualized Platform Toward Real-
Time Surveillance
Chaojie Chen', Yunlong Zi*!?
1. The chinese university of hong kong
2. The Hong Kong University of Science and Technology (Guang Zhou)

Surveillance is an intricate challenge worldwide especially in those complicated environments such as nuclear
plants, banks, crowded areas, barns, etc. Deploying self-powered wireless sensor nodes can increase the system's
event detection capabilities by collecting environmental changes, while the incompatibility among components
(energy harvesters, sensors, and wireless modules) limits their application. Here, a broadly compatible self-powered
visualized platform (SPVP) is reported to construct a passive internet of events (IoE) network for surveillance
systems. By encoding electric signals into reference and working LEDs, SPVP can visualize resistance change
generated by commercial resistive sensors with a broad working range (<107 Q) and the transmission distance is up
to 30 meters. Visible light signals are captured by surveillance cameras and processed by the cloud to achieve real-
time event monitoring and identification, which forms the passive IoE network. It is demonstrated that the passive-
IoE-based surveillance system can detect intrusion, theft, fire alarm, and distress signals quickly (30 ms) for 106
cycles. Moreover, the confidential information can be encrypted by SPVPs and accessed through a phone application.
This universal scheme may have huge potential for the construction of safe and smart cities.
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D15. FUENREIRARL S -35
TH 7K T BE IR K R REGK R sl
Liang Xu*!
1. Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences

Ocean energy, as a promising clean energy source, has enormous reserves globally, the exploitation of which
may contribute greatly to the carbon neutrality and provide a reliable in-situ power source for various instruments
in ocean. Compared with the energy harvesting on water surface, the utilization of energy underwater is more

challenging yet meaningful to many application scenarios, such as underwater robots, marine observation systems
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etc. Here, we will demonstrate a series of our recent studies on developing high-performance nanogenerators for
underwater mechanical energy harvesting.

Firstly, a new mechanism by introducing an oil phase into a water—solid interface is demonstrated for energy
harvesting based on electric double layer (EDL) capacitance. Through squeezing and releasing oil droplets on a
dielectric surface in water environment, charge transfer is observed in the back electrode accompanying the
movement of the oil-water—solid three-phase line. The charge transfer is mainly attributed to the effect that the oil
phase sweeps away ions near the dielectric surface in the EDL due to the discrepancy of EDL between water—solid
and oil-solid interfaces. Under the water environment, the device is shown to be capable of direct energy harvesting
and self-powered sensing without costly packaging. As a new working mode relying on EDL, it allows developing
nanogenerators adaptive to severe environments underwater with low friction and wear, and narrowing the gap
between energy harvesting devices and electro-chemical devices. Through further enhanced EDL, it is reasonable
to anticipate devices with an ultrahigh charge density comparable with EDL super capacitors, opening up an avenue
toward new nanogenerators with overwhelming performance for practical applications ranging from ocean blue
energy harvesting to electro-catalysis.

For effectively harvesting water current energy, we designed high-performance paired triboelectric
nanogenerators (P-TENGs) capable of integrating massively into a thin flexible layer as a structured triboelectric
surface (STS). Novel gas packet exchange structure and rigid—flexible coupling deformation mechanism are
introduced to ensure that the device can work very effectively even in deepwater under high water pressure. The
rationally designed TENG array in the STS enables highly efficient power take-off from the flow. Typically, the
STS demonstrates a high-frequency output up to 57 Hz, largely superior to current TENG devices, and the power
density is improved by over 100 times for triboelectric devices harvesting current energy. The flexible STS is
capable of attaching to various surfaces or applying independently for self-powered sensing and underwater power
supply, showing great potential for water-current energy utilization. Moreover, the work also initiates universal
strategies to fabricate high-frequency devices under large environment pressure, which may profoundly enrich the
design of TENGs.

For wave energy harvesting extending underwater, a novel three-dimensional (3D) chiral network of
triboelectric nanogenerators (TENGs) is designed. Unlike traditional bulky and rigid machines, the 3D TENG
network adopts a distributed architecture with chiral connections between unbalanced units, which imparts the
network flexibility, hyper-elasticity in water, and wave-absorption behavior, similar to mechanical chiral
metamaterials. The network can be configured to different scales and depths to harvest wave energy in all directions.
A comprehensive energy harvesting system integrated with a power management circuit is constructed, with the
stored energy enhanced by about 319 times. The novel 3D chiral network shows great potential for blue energy
harvesting and self-powered systems based on TENGs, which can be more adaptive to severe ocean environments
with flexible and distributed characteristics. This study also presents an insightful paradigm shift from mechanical
metamaterial designs to energy harvesting networks, with similarities in mechanical wave energy absorption and
conversion, inspiring novel energy harvesting systems and other strongly coupled machinery systems of multiple

units based on metamaterials.
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With the rapid evolution of emerging technologies like artificial intelligence, the Internet of Things (IoT), big
data, robotics, and novel materials, the landscape of global ocean science and technology is undergoing significant
transformation. Ocean wave energy stands out as one of the most promising clean and renewable energy sources
among these advancements. Triboelectric Nanogenerators (TENGs) represent a cutting-edge technology for
harnessing this 'random' and ultra-low frequency energy, positioning them as a promising method for blue energy
collection. A high-performance triboelectric nanogenerator (TENG) incorporates a novel double spiral spring
origami structure engineered to augment continuous sensing and signal transmission in marine environments.
Integrating the double spiral spring origami into the TENG system enabling efficient energy harvesting from the
ocean's low-frequency, irregular wave motions by converting low-frequency water wave vibrations into high-
frequency motions. Under water of 0.8 Hz, the TENG generates maximum peak power density of 55.4 W/m=.This
charge excitation TENG array effectively powered a wireless digital thermometer and signal transmission without
an external power supply. The findings of this research contribute to the development of sustainable and renewable
energy technologies for oceanic applications and open new pathways for the design of advanced materials and
structures in the field of energy harvesting.
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D15. TR REIEA L S 3E-41
Dual-mode triboelectric nanogenerator-silicon tandem solar cells towards simultaneously harvesting rain
and solar energy
Yuting Xie', Jingqiao Zheng!, Huiyuan Huang!, Xiya Yang*!
1. Jinan University

Rapid economic growth has exacerbated energy demand and resource depletion, prompting a shift towards
renewable energy sources such as solar and wind energy. However, the intermittency and power attenuation under
weak light or rainy condition of solar cells underscore the necessity for hybrid energy harvesting to extend its power
generation. Herein, we develop a dual-mode triboelectric nanogenerator-silicon tandem solar cell (D-TENG / Si
TSC) featuring the combination of single-electrode and contact-separation mode TENG that endows the maximum
energy conversion of droplet kinetic energy. This design yields an open-circuit voltage of 107.8 V and power density
of stimulated by one single droplet. Subsequently, the impact of light intensity on output performances of the D-
TENG / Si TSC is systematically investigated, demonstrating the tandem solar cell could break through the
bottleneck of low power conversion efficiency (PCE) of individual Si SC under rainy condition. A PCE of 21.71%
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can be achieved by the D-TENG / Si TSC, demonstrating a 10.65% enhancement over the bare Si SC with PCE of
19.62%. This work offers insights into the structure design of the TENG / Si tandem solar cell through dual-mode
strategy for maximizing the utilization and conversion of droplet kinetic energy, and effectively extends the power
generation of solar cell as well as improves the power output under rainy condition.
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D15. THNREIRATRL S 831-48
3D Printing of PEDOT: PSS/ Graphene Composites for High-resolution, Stretchable Piezoresistive Pressure
Sensor Array
Wenrui Zhang', Zeji Sun', Kai Zhuang', Mei Zhou!, Mojun Chen*!
1. The Hong Kong University of Science and Technology (Guangzhou)

Piezoresistive pressure sensors have been considered significant for monitoring physical health. For achieving
high-performance detection, flexible pressure sensor arrays with high-resolution are required. In this work, a cost-
effective 3D printing method was applied to fabricate the flexible pressure sensor array by printing PEDOT: PSS/
graphene composites array onto poly (ethylene terephthalate) (PET) films. The morphology of the printed patterns
is investigated, showing a resolution of ~ 20 um. Furthermore, for testing the potential to be applied as pressure
sensing, the electrical property and the flexibility of the sensor is demonstrated. The resistance of printed line
showed stable response as the applied pressure changes in the range of 0 ~ 4 kPa and it retains excellent electric
performance after stretching and bending test. The printed PEDOT: PSS/graphene array are encapsulated on double-
layered substrates, forming a sandwich structured sensing pad, which is capable of positioning 25 pressure sites in

an area of approximately 4 mm?.
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Study of the Electrocatalytic Performance of Two-dimensional Transition Metal Phosphides by On-chip
Electrocatalytic Microdevices
Wenbin Wang*!
1. City University of Hong Kong

Transition metal phosphides (TMPs) have drawn extensive attention in electrocatalysis owing to their distinct
physochemical properties, efficient charge transport and abundant earth reserves. However, most TMPs intrinsically
possess a three-dimensional (3D) nonlayered crystal lattice, making it extremely challenging to synthesize TMPs
with two-dimensional (2D) morphology. In this talk, I will introduce the synthesis of 2D TMPs via gas-phase
transformation and their electrocatalytic hydrogen evolution performance explored by the emerging on-chip
electrocatalytic microdevices (OCEMSs). First, by using 2D precursors (transition metal dichalcogenides, TMDs)
with gas-phase phosphorization, 2D TMPs were successfully synthesized. Then, the obtained 2D TMPs were
comprehensively characterized, including their chemical compositions, crystal structures and electrical properties.
Second, a protocol describing the critical concept, experimental standardization, operational principles and data
analysis of the emerging OCEM platform was established, focusing on the investigation of nanocatalysts at the
microscopic level. The OCEMs not only allow high-precision electrochemical measurements at the individual
nanomaterials level but also provide unique perspectives inaccessible to conventional electrochemical methods.
Third, I applied the developed OCEM platform to explore the electrocatalytic properties of the as-prepared 2D
TMPs. 2D TMPs were demonstrated to possess excellent electrocatalytic hydrogen evolution performance in both
acidic and neutral electrolytes. By using the spatial-resolved measurements of the OCEMs, it was found that the
nonlayered 2D TMPs are catalytically active at both the basal plane and the edge sites, while layered 2D materials
(with defects) have higher catalytic activity at the edge sites than the basal plane.

D15. BANREIRMTRLS 2354
TE I B R IE T SRS SEB R 1 BE ER BRI K R B
TRIHE Y, BHARBE Y, BREC, fREAT!
1. IR R

Triboelectric nanogenerator (TENG) has received significant attention as an energy harvesting technology
capable of converting mechanical energy from the environment into electrical power. However, due to its inherent
high impedance and low charge transfer output characteristics, the output of TENG is often relatively small. Current
research typically focuses on switching on and off under intrinsic voltage for performance management. Therefore,
in this study, we propose an energy management strategy aimed at voltage boosting. This strategy ingeniously
designs the discharge sequence of two discharge switches to adjust the connection between the intrinsic capacitor
and the matched capacitor, thereby facilitating instantaneous charge transfer under voltages surpassing the intrinsic
voltage and significantly enhancing the power density. Combining this strategy with a power converter has
significantly enhanced the energy storage efficiency of capacitors, thereby enabling improved power supply for
sensor devices. Moreover, experimental results show a power density of 324.8 kW/m?, indicating a 100% increase
compared to the direct discharge strategy. With such high output power, five parallel 10-watt commercial lamps can
be illuminated. This strategy introduces a novel idea for achieving high performance output from TENG.

R
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A Highoutput PDMS-MXene/Gelatin Triboelectric Nanogenerator Inspired by Petal Surface-
Microstructure
Zekun Wang!, Congcong Hao'
1. North University of China

Triboelectric nanogenerator (TENG) have a promising future in the field of energy harvesting and self-powered
sensing due to their simplicity in structure, low cost, and efficient energy harvesting from the surrounding
environment. The output electrical performance of TENG can be improved by doping the friction material with
functional materials and modifying the surface of the friction material. However, the current method of adding
functional materials to friction materials is costly and wasteful, and the method of modifying the surface structure
of friction materials is cumbersome and not easy to operate. In this work, we present a PDMS-MXene/Gelatin
triboelectric nanogenerator (PMMG-TENG) based on petal surface-microstructures, which has the advantages of
low cost, simple preparation, high output performance, and ecological friendliness. By doping 0.03wt% of MXene
in PDMS, the output electrical performance of TENG can be significantly improved, with an output current increase
of up to 139.7%. Four different petals are used as natural molds to prepare PMMG-TENG. The results show that
PMMG-TENG with peony petal surface microstructure has the best electrical performance, and the output current
increase of up to 228.17% compared with PMMG-TENG without structure. The PMMG-TENG with peony petal
surface-microstructure exhibits excellent electrical performance, demonstrating a maximum open-circuit voltage of
417.39 V and a maximum short-circuit current of 12.01 pA at a size of 3 cm %3 cm, and a maximum power density
of 170 pW/cm? at a load resistance of 107Q. Gelatin film exhibits excellent degradation performance, with complete
degradation time of only 150s in water at a constant temperature of 75°C. PMMG-TENG not only shows excellent
performance in the field of energy harvesting, but also has a broad application prospect in the field of self-powered
sensing. This work provides a simple, low cost, natural and green method to significantly improve the output

electrical performance of TENG.

D15. THENREEA R 5 8344-P02
Humidity-resistant, breathable, waterproof, and bionic triboelectric electronic skins for self-powered haptic
sensing and human motion recognition
Xia Liu'?, Aifang Yu'?, Lingyu Wan!, Junyi Zhai*!?
1. School of Physical Science and Technology, Guangxi University
2. Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences

Researchers have been striving for a long time to create an electronic skin (E-skin) that can rival or surpass
human skin in functionality. Herein, inspired by human skin, we developed a bionic triboelectric E-skin (BTE-skin)
via a cost-effective method with superior humidity-resistance, breathability and waterproofness. Benefiting from
introducing HKUST-1 into silicone rubber as the triboelectric layer significantly enhances the humidity resistance
of'the triboelectric E-skin, and the output is increased by a factor of 2.15 at 90% relative humidity. The construction
of a fully enclosed electrode structure and a three-dimensional microporous array structure promises BTE-skin
excellent breathability (water vapor transmission of 500 g/m2/d and air permeability of 293 mm/s) and
waterproofness. In addition, the BTE-skin exhibits a wide sensing range (up to 100 kPa), ultra-high pressure
response sensitivity in the low-pressure region (504.60 nA/kPa), fast response time (42 ms), and excellent cycling
stability over 10,000 cycles. Furthermore, based on the BTE-skin, a self-powered smart home control system and a
visual leg motion recognition system have been successfully developed. This work proposes a new strategy for
tracking electronic human skin and manifests great potential in the intelligent wearable sensing field, which can

help human life move toward a more convenient and intelligent future.
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D15. TN EEEA R 5 8314-P06
Optimizing Energy Storage and Conversion through MXene Engineering
Sin Yi Pang!?, Jianhua Hao*!?

1. The Hong Kong Polytechnic University
2. Shenzhen Research Institute of The Hong Kong Polytechnic University

Supported metallic nanoparticles can impart highly tunable physical and chemical properties to mix-
dimensionality materials used in electrocatalysts. However, some support materials are susceptible to dissolution in
acidic solutions or unstable in ambient air. The development of high-performance catalysts has faced significant
challenges, such as sluggish activity in alkaline solutions and the need for high energy inputs to stabilize the
nanoparticles on the supports, which hampers the pH-universality and applicability of the supported metallic
nanoparticles. In this talk, I will report our work on the design of a one-step strategy to modulate the growth of
platinum (Pt) nanoparticles (NPs) on HF-free MXene at the atomic level using a low-temperature metal-support
interaction reaction. By controllably tailoring the morphology and strain induced by surface terminations, we have
grown Pt (111) NPs with a sub-nanoscale size of 1.15 nm as a 0D/1D heterostructure, overcoming the restrictions
of employing reduction gas and high annealing temperature. Benefiting from the pH-universal MXene support and
the highly reactive Pt NPs, the high-performance catalyst exhibits a low overpotential of 33.3 mV for an acidic
solution and 65.1 mV for an alkaline solution at a current density of 10 mA cm™2. This study not only provides a
scalable pathway to develop a cost-efficient catalyst under moderate conditions, but also demonstrates an effective
surface modulation strategy for engineering 0D/1D heterostructures. This work was supported by RGC Grant
(PolyU 15303123), HKPDEFS (Ref. No. PDFS2324-5S09), and PolyU Projects of PRI and RCNN (1-CD6X and 1-
CEOH).

D15. UENREIRAPRL S 84E-PO7
A Water Evaporation-Induced Triboelectric Nanogenerator for Low-Grade Heat Harvesting
Hang Qu', Lingyu Wan*!, Zhiqun Tian', Gaunlin Liu!, Zhong Lin Wang?
1. Guangxi University
2. Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences
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The mounting challenges posed by climate change and environmental pollution, fueled by the extensive

utilization of depleting fossil fuels, have propelled investigations into renewable and cleaner energy technologies.
Research into emerging technologies mitigating the drawbacks of traditional energy sources emerges as a significant
avenue. Water, abundantly and perpetually recycled in the atmospheric water cycle, inherently possesses the
capacity to evaporate at any temperature and air pressure, propelled by the fundamental principle of entropy increase.
Exploring the utilization of the widespread natural phenomenon of evaporation for power generation is a topic
warranting thorough investigation. Presently, two primary devices capture energy associated with evaporation. One
utilizes sunlight to augment steam production, liberating heat energy with the aid of thermoelectric or pyroelectric
nanogenerators. The other technology, water-evaporation-induced electricity, depends on Coulomb interactions at
the solid/liquid interface. Vapor-induced ion motion propels charge carriers, generating electricity. Nevertheless,
electricity generation driven by evaporation and the heat absorption process remains limited. Our research
introduces an innovative technology—the Water Evaporation-Induced Triboelectric Nanogenerator (WE-TENG).
WE-TENG employs the spatially heterogeneous heat source generated during natural evaporation to drive a heat
engine, conducting external work. Coupled with the triboelectric nanogenerator (TENG), the device efficiently
converts the widely distributed low-grade heat energy in the environment into electrical energy. The WE-TENG,
the first triboelectric nanogenerator (TENG) propelled solely by natural evaporation, exhibits robust adaptability,
heightened stability, and outstanding output performance. This technology proves efficient in powering two
commercial 2 W LED lights and wearable devices, offering a providing solution for decentralized energy generation.
Additionally, it impedes the spontaneous corrosion of carbon steel materials in NaCl solution, highlighting its
potential in materials protection. This study not only enhances the fundamental principles of existing evaporation-
power generation technologies by integrating a heat engine but also offers conceptual guidance for advancing both
TENG and evaporation-power generation technologies. The capability of WE-TENG to capture low-grade heat
energy in the environment broadens the application scope of heat energy harvesting, making a valuable contribution
to the field of energy collection.

PURR R

D15. THAREIEARL S 24F-POO1
Piezopotential-Gated MoS; Ferroelectric Field-Effect Transistors
Shidai Tian', Haiming Zhang?, Junyi Zhai*?3
1. University of Electronic Science and Technology of China
2. Beijing Key Laboratory of Micro-Nano Energy and Sensor, Center for High-Entropy Energy and Systems,
Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences
3. School of Nanoscience and Engineering, University of Chinese Academy of Science

The modulation of charge carrier transport behavior in field-effect transistors (FETs) by strain-induced piezo-
potential has been significantly developed in recent years. Ferroelectric materials, as a type of piezoelectric material,
possess piezoelectric coefficients that are significantly larger than those found in conventional piezoelectric
materials. Here, a composite ferroelectric field-effect transistor (St-FeFET) based on laminate composites is
proposed, which consists of two pieces of ferroelectric single crystal (PMN-PT) and a MoS: flake. Utilizing external
strain instead of gate voltage to achieve piezo-potential modulation, the St-FeFET achieves a maximum on-off
current ratio of 1250% and realizes a gauge factor (GF) of 1.19 x 10° under a very small strain (0.01%), much higher
than that of conventional strain sensors. This work presents innovative approaches to the operation methods of FETs
and proposes potential application directions for their coupling with strain sensors and various devices across
different fields.
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D15. MBI KL 834E-PO02
Core-shell interlocking coaxial fibers for wearable electronics
Yulong Wang!2, Aifang Yu??, Junyi Zhai*!%3
1. Center on Nanoenergy Research, School of Physical Science and Technology, Guangxi University
2. School of Physical Science and Technology, Guangxi University
3. School of Nanoscience and Technology, University of Chinese, Academy of Sciences

Flexibility, stretchable, and conductive smart fibers have received significant attention due to their possibility
of being utilized in wearable and foldable electronics for health and movement monitoring, human—machine
interfaces (HMI) and energy harvesting. However, the accustomed approaches for constructing fibrous device based
on the core-spun-yarn and multistep fabrication processes still encounter persistent limitations in terms of scalability,
fabrication procedure, and mechanical durability. Herein, a fully flexible core-shell interlocking coaxial fiber was
achieved by one-step direct wet spinning coherent solutions. Benefiting from the strong topological structure at the
fiber interface of the inner and outer layers and the similar modulus of both layers, it successfully overcomes issues
like delamination during long-term use. Additionally, this coaxial fiber, as a strain sensor, exhibits excellent
conductivity and stability, with a wider operational range (strain range from 0 to 398.3%), high sensitivity (GF=6713
at 398.3%), fast response time (248 ms), and good durability (1300 cycles at 100% strain). Therefore, coaxial fibers
can be utilized in various human motion monitoring applications. With the assistance of machine learning, high-
accuracy recognition of gait and American Sign Language (95% and 100%, respectively) can be achieved. Coaxial
fibers can also serve as fiber triboelectric nanogenerators (F-TENG) and textile triboelectric nanogenerators (T-
TENG) for self-powered sensors and mechanical energy harvesting. This work further explores the development of
multifunctional micro-wearable electronic devices. Medical sensing and energy harvesting have enormous potential
in the fields of smart wearable electronics, human-computer interaction, and artificial intelligence.
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Lanthanide metal-organic frameworks with isotropic metal ions for enhanced triboelectric nanogenerator

Rongmei Wen*!
1. North University of China

Two new isostructural lanthanide MOFs based on anisotropic Dy(IIl) ions and isotropic Gd(III) ions were
constructed to study the impact of different lanthanide metals on triboelectric nanogenerator for the first time. The
triboelectric performance shows that the triboelectric performance of TENG improves to 171 V, 25 pA, and 21.79
nC, which are increased by 3.55, 4.23, and 2.70 times when the center metal ion is changed from Dy(III) ions to
Gd(I1II) ions. The underlying mechanism involving magnetism has also been studied in detail through experimental
analysis. This work proves a novel strategy to improve the output performance by judicious selection of MOFs with
isotropic metal ions.
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