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With the spectacular physical properties, carbon nanotube (CNT) fibers are favored in many fields such as
sensing and thermoelectric devices. However, the lower tensile properties and small production scale of CNT
fibers limit their further application. Collaborated with colleagues from AVIC Beijing Lab, large-scale continuous
production of CNT filaments has been achieved through floating catalytic chemical vapor deposition (FCCVD)
technology. In the meantime, the CNT filaments were hybrid with Kevlar fibers to obtain hybrid CNT yarns with
the strength over 168.4 MPa and the electrical conductivity of 7.78 x 104 S m—1. The strength of the hybrid CNT
yarns produced by this method is higher than that of 60 count cotton yarns, which is perfectly suited for the
fabrication of textile devices. Based on the fact above, we did a series of work on wearable textiles sensing,
electric heating and thermoelectric devices.

In the meantime, gel (hydrogel and ionic-gel) material is another target material that we focus on, due to its
unique properties of self-healing and ionic conductivity. Currently, conventional hydrogels are not sufficiently
durable for use and do not respond sensitively to environmental stimuli. Accordingly, the development of a hybrid
hydrogel exhibiting self-healing ability and environmental responsiveness is of critical significance in broadening
its application on smart wearable devices. In this part, a series of work on polyacrylate hybrid hydrogel and
ductile eutectogels were conducted in our group and showed promising sensing, adaptive camouflage and
thermoelectric features.
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Here we show that cellulose can be efficiently dissolved in a new solvent system, comprising
tetra-butylammonium hydroxide (TBAH) and water, at room temperature. The dissolution of cellulose was
adjusted by controlling the concentration of TBAH, dissolution temperature, addition of additives such as urea or
DMSO. The mechanism for the dissolution was realized as regulating the amphiphilic property of the solvent
system, as well as matching to the amphiphilic property between cellulose and the solvent for the minimization of
the interfacial resistance between the amphiphilic crystal surface of natural cellulose and the solvent. Besides,
works on the processing and industrialized enlargement of wet-spinning of cellulose were carried out with the new
solvent system. Subsequently, a pilot-scale experiment of wet-spinning was carried out, and the microstructures of
the regenerated cellulose fibers were characterized by 2D wide angle X-ray diffraction and small angle X-ray
scattering, indicating a good orientation in the structures of crystals and micro-voids. Additionally, the new
solvent system was applied in preparing series cellulose-based materials such as all-component biomass films,
biodegradable bamboo foam, bamboo strip laminated composite, etc.
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Smart Fiber with Overprinted Patterns to Function as Chip-like Multi-threshold Logic Switch Circuit

Chongging University
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Light/glutathione-ignited nanobombs integrating azo and tetrasulfide bonds for multimodal therapy

Shining Niu*
Donghua University

Reactive chemical bonds are associated with the generation of therapeutic radicals and gases under
internal-external stimuli, which are highly attractive for cancer treatments. However, designing multifunctional
nanostructures that incorporate multiple chemical bonds remains a significant challenge. Herein, novel core-shell
nanobombs integrating azo (-N=N-) and tetrasulfide bonds (-S-S-S-S-) have been constructed with sensitive
ignition by both near-infrared (NIR) laser and tumor microenvironments (TME) for treating colorectal tumors.
The nanobombs (GNR/AIPH@MON@PVP, GAMP) were prepared by the in-situ growth of
tetrasulfide-contained mesoporous organosilica nanoshell (MON) on gold nanorods (GNR) as the photothermal
initiator, the load of azo compound (AIPH) as the radical producer and polymer modification. Upon NIR
irradiation, the GNR core exhibits stable and high photothermal effects because of the passivation of the MON
shell, leading to the thermal ablation of cancer cells. Simultaneously, the local hyperthermia ignites AIPH to
release alkyl radicals to cause extensive oxidative stress without oxygen dependence. Moreover, the MON shell
can be gradually decomposed in a reduced environment and release therapeutic H2S gas because of the cleavage
of -S-S-S-S- bonds by the glutathione (GSH) overexpressed in TME, causing mitochondrial injury. Owing to
multifunctional functions, the GAMP significantly inhibits the growth rate of tumors upon NIR irradiation and
achieves the highest efficacy among treatments. Therefore, this study presents activatable nanoagents containing
multiple chemical bonds and provides insights into developing comprehensive antitumor strategies.
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Biomimetic Design of Photothermal/Electrothermal Fabric Composed of Carbon-core/Nanorod-array-shell
Fibers for Efficient All-weather Seawater Evaporation
Xiaolong Li*
Donghua University

Sunlight/electricity-driven thermal evaporation has been demonstrated as a promising strategy to obtain
distilled water from seawater, but their practical applications are still limited by unsatisfactory photoabsorption
and serious water-electrolysis during photothermal/electrothermal evaporation. Inspired by Paradisaeidae's feather
and electric kettle, we report on the biomimetic design of photothermal/electrothermal fabrics for realizing
all-weather evaporation. The fabrics are composed of fiber bundles with carbon fiber (CF) as core and
polypyrrole-decorated TiO, nanorod-array as shell. Such CF/TiO,/PPy fabric exhibits broad-spectral (280-2500
nm) photoabsorption with an efficiency of 95.5% due to the light-trapping effect, and it shows an evaporation rate
(2.2 kg m? h™) under 1 sun. Additionally, CF/TiO,/PPy fabric demonstrates good electrothermal performance
with suppressed water-electrolysis owing to the conductivity of CF and shielding effect of the nanorod-array-shell,
resulting in high evaporation rate of 7.9 kg m™ h™* under 3 V. Importantly, by the combined effects of 1 sun and 3
V, CF/TiO,/PPy fabric achieves an exciting evaporation rate of 9.1 kg m? h?, even without solid-salt
accumulation in the long-term evaporation process (10 h), benefiting from efficient photo/electrothermal
conversion and sufficient water-supplementation from thermosiphon effect. Thus, the present biomimetic design
of photothermal/electrothermal fabric supplies a new path to realize efficient all-weather seawater evaporation.
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Soft Fiber Electronics Based on Semiconducting Polymer
Fenggiang Sun*,Hao Jiang®,Haoyu Wang", Yueheng Zhong®,Yiman Xu',Yi Xing*,Muhuo Yu',Liang-Wen
Feng® Zheng Tang",Jun Liu® Hengda Sun',Hongzhi Wang',Gang Wang**,Meifang Zhu*
1. Donghua University
2. Sichuan University
3. National Key Laboratory on Electromagnetic Environment Effects and Electro-Optical Engineering
Fibers, originally from nature, mastered by humans, run through and string the entire history of human
civilization. The recent development of semiconducting polymer materials has further endowed fibers and textiles
with various electronic functions, that are particularly attractive in applications such as information interfacing,
personalized medicine, and clean energy. Due to the ability of easily integrated into daily life, soft fiber
electronics based on semiconducting polymer have become increasingly popular for wearable and implantable
applications during the past few years. Here, we present a review that covered early and current progress of
semiconducting polymer-based fiber electronics, specifically targeting on smart wearable and implantable fields.
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We first briefly introduced semiconducting polymers from the materials view, on the basic concepts and the
functionality requirements in different devices. Then we examined the existing application and the related devices,
including energy conversion and storage, healthcare and medicine, and information interface. Importantly, the
working principle and performance of semiconducting polymer-based fiber devices were summarized, according
to difference application scenarios. Subsequently, we focused on the fabrication techniques of fiber devices. Based
on the continuous fabrication of one-dimensional (1D) fiber and yarn, we further introduced the fabrication
methods of two-dimensional (2D) and three-dimensional (3D) fabrics. In the last section, challenges and relevant
perspectives were concluded, as well as possible approaches to address the related problems.
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Strain-insensitive fiber sensors bioinspired by spider silk with a multilevel helical structure
Du Nie',zijian Yan® Jitian Chen®,Yaoxian Zheng",Xinling Hu',Haichuan Ning", Yuexiang Wu* Jiamu Dai? Wei
Chen®,Wei Zhang? Xiang-Yang Liu®,Naibo Lin**
1. Xiamen University
2. Nantong University
The emergence of wearable electronics has greatly stimulated the exploration of fibers due to their inherent

wearing comfort. However, the manufacturing of conductive fibers with both exceptional mechanical strength and
stable conductive properties remains a formidable challenge. Inspired by the helical structure of spider silk, we
propose a strain-insensitive conductive fiber with a multilevel helical structure by helically arranging carbon
fibers on the surface of helical polyurethane nanofibers, which is further employed in the fabrication of fiber
sensors. The resulting fibers demonstrate outstanding strain stability with a resistance change rate (AR/R) of less
than 0.09 when the strain reaches 100% and a resistance change rate below 0.3 at the 200% strain level,
significantly outperforming previous reports. Through experimental investigations and computational analysis, we
elucidate that the underlying mechanism of the superior conductive performance and stability is attributed to the
redundant helical structures and polyurethane nanofiber core layer contraction. Moreover, the fiber devices
fabricated on the basis of our strain-insensitive conductive fibers exhibit distinguished performance in various
health-related physiological signal monitoring tasks, such as respiration heat monitoring, voice recording, and
electrochemical detection of sweat constituents.

D09-P09
Strategies for Enhancing Charge Density Output of Triboelectric Nanogenerators at the Molecular Scale
Within Confined Fibrous Tribolayers
Hao Duo*,Yang Liu,Hiroaki Sakamoto
University of Fukui
Enhancing the charge density output at the molecular scale within confined tribolayer regions is a promising
strategy for optimizing the triboelectric nanogenerator (TENG) performance. While conventional methods
primarily focus on enhancing current density by modifying the surface properties of tribo-surfaces, choosing
suitable methods and promoting electron transfer within the materials can substantially enhance the current
density output. Our study revealed that intermolecular dipole-dipole interactions, mediated by hydrogen bonding
between chitosan and nylon66 molecular chains, serve as effective bridging mechanisms that substantially boost
TENG current density, The structure we constructed achieved an optimized performance with a high voltage of
335V, current density of 194.5 mA m 2 and power density of 65.1 W m 2, Finally, the prepared SWS-TENG was
attached to the fingertips, wrist, and neck to track the physiological signals of the human state during standing,
walking, and running. furthermore, through ion-ion and polymer-ion interactions achieved by incorporating
KCl into nylon66 in varying ratios via electrospinning. Fourier-transform infrared spectroscopy (FTIR) and X-ray
diffraction (XRD) analyses revealed that KCI disrupts hydrogen bonding in nylon66, facilitating its integration
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into the polymer's molecular chains. Kelvin probe force microscopy (KPFM) demonstrated that pure nylon66
exhibits a relatively low positive static potential. Upon the incorporation of KCI, the surface positive potential of
nylon66 increased significantly; however, excessive KCI content resulted in a shift to a negative potential due to
the accumulation of chloride ions on the fiber surface, leading to an electrostatic shielding effect that hinders
electron transfer. Additionally, instead of using a conventional metal film electrode, a breathable and antibacterial
electrode was developed by coating the tribolayer surfaces with silver nanowires (AgNWs). The optimized KCI
ratio resulted in a significant enhancement, achieving a maximum output voltage of 322.6 V and a current density
of 180 mA m2with a working area of 9 cm?.Ultimately, the improved TENG was seamlessly integrated into
wireless healthcare systems, offering an innovative communication solution for individuals with speech
impairments or mobility limitations. This functionality highlights its potential as a transformative innovation for
personalized and accessible healthcare solutions.
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In-situ-coalescence strategy to continuously produce ultrastrong and tough carbon nanotube fibers

Xinyin Yang"%? Xiangyang Li** Mugiang Jian**,Zhengpeng Yang? Yongyi Zhang* Jin Zhang"
1. School of Materials Science and Engineering, Peking University
2. Henan Polytechnic University
3. Beijing Graphene Institute
4. Suzhou Institute of Nano-Tech and Nano-Bionics, Chinese Academy of Sciences

Carbon nanotube fibers (CNTFs) hold a great promise as next-generation high-performance materials, yet
their properties are hindered by porosity, poor alignment, and weak inter-tube interactions when produced via
floating catalyst chemical vapor deposition (FCCVD). Herein, an in-situ dynamic assembly strategy is developed
to incorporate highly oriented, crystalline poly(p-phenylene benzobisoxazole) (PBO) nanofibers into CNTFs,
synergistically optimizing assembly structure and interfacial bridging. The resulting CNTFs exhibit a remarkable
tensile strength of 7310 MPa, a Young's modulus of 280 GPa, and a toughness of 196 MJ-m™, surpassing those of
conventional high-performance fibers. This work demonstrates a feasible and scalable route to fabricate
ultrastrong and tough CNTFs, enabling their application in advanced composites designed for operation under
extreme conditions.
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Research on modified nanolignin epoxy resin-based carbon fiber composite materials
Zhanpeng Jiang,Jiuyin Pang*,Zhanpeng Jiang
School of materials science and engineering, Beihua University

This study aims to explore the performance optimization and application prospects of modified nanolignin
epoxy resin-based carbon fiber composite materials. Carbon fiber composite materials, known for their
lightweight, high strength, and high modulus, have extensive applications in aerospace, national defense, and
military industries. However, traditional epoxy resin matrices suffer from low toughness, high cost, and
environmental hazards. To address these issues, this study employs modified nanolignin polyols as an alternative
to epoxy resin matrices. Nanolignin polyols were successfully synthesized through techniques such as dynamic
light scattering, transmission electron microscopy, and Fourier-transform infrared spectroscopy, and were
incorporated into the epoxy resin matrix. Experimental results indicate that compared with traditional lignin-based
epoxy resins, the modified nanolignin epoxy resin-based carbon fiber composite materials exhibit a 104.66%
increase in flexural strength, a 65.23% increase in flexural modulus, and an interlaminar shear strength of 91.17
MPa. Additionally, the composite materials demonstrate excellent impact toughness and tensile strength, reaching
142.60 kJ/m=and 2337.50 MPa, respectively. These enhanced properties not only expand the application scope of
carbon fiber composite materials but also provide new ideas for their biodegradability and recyclability. This
research offers important theoretical basis and practical guidance for the development of high-performance
composite materials.
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