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Fig.1 Carbon nanotube array and structural schematic of spiral carbon nanotube fiber
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Fig.3 Microstructures of carbon nanotube fibers with different surface angles
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Fig.4 AFM friction measurement setup and probe sliding model on a twisted carbon nanotube fiber surface
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Fig.5 Surface friction force distributions of carbon nanotube fibers with different surface angles
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Fig.7 Local sliding friction response of carbon nanotube fibers with different surface angles under gradient normal loads
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Fig.9 Three-dimensional AFM surface morphology of twisted carbon<hanotube 'fibers
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(c) 30° surface angle
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Dynamic Friction Behavior on the Surface of Twisted Carbon

Nanotube Fibers

ZHANG Xinlu', WANG Pengfei!, WANG Guorui!, CHEN Xinan!, XU Songlin!
(1.Key Laboratory of Materials Mechanical Behavior and Design, University of Science and Technology of

China, Chinese Academy of Sciences, Hefei 230027, Anhui, China)

Abstract: Carbon nanotube (CNT) fibers have attracted considerable attention for applications in micro/nano
devices, flexible electronics, and high-performance composites due to their outstanding mechanical and
electrical properties. However, the influence of helical structures on the surface frictional\behavior of CNT
fibers remains poorly understood. In this study, helical CNT fibers with surface angles\ranging from 10° to
45° were fabricated through a controllable spinning method. Their frictional résponses under different normal
loads were investigated by combining atomic force microscopy (AFM) experiments with molecular dynamics
(MD) simulations. The results demonstrate that the friction force increases with increasing normal load and
exhibits pronounced directional dependence. With increasing surface.angle, the average friction force shows
a non-monotonic variation, initially increasing, then decreasings‘and finally increasing again, with the 20°
sample exhibiting the highest friction response. Surface motphology analysis reveals that the surface angle
regulates local structural characteristics of CNT fibers;, which pplays an important role in determining
frictional behavior. MD simulations further indicate that’thé ‘enhanced friction response of the 20° sample
originates from more stable interfacial contact and stronger local structural resistance. The combined effects
of twist-induced surface morphology evolutionyand changes in local contact states govern the dynamic
friction behavior of CNT fibers. These findings provide ‘'microscopic insights into interfacial sliding-induced
energy dissipation, friction regulation, and wear-resistant structural design of CNT fiber-reinforced
composites for impact protection applications.

Keywords: carbon nanotube fiber{twisting; surface angle; AFM; dynamic friction; molecular dynamics

simulation
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