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Figure 1 History of high thermal conductivity carbon-based fibers: Carbon fibers'"?, carbon nanotube fibers® ™ and graphene fibers
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Table 1 Development status and main properties of high thermal conductivity fibers
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Figure 2 Mesophase asphalt-based carbon fiber. (a) Preparation method of mesophase asphalt. SEM view (b) and enlarged view (c) of the cross-
section of asphalt-based carbon fiber K13D2UP", Copyright © 2008 Elsevier. (d) TEM trend diagram of the cross-section and axial cross-section under
high temperature treatment; cross-section: (e) 1300°C, (f) 2000°C, (g) 2700°C; axial cross-sections: (h) 1300°C, (i) 2000°C, (j) 2700°C[31], Copyright ©

2012 Elsevier
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Figure 3 Boron nitride fiber. (a) Illustration of the 3D printed and neatly arranged boron nitride/nanofibril cellulose fiber; (b) XRD patterns of the
boron nitride powder and boron nitride nanosheet; (c) SEM image of the boron nitride/nanofilament cellulose fiber (inset is zoomed)[44 , Copyright ©
2023 Springer Nature. (d) Schematic diagram of the composition of boron nitride nanotubes and cellulose nanofibers; (¢) schematic diagram of boron
nitride composite fiber production by coaxial spinning technology; fiber cross-section and WAXS image of coaxial spinning (f) and uniaxial spinning
(g); (h) test results of thermal conductivity of coaxial spinning and uniaxial spinning[47], Copyright © 2023 Springer Nature
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Figure 4 Carbon nanotube fiber. (a) Schematic diagram of the carbon nanotube wet spinning process[s’ﬂ’m, Copyright © 2021 Elsevier, Copyright ©
2013 American Association for the Advancement of Science, Copyright © 2024 Chinese Academy of Science. (b) Schematic diagram of multi-level
structures of the carbon nanotube fiber! , Copyright © 2018 Elsevier. (c) Schematic diagram of the cross-section of the polymer composite carbon
nanotube fiber as a function of heat treatment temperature[i Copyright © 2022 Elsevier. (d) Theoretical model and TEM images of the carbon
nanotube after high temperature treatment (TEM images correspond to: Original, 1400°C, 1700°C, 2000°C, 2400°C, 2700°C, respectlvely) (e) XRD
results of the carbon nanotube before and after high temperature treatment; (f) summary of thermal conductivity of carbon nanotube fibers"™ Copyrlght
© 2022 American Association for the Advancement of Science
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Figure 5 Graphene fiber. (a) Schematic diagram of the graphene fiber wet spinning process[ R Copyrlght © 2024 Elsevier. (b) Structural model of
multi-scale defects in graphene fibers and structural model of high-quality graphene fibers de51gned[ , Copyright © 2016 Wiley. (c) Plane diagram of
the ordered structure of graphene sheets under the presence of multiple flow fields in the spinning tube; (d) SEM and enlarged images of the fiber cross-
sectional structure without rotational shear (top) and with rotational shear (bottom), respectively; (¢) summary of thermal conductivity of graphene fibers
and other fibers!"”, Copyright © 2024 Springer Nature
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Figure 6 Thermal conductivity mechanism. (a) Diagram of interfacial heat transfer of nano-carbon assembly[m], Copyright © 2021 Elsevier. (b)
Schematic diagram of the organic connection established between CNTs; (c) schematic diagram of the combination of a single carbon nanotube; (d)
schematic diagrams of various thermal processes[sﬁ], Copyright © 2023 Elsevier. (e) Schematic diagram and temperature profile of the interface
consisting of two different segments. The red and blue boxes at both ends represent the high-temperature heat source TH and the low-temperature heat
sink TL, respectively. The dashed line in the temperature curve is the position of the interface, at which there is a temperature difference AT. (f)
Reflection and refraction of phonons at an ideal interface. The adjacent plate 1 is located at —J,<z<0 in material 1, and the adjacent plate 2 is located at

0<z<d,. The normal direction is along the z-axis. 8, and 6, represent the angle of incidence and refraction on each side, respectivelyUH, Copyright ©
2022 American Physical Society
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Figure 8 Applications of high thermal conductivity fibers. (a) Stitching multiple graphene/carbon nanotube composite fibers on the fabric; (b) infrared
image of the fabric at 4 i , Copyright © 2023 ACS Publication. (c) Temperature-time curves of carbon nanotube fibers at different Voltages[lzs],
Copyright © 2017 Wiley. (d) Infrared images of carbon nanotube fabrics in the bent state, digital photographs sewn on T-shirt sleeves, and
corresponding infrared images under 9 V voltage applied to the fabric!"*”, Copyright © 2019 Royal Soc Chemistry. (¢) Thermal imaging shows the
temperature difference between the wrist and the atmospheremo], Copyright © 2021 ACS Publication. (f) Smart fabric display[m], Copyright © 2019
American Association for the Advancement of Science. (g) Chip heat dissipation application display[m], Copyright © 2019 Elsevier. (h) Solar-B
satellite telescope structure display[m], Copyright © 2008 Springer Nature. (i) Conceptual diagram of a carbon nanotube cable space elevator from Earth
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High thermal conductivity fibers have become increasingly crucial for efficient thermal management in rapidly advancing
fields such as aerospace, high-speed vehicles, electronic chips, and artificial intelligence. The high thermal conductive
fibers are indispensable for addressing the significant challenge of heat accumulation and limited heat dissipation
capabilities in high-power chips and high-speed vehicles. Their unique properties, including high directional thermal
conductivity, strength, lightweight nature, and a wide operating temperature range, render them an ideal material for rapid
and directional heat dissipation in aerospace and electronic products.

The historical development of carbon-based fibers, such as carbon fibers, carbon nanotube fibers, and graphene fibers,
demonstrates remarkable performance in various fields. The evolution began with the development of polyacrylonitrile-
based carbon fibers in the 1960s, followed by the emergence of pitch-based carbon fibers, which offered distinguishing
strength, modulus, and chemical stability. These materials experienced significant advancements in production techniques,
further boosting the thermal and mechanical properties of carbon nanotube fibers and graphene fibers. The superior
properties of these materials are largely attributed to the sp2 hybridized carbon atoms and the sigma/rn bonds.

This review focuses on the preparation methods and thermal enhancement mechanisms of mesophase pitch-based carbon
fibers, boron nitride fibers, carbon nanotube fibers, and graphene fibers. Detailed illustrations of the preparation processes,
structural features, and thermal properties of these fibers are provided.

Despite substantial progress, challenges remain in reaching the theoretical thermal conductivity values. The immense
potential applications of high thermal conductivity fibers in advanced fields such as aerospace underscore the importance
of not only improving fiber performance but also ensuring scalable production to meet industrial demands. This review
comprehensively covers the advancements in high thermal conductivity fiber performance, preparation methods, and the
mechanisms behind their thermal conductivity. Additionally, it discusses various testing methods for thermal conductivity
to evaluate the current application status of these fibers across different fields.

Furthermore, we also provide the perspectives for future research directions. Although continuous advancements in fiber
assembly technologies and enhancement mechanisms have led to rapid improvements in fiber thermal performance, there
remains a gap between current achievements and theoretical values. With the ongoing development in cutting-edge fields
like aerospace, the demand for high thermal conductivity fibers is still for from expected, driving further innovations and
improvements in both performance and production scalability.

In summary, high thermal conductivity fibers are at the forefront of materials research due to their essential role in
efficient thermal management. Their development history, preparation methods, and applications are critical for future
technological advancements, particularly in high-demand areas such as aerospace and electronics. The ongoing research
and development efforts aim to bridge the gap between current capabilities and theoretical potential, paving the way for
more efficient and scalable solutions in thermal management. The future of high thermal conductivity fibers holds
promising potential for broader industrial applications, making them a vital component in the advancement of modern
technology.

high thermal conductivity, fiber, thermal management, nano-carbon materials
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