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temperature curve of the miniature ultra-
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Application Exploration of Super-Aligned Carbon Nanotube Stacked Films
as Thermal Insulation Materials in Extreme Conditions

YUAN Zi', CHEN Guo', ZHOU Duanliang', LIU Peng', JIANG Kaili"*’
(1. State Key Laboratory of Low Dimensional Quantum Physics, Department of Physics, Tsinghua University,
Beijing 100084, China;
2. Frontier Science Center for Quantum Information, Beijing 100084, China;

3. Beijing Advanced Innovation Center for Future Chips, Beijing 100084, China)

[ABSTRACT] Super-aligned carbon nanotube stacked film (SACNT-SF) exhibits exceptional thermal insulation
performance over a wide temperature range, owing to its nanoscale tube diameter, highly anisotropic porous structure,
ultralow density, high extinction coefficient of sp” carbon, and excellent thermal stability. Based on prior foundational
research, this article systematically introduces the fundamental properties of SACNT-SF and its thermal insulation
mechanisms across broad temperature ranges, while further exploring the material’s potential in engineering applications.
SACNT-SF possesses excellent flexibility and moldability, enabling conformal wrapping on complex-shaped surfaces
through a filament winding process. To extend the applicability of SACNT-SF, an alumina protective layer was deposited via
atomic layer deposition, significantly enhancing the material’s operating temperature and anti-ablation performance in air.
By integrating SACNT-SF as a thermal insulation layer into a miniature ultra-high-temperature tubular furnace, low-power
operation at 110 W was achieved under a working temperature of 3000 °C . The outstanding performance of SACNT-SF
under extreme high-temperature conditions offers new solutions for the development of next-generation thermal protection
materials in acrospace and related fields.

Keywords: Carbon nanotubes; Thermal insulation material; High-temperature material; Carbon nanomaterial;

Thermal protection
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