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Fig. 1 Schematic of the preparation process for carbon nanotube composite fiber reinforced with aramid nanofibers: (a) the

preparation process; (b) the carbon nanotube composite fiber; (c) the aramid nanofibers among the carbon nanotubes; (d) the

hydrogen bonds formed between aramid nanofibers and carbon nanotubes.
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Fig. 2 Morphology and structure of aramid nanofibers: (a) digital photo of aramid nanofibers dispersion with different

concentrations; (b) Raman spectra of aramid fiber, aramid nanofibers dispersion and dimethyl sulfoxide; (c¢) TEM image of

aramid nanofibers; (d) magnified TEM image of single aramid nanofiber.
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Fig. 3 Morphology and structure of raw carbon nanotube fiber and ANF/CNTF composite fiber: (a, b) SEM image and magnified
SEM image of raw carbon nanotube fiber; (c) TEM image of carbon nanotube; (d, €) SEM image and magnified SEM image
of ANF/CNTF composite fiber; (f) TEM image of carbon nanotube in ANF/CNTF composite fiber.
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Fig. 4 Mechanical properties of ANF/CNTF composite fibers prepared in different conditions: stress-strain curves to confirm

the effect of (a) processing time of oxygen plasma, (b) mass concentration of aramid nanofibers on the mechanical properties
of ANF/CNTF composite fibers; (c) Stress-strain curves of raw carbon nanotube fibers and ANF/CNTF composite fibers
prepared under optimized conditions; (d) Tensile strength of the prepared ANF/CNTF composite fibers under different processing
time of oxygen plasma (mass concentration of aramid nanofibers is 0.01 wt%); (e) Tensile strength of the prepared ANF/

CNTF composite fibers under different mass concentration of aramid nanofibers (processing time of oxygen plasma is 90 s);
(f) Comparison of the Young’s modulus and tensile strength of raw carbon nanotube fibers and ANF/CNTF composite fibers
prepared under optimized conditions. (The online version is colorful.)
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Fig. 5 Performance demonstration of ANF/CNTF composite fibers: (a) photograph showing rolls of continuous ANF/CNTF
composite fibers; photographs showing high strength (b) and flexibility (c) of ANF/CNTF composite fibers; (d) LED lightened

by using ANF/CNTF composite fibers as conductive wires.
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Fig. 6 Application of ANF/CNTF composite fiber in light-
emitting fiber: (a) schematic diagram of light-emitting fiber;

(b) microscopic image and (c) macroscopical image of light-
emitting fiber.
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Carbon Nanotube Composite Fiber Reinforced by Aramid Nanofibers

Hong-ji Sun, Hong-yu Jiang, Pei-yu Liu, Zhe Yang, Kun Zhang, Pei-ning Chen”, Hui-sheng Peng
(State Key Laboratory of Molecular Engineering of Polymers, Department of Macromolecular Science,
Institute of Fiber Materials and Devices, Laboratory of Advanced Materials,
Fudan University, Shanghai 200438)

Abstract Carbon nanotubes (CNT) can be assembled into carbon nanotube fibers (CNTF) by floating catalytic
chemical vapor deposition, but it remains challenging to effectively enhance the interaction force between carbon
nanotubes and their bundles inside carbon nanotube fibers to effectively improve mechanical and electrical
properties. In this study, we proposed to introduce aramid nanofibers into carbon nanotube fibers through solvent
protonation to obtain high-performance carbon nanotube composite fibers. The composite fibers exhibited tensile
strength of 1.23 GPa and the Young’s modulus of 26.97 GPa, which were improved by 92.1% and 133.5%
compared with the original carbon nanotube fibers, respectively. The specific strength and specific modulus of the
composite fibers were 28.67 and 628.67 cN/dtex, which were comparable to those of high-performance fibers
such as aramid fiber. In addition, the composite fibers showed good flexibility and electrical conductivity, which
can be directly used as the electrode material in fiber electronic devices, showing good application potential.
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