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Figure 1 SEM images of carbon nanotube powder (a), ordinary
array (b), and super-aligned array (c). ((b) and (c) Copyright American
Chemical Society. Reproduced with permission from ref. [10]).
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Figure 2 Super-aligned CNT film, cross-stacked film, and long yarns. (a) Drawing transparent and conducting CNT film from super-aligned
array on 8 inch wafer; (Copyright Wiley-VCH Verlag GmbH & Co. KGaA. Reproduced with permission from ref. [29]); (b) TEM images of
cross-stacked super-aligned CNT film; (c) TEM images of cross-stacked super-aligned CNT film loaded with silver nanoparticles; ((b) & (c),
Copyright American Chemical Society. Reproduced with permission from ref. [25]); (d) schematic illustration of the experimental setup for
preparing super-aligned CNT yarn by using a combination method of spin-twisting and volatile solvent shrinking (Copyright American chemical
Society. Reproduced with permission from ref. [20]); (e) SEM images of the spin-twisted and shrunk yarn. 1-twisting motor, 2-super-aligned
CNT array, 3-super-aligned CNT film, 4-spin-twisted CNT yarn, 5-volatile solvent, 6-heating plate, 7-drying furnace, 8-spin-twisted and shrunk
yarn, 9-collecting spool.
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Figure 3 Applications of super-aligned CNT in optics and display. (a) Schematic illustration of the structure of LCD alignment layer and
transparent electrodes made from super-aligned CNT film (Copyright Elsevier B.V. Reproduced with permission from ref. [40]); (b) optical
microscopic image of incandescence display made from super- aligned CNT film (Copyright Wiley-VCH Verlag GmbH & Co. KGaA.
Reproduced with permission from ref. [24]); (c) schematic illustration of the SERS substrate made from super-aligned CNT cross-stacked film
loaded with Ag nanoparticles; (d) the enhancements of Raman signals by SERS substrates, super-aligned CNT substrate versus conventional
planar substrate.((c) & (d) Copyright American Chemical Society. Reproduced with permission from ref. [25]).
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Superaligned arrays, films, and yarns of carbon nanotubes: a
road toward applications

JIANG KaiLi', WANG JiaPing, LI QunQing, LIU Liang, LIU ChangHong
& FAN ShouShan”

Department of Physics & Tsinghua-Foxconn Nanotechnology Research Center, Tsinghua University, Beijing 100084, China

Carbon nanotube (CNT) array is a self-organized highly oriented structure, in which CNTs are vertically aligned on
the substrate. Superaligned CNT array is a special kind of vertically aligned CNT array with the unique capability of
being converted into pure CNT films or yarns simply by drawing in dry state. The as-converted CNT films are tens of
nanometers in thickness, transparent, and highly conductive, with aligned CNTs parallel to the drawing direction.
After passing through volatile solutions or being twisted, CNT films can be further condensed into shrunk yarns.
These shrunk yarns possess high tensile strengths and Young’s moduli, and are good conductors. The continuous
films and yarns have turned nanometer sized CNTs into a manipulable macroscopic object, brought the excellent
properties into macroscopic applications, and opened up a road leading from nano-world to macro-world. In this
paper, the applications of CNT films and shrunk yarns will be reviewed. Real products made from superaligned CNTs
such as TEM grids, loudspeakers, and touch screens will be introduced.

carbon nanotube, array, film, yarn, superaligned
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