u

) <

The University of Osaka
Institutional Knowledge Archive

Title Study on the Mechanisms of Dry Drawing of Carbon
Nanotube Fiber

Author(s) |Ahmadreza, Fallahgilvaei

Citation |KFRKZ, 2012, HEHwX

Version Type

URL https://hdl. handle.net/11094/59229

rights
ZENSA VI —3v NMAHDHFEIESATWAW
2, HXDEEDHE AL TVWEYT, 2XDTF
Note | ECEZDBAR, <a

href="https://www. Library. osaka-
u.ac. jp/thesis/#closed”> KR KFEDIEBLEHHRTICD W
K/ TSREI W,

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



—Eere—

[109]
FNTE LY 77 S3FNATA
K % AHMADREZA FALLAHGILVAEI
L SROL NG EoE = (T5)
oMo F % O 25500 &
fofz 5 4% AH  ¥pk244 3 H22H

FALR G oo B EAORERE 4 558 1 Y
TEERRFERM R T 5 K
% fL & X %  Study on the Mechanisms of Dry Drawing of Carbon Nanotube Fiber
(h—RoF/ Fa—THHOEMRERBICET 2830
[ O S = B E )
#of ol B
(@)

omomr B # o’ omn Wik
Al BRI LR 7 L sgd 75k iR\

WX "E 0 EE

Carbon nanotubes (CNT) are a distinctive class of molecules that exhibit unique properties. The first
investigations of CNT properties revealed many interesting features, which are very attractive for solving the
technological hurdles that the semiconductor industry is facing if scaling of circuits continues for another decade.
The high current - carrying capacity, high thermal conductivity and fascinating mechanical properties of CNTs
made them suitable for many applications. Fibers and yarns have been proposed as methods for using nanotubes
on a macroscopic scale, mainly because, in analogy to high-performance polymer fibers, they allow CNTs to be
aligned and then weaved into textile structures or used as cables. [t has shown that brush-like assembly of CNTs
(BCNT) synthesized by chemical vapor deposition (CVD) method can be woven into CNT fibers and yarns just by
grabbing and drawing a part of the sample. This process does not require any intermediate stage for solving CNTs
in a solvent, and therefore is called dry drawing process.

Dry spun CNT fiber inherits fantastic mechanical and electrical properties of individual CNTs. This method can
be easily adapted for mass production of CNT fibers. But there are some drawbacks with this method. First, not all
BCNTs are spinnable and different samples exhibit different rates of spinnability. Second, mechanical properties of
CNT fibers are much inferior to individual CNTs. To find suitable solutions for these problems it is necessary to
understand the mechanisms behind the dry drawing process. Thus in this study, it has been tried to observe the dry
drawing of CNT fibers and find the mechanisms behind this process.

By exploring synthesis conditions for making spinnable sample, the effect of CVD conditions on the spinnability
of CNT samples is investigated by synthesizing BCNTs at different CVD conditions. Then the process of drawing
yarn from a sample is observed under optical microscope and inside of a scanning electron microscope and some
primary mechanisms of the drawing process are revealed. Detailed observation of the drawing process of the
synthesized samples under optical microscope and SEM shows a reciprocating motion of the bundles during the
drawing process. In this mechanism, as bundles separate from the sample, they keep separating and they move
towards top or bottom of the sample. In their journey, these bundles totally separate from the sample somewhere
between these extremes (top and bottom of the sample). The SEM observations proved that wavy structure at the
top and bottom of the samples gives rise to the formation of new bundles because of the entanglement of those
bundles that are separating from the sample and those CNTs that still lie on the sample sidewall.

By means of an atomic force microscope cantilever, the force required for separating a few CNTs from the
sidewall of the sample is measured. Results reveal that the separation force in spinnable samples is position
dependent. The amount of the separation force is higher at the top of the samples compared to that of in the middle
of the sample. This difference in the amount of the force is attributed to the higher entanglement at the top of the
sample. In contrast, un-spinnable samples exhibit a position independent separation force. Finally, The separation
force measurement is performed on the hydrogenated and oxidized samples. Other complementary tests are used to
analyze and define the role of these treatments on the in intertube forces. This information is necessary for
manipulating the spinnability of CNT samples and for controlling tribology of CNTs.

The results of this research provide a key insight to the dry drawing process of CNT fibers, and facilitate the
further increase in the strength of CNT yarns.
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