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Measurement of Tensile Properties for Carbon Nano Tubes Using Nano Force Sensor

Seung Hoon Nahm�, Un Bong Baek, Jong Seo Park, Yun-Hee Lee,
Sung Hwan Kwon and Amkee Kim

ABSTRACT

Carbon nanotubes (CNTs) have attracted an increasing attention due to their superior mechanical properties and potential
application in industries. The strength of CNT has been predicted or calculated through several simulation techniques but
actual experiments on stress-strain behavior are rare due to its dimensional limit, nanoscale positioning/manipulation, and
instrumental resolution. We have attempted to observe straining responses of a multi-walled carbon nanotube (MWNT) by
performing an in-situ tensile testing in a scanning electron microscope. The carbon nanotube, having its both ends attached
on a cantilever force sensor and Y-shaped support, was elongated by a computer-controlled nanomanipulator. Linear
deformation and fracture behaviors of MWNT were successfully observed and its force-displacement curve was also
measured from the bending stiffness and displacement of the force sensor and manipulator.

Key Words : Carbon Nano Tube(uv��bc), Tensile Properties(.'�( ��), Nano Manipulator( �l�),
Force Sensor(É Êf)
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Fig. 1 Application of carbon nanotube.
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Fig. 2 Nano-manipulator

Fig. 3 Network control(NWC)
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2.3 Force sensor
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Fig. 4 Force sensor

Fig. 5 Force sensor tip
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Fig. 6 Schematic diagram of experimental set-up
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Fig. 7 ‘Y’type support for CNT

!"+, - !"./!"+, - !"./!"+, - !"./!"+, - !"./3.

!"+,!"+,!"+,!"+,3.1

� .'&�� °�q &Z	 �1�CNT 15 �

MNBC 7°*\��1 ¤�� ��" �}SEM( )
| °�0RBÒ _ } HH!� ¿âCNT , sensor 'Y'

� � 06 Û� | °�0R� &±� �3~5 .�

§ è*éBC SlO �,T uv��bc

�Ò �Ø �âéBC ('" uv��b(MWCNT) ,
c � µY ��() �1 Û(SWNT, MWNT) (15 ),�

� ¡� [xÓ� BC ó.0R� V(3~5 ) SEM .�

�Ø SléBC ('&û � µY Ö
~� ÓCNT
��� ¾	 V�� �B� Ö
~� HH0� f

�� � &Z� �x Â � æâ"�CNT sensor tip
�� æâ" m 
:Cæe� �Æ0� P� ��

0�� '�� ��.
a h��f ��" uv��bc� VÃ%	 �

�%BC � � �� uv½\� �1� � 06

W;0R�.1 ��� � � �� uv½\� �1

� �� �1� �×C uv��bc0.154 15� �

� T� " �� uv½\�C �(�� ��� j

x0Ã ¯ VÃ%	 7.179 �
2
� O��



!"./!"./!"./!"./3.2

��bc� .'&�� 5" �9� &Z �xÕ

�j @B×C Â } HH!� ½úæ, sensor tip ‘Y'
5� *\�BC ��bc| �¿06 �x&��.

	 &Z� &�'Õ_ HH!� �x&ì�Fig. 8
)x� ��� i+9�� ��èé	 5. sensor tip
� j 5Õ09ã �l�| S�" � *\��CNT
7°06 7­� `a� ¿âæ5� ��Ï 06

¿â&ì� �Ø "� E& HH! 5� ��bc,
j 5Õ0Ï �l�| S�0� *\�� 7°0Ã,
7­� `a� ¿âæ5� �� �� ��bc_

HH!| ¿â&ìÃ g�� �x�Ò _ ¢, Fig. 9
� O�.
.'&�& � l�0� 0,� à!sensor 3000
C £x06 ÎÆ" 0,BCæe � ��digit sensor

�  �\ 0R� .'�9| C 0R�, 21 /s , 5�

¦� � l�0� æ0 �� �x09ã £sensor�

x06 ��bc &Z� .'&�)x� �ã0R

�.

Fig. 8 Adhesion procedure of CNT on AFM tip

Fig. 9 SEM image of CNT attached at both ends
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Fig. 10 Tensile properties for MWCNT
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