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Fig.1 Typical Raman spectroscopy of a CNT. Inset shows the expected movement

direction of the peak with axial tensile and compressive stresses
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Fig.2 (a) An optical photo of the CNT fiber, (b) An optical photo of the CNT film, (¢) A SEM

image observed on the CNT fiber surface, (d) A SEM image observed on the CNT film surface, (e)

A TEM image of the end of a CNT bundle.
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Fig. 3 Schematic of macroscale stress test coupled Fig.4 Typical tensile stress as a function of applied
with in situ micro-Raman spectroscopy strain for the CNT fibers and films
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Fig. 6 Schematic of the relationship between the full peak shape Raman information and the stress on CNT's, where
o is the axial stress of CNT, 0 is the angle between the CNT axial direction and incident/scattering laser polarization
direction, wis the full width at half-maximum (FWHM) of Raman peak. (a) The measured peak is strong and nar-
row when each CNTs have the same stress, and CNT axes are consistent with the laser polarization direction. (b)
The measured peak is broad when distribution of load on the CNTs is non-uniform. (c) The measured peak intensity

is small when CNTs have poor aligning along the laser polarization direction.
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Fig. 7 The change of the G’ peak information for a strained CNT fiber and film. (a) The Ra-
man shift change of G' peak as a function of applied strain. (b) The FWHM change as a func-
tion of applied strain. (c¢) The staged change of the macroscopic stress with the strain. (d)
The Raman shift change of the G’ peak as a function of stress. (e¢) Typical Raman spectra for
a CNT fiber with different strain. Integrated intensities Ip and Ig are calculated using the area

under the peaks D and G respectively.
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Fig.8 The integrated intensity of the G’ peak as a function of applied strain for a CNT fiber (a) and film (b)
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On the Application of In-situ Micro-Raman Spectroscopy in Study of
Material Mechanical Properties of Carbon Nanotube Fiber and Film

LI Qiu'?, QIU Wei*, DENG Wei-lin*, KANG Yi-lan®
(1. Tianjin Key Laboratory of High Speed Cutting and Precision Machining, Tianjin University of Technology and Education, Tianjin
300222, China; 2. Tianjin Key Laboratory of Modern Engineering Mechanics, Tianjin University, Tianjin 300072, China)

Abstract: Experimental analysis of material mechanical properties of double-walled carbon nanotube
(CNT) fibre and film was conducted by means of in-situ micro-Raman spectroscopy combined with
macroscale stress testing. CNT load response and its relation with macroscale mechanical properties
during tensile loading of fiber and film were explored. Microscopic mechanism which causes
mechanical property differences between fiber and film was revealed. Experimental analysis
demonstrates that although the macroscale mechanical response of both CNT fiber and film may be
divided into 3 stages as elastic stage, strengthening stage and damage-fracture stage, but there is only
elastic deformation inside CNT without plastic deformation and obvious damage or bond breaking.
The staged mechanical response of fiber and film can be attributed to slippage. Young’s modulus of
fiber is significantly higher than that of film, former is 4. 7 times higher than latter. This can be
attributed to the greater contribution of CNT axial extensions in fiber to macroscale strain. There is
little difference in tensile strength of fiber and film, due to continuous involving of a large amount of
CNT film in load bearing during strengthening stage.

Keywords: Carbon nanotube fiber/film; micro-Raman spectroscopy; mechanical properties



