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Mechanical property of carbon
nanotube/liquid crystal elastomer composite materials

HOU Yi, HU Wen-ting, WANG Meng", YANG Hong”
(School of Chemistry and Chemical Engineering , Southeast University, Nanjing 211189, China)

Abstract: In recent years, carbon nanotube/liquid crystal elastomer (CNT-LCE) composite materials have
received lots of scientific attention in the field of stimuli-responsive LCEs, due to the stable and efficient pho-
tothermal conversion properties. However, most researchers focused their attention on the stimuli-responsive
behavior and application scenarios, but ignored the investigation of the effect of CNTs influencing on the me-
chanical properties of the LCE materials. Herein, a series of CNTs incorporated LCE composite films are pre-
pared, and further characterized and analyzed by Fourier infrared spectroscopy, differential scanning calorime-
ter, wide-angle X-ray diffractometer and dynamic thermo-mechanical analyzer to explore the thermal, meso-
morphic and mechanical properties of the composite films. The experimental results show that the doping
amount of CNTs markedly influences the mechanical properties of these prepared CNT-LLCE composite mate-

rials. Among them, the 8% (Mass fraction) CNTs incorporated LCE composite film exhibits the best me-
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chanical properties. At 30 ‘C, the breaking strength of the composite film is 5.62 MPa, and the breaking

elongation is 182%. Beyond the clear point temperature, the breaking strength of the composite film is 1.62

MPa, and the elongation at break is 89%. Particularly, the breaking strength of this 8% CNTs incorporated

LCE film is almost three times that of the pure LCE film. Besides, the CNT-LCE composite film can achieve

a reversible shrinking deformation with a maximum contraction rate of 45% , which endows this material with

a good application prospect in the field of intelligent materials, such as artificial muscle and soft robots, etc.

Key words: liquid crystal elastomer; carbon nanotube; mechanical property; composite material; re-

versible deformation
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Fig.1 (a) Molecular structures of the LC acrylate
monomer RM257, the chain
EDDET, the crosslinker PETMP and the cat-

alyst DPA; (b) Schematic illustration of pre-

extender

paring the CNT-LCE composite film.
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Fig.2 FTIR spectra of the LC monomer RM257,
the crosslinker PETMP, the chain extender
EDDET, the pure LCE film and the 5%
CNTs incorporated LCE composite film.
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Fig.3  Surface images of the pure LCE (a), the

mass fraction of 5% (b), 8% (¢) and 12%
(d) CNTs incorporated LCE composite film.
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Fig.4 DSC curves of the pure LCE film (a), the mass fraction of 5% (b) and 8% (c) CNTs incorporated

LCE composite film.
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Fig.5 1D WAXS patterns of the mass fraction of 5% CNTs incorporated LCE composite film measured at dif-

ferent temperatures during the heating (a) and cooling (b) cycle,1D WAXS patterns of the mass frac-

tion of 8 % CNTs incorporated LCE composite film measured at different temperatures during the heat-
ing (¢) and cooling (d) cycle, 2D WAXS patterns of the 5% CNTs incorporated LCE composite film
measured at 30 °C (e) and 110 °C (), 2D WAXS patterns of the mass fraction of 8% CNTs incorpo-
rated LCE composite film measured at 30 °C (g) and 110 ‘C (h).
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Fig.6 Stress-strain curves of the pure LCE(a) , the
mass fraction of 5% (b), 8% (c¢) and 12%
(d) CNTs incorporated LCE composite film

measured at different temperatures.
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Fig.7 Reversible thermal-induced shrinking deform-
ation of the pure LCE (a) and the mass
fraction of 8% CNTs incorporated LCE com-
posite film (c¢); Shape deformation L /L, of
the pure LCE (b) and the 8% CNTs incorpo-
rated LCE composite film (d).
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