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Molecular Structure Design and the Electromechanical Properties of Hydroxyl
Terminal Butyl Nitrile Based Polyurethane Elastomer

LI De-long' . KANG Ji-hang', TIAN Shuang-fei' , ZHANG Hong', XU Shi-qi' » XIONG Lu-lu',
CUI Xu-dong'?** , WANG Feng'* , HUANG Yan-hao'"
(1. College of Materials Science and Engineering » Chongqing Jiaotong University » Chongging 400074, China s
2. Institute of Chemical Materials» China Academy of Engineering Physics» Mianyang 621900, China)

Abstract: In this work. the hydroxyl-terminated polybutadiene acrylonitrile liquid rubber (HTBN) was modified
and blocked different photoactive end functional groups to prepare photoreactive telechelic polybutadiene acrylo-
nitrile oligomers. After compounding with active small molecule and photoinitiator, as well as UV-light curing,
polybutadiene acrylonitrile-based polyurethane ( BNPU) dielectric elastomers with different molecular chain
structures were fabricated. The results showed that with the increase of the molecular chain length in the HTBN
precursor, the entanglement network density of the cured BNPU elastomers increased, further to provide a high
Young’s modulus (Y) of utmost 1. 89 MPa and a large elongation at break (Ey) of 112. 26 % to the clastomer,
respectively. The long molecular chain between crosslinking points can also reduce the glass transition tempera-
ture (T,) of the elastomers. The BNPU elastomer which was cured from HTBN oligomer with pentaerythritol
triacrylate (PETA) end-blocked can form partial cross-linking domains with large volume steric hindrance, en-

dowing the BNPU elastomers with increased T, , decreased thermal decomposition velocity and enhanced inter-
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facial polarization between separated microphase. As a result, the dielectric properties of the BNPU elastomers

with partial cross-linking regions were improved. For instance, the dielectric constant (¢”) of BNPU elastomer

sample reached a maximum value of 807 under 10° Hz, and its dielectric loss (tand) can be maintained below 1.

One can make a conclusion that the synergistic effect between partial cross-linking domains with large volume

hindrance and cyan side groups can guarantee the BNPU elastomer an excellent comprehensive electromechanical

property, proposing a solution to the issues of high modulus and low breakdown strength for pure polyurethane

and highly cross-linked nitrile rubber.

Keywords: Hydroxyl terminated butyl nitrile (HTBN); Polyurethane (PU) elastomer; Molecular structure;

Partial crosslinking; Dielectric properties
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Figure 4 (a) FTIR spectra of HTBN oligomers blocked by PETA and HEA; (b) Comparison of FTIR spectra

between end blocked HTBN oligomers and UV-cured BNPU
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(a)' H-NMR spectrum of HTBN-1 oligomer; (b)' H-NMR spectrum of HTBN-4 oligomer
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Figure 6 DSC curves of BNPU elastomers
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(d) derivative of the mass loss curves of BNPU samples
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Figure 8

various BNPU elastomers
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Table 2 Summarization of tensile properties of the BNPU elastic films

Maximum tensile stress
Sample

Young’s modulus Elongation at break

(oy» MP2) (Y, MPa) (Eps %)
BNPU-1 1.05 1.13 112. 26
BNPU-2 1.43 1. 69 98. 75
BNPU-3 1.47 1. 89 73.19
BNPU-4 1. 60 2.02 101. 24
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Figure 9
BNPU elastomers varied by frequency
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Table 3 Comparison of electromechanical performance of the elastic films

Young’s modulus  Elongation at

Sample

Dielectric permittivity

Dielectric loss@10° Hz  Actuation factor@

(Y, MPa) break (E . %) @ 10° Hz (") (tan &) 10° Hz (8

BNPU-1 1.13 112. 26 807. 00 0.08 714. 16

BNPU-2 1. 69 98. 75 671. 00 0. 20 397. 04

BNPU-3 1. 89 73.19 820. 00 0.10 433. 86

BNPU-4 2.02 101. 24 666. 00 0.07 329.70
PU-HS-20"%% 2.10 466. 00 10. 20 \ 4.86
PUU-HS-13% 0. 70 681. 00 7. 20 \ 10. 29
PU-4amPCL-0. 291" 1. 50 1048. 00 8. 00 0. 032 5.33
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