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Preparation and properties of self-healing polyurethane elastomer with dual dynamic bonds
WANG Yulong, LI Jinyao, HUANG Ruida, TIAN Zhiyang, WANG Jiahui
(Department of Materials Engineering, Taiyuan Institute of Technology, Taiyuan 030008, China)

Abstract : To address the challenge that traditional self-healing polyurethane elastomers (PUEs) are difficult to balance self-
healing performance and mechanical properties, the introduction of multiple dynamic chemical bonds into the PUE system simulta-
neously has become one of the effective solutions. 3, 3'-dithiobis(propionohydrazide)(DTP) was first synthesized. Then, two types of
self-healing PUEs, namely DPU and OPU (the control group), were prepared by solution method, with polytetrahydrofuran ether
glycol (PTMG) as the soft segment, 4, 4'-dicyclohexylmethane diisocyanate (HMDI) as the isocyanate of the hard segment, and DTP
and octanedihydrazide (ODH) as chain extenders respectively. The structures and properties of two types of PUEs were character-
ized by Fourier transform infrared spectroscopy, Raman spectroscopy, ultraviolet-visible spectroscopy, X-ray diffraction, thermogra-
vimetry analysis and dynamic mechanical analysis, and their mechanical and self-healing properties were further analyzed. The
results indicate that both PUEs exhibite excellent optical transparency with transmittance exceeding 85% in the visible light range
and good thermal stability, and the introduction of disulfide bonds endows DPU with three thermal decomposition stages. The two
PUEs not only have high mechanical strength that tensile strengths reach 34.1 MPa and 37.0 MPa, respectively, but also still main-
tained 45.9% and 51.4% of the maximum stress after 500 cycles of cyclic stretching, demonstrating excellent fatigue resistance
performance. Compared with OPU, the introduction of disulfide bonds leads to a decrease in the hydrogen bond density between
hard segments, a reduction in the glass transition temperature difference between hard and soft segments, and a weakened degree of

microphase separation of DPU. Benefitting from the synergistic effect of dynamic disulfide bonds and reversible hydrogen bonds,
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DPU also shows favorable self-healing performance, with self-healing efficiencies of the tensile strength and elongation at break

reaching 93.3% and 92.0% after healing at 80 °C for 12 h.

Keywords : disulfide bond ; self-healing ; polyurethane ; dynamic chemical bond ; microphase separation
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Tab.1 Mechanical properties and self-healing efficiency of two

types of PUE after healing

Samples o,/MPa n/% &,/% n./%
DPU 31.8 93.3 378.4 92.0
OPU 13.2 35.7 180.1 31.9

Notes: o, is tensile strength after healing; 7,is self-healing efficien-
cy based on tensile strength; ¢, is elongation at break after healing; 7, is

self-healing efficiency based on elongation at break.
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