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Preparation and properties of recyclable self-repairing polyurethane urea regulated by soft segment structure
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Abstract : A polyurethane urea (PUU) system containing dynamic disulfide bonds and hydrogen bonding synergistic effects
was constructed to solve the problem of structural control difficulties in achieving synergistic performance of high strength, high
ductility and efficient self-healing of PUU elastomers (PUUE). Polycaprolactone (PCL) and bis (2-hydroxyethyl) disulfide (HEDS)
were used as soft segments and were reacted with isophorone diisocyanate, followed by chain extension with phthalic acid hydra-
zide, to obtain self-healing polyurethane urea elastomers (SPUUE) materials with different compositions. Structural characterization
was carried out using spectroscopic and diffraction techniques. The results confirmed the complete consumption of isocyanate
groups. Disulfide bonds were successfully introduced. A distinct crystalline structure was observed at specific compositions, indicat-
ing a well-defined and tunable network. SPUUE materials exhibit good thermal stability below 270 °C .The thermal decomposition
temperatures decrease with increasing disulfide content, while the glass transition temperature increases. The sample with a molar
quantitye ratio of PCL to HEDS of 8:2 exhibits the optimal comprehensive mechanical properties. Its tensile strength reaches 48.4
MPa, and its elongation at break reaches 923%. The tear energy is 160.77 kJ/m?. The cyclic tensile results show that energy dissipa-
tion increases significantly when the strain exceeds 400%, indicating excellent energy dissipation capability. Self-repair experiments

have shown that the repair efficiency increases with increasing temperature. After healing at 90 °C for 3 h, SPUUEI sample achieves
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a tensile strength recovery of 98.4% and an elongation recovery of 99.9%. The recycling results show that the material retains 89.6%

of its original strength after the first cycle and 70.1% of that after five cycles. These results demonstrate that regulating the soft

segment composition and introducing dynamic disulfide bonds enables a balanced combination of mechanical performance, self-

healing capability and recycling stability in PUUE materials.

Keywords : polyurethane urea ; self-healing ; recyclable ; disulfide bond; hydrogen bonding
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Tab.2 T,,T, andT, of PUUE samples

max g

Samples T/°C T ./°C r/°C
PUUE 320.33 354.33 —52.45
SPUUEI 298.83 352.58 —48.50
SPUUE2 285.00 347.58 —47.34
SPUUE3 274.83 328.00 —45.76

Notes: T is temperature at 5% weight loss; 7,

max

is temperature at

the maximum decomposition rate; T, is glass transition temperature.
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Fig. 7 Stress-strain curves of PUUE samples with and without notches
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Fig. 8 Photographs of SPUUEI samples stretched to different strains
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Fig. 9 Tensile curves of PUUE samples healed at different tempera-

tures for 3 h
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Fig. 10 Healing efficiency of PUUE samples after healing at different

temperatures for 3 h
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Fig. 11  SEM images of PUUE samples during healing process at 90 °C
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