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Fig. 1 Preparation process of ESS and EPU
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Tab. 1 Ratio of polyurethane

Sample n(MDI):n(PCL) :n(BDO) :n(ESS)
BPU 3:1:2:0

EPU1 3:1:1.5:0.5

EPU2 3:1:1:1

EPU3 3:1:0.5:1.5

EPU4 3:1:0:1
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Fig. 2 (a) FT-IR of EDA and ESS, (b) ATR-FTIR of PU with different ESS contents
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Fig. 3 'H-NMR of ESS
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Fig. 4 Water contact angle of EPU
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Fig. 5 (a) TG and (b) DTG curves of ESS and EPU
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Fig. 6 (a) TG-IR three-dimensional map of EPU3 and (b) FT-IR spectra of the escaping gas at different temperatures
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Tab. 2 Damping parameters of EPU
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Fig. 9 (a) Frequency and damping curves with different temperatures, (b) master curves of the loss factor for
EPU2, (c) temperature displacement factor curve, and (d) loss factor and frequency curve
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Fig. 9 (a) Frequency and damping curves with different temperatures, (b) master curves of the loss factor for EPU2, (c)
temperature displacement factor curve, and (d) loss factor and frequency curve
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Fig. 10 Micrographs of the self-healing of (a) BPU and (b) EPUI, (c) EPU2, (d) EPU3 and (¢) EPU4
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Fig. 11 Stress-strain curves of self-healing properties from (a) EPU1, (b) EPU2, (¢c) EPU3 and (d) EPU4
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Fig. 12 Self-healing mechanism of EPU

Tab. 3 Data on self-healing mechanical properties of EPU

Sample Repair time Tensile strength/MPa Elongation at break/% Repair efficiency/%
EPU1 Original 11.97+1.3 726+30
6h 5.93+1.1 542426 49.5
12h 8.4+0.6 613+45 70.2
Acid-6 h 9.06+0.3 640+36 75.2
EPU2 Original 12.95+0.8 699+23
6h 10.23+1.3 544422 78.9
12h 11.95+0.6 675+31 87.9
Acid-6 h 11.64+0.8 644+29 89.8
EPU3 Original 14.9542.1 594446
6h 5.6+0.3 395423 37.5
12h 8.340.1 498+32 55.6
Acid-6 h 10.54+0.8 522+29 70.1
EPU4 Original 16.89+0.6 498+20
6h 5.3+0.5 247x17 314
12h 6.2+1.1 267+20 36.7
Acid-6 h 7.1+£0.6 300+38 414
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A Polyurethane Material with Both Damping and Self-Healing
Properties Based on Imine Bonding

Guangchao Dong, Chunyan Shao, Yiting Ji, Xiujuan Tian, Ruiqin Bai
(School of Materials Science and Engineering, Shandong University of Science and Technology,
Qingdao 266590, China)

ABSTRACT: The aromatic compound ethylenediamine Schiff base (ESS) with double imine bond structure was
synthesized using ethylenediamine and salicylaldehyde as raw materials, and the structure was characterized by IR
spectroscopy and NMR, which proved the successful synthesis of the compound. Then, a polyurethane sample
(EPU) was prepared using ESS as chain extender. The structural composition was analyzed by infrared
spectroscopy. The thermal stabilities and damping properties of the polyurethane were investigated by heat loss
analysis and dynamic thermo-mechanical analysis. The self-repairing properties were characterized by mechanical
property test and optical microscopic observation. The effects of imine bonding and different additive ratios on the
properties of the polyurethane were analyzed. The results indicate that the effective damping temperature range of
the EPU samples can be extended from — 5 °C to 100 °C. Following the principle of time- temperature
equivalence, the effective frequency range can be extrapolated to 0.1~10° Hz, demonstrating excellent damping
performance. With the tensile strengths of 11.97~16.89 MPa and elongation at break of 726%~498%, the EPU
samples show excellent mechanical properties. Meanwhile, the EPU material demonstrate excellent self-repairing
capabilities under mild stimulation conditions. Specifically, 87.9% of its mechanical properties are recovered after
being repaired at 40 °C for 12 h. Additionally, surface scratches are effectively healed after being repaired at 60 °C
for 5 min. Notably, the repairing ability of the EPU material is found to be superior under acidic conditions.

Keywords: imine bond; polyurethane; damping performance; self-repairing performance



