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1. Exchange reaction of ketal-containing model compounds
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Figure S1 (a) Schematic diagram of exchange reaction between AGK and EG; (b) Gas

chromatography of reaction mixtures at different time scales
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2. 'TH NMR spectra of reaction mixture
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Figure S2 'H NMR spectra of reaction mixture of HDO and glycerol at different time
scales: (a) 80 °C; (b) 90 °C
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3. FTIR spectra of reaction mixture
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Figure S3 FTIR spectra of the filtrate after 11 h of reaction, the mixture of glycerol

and 2,5-hexadione
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4. Index of hydrogen bonding for polyurethane networks
Table S1 Bands, absorbance ratio of C=0 stretching vibration, and index of hydrogen
bonding (Xp) for polyurethane networks

Samples Free C=0 Bonded C=0 Av/Ag Xg

KCPU-0 1731 1708 0.43 0.68
KCPU-1 1732 1710 0.26 0.78
KCPU-2 1732 1709 0.21 0.81
KCPU-3 1732 1709 0.25 0.78

KCPU-4 1733 1711 0.31 0.74
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5. Tensile strength, elongation at break, and Young's modulus of KCPU-x
Table S2 Tensile strength, elongation at break, Young's modulus, and healing

efficiency of samples before and after healing at 100 °C for 5 h

Original samples Healed samples
Samples n/%
o/MPa &l% E/MPa o/MPa &l% E/MPa

KCPU-0 | 8.04+2.39 | 67341 3.0+£0.4 1.70£0.42 | 221£165 | 1.7+0.3 21.1

KCPU-1 | 11.79£0.79 | 724+80 5.0+0.5 1.81+0.18 | 147+18 4.4+0.6 15.4

KCPU-2 | 10.01£1.10 | 620+£55 6.8£1.0 2.79+0.09 | 414+15 5.6+04 | 27.8

KCPU-3 | 9.78+1.45 | 59667 3.8+0.2 4.86+0.37 | 424458 3.7+£0.9 49.6

KCPU-4 | 5.30+0.51 | 617+137 | 3.2+0.6 3.54+0.34 | 509+61 3.0+0.5 66.7

o is the tensile strength, ¢ is the elongation at break, and £ is the Young's modulus.
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6. Contact angles of KCPU-x
Table S3 Advancing angles and Receding angles of KCPU-x

Contact angle KCPU-0 KCPU-1 KCPU-2 KCPU-3 KCPU-4

Advancing angle 99.3+0.8 93.3+0.6 96.5+0.8 95.540.5 102.8+1.3

Receding angle 101.0£1.2 94.3+£2.5 97.5+1.4 95.7+1.1 102.5+1.1
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7. Comparison of KCPU-4 and other dielectric elastomers in the literature
Table S4 Dielectric constant, dielectric loss, and dielectric loss factor of acrylic and

silicone elastomers in the literature

Dielectric properties at 10> Hz

Dielectric Elastomers Polymers Reference
-4 e" tan 0
PMMA-3 Acrylic polymer 4.3 0.044  0.01 1
MBM 104 TPEGs Acrylic polymer 4.6 2
VHB 4905 Acrylic polymer 4.7 3
Wacker Elastosil® 2030/20 siloxane 2.8 3
BDDA siloxane 4.6 0.1 0.022 4
Si-B_IN30 siloxane 43 0.047 0.011 5
TC5005-40 siloxane 4.4 0.11 0.025 6

Table S5 Dielectric constant, dielectric loss, dielectric loss factor, and reprocessing

temperature of polyurethane elastomers in the literature and KCPU-4 in this work

Dielectric properties at 103 Hz Reprocessing
Dielectric Elastomers Reference

&' g" tan 0 temperature/°C
6FDA-15-A 1.5 0.023 0.015 - 7
PU(26 h RT-cure in dried

3.2 0.202 0.063 - 8
air)
PU(end of RT-cure) 3.0 0.45 0.15 - 9
PPG-MDI-TMP 8.6 1.032 0.12 - 10
p(BA-HEA)@MDI-1 7.1 0.284 0.04 - 11
Polyether-HDI-BD 8.1 0.203 0.025 - 12
PDET-MDI-BD 1.5 0.03 0.02 - 13
PU1400 7.0 0.7 0.1 - 14
BPU3 7.5 0.338 0.045 - 15
PU-41.03% PVP 5.5 0.385 0.07 - 16
Soybean Polyol-MDI 6.1 0.549 0.09 - 17
Polyol-MDI-Gly-BD 5.0 0.6 0.12 - 18
PU702 7.2 1.512 0.21 - 19
Polyether-HDI-CO-BD 10.2 1.02 0.1 - 20
Capa™2085 8.9 0.712 0.08 - 21
PU-7LNP 20.0 4.4 0.22 120 22
KCPU-+4 11.9 0.536 0.045 95 This work

¢, Dielectric constant; &”, dielectric loss; tan o, dielectric loss factor.
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8. Stress relaxation of KCPU-x at different temperatures
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Figure S4 Stress relaxation curves of samples at different temperatures: (a) KCPU-1,

(b) KCPU-2, (©) KCPU-4
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9. Difference in the gauge length before and after stress relaxation

Figure S5 Length difference between two marked points: (a) the original KCPU-3 and
(b) the cooled KCPU-3 after stress relaxation at 90 °C
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10. Stress-strain curves of KCPU-x for three cyclic loading at high temperature
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Figure S6 Stress-strain curves for three cyclic loading at 100 °C: (a) KCPU-1, (b)

KCPU-2, and (¢) KCPU-4
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11. Stress-strain curves of KCPU-x for three cyclic loading at high temperature
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Figure S7 Temperature dependence of hysteresis loop area at different load-unload
cycles: (a) KCPU-1, (b) KCPU-2, (¢) KCPU-3, and (d) KCPU-4
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12. Healing of KCPU-x
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Figure S8 (a) Stress-strain curves of original and healed KCPU-x, (b) Stress-strain

curves of KCPU-3 after repetitive healing experiments
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13. Recovery efficiency of reprocessing samples

Table S6 Reprocessing temperature and recovery efficiency of KCPU-x samples in

the tensile strength and elongation at break

Samples | Temperature of | Recovery efficiency of | Recovery  efficiency  of
reprocessing/°C tensile strength/% elongation at break/%

KCPU-0 | 140 40.3+2.1 51.1£10.5

KCPU-1 | 120 24.3+0.8 33.842.5

KCPU-2 | 110 35.8+4.6 31.5+5.2

KCPU-3 | 100 23.8+1.7 39.743.5

KCPU-4 | 95 74.7+2.3 69.4+2 4
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