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1. Weibull distribution of breakdown strength

Breakdown strength results were analyzed using a two-parameter Weibull statistic 

described as

𝑃(𝐸) = 1−𝑒𝑥𝑝(−(𝐸/𝛼)𝛽)

Where P(E) is the cumulative probability of breakdown failure, E is the applied 

electric field,  is the scale parameter, which is the breakdown strength at a cumulative 

failure probability of 63.2%. The shape parameter  is the slope of the fitted Weibull 

curve, which represents the scattering degree of the experiment results1,2.

2. Hopping conduction mechanism:

The hopping conduction depicts the transport of charge carriers within polymer 

dielectrics. The thermally excited charge carriers can escape from their trap site to 

another via a tunneling effect.

𝐽= 2𝑞𝑑𝑛𝑣 × 𝑒𝑥𝑝(−
𝐸𝑎
𝑘𝑇
) × 𝑠𝑖𝑛ℎ(

𝑞𝑑𝐸
2𝑘𝑇

)

Where d is the average hopping distance between adjacent trap sites, n is the 

electron concentration in the dielectric,  is the thermal vibration frequency of the 

trapped electron, and E is the activation energy, E is the applied electric field, q is the 

electron charge, k is the Boltzmann constant and T is the temperature, respectively. A 

shorter hopping distance usually indicates a deep trap in the dielectrics3.
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Figure S1. The chemical structure of PEAA with abundant pendant carboxyl groups.

Figure S2. Swelling of pristine PEI, PEI-AlCl3 and PEI-AlAc composite films in NMP.

Figure S3. Schematic illustration of the structures of PEI-AlAc and PEI-AlCl3 

composites.
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Figure S4. Comparison of the breakdown strength of PEI-AlAc and PEI-AlCl3 

composites at 200 °C.

Figure S5. SEM images of the fracture surfaces of a) pristine PEI and b) PEI-AlAc 

composite films; EDS mapping of the Al element on the surfaces of c) pristine PEI and 

d) PEI-AlAc composite films.
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Table S1. The statistical concentration of the Al element from EDS mapping of pristine 

PEI and PEI-AlAc composite films.

Element PEI PEI-AlAc
Al 0.03 4.13

Figure S6. XPS Al2p spectrum of pristine PEI and PEI-AlAc composites.

Figure S7. FT-IR curves of pristine PEI and PEI-AlAc composites.
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Figure S8. In-situ XPS spectra of PEI-AlAc composite at various temperatures.

Figure S9. In-situ FT-IR curves of PEI-AlAc composite at various temperatures.
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Figure S10. Swelling of pristine PEI and PEI-AlAc composite films in NMP.

Figure S11. Gel contents of pristine PEI and PEI-AlAc composite films.
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Figure S12. Frequency dependence of the dielectric constant and loss of pristine PEI 

and PEI-AlAc composite films at room temperature (RT).

Figure S13. Unipolar D-E loops of pristine PEI and PEI-AlAc composite films as a 

function of electric field at 200 ℃.
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Figure S14. Comparison of unipolar D-E loops of pristine PEI and PEI-AlAc 

composite films at 200 ℃ and 400 MV/m.

Figure S15. Energy losses of pristine PEI and PEI-AlAc composite films as a function 

of electric field at 200 ℃.
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Figure S16. Comparison of Young’s modulus of pristine PEI, PEI-Al2O3 and PEI-AlAc 

composite films calculated from stress-strain curve.

Figure S17. DMA curves of pristine PEI and PEI-AlAc composite.
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Figure S18. UPS spectra of the a) secondary electron cutoff region and b) HOMO 

region of pristine PEI, PEI-Al2O3 and PEI-AlAc composite films.

Figure S19. a) UV-vis spectra of pristine PEI, PEI-Al2O3 and PEI-AlAc composite 

films. b) The optical bandgap calculated from the corresponding UV-vis spectra.
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Figure S20. The comparison of electron affinity (EAp) for pristine PEI, PEI-Al2O3 and 

PEI-AlAc composite films calculated from UPS and UV-vis spectra. The ionization 

potential (IP) can be calculated by . From this, the position of 𝐼𝑃= ℎ𝑣−(𝐸𝑐𝑢𝑡𝑜𝑓𝑓−𝐸ℎ𝑜𝑚𝑜)

HOMO level can be determined through the IP value. With the bandgap values from 

the UV-vis spectra, the position of the LUMO level can be further deduced. The 

calculated EAp are 4.14 eV for pristine PEI, 4.13 eV for PEI-Al2O3 and 4.25 eV for 

PEI-AlAc, respectively.

Figure S21. Unipolar D-E loops of PEI-Al2O3 composite film at 200 ℃.
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Figure S22. Energy losses of pristine PEI, PEI-Al2O3 and PEI-AlAc composite films 

at 200 ℃.

Figure S23. Schematic illustration of the dissociation mechanism of the coordinatively 

crosslinked network via adding or removing the acetic acid.
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Figure S24. Swelling and dissolution of PEI-AlAc composite film under different 

conditions.

Figure S25. The closed-loop recyclability of PEI-AlAc composite film.

Figure S26. Comparison of the recyclability of the sample reported in this work with 

other typical crosslinked polymer dielectric films exhibiting superior electrostatic 

energy storage performance at 200 ℃4-15.



15

Figure S27. DSC curves of pristine PEI, original and recycled PEI-AlAc composite 

films.

Figure S28. Weibull distribution of the breakdown strength of pristine PEI, original 

and recycled PEI-AlAc composite films at 200 ℃.
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Figure S29. Unipolar D-E loops of pristine PEI, original and recycled PEI-AlAc 

composite films at 200 ℃ and 400 MV/m.
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