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Fig. 1. (a) Thermochromic characteristics; (b) micromorphology and of microcapsule size distribution; (c) confined phase change

process; (d) confined structure characteristics.
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(a) 30 °C; (b) 70 C

Fig. 2. Trap characteristics of thermochromic phase change epoxy insulation under different temperatures: (a) 30 °C; (b) 70 C.
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Fig. 3. (a)Dielectric constant characteristics of thermochromic phase change epoxy insulation; (b)temperature dependence of micro-

capsule dielectric constant.
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characteristics of interface potential wells formed by con-

fined phase transition-induced dipole moment.
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Fig. 7. Surface morphology (a) and potential distribution (b) of the pit on the specimen surface without confined structure

obtained by KPFM.

H H H, -7 S\ H (b)
* ,{/NYNTN\/NI\I/N\lﬁN *
|
1
\
N\(N RNG=
~ -
NH H
=l

[ 8

IEPEE LR o
© © © © 2 ©
© ’0‘0‘2’\00"039 2 %f
co (e o © 72}37
© 9 ) >
’0 9 \)oo 0‘) \_3
€5 mMEmMEER Do , JEEHRN
© 9
© Y Do o
%o O 00
N S0, AU
© ¢ YOugUY o
° :ooooo oco’ ° o IEFLfT
2
° ‘)’ A - Y 5&71‘21%@%7*{)2 o Fuhii

(a) WUBBERERBE ) 20T 5445 (b) BRI 11 3 275 B 1A

Fig. 8. (a) Molecular structure of microcapsule shell; (b) schematic of the potential barrier in the confined interface.
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Fig. 9. Schematic of the influence mechanism of confined
interface potential barrier on the charge transport behavior.
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Abstract

Thermochromic phase change insulating composite can possess a series of advanced functions under
electrothermal stimuli, which has been widely applied in a great number of intelligent electrical and electronic
devices. However, due to the confined structure of thermochromic phase change insulating composite, the trap
characteristics cannot be analyzed by existing interface models of nanodielectrics, which inhibits the scientific
improvement of dielectric reliability under the electrothermal stress. In this paper, the trap characteristic and
mechanism of thermochromic phase change epoxy composites are studied by the isothermal surface potential
decay (ISPD) and the Kelvin probe force microscopy (KPFM). The results show that the variation trends of
trap characteristics after introducing confined structures at 30 C and 70 °C are opposite, which could derive
from the confined phase change or the confined interface. Theoretical analysis shows that the influence of
confined phase change on temperature dependent trap characteristics is inconsistent with experimental results,
which cannot be the essential reason for affecting the trap characteristics. KPFM in-situ characterization
directly verifies the existence of potential barriers in the confined interface, which originates from the contact
electrification mechanism. The variation of temperature dependent charge quantity due to contact electrification
at the confined interface can affect the barrier height, which can substantially affect the temperature dependent
trap characteristics.
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