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Fig. 1. Thermochromic characteristics of specimens.
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Fig. 2. DSC result of the solid-liquid phase transition in mi-

crocapsules during thermochromsim.
K3 25 T ASRHRE A A RA SR PE. AR 4
A LR BB R AE 3090 °C MBSV IRl ok
FEIHH I AR st 0. O TR Y R T

100

(a) —=—30°C ——70°C
—— 40 C —<«80°C
—a— 50 °C —— 90 C

10-3 ) ) . ) ) )
10-* 10° 10" 102 10® 10* 105 10¢

MR /Hz

100

(c) —=—30°C ——70°C
—o— 40 C —<«80°C
—— 50 °C —— 90 C
—v— 60 °C

10-3 ) ) - ) ) -
10-t 10 10 102 10® 10* 105 106

*/F)ﬁﬁ—/Hz

IE R BB ARSI L, PR AU R SR 70
HEBE SRR 07, SR A SR TR LI S R
EEAREI R =S RTA T R VA LB ST B e
PRep IS I T IABUE IR S, A R E B AR 3R
B Y A A F R LG LR U B o A 3
R, A LIS P R R SR T4 R, SR R st e
S @ RN ZEP

MIEL 3 &5 SR a] Lk — 2015 B P EUE G 3R R
TR A SRR st N 1] B3R E (922 A, 1A 4 .
SRR, SRS BRI A 2 S EARE R A
P LI 8] A I S A, 3 ELAS R3O 9 A A
st A ) k38 AR 4 4 1 B AR BL Y < B #5087 R
TE 58—66 °C [N, S F R st o 1 Btk B2 14 g
BEHAE A, FB AR R A S R St IR R

4 HEXR53h

R WAL AL FL A LR B R — T
DI Arrhenius J7#2 (1) 5 Vogel-Fulcher-Tam-
mann (VFT) F7#& (2) Kdfiid:

O N

100

(b) —=—30°C ——70C
—— 40 C —<— 80 C
—— 50 °C —— 90 °C
—v— 60 °C

(d) —=—30°C —e—T70C
—o— 40 C —<— 80 C
—— 50 °C —— 90 °C
—¥— 60 °C

10-3 ) ) ) - . )
10-* 10 10 102 10% 10* 105 106

K3 RREHAFER A AT () 0 phr; (b) 0.2 phr; (¢) 0.5 phr; (d) 1.0 phr
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specimens and the fitting results.
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Table 1.  Fitting parameters of temperature dependences

of dielectric relaxation times.

TR 2 /phr E,JeV  Ey/eV c
0.2 154.39 0.064 22570
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Influence of confined phase transition on dielectric relaxation
characteristics of thermochromic epoxy insulating materials”

Gao Jian  Li Jian-Yingf
(State Key Laboratory of Electrical Insulation and Power Equipment, Xi’an Jiaotong University, Xi’an 710049, China)

( Received 21 February 2023; revised manuscript received 15 March 2023 )

Abstract

The dielectric relaxation characteristic and mechanism of thermochromic microcapsule-epoxy insulating
material are investigated. The results show that thermochromic microcapsule-epoxy insulating material exhibits
non-monotonic dielectric relaxation characteristic, namely the dielectric relaxation time gradually increases with
the temperature rising in a range of about 58-66 °C, which cannot be depicted by the conventional Arrhenius
equation or Vogel-Fulcher-Tammann equation. It is proposed that the non-monotonic dielectric relaxation
characteristic is derived from the free volume variation induced by the confined phase transition in
microcapsule. With the increase of temperature, the solid-liquid phase transition occurs in the limited space of
microcapsule, reducing the free volume inside the microcapsule, which could restrict the reorientation of dipole
with the external electric field and lead to the increase of dielectric relaxation time. The non-monotonic
dielectric relaxation characteristic of thermochromic epoxy specimen is fitted based on the confined dielectric
relaxation model, obtaining the activation energy of dielectric relaxation. The relaxation activation energy
values of thermochromic epoxy insulating materials with different microcapsule content are of the same order of
magnitude, indicating that the non-monotonic dielectric relaxations occur inside the thermochromic
microcapsule, verifying the role of confined phase transition in the non-monotonic dielectric relaxation

characteristic.
Keywords: thermochromism, confined phase transition, dielectric relaxation, free volume
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