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Fig. 1. Preparation method of quantum dots/PE composite insulation.
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Fig. 2. Characterization of physical and chemical properties of core-shell quantum dots/polyethylene composite insulation: (a) TEM
of CdSe@ZnS QDs; (b) particle size distribution of CdSe@ZnS QDs; (¢) TEM of ZnSe@ZnS QDs; (d) particle size distribution of
ZnSe@ZnS QDs; (e) TEM of QD1/PE insulation; (f) EDS of QD1/PE insulation; (g) TEM of QD2/PE insulation; (h) EDS of
QD2/PE insulation; (i) XPS full spectra of composite insulation; (j)—(m) XPS fine spectra of Cd, Zn, Se, and S; (n) UV-Vis absorp-

tion spectra of composite insulation; (0)—(q) optical gap of composite insulation.
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Fig. 3. Conductivity characteristics of polyethylene insulation and core-shell quantum dot/polyethylene composite insulation: (a)—
(c) Current density characteristics of PE, QD1/PE and QD2/PE insulation; (d)—(f) conductivity characteristics of PE, QD1/PE
and QD2/PE insulation based on hopping conductivity model; (g)—(i) conductivity characteristics of PE, QD1/PE and QD2/PE in-
sulation based on P-F emission effect; (j)—(1) conductivity characteristics of PE, QD1/PE and QD2/PE insulation based on Schot-

tky emission effect.
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Fig. 4. Space charge characteristics of polyethylene insulation and core-shell quantum dot/polyethylene composite insulation:
(a) Polarization of PE insulation; (b) polarization of QD1/PE insulation; (c) polarization of QD2/PE insulation; (d) average space
charge density during the polarization process; (e) depolarization process of PE insulation; (f) depolarization process of QD1/PE in-

sulation; (g) depolarization process of QD2/PE insulation; (h) average space charge density during the depolarization process.
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Fig. 5. Trap characteristics of polyethylene insulation and
core-shell quantum dots/polyethylene composite insulation.
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Fig. 6. Band structures and density of states of core-shell quantum dots and polyethylene: (a) CdSe crystal model; (b) CdSe band
structure and DOS; (c) ZnSe crystal model; (d) ZnSe band structure and DOS; (e) ZnS crystal model; (f) ZnS band structure and

DOS; (g) PE crystal model; (h) PE band structure and DOS.

# 1  BStET RS ROERET I RHE
Table 1. Band characteristics of core-shell quantum dots and polyethylene.
Ll HH N o S, i e ok F S K
i REHT ] B T —— LA R 23 R TR LR e BoIEE A
it E,/eV LS my/a.u. my /a.u. x/eV W/eV
CdSe 2.06 IEEP 0.14 0.39 4.85 5.38
ZnSe 2.77 HHATER 0.18 0.54 4.37 5.10
ZnS 3.44 BEHATBR 0.24 0.55 3.96 4.71
PE 8.80 HAER >10 >10 -2.45 5.42
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SPECIAL TOPIC—Electrical/thermal properties of nanodielectrics

Effect of interfacial electronic structure on conductivity and
space charge characteristics of core-shell quantum
dots/polyethylene nanocomposite insulation®

Wang He-Yu  Li Zhong-Lei! Du Bo-Xue'
(Key Laboratory of the Ministry of Education on Smart Power Grids, School of Electrical and
Information Engineering, Tiangin University, Tiangin 300072, China)

( Received 29 December 2023; revised manuscript received 1 April 2024 )

Abstract

To investigate the effect of the interface electronic structure of core-shell quantum dots on the conductivity
and space charge characteristics of polyethylene insulation, nanocomposite insulations, namely CdSe@ZnS/
LDPE and ZnSe@ZnS/LDPE, are synthesized. The study focuses on elucidating the evolution patterns of DC
conductivity and space charge in the nanocomposite insulation, and analyzing the effect of the interfacial
electronic structure of core-shell quantum dots on the distribution of charge traps. Comparative analysis reveals
that in contrast to LDPE insulation, ZnSe@ZnS/LDPE nanocomposite insulation demonstrates a substantial
reduction in DC conductivity by 47.2% and a decrease in space charge accumulation by 40.3% under the
conditions of elevated temperature and strong electric field. The increase of trap energy level means an
enhanced trap effect on charger carriers. According to density functional theory, the band structure
characteristics of core-shell quantum dots integrated with polyethylene are computationally assessed. The
findings underscore that the band misalignment at the core-shell interface and the shell-insulation interface
induces shifts in the conduction band bottom and at the valence band top, respectively. These shifts impose a
confinement effect on electrons and holes, with the extent of this effect escalating with the augment of the
difference in band gap between the core layer and the shell layer. Consequently, this phenomenon curtails
carrier migration, thereby inhibiting space charge accumulation under the conditions of elevated temperature

and strong electric fields.
Keywords: nanocomposite insulation, core-shell quantum dots, space charge, carrier migration
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