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Research on the Insulation Enhancement of Epoxy Based Nanocomposites with Plasma Treated
Nano-alumina at High Temperature
Chao Dai*, Man Ding
Hohai University

To improve the thermal stability and insulation performance of epoxy resin (EP), the surface of alumina
nanoparticles was treated by low-temperature plasma generated by a dielectric barrier discharge (DBD) device.
The plasma-treated EP/alumina nanocomposites with a mass fraction of 1 wt% were fabricated. The variations of
functional groups in the EP composites with/without plasma treatment were characterized by Fourier transform
infrared spectroscopy, and the thermal stability of the specimens was analyzed by differential scanning
calorimetry analysis. The space charge distributions, DC breakdown field strength, and the conductivity of the
specimens were measured at 90 C. Moreover, the results were further analyzed in depth. The results showed that
the composites prepared with plasma-treated nano-alumina led to the improvement of the thermal stability of the
composites. The plasma-treated nano-alumina significantly increased the charge injection threshold, suppressed
the internal electric field distortion, and suppressed the space charge accumulation and dissipation of the EP. It
was elucidated that plasma-treated nano-alumina particles can effectively reduce deep trap density, trapped
charges, charge injection and transportation and improve composites' insulation performance at high temperatures.
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D31-12
Design and Optimization of All-Organic Dielectric Films with High Energy Storage Performance via
Electrospinning Process
Kun Xing!,Shao-Long Zhong? Xin-Jie Wang?,Lei Huang? Yi Gao',Zhi-Min Dang*?
1. Beijing University of Posts and Telecommunications
2. Tsinghua University

High dielectric constant PVDF-based polymers have always been a research hotspot in the field of energy
storage polymers. However, their low breakdown strength and excessive residual polarization have significantly
limited their application potential in dielectric films. In this work, an all-organic dielectric film with a three-layer
structure was designed using an electrospinning-hot pressing process. The outer layer is a nanoscale PMMA layer,
the middle layer is a coaxial structure with PMMA as the shell layer and PVDF as the core layer. Based on this
structural design, by adjusting the mass fraction of the ferroelectric material P (VDF-HFP) and the linear material
PMMA in the coaxial structure and the thickness of the outer PMMA nanolayer, the dielectric constant and
breakdown strength are simultaneously greatly improved. Finally, under a high field of 740 kV/mm, an excellent
discharge energy density was obtained. Surprisingly, the discharge efficiency has also reached an extremely high
level. Experimental results and computational simulations show that PMMA evenly separates P(VDF-HFP) in the
coaxial structure. While not affecting polarization capability, many P(VDF-HFP)/PMMA interfaces limit the
movement of carriers. In addition, the outer PMMA nanolayer further increases the barrier height for charge
injection at the dielectric/electrode interface and inhibits electrical conduction, thereby greatly improving the
breakdown strength of the all-organic film. The superiority of the structural design allows the film to maximize
the P(VDF-HFP) component and obtain a high dielectric constant without sacrificing breakdown strength. This
work presents a novel idea for preparing all-organic high-energy storage dielectric films with high breakdown
strength and high discharge efficiency.

D31-13
Preparation and space charge characteristics of boron nitride/epoxy nanocomposite dielectric modified by
iron oxide
Ruizhe Li',Leiyu Hu',Weiwang Wang*!Y ongsheng Xu2,Mingli Fu?
1. Xi'an Jiaotong University
2. CSG Electric Power Research Institute

The accumulation of space charge can lead to local electric field distortion, resulting in insulation breakdown,
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thus affecting the dielectric life. In this paper, the space charge characteristics of boron nitride/epoxy

nanocomposite dielectrics modified with iron oxide are studied for the problem of space charge accumulation in
the dielectric under direct current field. Firstly, doped boron nitride nanosheets and nano-magnetic y-Fe203 epoxy
nanocomposites were prepared. It was found that more nanoparticles were distributed near the surface by scanning
electron microscopy. Then, the space charge characteristics and electric field distribution were measured by PEA
method. It was found that filling 0.5 wt% of nanoparticles can achieve the overall optimal space charge
suppression effect, while filling 0.1 wt% of nanoparticles can achieve the overall optimal electric field distortion
improvement effect. Finally, the trap properties of the composite were studied by thermal stimulation current. It is
found that the interface modification can reduce the space charge accumulation by introducing deep traps near the
electrode/sample. The results of this study show that nano-doping can inhibit the space charge accumulation in the
direct current field of epoxy dielectric, which provides a theoretical basis and experimental basis for optimizing
the insulation design of power electronic equipment.
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Evolution characteristics of aging properties of epoxy resin insulation in vegetable insulating oil
Siqi Luo*
School of Electrical Engineering, Chongqing University

Purpose/Aim

The research on the change characteristics of physical, chemical and dielectric properties of recyclable
high-performance solid insulation materials in insulating oil can accurately grasp the performance evolution law
of recyclable solid insulation materials under actual operating conditions, meet the demand of power equipment
for high thermal conductivity insulation materials, provide key data support for the development of recyclable
solid insulation materials power equipment, and have important guiding significance for the efficient and green
operation of high-voltage recyclable solid insulation materials dry equipment.

Experimental/Modeling methods

In this study, the epoxy resin polymer material containing ester exchange dynamic covalent bond was used as
the research basis, and the influence of the introduction of Dynamic Bond on the mechanical properties, dielectric
properties and other physical and chemical properties of epoxy resin was explored by using the working principle
of digital light processing (DLP) combined with 3D printing, so as to learn the chemical recovery process. In this
study, epoxy resin insulation samples were put into aging tank and accelerated aging at 90°C and 130°C for 7, 14,
21 and 28 days. At the end of aging, the evolution of sample properties was studied by measuring the bending
strength, tensile strength, relative dielectric constant, dielectric loss factor and breakdown strength before and
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after aging.

Results/discussion

Based on the comprehensive analysis of the experimental results, it can be concluded that the mechanical
properties and dielectric properties of epoxy resin insulation devices have declined during the oil immersion aging
process. The research provides a theoretical basis for the on-line monitoring and maintenance of oil immersed
power equipment.

Conclusions

In this paper, we studied the efficient degradation method of recyclable high-performance epoxy resin and
the performance evolution law of recyclable epoxy resin under different aging conditions. According to the
research results, more aging and corrosion-resistant epoxy resin insulation devices can be designed to improve
their reliability and stability. At the same time, the equipment can be monitored and diagnosed through the online
monitoring system to timely find and deal with aging, failure and other problems, prevent accidents, and prolong
the service life of the equipment and reduce the operation and maintenance cost. This research meets the demand
for high thermal conductivity insulation materials in power equipment, provide key data support for the
development of recyclable solid insulation materials in power equipment, and have important guiding significance
for the efficient and green operation of high-voltage recyclable solid insulation material dry equipment.
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D31-28
Effect of Assisted Electric Field on DC Electrical Properties of Cross-Linked Polyethylene
Yongjun Li,Yongsen Han*,Shanshan Wang,Di Jin
Key Laboratory of Engineering Dielectrics and Its Application, Ministry of Education, Harbin University of
Science and Technology

The direct current (DC) electrical properties of high-voltage direct current (HVDC) cable insulating material
are closely related to its microstructure. The assisted electric field is usually used to regulate the polymers’
microstructure, but there are few researches about the effect of assisted electric field on the microstructure and DC
electrical properties of electrical insulating materials. In this paper, the cross-linked polyethylene (XLPE) was
prepared under the assisted electric field of 0, 0.7 and 3.0 kV/mm, respectively. The microstructure, DC
breakdown strength and space charge behavior were investigated. It is proved that the assisted electric field can
not only reduce the spherulite size, but also increase the spherulite amount and the crystallinity of XLPE. This
increases the trap density and improves the DC electrical properties. Compared with the untreated XLPE, the
XLPE treated by the assisted electric field has higher breakdown strength and lower space charge density.
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Especially, the XLPE with the assisted electric field of 0.7 kV/mm is the highest in the breakdown strength, and is
the lowest in the space charge density. This work provides a new way for the improvement of high-voltage DC

cable insulating materials.
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D31-45
Investigation of the Vacuum Arc Ignition Characteristics and Erosion Morphology Microstructure
Characteristics of CuCr55 Contact Materials
Siyuan Liu*,Xianglai Bo,Zhiyuan Liu
Xi'an Jiaotong University

Copper-chromium alloy material, as one of the most important electrode contact materials in the field of
electrical contact, has been widely used in vacuum interrupters. To replace SF6 circuit breakers with higher
voltage levels and larger breaking capacities, there is an urgent need for new electrode contact materials to meet
the comprehensive electrical performance requirements of high withstand voltage, high insulation, and erosion
resistance. In this study, a novel material CuCr55 was prepared by arc melting method, and the microstructures of
arc-cast CuCr25, melt-infiltrated CuCr50, and arc-melted CuCr55 materials were compared. The vacuum arc
ignition and erosion characteristics of arc-melted CuCr55 contact materials were analyzed in detail. A high-speed
camera was used to capture the arc ignition characteristics of short-circuit currents, and the critical currents for the
formation of anode spots for different materials were obtained. A convolutional neural network was built using a
deep learning framework to classify the captured arc images and to understand the evolution of arc modes for
different materials. X-ray fluorescence spectrometry was used to determine the changes in the content of Cu and
Cr elements before and after erosion for different materials, and the micro-morphology of the contact surface after
erosion was observed using electron microscopy. The research results show that there is no material fracture or
significant protrusion on the surface of CuCr55 contacts, and the arc-melted CuCr55 contacts have a fine and
uniform distribution of chromium particles with spherical and dispersed microstructures. They exhibit a higher

critical current for anode spot formation and good uniform erosion characteristics.
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Analysis on the gas-solid interface discharge characteristics and evolution process of silicone gel in salt
spray environment
Hanwen Ren* Feng Wang,Siyang Zhao,Jian Mu,Wei Wang,Zhihui Li,Zhiyun Han,Yaoxuan Han,Yateng Yang
North China Electric Power University

The IGBT (Insulated Gate Bipolar Transistor) power module is a core component of offshore wind power
converters, and the rapid development of the offshore power generation industry has led to a significant increase
in its demand. However, under long-term operating conditions, IGBT modules are susceptible to corrosion and
failure due to the penetration of high salt spray. The insulation performance of organic silicone gel, the main
insulation material used for IGBT devices, is also affected by salt spray particles. Therefore, it is necessary to
study its insulation performance in salt spray environment. In this paper, controlled variable experiments were
conducted on silicone gel under different salt spray concentrations to investigate surface discharge characteristics,
surface damage, and gas-solid interface discharge evolution. The research shows that the starting voltage of
surface discharge in silicone gel decreases with increasing salt spray concentration. Under a high-frequency
positive square wave of 10 kV/10 kHz, high concentration salt spray exhibits the highest total discharge amplitude
and an upward trend in insulation surface temperature rise. By controlling the concentration tests, it is revealed
that salt spray particles are important factors affecting gas-solid surface discharge. Chlorides and sulfides are
generated on the insulation surface, which have an impact on the development of surface discharge. The research
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results can provide reference for the insulation design of IGBT packaging.
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Breakdown Characteristics of High Frequency Transformer Insulation Materials at High Temperature
and High Frequency
Fengshuo Liu,Lingyu Zhu,Yongliang Dang,Shengchang Ji*
Xian Jiaotong University

High frequency transformer (HFT) is the core magnetic component of power electronic transformer. Its
insulation performance has a serious impact on the stability and security of power system. The transformer is
subjected to high frequency square wave voltage with steep edges and high operating temperature. This exposure
significantly influences the discharge behavior of the insulating material.

To elucidate the effects of voltage frequency on breakdown characteristics, a square-wave loading platform
was established. Epoxy resin and DMD paper, two widely utilized insulating materials, were selected for analysis.
The investigation spanned frequencies ranging from 2 kHz to 14 kHz and temperatures between 20°C to 120°C,
The probability of insulation failure was assessed using the two-parameter Weibull statistical method.

The correlation between breakdown voltage and frequency was examined. The voltage-frequency (V-f) and
voltage-temperature (V-T) characteristics were analyzed. Experimental findings indicate that the breakdown
voltage diminishes with an escalation in voltage frequency and with a rise in temperature. The
voltage-temperature characteristic accords with the polymer free volume theory.

D31-52
A novel environment-friendly gas screened using machine learning method
Yuyang Yao,Boya Zhang* ,Xingwen Li,Jiaxin Tan
State Key Laboratory of Electrical Insulation and Power Equipment, Xi’an Jiaotong University, Xi’an, City,
710049, China

Sulfur hexafluoride (SF6) is a widely used insulating gas in the electric power industry due to its excellent
insulation properties and arc extinguishing ability. However, it has a strong greenhouse effect and brings serious
environmental problems. New gases, such as perfluoro-isobutyronitrile (C4F7N) and perfluoropentanone (CsF100),
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are difficult to take into account in terms of their electrical properties and environmental safety at the same time.

A gas that is appropriate for insulating must possess a variety of properties simultaneously, and the standards
required to meet these are more strict. It has been nearly half a century since a breakthrough in environmental
insulation gas was made. It can be argued that the urgent need for the power industry to identify a viable
environmentally friendly alternative to SFs gas has become apparent. This paper establishes the relationship
between gas properties and structure, utilizing a machine learning method. This method was applied to screen new
environmentally friendly insulating gas molecules with high throughput and identify a molecule with the potential
to replace SFe, Bis(trifluoromethyl) sulfide. This method effectively avoids the drawbacks of requiring gases for
experiments and can obtain the corresponding properties of molecules when only the molecular formula is known,
saving manpower and material resources. It also provides an efficient method for the search of SFs alternative

gases.

g
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D31-P07
All-organic polymer dielectrics for high-temperature capacitive energy storage
Yao Zhou*,Yuhan Chen,Yanzhi Li,Yuxin Cui,Zhiyuan Li,Changwu Zhou,Lu Cheng,Wenfeng Liu
School of Electrical Engineering, Xi'an Jiaotong University

The research of high-energy-density polymer dielectrics capable of enduring high temperatures, e.g.,
>150 °C, has been motivated by the ever-increasing demand for electrical energy storage under extreme
conditions. However, the best commercially available polymer dielectric, biaxially oriented polypropylene
(BOPP), can only stably operate at temperatures below 85 °C. Compared to high-temperature polar polymers (e.g.,
polyimide and polyetherimide), nonpolar polyolefin dielectrics exhibit more stable dielectric properties with
ultralow dissipation factor, which is crucial for capacitor film applications. Despite significant improvements in
discharged energy density and charge-discharge efficiency achieved in nonpolar polyolefin-based polymer
dielectrics, these materials can only operate efficiently at temperatures below 125 °C.

In this paper, we present a novel all-organic polymer composite comprising nonpolar polyolefin and organic
semiconductor that demonstrates superior capacitive energy storage performance at 150 °C. The composite
achieves a remarkable discharged energy density of 5.5 J/ecm3 with 90% charge-discharge efficiency at 150 °C,
outperforming current polymer dielectrics based on nonpolar polyolefins. Notably, the composite also shows
ultralow dissipation factor on the order of 1073 at temperatures above 120 °C, which is two orders of magnitude
lower than that of the high-temperature polar polymers. Additionally, the composite demonstrates excellent
cyclability at elevated temperatures (e.g., 150 °C) and high applied electric fields (e.g., 500 MV/m), along with
the ability to be fabricated into large-area high-quality films with uniform performance. The underlying
mechanism of the improved capacitive performance is confirmed by the phase-field simulations. Moreover, we
show the breakdown self-healing ability of the composite at elevated temperatures, which offers high reliability to
metalized film capacitors and further suggests the promise of the composite for practical applications under
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extreme environments.
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Impact of Graphene Oxide Content on the Electrical Properties of Silicone Gel Composites: An
Investigation of Mechanisms and Performance
Minghan Yao,Kaixuan Li,Boya Zhang*,Xingwen Li
Xian Jiaotong University

The impact of graphene oxide (GO) content on silicone gel composites was investigated with an emphasis on
their electrical properties. Composites with GO concentrations ranging from 0.025wt% to 0.2wt% were
synthesized and characterized for their breakdown strength, volume resistivity, dielectric permittivity and thermal
stability. Isothermal surface potential decay (ISPD) tests were conducted to evaluate the insulation
performance.Significant enhancements in breakdown strength (53%) and volume resistivity (two orders of
magnitude) were observed as GO content increased, peaking at 0.1wt% GO. The dielectric permittivity also
increased with GO content. ISPD results indicated the addition of GO increased the energy level and density of
deep traps, while decreasing shallow trap density, optimizing at 0.1wt% GO. Deep traps effectively captured
charges, reducing free charge accumulation and improving internal charge distribution, while the decrease in
shallow trap density reduced charge migration and enhanced insulation properties. This study elucidates that
optimizing GO content can significantly enhance the electrical properties of silicone gel composites while
maintaining thermal stability. The findings elucidate the mechanisms by which GO content influences composite
breakdown performance through trap dynamics modulation, laying a foundation for the design of advanced
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electrical insulation materials.
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D31-P14
Research on sample preparation and performance improvement of polypropylene insulation for power
cables based on blending modification
Man Ding'2,Qingfeng Zheng',Chao Dai*!
1. Hohai University
2. State Grid Gansu Electric Power Co., Ltd. Research Institute

With the higher thermostability and superior dielectric performance under high temperature as well as the
recyclable characteristic, polypropylene (PP) has become a competitive and potential insulation material for
HVDC power cables instead of cross-linked polyethylene. The preparing process and blending modification
technic to improve the thermal, physical and dielectric properties of PP was studied in this paper. Granular
isometric polypropylene and the PP/SEBS (styrene ethylene butylene styrene) were mixed in torque rheometer,
and then pressed into thin films by using flat vulcanizing machine under 200°C and 15MPa for 10 minutes and
then cooled to room temperature under the same pressure. The influence of the cooling rate and the antioxidant
during processing on the aggregate structure and thermal properties of PP were studied by using X-ray diffraction
method and differential scanning calorimetry. The DC conductivity and breakdown characteristics were also
studied. Furtherly, SEBS were blended with PP with a range of weight fraction, and mechanical and dielectric
properties of the PP/SEBS composite were also studied. The results showed that the crystallinity of PP was higher
and the DC resistivity and DC breakdown strength were also improved in samples with lower cooling rate. The
antioxidant didn’t change the aggregate structure of PP but the melting temperature and DC breakdown strength
of PP were increased with antioxidant. Moreover, the tensile strength and elongation at break properties were
higher in PP/SEBS composite compared with the pure PP sample, however the DC breakdown strength decreases
in corresponding samples. The preparation process would affect the aggregate structure and dielectric properties
of PP resulting from the change of crystallization process, and the blending of SEBS can improve the mechanical
property with the sacrifice of electrical strength, and nano-fillers can be considerer to add into PP/SEBS

composite to improve both the mechanical and dielectric properties of PP.

D31-P15
Effects of Al;O3; microstructure and distribution on the breakdown characteristics of epoxy resin
composites under DC voltage with phase field simulation
Jie Li,Boya Zhang*,Xingwen Li
The State Key Laboratory of Electrical Insulation and Power Equipment, Xi'an Jiaotong University

Epoxy resin/ Al,Os is widely used in high-voltage DC GIS/GIL insulators and cable terminals due to its
excellent electrical and mechanical properties. However, as voltage levels and current densities increase,
insulation failures often occur under complex conditions. Therefore, understanding the breakdown behavior of
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dielectrics is crucial to the design of composite insulation with reliable performances. In this study, a

comprehensive phase-field simulation model is developed to analyze the dielectric breakdown process with
electrical, thermal and mechanical effects. The study explores how the distribution of Al,O3 particles and sheets
influences electrical breakdown evolution and predicts breakdown strength using the simulation model. This work
is expected to provide valuable insights for developing composite dielectric materials with optimized filler
gradient distribution for high performance electrical insulation.

D31-P16
Y G AT R BN B AR AR AR A G A0 T A S R RR A O
EEE OB ' BEHE . BT R
1. P22 R i TR e Hi 0 2 4 ] e S
2. [ A 1) g L A PR T T A L ]

AR GO B 2 e i LA RS, Hoh AU AR M2 S M FLAI il A S P RE Y B R
ARICHFTE T A AR L BERE SRR B SRR P O HURHE . 25 S IR RS2 R, HE— 09T T 48 5
PR XM AR S RGN 2P PR RE A M . RS TIAEAR P R AR, A58 T B RV AR, B
N TSR AR B IS R A I AR 2 G ORI SO I AR A 25 B AN I 2 B AL I E IR 2 —5 IS,
HGAMAEANTH Y HURAE . IR ARG -AC0 2 4 A, T AR Sk S RE . ARSI
F e A A Pt 1 24 G 2RV R R F AN B A s e 4 TR = AR — T A R AN B S0 A

D31-P17
Effect of CuCr Alloy Contact Material Produced by Metal 3D Printing on High-current Vacuum Arc
Characteristics
Hui Ma*,Yirui Zhang,Hao Cheng,Yueheng Yang,Zhiyuan Liu,Yingsan Geng,Jianhua Wang
Xi'an Jiaotong University

Due to their excellent insulation performance, eco-friendly, compactness and some other advantages,
vacuum circuit breakers (VCBs) are widely used in the power system of 12-40.5 kV levels and are extending to
higher voltage levels of above 126 kV to reduce the usage of SFg circuit breaker. Contact material is key factor for
the high voltage VCBs, which has a decisive effect on the vacuum arc and insulation characteristics. The metal 3D
printing, also known as metal additive manufacturing process, is becoming the next industrial revolution. The
advantages of the metal 3D printing include zero tooling, waste less, design freedom, producing near-net-shape
parts, complex topology parts, lattice structure parts, and customization.

The objective of this paper is to determine the effect of the CuCr alloy contact material produced by metal
3D printing on the high-current vacuum arc characteristics. A pair of 58 mm diameter AMF contacts were
installed inside a detachable vacuum chamber. The contact material was CuCr25 (25% Cr), produced by Metal 3D
printing. The arc modes were observed with a high-speed charge-coupled device video camera. The
microstructure of the cross section of the anode surface melt layer was observed by scanning electron microscopy.
The experimental arc currents increased from 15 to 23 kA (rms).

The experimental results reveal the high-current vacuum arc characteristics of the CuCr alloy contact
material produced by metal 3D printing. Then, the anode spot formation threshold current of the CuCr alloy
contact material produced by metal 3D printing were determined. Finally, the results show the anode erosion
pattern in anode surface of the CuCr alloy contact material, which should be caused by an interactive process of
thermal and mechanical effects. In detail, the depth and the Cr content of the melt layer was determined
experimentally.
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D31-P20
Effect of M-site element on the interaction of M>AIC and Ag and the induced properties of Ag/M;AIC
electrical contact materials
Dandan Wang*!, ZhengHui Xia!,JianXiang Ding?,ChengJie Lu3,ZhengMing Sun’
1. Changzhou University
2. Anhui University of Technology
3. Southeast University

The deintercalation of weakly bonded A element affects the microstructure and properties of MAX phases
and their reinforced composites. In this work, the effect of M-site element on the interaction of Al-containing
M,AIC (M=V, Cr) phase and Ag, and the induced properties of Ag/M>AIC electrical contact materials (ECMs)
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were investigated. Though Ag and Al are soluble to each other and can form intermetallics, the variation of M

element significantly affected the vacancy formation of Al, and thereby the interfacial reaction of Ag/M>AIC. The
difficult formation of Al vacancy in V>AIC contributed to no obvious interfacial reaction in Ag/V>AIC. But the
easy deintercalation of Al atoms in Cr,AIC led to their massive replacement by Ag, which generated Ag
nano-twins and Cr3C; with the same crystallographic relationship in one original Cr2AlC, and Cr7Cs and Ag3Al as
well. Due to the distinct interactions, the resistivities of Ag/V>AlC and Ag/Cr2AlC increased by roughly 1 and 5
times after sintering, respectively. The low resistivity and proper hardness of the sintered Ag/V,AlC, which were
very close to those of the “all-purpose” commercial Ag/CdO, contributed to its superior arc erosion resistance.
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D31-P25
Influence of nonlinear polarization of solid insulating dielectrics on the interpretation of space charge
measurement results
Yunlong Sun*,Jinjiang Pang,Zhonghua Li
Harbin University of Science and Technology

The basic principle of space charge measurement is to apply certain perturbations (e.g., high-voltage pulses,
thermal pulses.) to the charge that exists in the dielectrics, and to obtain information on the temporal and spatial
distribution of the space charge by measuring and analyzing the relevant signals (e.g., acoustic signals, electric
currents.) generated by the charge response to the applied perturbations. The measured signals generated by the
charge perturbation are the signal of net charge perturbation in the dielectrics. In other words, the measured
volume density of space charge is the sum of the volume density of the real charge and the spatial gradient of the
polarization. Here, the real charge refers to the charge accumulated by electrode injection or impurity dissociation,
as well as the charge captured by the traps and localized in some regions across the thickness of the dielectrics.

Starting from the basic physical process of dielectric polarization, the physical information embodied in the
space charge measurement results is analyzed in this paper when the dielectrics reflects nonlinear polarization.
The results show that the space charge measurement results at this time no longer only reflect to the trapped space
charge behavior, but reflect the combined effect of the trapped space charge and the spatial gradient of
polarization. At the same time, in order to understand the space charge measurement results correctly, an analysis
method of the space charge measurement results is proposed based on the combined measurement technique of
space charge time-space spectrum and current and potential time-domain spectrum, which realizes the decoupling

of polarization information and charge information in the space charge measurement results.
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D31-P27
Effect of plasma fluorination modified epoxy resin powder on the insulating properties of composite
materials
Chuang Wang*, Yuyao Wang,Mingyu Mu,Chi Chen,Ni Zhao,Haoting Li
Xi'an University of Technology

After curing, epoxy resin produces a three-dimensional mesh structure of polymers, which gives epoxy resin
materials excellent performance, but also leads to the production of trimmings and difficult to be degraded and
recycled after the expiry of the product's life or after the failure of the product. The need for a viable recycling
strategy for such materials is all the more urgent as our country proposes to enhance the recycling of renewable
resources and reduce the pressure on the environment. In this paper, mechanical grinding was used to grind the
epoxy resin to micron-sized powder, which was subsequently fluoridated using plasma technology and
reintroduced into the epoxy resin in the form of a filler and then prepared, to test the microscopic morphology,
chemical composition, and insulating properties of epoxy powder and specimens before and after
modification. The experimental results show that after 30 min of plasma fluorination, the agglomeration of
small-sized particles of filler is improved, the crack distribution of the specimen is diversified, and the degree of
brittleness is reduced. Increased glass transition temperature (Tg) and better heat resistance compared to pure
epoxy. Decrease in dielectric constant and dielectric loss indicates that the filler is tightly bonded to the matrix,
limiting some of the local chain and molecular movement. After plasma fluorination, the particles are dispersed,
resulting in a slight decrease in volume resistivity, which is still higher than that of pure epoxy resin. The
breakdown voltage was significantly increased by about 11.7% and 35% compared to the specimen with
unfluorinated filler and the pure epoxy resin specimen, respectively, and the two-parameter Weibull distribution
indicated that the breakdown voltage dispersion was also reduced. The results demonstrated the feasibility of
plasma filler treatment to enhance the insulating properties of epoxy resins and provided a new research idea for
the recycling of epoxy resins and their composites.
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D31-PO01
Effect of low-melting-point oxide B2O3 on the microstructure and electrical properties of ZnO from defect
perspective
Haibo She'2,Qirui Guo'?,Peitao Ye!,Linda Qi',Yangfan Liu?,Bing Tian? Yayun Liu?,San Ai?>,Changhao
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Zhao',Shengtao Li*!
1. Xi'an Jiaotong University

2. Jinguan Electric Limited Liability Company
3. State Grid Fuzhou Power Supply Company

Zinc oxide (ZnO) varistors play an important in transient voltage surge protection for power equipment. B2O3
doping was reported to be able to improve the nonlinearity of the I-V behavior of ZnO varistors, which is the
figure-of-merit for arrestor applications. The present work unravels the mechanism of B2O3 doping effects on the
microstructure and electrical properties from a perspective of defect structure. The low-melting-point of B203
prompts a uniform distribution of the spinel intergranular phase, which hinders the grain growth of ZnO.
Combining experiment and calculation, it is revealed that the BoO3; doping reduces the concentrations of intrinsic
defects and the interface states, leading to an enhanced Schottky barrier. A moderate B2O3; doping (< 1.0 mol%)
can enhance the nonlinear coefficient and the potential gradient and reduce the leakage current, while a heavy
doping (> 1.0 mol%) may deteriorate the electrical properties, resulting from an over-sintering during the
liquid-phase sintering.

D31-P0O02
Research on the characteristics of industrial frequency discharge of sectional insulating structure in high
pollution and humidity environment
Jixing Sun*!,Dong Lei? Jiyong Liu'-3},Kaixuan Hu'!,Xiaoxing Zhang* Kun Zhang!
1. Beijing Jiaotong University

2. China Academy of Railway Sciences Group Co., LTD

3. Guoneng Shuohuang Railway Development Co., LTD
4. Shandong Xunshi Electric Co., LTD

With the rapid development of China's high-speed railroad, the southeast coastal tunnel environment contact
network segmental insulating device frequently flashover, the applicability of insulating device electrodes and
insulating structure is reduced, affecting the safe operation of the system. To address this problem, the paper
carries out the research on the frequency discharge characteristics of segmented insulation structure in highly
polluted and wet environment, establishes the initial discharge analysis model of typical structure, reveals the
electrode discharge process under the condition of inhomogeneous electric field; carries out the test on the
frequency discharge process of segmented insulation structure in highly polluted and wet environment, obtains the
discharge initiation of the tainted insulating surface and the transfer process of the arc channel, and finds that the
electrode is inhomogeneous which is the key to inducing the generation of electric arc and promoting the
development of arc, and puts forward the optimization method of the segmented insulation structure, which
affects the safe operation of the system. It is found that the unevenness of electrode is the key to induce the arc
generation and promote the arc development, and the optimization method of sectional insulation structure is
proposed to provide theoretical basis and data support for the safe operation of the traction power supply system
of electrified railroad.
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D31-PO08
Effect of AC Electric Field Assist on the Nonlinear Conductivity of Epoxy/SiC Composites
Jie Chen,Yongsen Han*,Yuanhong Qin,Zechao Zhang
Key Laboratory of Engineering Dielectrics and Its Application, Ministry of Education, Harbin University of
Science and Technology

Nonlinear resistive field grading material presents nonlinear electrical conductivity and self-homogenizes the
electric field distribution. In this paper, epoxy /SiC composites were prepared with micron silicon carbide as filler
and AC assisted electric field applied, while epoxy /SiC composites without AC assisted electric field treatment
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were prepared as a comparison. The fourier infrared spectrum(FT-IR), SEM, dielectric spectra and direct

current(DC) conduction of epoxy /SiC composites were measured. The results show that the AC assisted electric
field helps the SiC filler form chains structure in the matrix. Compared with the untreated epoxy /SiC composite,
the electric-field assisted composites show superior nonlinear conductivity characteristics. This may be due to
the presence of SiC particle chains, which contribute to the percolation phenomenon inside the composite.
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D31-PO12
A synthesis and film-stretching technology of electric ultra-low ash and high isotacticity polypropylene
Sen Meng,Cheng Yao,Gang Liu*,Xipeng Cai,Lei Jia,Shangmao Hu
Electric Power Research Institute, China Southern Power Grid Co., Ltd.

Polypropylene (PP) is widely used in the field of electrical engineering due to its excellent performance in
terms of heat resistance, insulation, chemical stability and mechanical properties. The electrical properties of PP
are primarily dependent on the isotacticity and ash of the pellets. The control of ash in PP pellets is typically
achieved through an additional washing and de-ashing process, however, which entails significant energy
consumption and environmental pressure. In this work, based on the highly efficient catalyst system, a
polymerization processing technology for ultra-clean PP pellets was developed using direct polymerization
without introducing washing and de-ashing process, and an adaptable film-stretching technology was established
with it. We investigated the control methods of internal and external electron donor on polymerization technology
and improved isotacticity of the pellets (=98%), evaluated the effects of catalyst activity, impurities, additives and
polymerization process on ash and established a clean ash control strategy for the entire process, achieving
ultra-low ash (<20 ppm) in the production of raw material-powder-pellet. Furthermore, the role of the external
field stretching process on film structure has been clearly elucidated, providing a novel, cost-effective and
environmentally-friendly processing and manufacturing strategy for the industrial production of electrical
ultra-clean PP pellets.

D31-PO13
Tailoring the Properties of Polypropylene Roughened Films for Capacitors via Chain Architecture and
Polymorphic Form
Gang Liu*,Xipeng Cai,Lei Jia,Shangmao Hu
China Southern Power Grid Electric Power Research Institute Co., Ltd.

Biaxially oriented polypropylene (BOPP) roughened film is a dielectric material for matching high-voltage
oil-immersed capacitors, which has important applications in the field of electrical engineering. The properties of
surface roughening of the film determines whether it can be completely infiltrated by the oil-medium for stable
storage and discharge function. However, it has been difficult to balance the surface roughening properties and
high temperature breakdown strength of BOPP roughened films. In this work, we take three electrical
polypropylene resins with similar isotacticity (~97%) as the research object. The differences in chain architecture
of the three were elucidated by GPC and successive self-nucleation annealing thermal fractionation. We discussed
the relationship between the chain architecture, polymorphism and film roughening. It was found that the chain
architecture with short methylene sequence length (MSL~80 nm), uniform distribution of stereo-defects, and wide
distribution of molecular weight (Pd=5.35) were more favorable for f-bundle crystal generation on the cast sheets.
Which is favored for uniform "craters" formed on the film surface during biaxially stretching. While the
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breakdown strength and mechanical properties are degraded due to the decrease in crystallinity and melting point.

By adjusting the chain architecture, MSL~100 nm, Pd~4.4, which eliminated the contradiction between B and
ontology crystallization, the films were able to meet the industry standard for surface roughening and the
high-temperature breakdown strength could be significantly improved (518 V/u m at 120 °C, compared with 489
V/ . m in the counterpart sample). These results provide a useful reference for the development of resins for
BOPP capacitor films that balanced high-temperature resistance and surface roughening.
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