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Abstract: Two kinds of nano-fillers nano-tiania (TiO,) and muti-wall carbon nanotubes (MWCNTS) were
selected. Sixteen different epoxy nanocomposite dielectrics were prepared by adding two kinds of nanofiller alone
or simultaneously to the epoxy resin. The influence of nanoparticles on the surface flashover characteristics of
epoxy nanocomposite dielectrics was explored through the volume resistivity test, surface potential decay and
vacuum DC surface flashover experiment. The results show that the surface flashover voltage of epoxy nano-
composite is related to the mass fraction of filler, and an appropriate amount of filler can enhance the flashover
voltage effectively. Comparing with adding TiO, (improving 14.49%) and MWCNTS alone (improving 23.11%),
adding TiO, and MWCNT simultaneously can further improve the surface flashover voltage up to 44.99 kV
(improving 36.06%). The surface trap characteristics of the material are calculated by the surface potential decay
curve. By analyzing the relationship between deep trap and surface flashover voltage, it is found that the flashover
voltage is linearly correlated with the deep trap energy level, and the deeper the trap energy, the higher the
flashover voltage. The depth of surface deep trap energy is improved by adding two kinds of nanoparticle into

epoxy composites, thus the electron emission and charge transport processes are suppressed, and the surface
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flashover voltage increases.
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Fig.1 Surface potential attenuation test system
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Fig.2 Principle diagram of three-electrode test system
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Fig.3 The scheme of flashover equipment
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Fig.4 SEM pictures of epoxy nano-composite
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Fig.6 The relationship between trap characteristics and

mass fraction of epoxy nano-composite
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Fig.7 The resistivity of epoxy nano-composite
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Fig.8 Surface flashover of epoxy nano-composites
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Fig.9 The relationship between trap energy level and

flashover voltage

2.5 g

H AT 2% AR SR A AT [ 9 T N 24 B A
PIAS : R T R SR A (SEEAD A HL - fith % 44 5t
WAL AR (EPTR) . SEEA P81\ Jy 22 T [ B X6 %
T N 265 45 B B ) 5

R4 SEEA B2 8, W T (N 45 Us R T I =45 &
AT RS . M TN =46 S E,
22 B R IE AT R EHER, ERE SN R E
MRAMRE . R, 25 ANSETHRREEY, &
PEREA R T RS, NRTTH R L — A8
ANHT I HL T CUREL T, Bl 33 R Bt £ {4 R 26 T
WS B B SAA 93 1 R AE SRR o LT A B R
e, — M ESWIE R FRUREs), 5
A 5 3 TH R B B OR R 2 1 R T, SR P A
B4 5 53— U7 1 2 5 R R SR o e AR
gy F LB OE AR EL A, FL S I IE | SRR AT AR AR LI
TER T E MITH , s A AERZ SR ZE R AN .
TE HEL 1 5 0 J 3R T R AE RIE R A R 6 B 2 4 IR N S
I T, BT NG ARG T . ARG T 2520

IR TR IR LS 1) fie B A BE M RE B A 5 =g, B e 1
Jid o o R G o D A 5 R Bk T B B A )R
AN BB REOKR, BT 7 NS SRR B ORI e B
I I Ik 6T G P SR 28 5 T AR B R 5 H 25 A
1P 7 I i 0% P 5 K 2 BRI IR T RO R
PETHHY I [N 45 FL I

Wi 9 Frow , BREE GHOK 2 G H A Jo 0 9 T A 4%
MR 55 VR P B RE 2R A 0K . 8 N 2%THO, Al
0.1%MWCNTS I, IR B B RE i KoM 1.14 eV
BRI , 2 AN LR R S5 A0 46 oL - o B RE SR T
I, T HL A o B UR B B AR g K, R EE TR 2 [ R
PR I AR T R AR R S, i R R R TR
URHL T ME LA, 330 BEL b 7 9 T PR 48 1) R AR s 2
HE— 25 19 it MWCNTS A1 TiO, [ 5 & 2 2, 3648
YK A A TR B RE S T PR, Wl da s Tk
ARG, A5 P2 E T, T ER
A A Tl 4 b 25, 3 T AR 17 4 T A 28 HL o

3 %18

CD BRI G5 2K TiO,  MWCNTS F1 5] BN
492K TiO, S MWCNTS 1] 43 3 8R4 6} 1) 345 T T £ F
JEFTF T 14.49%.23.11% F136.06% .

()Gl KL FTH R A2 T EOA A 40 K A TR
e B AR 1 7 A P 3 S I AT o A oK SRR T 2 4
(R 3G 0, 2 THI VR B B RE 2 5 BT JE R B, SR TR [
Bk 35 BT HR 8 b T R B O i 2 110 A2 A A AR AR R BH
A5 AY G 32 TR IR, 3 B A KR I P SO R
FHIE AR A 3

(DI K LA 0T 1 3272 ALV T N 2 PR
5 R BB e e 2 1 AH OC IR A B Be R BTt BRI T
MORL TH R 5 L1 I RE T, ANTTTBG K T H 1T A
Kk

B E 3 HK -

[1] YUSH, LIS T, FENG Y. Progress in and prospects for electrical
insulating materials[J]. High Voltage,2016,1(3):122-129.

[2]  MRUHEESE XRS5 2 b R T IA) 246 5 Joe A P ) 7 7 sk
JR[I]. 48241 8,2015,48(7):1-8.

[3] v JHIT I 25 50 A5 LIRS I N 45 5 J5 34 8000 i 2R AR
RIMEARFERF 7], 468504 84,2020,53(11):10-15.

[4] FABIANI D, MONTANARI G C, KRIVDA A, et al. Epoxy
based materials containing micro and nano sized fillers for im-
proved electrical characteristics[C]//2010 10th IEEE International
Conference on Solid Dielectrics. Potsdam: Germany,IEEE,2010.

[5] LIST,YINGL,BAISN, et al. A new potential barrier model in



44 B4 492K TiO,-MWCNTS 15 4445 T BR S8 4a8bh bl 20 2 LA IS T PR 46 1 @GHE 2021,54(8)
epoxy resin nanodielectrics[J]. IEEE Transactions on Dielectrics [16] LICY,HEJL, HU J. Surface morphology and electrical charac-
and Electrical Insulation,2011,18(5):1535-1543. teristics of direct fluorinated epoxy-resin/alumina composite[J].

[6] CASTELLON J, NGUYEN H N, AGNEL S, et al. Electrical IEEE Transactions on Dielectrics and Electrical Insulation,2016,
properties analysis of micro and nano composite epoxy resin ma- 23(5):3071-3077.
terials[J]. IEEE Transactions on Dielectrics and Electrical Insula- [17] SONG H T, DANG Z M, LU J, et al. Enhanced electrical proper-
tion,2011,18(3):651-658. ties in percolative low-density polyethylene/carbon nanotubes

[71 KRIVDA A, TANNKA T, FRECHETTE M F, et al. Characteriza- nanocomposites[J]. IEEE Transactions on Dielectrics and Elec-
tion of epoxy microcomposite and nanocomposite materials for trical Insulation,2010,17(3):645-652.
power engineering applications[J]. IEEE Electrical Insulation [18] HUANG Y, MIN D M, LI S T, et al. Surface flashover perfor-
Magazine,2012,28(2):38-51. mance of epoxy resin microcomposites improved by electron

[8] TSEKMES I A, MORSHUIS P H F, SMIT J J, et al. Enhancing beam irradiation[J]. Applied Surface Sciences,2017,406:39-45.
the thermal and electrical performance of epoxy microcomposites [19] MIN D M, LI S T. Simulation on the influence of bipolar charge
with the addition of nanofillers[J]. IEEE Electrical Insulation injection and trapping on surface potential decay of polyethylene
Magazine,2015,31(3):32-42. [J]. IEEE Transactions on Dielectrics and Electrical Insulation,

[91 YU S H, LI ST, WANG S H, et al. Surface flashover properties 2014,21(4):1627-1636.
of epoxy based nanocomposites containing functionalized nano- [20] LIS T, YIN G L, CHEN G, et al. Short-term breakdown and
TiO,[J]. IEEE Transactions on Dielectrics and Electrical Insula- long-term failure in nanodielectrics: a review[J]. IEEE Transac-
tion,2018,25(4):1567-1576. tions on Dielectrics and Electrical Insulation,2010, 17(5): 1523-

[10] LIST,LIZ, NIUH, et al. DC surface flashover of epoxy nano- 1535.

composites in vacuum: Using rare methodologies to achieve [21]  KUBE T, s W A, o P [, 45 . 490 K A 0 B0 40 2 AR ) A+
unique results[J]. IEEE Nanotechnology Magazine,2018,2(12): FEPESN BT[], b B H L R 2 4%,2017,37(14):4246-4253.
6-14. [22] MILLER H C. Flashover of insulators in vacuum: Review of the

[11] CHENY, CHENG Y H, ZHOU ] B, et al. Pulsed vacuum flash- phenomena and techniques to improved hold-off voltage[J].

over of Al,O,/epoxy nanocomposite[C]//2008 International Sym- IEEE Transactions on Dielectrics and Electrical Insulation, 1993,
posium on Electrical Insulating Materials. Yokkaichi, Japan: 28(4):512-527.
IEEE,2008. [23] BLAISE G, GRESSUS C L. Charging and flashover induced by

[12] 307 10, B L A R i, 55 SR 300 SEDRL T UL B AR U 2 5 4 surface polarization relaxation process[J]. Journal of Applied

LTI DA 265 H PR (1) 52 0 [J]. w5 L R 43R ,2017,43(9):2800-2807. Physics,1991,69(9):6334-6339.
[13]  BHYL. 48K To AL SR O o) A S0 AR 52 6 A AL B I3 T IR 6% [24] LI S T, HUANG Q F, SUN J, et al. Effect of traps on surface
PR BT FE[D]. A5 AL L K 22,2018, flashover of XLPE in vacuum[J]. IEEE Transactions on Dielec-
[14] IIJMA S. Helical microtubes of graphitic carbon[J]. Nature,1991 trics and Electrical Insulation,2010,17(3):964-970.
(354):5658-5660. [25] LIS T, LI Z, HUANG Y, et al. Unraveling the "U-shaped" de-
[15] XING Y Q, HUANG P H, DU B X. Surface charge and flash- pendence of surface flashover performance on the surface trap

over characteristics of fluorinated PP under pulse voltage[J].
IET science Measurement and Technology,2017,11(1):18-24.

level[J]. IEEE Access,2019(7):180923-180934.



