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Review of Research on Space Charge Behavior in Epoxy Resin and Its Composites

WU Kai, DONG Jinhua, SU Rui
(State Key Laboratory of Electrical Insulation and Power Equipment, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The space charge distribution in the dielectrics can distort the electric filed and influence the electrical
properties of the insulation materials,such as conductivity,degradation and breakdown characteristics. Epoxy resin
is widely used in the field of electrical insulation due to its excellent mechanical ,thermal and electrical properties.
Study of the behavior of space charge in epoxy rensin is very important and it has draw a lot of interest in recent
decades. This paper summarizes the recent advances of the researches on the space charge behavior in epoxy resin
and its composites. The effect of curing agent,electrical field, electrode materials,temperature ,humidity and fillers
on space charge in epoxy resin is reviewed, and the reasons are discussed.
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Fig. 2 Chemical structures of cured epoxy resins
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Fig. 3 Space charge distributions right after the shortcircuit
following the DC voltage application for 90 min
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Fig. 4 Cartographic vision of space charge density in the

bulk of the insulation, obtained under 40 kV/mm at 72 °C
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Fig. 5 Space charge distributions in different

nanoparticles doped epoxy samples

SCIIS|HFE IR 8 4% 3wt B 90 KAl £ il 2%
H A J2 75 0 ) 8 AL G OK R U S MR, e B P R
YK G A bR A 8] A faf B AR AR B T A R
il L v 0 B R G OK R R A R R b 23 ) R g AR
B AN IR/ i BLAE 25 R 5 HAfr T AR B
P, 3C[22,34] 0 & BLIE A B 2 40k MgO A
ALO, KL FI5F, 0 A8 15 20 4 b 1) 255 18] Ha fof 1 A8 41K
1M H & B 15 2% 0 oy BN 2w B 850C5R B AF
[35-36] A AR P04 T 4B 2k 4 oK B 8 AR T
T EUR 3wt 4 [a) Ha far 8 A B 4l A ARSI 1



<20 - 20164F- 4 H

Eudx

H528% H4al

K, T T B0 Swide S Twivehst i 23 6] B i 47 410
HIER . SCRINRGORRL T 151 A 58 T TR B
5 B 1) IR B B T B B 1 R L AT A
TE HL A J5T A P A% A 80 38 g — 00 e A A S DT 90 4
TREAY A E AR, MERLET, 90k
LR 23 8] LA B A R VE T, SC[37-38]H A A&
FYORRLTF 5T K BB B, i 45 1 A B H o
E FL A B ST A5 4 3 L R B B BT A AR, AN BB Uk B2 E
B, AR T Do Ak ) H 37 5 B, DT I S5 TR A 4
A I BAN T 9K S G s A R R, F)
H AT~ 1k, 90 KR40 i 25 8] 169 1 FAILEE 1 & 43
B, i 1 aE— 25 H Y

B T 18 2% ORI KR F IR B R AW, 36 e
1o 2 A 1) B SR/ A SRS A 0 A FU R R A2 B
B KA S, SC[40] 0 38 4 I S ] 35 2R 4R
A SCAR R 25 ) R g 430 A 2 R, B SR/ A SRR A W
T Ak ok A% ST RS 4 5 ) A B AR — 4K G B T Ak
PR S L AT AR S5 A TR IR T P R A
SUACIE A AR N 1 H b I AR S g T AR A T AR
= i N IR BCAVE B R R P Y H 3 AR R
MR FLAEA A, ST S T R AR E A
) HL i 38 A, ol A R AR B ST AR R TR R 1 S )
o, B A B4 R RS AR — 4 B T A S Y
for A2 A, DT 22 B0 HE S A e o A AR 0N (A5 Y
WL —1k

3 H5iE

FL A S P 2 TR) R A B 20 A R A A TE A fR
B A BEIBLRG A A A 2 T AR AN I B
JIt R T 2 (8] PR AR FR) 77 78 S 3k A 23 52 T FL £ 119
X SEFLATE Bl B DL A S R S (8] R A B 7 A K as
i —NEEMENEL R, EHRE T, 2 [ 2
AL PR 7 5 B AR R R R R B AR T
SEIXSE PR AR, AT S R e R A R A A%
B AR 2 R A RS A A R A Y AR T
BT Wi LA J5T R 2 () R A Y O3, e AR R Y
&I NF B AR Hp s [ HL AT 8 A 5 ) A A R A R
45 2% — 52 B B 0 OKRL T, BE S AT R0 Y 410 1l 2 1] v
] R 74

B2, B BB 50 30 A 1 S92 36 0 5 P Y 23 BT i
RET B, 1) B A8 G T R R, 5 2 — 2P T
PR AR S FL AR A5 W v s 18] HU A 57 AR R OF 5 e
R A [ 52 00 DR 28T 9 225 18] F A AP 30 X 4
GeAA R T R A0S B AR 38 47 v 4 % 1) 6 4% A i
i AR E AR AR

S E UMk :

[1] BOLON D A. Epoxy chemistry for electrical insulation[]J].
IEEE Electrical Insulation Magazine,1995,11(4):10-18.

[2] GORUR R S,CHERNEY E A,BURNHAM J T. Outdoor
insulators|M]. Phoenix, USA :Ravi S Gorur Inc, 1999.

B3] FBx F. AR K H IS M. Jb st A2 Tolk h pi ik,
2011.

[4] B, ETAE, E R R A A E] G5

L)) A AR 241, 2008, 23(9) : 16-25.
ZHOU Yuanxiang, WANG Ninghua, WANG Yunsha,et al.
Review of research on space charge in solid dielectrics[]J].
Transactions of China Electrotechnical Society,2008,23
(9):16-25.

[5] LAURENCEAU P,DREYFUS G,LEWINER J. New princi-
ple for determination of potential distributions in di-
electrics|J]. Physical Review Letters, 1977,38(1):46-49.

[6] EISENMENGER W,HAARDT M. Observation of charge
compensated polarization zones in polyvinylindenfluoride
(PVDF) films by piezoelectric acoustic step-wave response
[J]. Solid State Communications, 1982,41(12):917-920.

[7] LI Y,YASUDA M,TAKADA T. Pulsed electroacoustic
method for measurement of charge accumulation in solid
dielectrics[J]. IEEE Transactions on Dielectrics and Elec-
trical Insulation, 1994 ,1(2):188-195.

[8] TAGAMIN,0KADA M,HIRAI N,et al. Dielectric properties
of epoxylclay nanocomposites - effects of curing agent and clay
dispersion method[J]. IEEE Transactions on Dielectrics and
Electrical Insulation,2008,15(1):24-32.

[9] SUH K S,KOO J H,LEE S H,et al.Effects of sample
preparation conditions and short chains on space charge
formation in LDPE[J]. IEEE Transactions on Dielectrics and
Electrical Insulation, 1996,3(2):153-160.

[10] FU M,CHEN G,DISSADO L A, et al. Influence of thermal
treatment and residues on space charge accumulation in
XLPE for DC power cable application[]J]. IEEE Transac-
tions on Dielectrics and Electrical Insulation,2007,14(1):
53-64.

[11] Z&/b . &K H i F XLPE (948 45 B 58 [D). 754 . 75
LA R, 2010.

[12] LE ROY S,TEYSSEDRE G,LAURENT C,et al. Relative
importance of trapping and extraction in the simulation of
space charge distribution in polymeric insulators under DC
potentials| C]//IEEE International Conference on Solid Di-
electrics. Winchester:IEEE ,2007:494-497.

[13] LYU Zepeng,CAO Junzheng, WANG Xia,et al. Mechanism
of space charge formation in cross linked polyethylene (XLPE)
under temperature gradient[J]. IEEE Transactions on Di-
electrics and Electrical Insulation,2015,22(6):3186-3196.

[14] KATAYAMA J,OHKI Y,FUSE N, et al. Effects of nanofiller



(LRSS g e, I5

E 8

&l

- IR R SRS R PR B

- 21

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

materials on the dielectric properties of epoxy nanocompos-
ites|J|. IEEE Transactions on Dielectrics and Electrical In-
sulation,2013,20(1):157-165.

THELAKKADAN A S,COLETTI G,GUASTAVINO F et al.
Effect of the nature of clay on the thermo-mechanodynami-
cal and electrical properties of epoxy/clay nanocomposites|J].
Polymer Composites,2011,32(10): 1499-1504.

DISSADO L A,LAURENT C,MONTANARI G C,et al.
Demonstrating a threshold for trapped space charge accu-
mulation in solid dielectrics under dc field[J]. IEEE Trans-
actions on Dielectrics and Electrical Insulation,2005,12
(3):612-620.

LIU Peng,NING Xin,PENG Zongren,et al. Effect of tem-
perature on space charge characteristics in epoxy resin[J].
IEEE Transactions on Dielectrics and Electrical Insula-
tion,2015,22(1): 65-71.

GRISERI V,DISSADO L A,FOTHERGILL J C,et al.
Electroluminescence excitation mechanisms in an epoxy
resin under divergent and uniform field[J]. IEEE Transac-
tions on Dielectrics and Electrical Insulation,2002,9(1):
150-160.

FLEMING R J,HENRIKSEN M,HOLBOLL J T. The in-
fluence of electrodes and conditioning on space charge ac-
cumulation in XLPE[J]. IEEE Transactions on Dielectrics
and Electrical Insulation,2000,7(4):561-571.

CHEN G,TAY T,DAVIES A E,et al. Electrodes and charge
injection in low-density polyethylene-using the pulsed elec-
troacoustic technique[J]. IEEE Transactions on Dielectrics
and Electrical Insulation,2001,8(6):867-873.
GALLOT-LAVALLEE O,TEYSSEDRE G,LAURENT C,et
al. Space charge behaviour in an epoxy resin: The influ-
ence of fillers,temperature and electrode material[J]. Jour-
nal of Physics D Applied Physics,2005,38(12):2017-2025.
ANDRITSCH T,KOCHETOV R,LENNON B, et al. Space
charge behavior of magnesium oxide filled epoxy nanocom-
posites at different temperatures and electric field strengths
[C)//2011 Electrical Insulation Conference(Eic). Annapo-
lis, USA :[s.n.],2011:136-140.

KRIVDA A,TANAKA T,FRECHETTE M, et al. Charac-
terization of epoxy microcomposite and nanocomposite ma-
terials for power engineering applications|J]. IEEE Electri-
cal Insulation Magazine,2012,28(2):38-51.

DONG J H,WU K,SHAO Z H,et al. Space charge distri-
bution in XLPE and epoxy resin under different tempera
ture[C]//2005 IEEE 11th International Conference on the
Properties and Applications of Dielectric Materials (IC-
PADM).Australia:IEEE, 2015 : 879-882.

DAS S,GUPTA N. Effect of ageing on space charge distri-
bution in homogeneous and composite dielectrics|J]. [EEE

Transactions on Dielectrics and Electrical Insulation, 2015,

[26]

(27]

[29]

[30]

[31]

[32]

[34

—

135

—_

—
(%)
[=))

[}

[37]

22(1):541-547.
MONTANARI G C,PALMIERI F. The effect of humidity
on space charge accumulation in XLPE[C]//2003 Annual
Report Conference on Electrical Insulation and Dielectric
Phenomena. [S.1.]: IEEE, 2003 :205-208.
MAENO Y ,HIRAI N,OHKI Y,et al. Effects of crosslink-
ing byproducts on space charge formation in crosslinked
polyethylene]J]. IEEE Transactions on Dielectrics and Elec-
trical Insulation,2005,12(1):90-97.
HAO Jian,CHEN G,LIAO Ruijin,et al. Influence of mois-
ture on space charge dynamics in multilayer oil-paper in-
sulation[]J]. IEEE Transactions on Dielectrics and Electrical
Insulation,2012,19(4):1456-1464.
CHALASHKANOV N M,DODD 8 J,ZHENG H,et al. In-
fluence of water absorption in flexible epoxy resins on the
space charge behaviour|C}//2012 Annual Report Conference
on Electrical Insulation and Dielectric Phenomena (CEI-
DP). [S.L]:1IEEE, 2012 :677-680.
GUILLERMIN C,RAIN P,ROWE S W. Influence of Tg on
space charge development in epoxy resin|[C]//Proceedings
of the 2004 IEEE International Conference on Solid
Dielectrics(ICSD). Toulouse, France:IEEE,2004:229-232.
IIZUKA T,YOSHIMOTO K,TAKAI H,et al. Measurement
of space charge distribution in epoxy resin[J]. Electrical En-
gineering in Japan,1999,129(3):9-16.
CASTELLON J,NGUYEN H,AGNEL S, et al. Electrical
properties analysis of micro and nano composite epoxy
resin materials[J]. IEEE Transactions on Dielectrics and
Electrical Insulation,2011,18(3):651-658.
NELSON J K,FOTHERGILL J C. Internal charge behaviour
of nanocomposites|J]. Nanotechnology,2004,15(5):586-595.
ANDRITSCH T,KOCHETOV R,MORSHUIS P, et al. Di-
electric properties and space charge behavior of mgo-epoxy
nanocomposites|C]//Proceedings of the 2010 IEEE Inter-
national Conference on Solid Dielectrics (Iesd 2010). Ger-
many : IEEE,2010:1-4.
FABIANI D,MONTANARI G C,DARDANO A et al. Space
charge dynamics in nanostructured epoxy resin [C]//2008
IEEE Conference on Electrical Insulation and Dielectric
Phenomena(CEIDP). Canada:IEEE,2008:355-358.
SANGERMANO M, DEORSOLA F,FABIANI D,et al.
Epoxy-boehmite nanocomposites as new insulating materi-
als[J]. Journal of Applied Polymer Science,2009,114(4):
2541-2546.
TAKADA T,HAYASE Y,TANAKA Y ,et al.Space charge
trapping in electrical potential well caused by permanent
and induced dipoles for LDPE/MgO nanocomposite|J].
IEEE Transactions on Dielectrics and Electrical Insula-
tion, 2008, 15(1): 152-160.

(F#% 35 7)



(LRSS g

X, IR T, ZESC. 10 kV XLPE Lk A B by o - 35 -

insulation with impurities [J]. High Voltage Engineering,
2010,36(10):2450-2453.

[9] = ®ECWEE S 110 kV i 7 B g b

1 3 ¥ -3l B2 7 (0 05 ECor B D). AR i SR 48,2011,
30(8):15-17.
WU Wei, WANG Feng, HUANG Zhiwei,et al. Simulation
analysis of electric-thermo field of 110 kV power cable
joint[J]. Transducer and Microsystem Technologies,2011,
30(8):15-17.

[10] Ffi 2, B8 &2, Brdf 30, 4. FHAR & i vl R vk A &5 A7

BB 10 kV SZIRR LM L Sk SE R [)]. TR T,
2011,24(6):18-22.
LU Guojun,XIONG Jun,RUAN Banyi,et al. Inspection test
on defective joints of 10 kV XLPE cables with oscillating
wave voltage method[J]. Guangdong Electric Power,2011,
24(6):18-22.

[11] s, D62, TRAEMESIBM]. dta . S58E H
fitAt:,2000.

FENG Cizhang ,MA Xikui. An introduction to engineering
electro-magnetic fields|M]. Beijing: Higher Education Press,
2000.

[12] R &AL, B 7 W, 22 R, 4. 402+ i 35 BRoc 40 Bt
1 52 R 2R R AR, i R R 201,37 (4)
944-951.

(B4 % 21 7)

[38] TANAKA T,KOZAKO M,FUSE N, et al. Proposal of a mul-
ti-core model for polymer nanocomposite dielectrics|[J].
IEEE Transactions on Dielectrics and Electrical Insula-
tion, 2005, 12(4) : 669-681.

[39] X WS, i, A R S R TR B PR A

R/ BCAR S 5 H AR A L PERE IO BIE ()], W TR A
2009,45(5):6-8.
LIU Peng,JIN Haiyun,SHI Huicheng,et al. Investigation
on dielectric properties of epoxy/crepe paper composites
for ultra-high voltage DC bushing[J]. High Voltage Appa-
ratus,2009,45(5):6-8.

XU Zhiniu,LYU Fangcheng, LI Heming, et al. Influencing
factors of insulator electric field analysis by finite element
method and its optimization[J]. High Voltage Engineering,
2011,37(4):944-951.

[13] BRI eb i A6 2. v& 45 20 F g vl 35 BE 0 ) BOR 55 8 T
“An 2k Ak, 2004 ,37(6) : 60-63.

CHEN Yuzhong, XIE Zhongwei. The technique & applica-
tion of cold-shrinkable cable accessories|]J]. Insulating Ma-
terials,2004,37(6):60-63.

[14] ARWEHE o RGr  kh AR 27, 45, A7 H 4 rb S 8 R I 1
W R A I He AR BIEFE[C1/72010 48 95 JH L g v 85000 2 A 4%
FORZE 2318 CHEHR M < [5.n.],2010:21-29.

[15] 2 2,0 0m, & o, 4. g I se I L 48 4 K R B ik

HL A HL A A TR I K e BT (D). v R R L2010, 36
(8):2005-2011.
JIANG Yun,MIN Hong,XIA Rong,et al. Capacitive cou-
pling detection and characteristic analysis of partial dis-
charge in high-voltage XLPE power cable joints[J]. High
Voltage Engineering,2010,36(8):2005-2011.

A E1976—), & HE BETBKF LA LRTR
Bl EENFHELL S M B AR TR
B 5 @ R

[40] SHEN W,WU K,CAO W,et al. Study on the breakdown
and space charge properties of epoxy impregnated paper
composites|C]//Proceedings of 2011 International Confer-
ence on Electrical Insulating Materials (Iseim).[S.1.]:TEE],
2011:358-361.

Z 4(1969—), B Mt Bmaesad Rk F R M EA S
W, ERBR T ALG M ER T FEL AR Y
Ml B ELERFE R R A P S ] AT BT T AL R R
A AR



